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2]  1,1 Ldi 1?7 
with REDUCED CAPACITANCE 

ACTUAL 
SIZE 

AX-9903/5894 

CHARACTERISTICS 

Filament Voltage 

Series  12.6 v. 

Parallel  6.3 v. 

Filament Current 

Series  0.9 a. 

Parollel 1.8 a. 

Maximum 

d.c. Plate Voltage  600 

d.c. Grid »2 Voltage  250 

d.c. Grid =1 Voltage  —175 

Plate Dissipotion (w.)  2 x 20 

d.c. Plate Current (ma.)  2 x 100 

Grid to Plate 

Input 

Output 

<- 0.08 mmfd. 

6.7 mmfd. 

2.1  mmfd. 

MOUNTING POSITION:  Base  up or 

down. Horizontal with anode leads in 

horizontal plane. 

Fits 8298 Type Socket. 

AMPEREX 

UHF and VHF Twin Tetrode 

_0461),r W-I-D-E Band Operation 
RF Amplifier, Modulator, Frequency Doubler, Tripler 

<0.12 mmfd. 

14.5 mmfd. 

7.0 mmfd. 

• The AMPEREX AX-9903/5894 is an improved version of the 8298. The des:f...1 

of this tube incorporates features which produce considerably smaller output 

capacitances and which, therefore, result in higher resonant frequencies (approxi-

mately 500 mc. instead of 250 mc.). In addition, because of the low inductances 

of the connections between the cathode and screen-grid, more stable operation 

at high frequencies is effected. 

• A most desirable design characteristic, also, is the incorporation of internal 

neutralizing condensers which are connected directly to the control-grids, making 

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

• Of importance in this new design are such features as: 

1. Direct and short connection between the pins and the anode, causing 
lower inductance and resistance. 

2. No insulating parts (mica or ceramics) between anodes, resulting in lower 
losses at high frequencies. 

3. "Screened" micas, thereby preventing possible losses due to contami-
nated mica. 

4. Zirconium•coated moly anodes, giving a higher degree of vacuum than 

possible with nickel anodes and barium getters. 

• For the full story on how to use the AMPEREX AX-9903/5894 in your particular 

application, write to Application Engineering, Deportment N. Or if you prefer, 

ask for an AMPEREX representative to call. 

• IMMEDIATE DELIVERY • Order from your local electronics ports distributor. 

If unavailable, write direct to our plant. 

AMPEREX ELECTRONIC CORP • 
25 WASHINGTON STREET, BROOKLYN 1, N. Y. 

In Canada and Newfoundland: Rogers Majestic Limited 

11-19 Brentcliffe Road, Leaside, Toronto, Ontario, Canada 

Cable: "AMPRONICS" 

• Subject to prior sole 

re-tube with 
AMPEREX 



What to SEE at 

The Radio Engineering Show 
March 19 - 22, 1951 at Grand 

267 Exhibits of 

Radio-Electronic Equipment 

Fir m  Booth 

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

The series 40 Ace Cell Type Screen Room, 
10' x 8' x 10'. Panel construction permits 
moving or enlarging. 

Advance Electric & Relay Corp., Burbank, 
Calif.  221 

Represented by Wally Swank. 

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

Aircraft Marine Products, Inc., Harris-
burg. Pa.  273 

Solderless terminals and connectors, tools, 
amplifilm, dielectric material, capitrons, 
and radar pulse networks. 

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

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

Alfax Paper & Engineering Co., Brockton, 
Mass. 

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

Allegheny Ludlum 
ridge. Pa. 

Allied Control Co., 
Re lays—Electrical. 

Alpha Metals, Inc., Brooklyn, N.Y. 
(em-Tri-Core  'energized"  rosin  filled 
solder. 

Altec Lansing Corp., New York, N.Y.  309, 
Audio equipment, microphones, amplifiers, 
loudspeakers, audio and power transform-
ers, includes dynamic cardioid, capacitor 
microphones, high quality amplifiers rang-
ing from 15 to 75 watts power, industrial 
and sound system amplifiers from 15 watts 
to 250 watts, loudspeakers from r cone to 
15" duplex and theatre speakers, trans-
formers from radio replacement to large 
high-quality types, transformers to JAN 
or M11. specifications. 

American Lava Corp., Chattanooga, Tenn. 
Ceramic insulators for radio, television. 
radar, electronic components, wire com-
tnimications, control equipment and house-
hold appl iances. 

American Phenolic Corp., Chicago, Ill. 111, 112 
Coaxial cables polyethylene and teflon, 300 
ohm twin•lead, RF connectors, AN con-
nectors and fittings. Industrial connectors, 
AN conduit and fittings, Communication 
FM and TV antennas, Radio Components 
and hardware, TV antenna rotator, plas• 
t W s  for electronics. 

356 

N-3 

374 

Steel Corp., itracken-
25, 

Inc., New Volk, N.Y. 279 

American Smelting & Refining Co., Whit-
rig. hill. 

See Federated Metals Division. 

26 

326 

311 

64 

334 

Central 

Fir m  Booth 

American Structural Products Co., Sub. of 
Owens-Illinois Glass Co., Toledo, Ohio  89, 90 
Display shows properties of glass and a 
series of "live" exhibits. Products shown 
are cathode ray tube bulbs, hardened in-
sulators, glass blocks, tubing, rod and mis-
cellaneous electronic glass parts. 

American Television & Radio Co., St. 
Paul, Minn.  202 

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

Amperex Electronic Corp., Brooklyn, N.Y. 
10, 11, 12 

High power transmitting tubes of all types 
for communication, industrial and special 
purposes; x-ray tubes; fixed capacitors, 
G-.M counters, magnetrons; miniature ultra 
high frequency tubes and subminiature 
types. 

Anchor Metal Co., New York, N.Y.  N-21 
Shurflo rosin core solder, a new develop-
ment in cored solders that is particularly 
adapted to all solder connections where 
corrosion is an important factor. Also bar 
solder, solid wire solder, solder preforms, 
lead and tin products. 

Andrew Corp., Chicago, Ill.  N-9 
Transmission Lines, Antenna Equipment, 
VI-IF and UHF antennas, FM & TV trans-
mitting  antennas,  phasing  & coupling 
equipment. HF antennas & distribution 
equipment, tower lighting equipment. 

Anton  Electronic  Laboratories,  Inc., 
Brooklyn. N.Y.  380 

Full line of newly developed precision ra-
diation counters, using entirely new en-
gineering and manufacturing principles. 
Corona discharge voltage regulator tubes 
on engineering display. Radically new 
portable radiation survey meter. 

Arnold Engineering Co., Marengo, III.  25, 26 
Permanent magnet materials: cast mag• 
nets, alnico I, It, III, IV, V. VI, XII, 
X-900 sintered magnets: alnico II, IV, V. 
VI, X-900, Remalloy Vicalloy, Remalloy 
(Comol), Cunico, Cunife, Cast Cobalt Mag-
net steel. High Permeability materials: 
Deltamax  Toroidal  cores,  Supermalloy 
toroidal  cores,  powdered  molybdenum 
Permalloy toroidal cores, Permendur. 

A.; EroBITED_AT THE-

iadte ingleetang haw 
..... Csalr.I Nst. 

Palace, New York 

Six Million Dollars Worth of 
Components, Tools and 

Materials 
Fir m  Booth 

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

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

Automatic Electric Sales Corp., Chicago, 
111.  290 

Miniature telephone type relays and step• 
ping switches for guided missiles, aircraft, 
etc. 

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

puters. 

Ballantine  Laboratories, Inc., Boonton, 
N.J.  100 

Sensitive electronic voltmeters. Decade 
amplifiers, voltage multipliers, shunt re-
sistors. 

Barker & Williamson, Inc., Upper Darby, 
Pa.  N-2 

Coils, capacitors and components and test 
equipment. 

Barry Corp., Watertown, Mass.  284, 285 
Shock mountings, vibration isolators, air-
craft mounting bases. 

Bendix Radio Division of Bendix Aviation 
Corp., Towson, Md. 4 to 17 

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

Berkeley  Scientific  Corp.,  Richmond, 
Calif.  378 

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

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

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

Bliley Electric Co., grie, Pa.  251 
Quartz crystals, crystal ovens, frequency 
standards. 

Boesch Manufacturing Co., Inc., Danbury, 
Conn. 308 

COil winding machinery for the winding of 
toroidal coils, paper interleaf transformer 
coils, bobbins and windows. 

Boonton Radio Corp., Boonton, N.J.  276, 277 
Types 160-A and 170-A Q•Meters, 202-B 
FM Signal Generator, 202-C Mobile Signal 
Generator, 202-D Telemetering Signal Gen-
erator, _ 206-A  Mobile Signal Generator, 
207•A Univerter, 211-A Omni•Range Signal 
Generator, 212-A Glide Slope Test Set, 
110-A and 110-B 9X-Checkers. 

(Continued on page 204)  - 
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Precision 
Test Equipment 

ATTENUATORS and TERMINATIONS 

IMPEDANCE MEASUREMENT 
and TRANSFORMATION 

TRANSMISSION LINE COMPONENTS 

FREQUENCY MEASURING DEVICES 

DETECTION and POWER MEASUREMENT 

SIGNAL SOURCES and RECEIVERS 

RESEARCH 

Ilk DEVELOPMENT COMPANY Inc. 
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These are 
Tantalytic 
Capacitors 

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

Other features of G-E Tantalytic Capacitors include: 

• No known limit to shelf life. 
• An operating temperature range from —55°C to +85°C. 

• Exceedingly low leakage currents. 
• Ability to withstand severe physical shock. 
• Completely sealed against contamination. 

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

Apparatui Department, General Electric Company, Schenectady 5, N. Y. 

GENERAL  ELECTRIC 
PROCEEDINGS OF THE I.R.L.  March, 1951 



TYPE 4W20000A POWER TETRODE 

CLASS•B LINEAR AMPLIFIER—TELEVISION SERVICE 

TYPICAL OPERATION (Per tube, 5-Mc. Bandwidth, 216 Mc.) 

Peak Synchronizing Level 
Load Impedance   
Effective Length of Plate Line   
D•C Plate Voltage 
DC Plate Current 
D•C Screen Voltage 
D-C Screen Current 
DC- Grid Voltage 
Peak R-F Grid Input Voltage (approx.) - 
Plate Power Input 
Plate Dissipation 
Plate Power Output 

400 Ohms 
Quarter Wave 
5500 Volts 
7.1 Amps 
1000 Volts 
600 Ma. 

—310 Volts 
485 Volts 
39.1 Kw. 
19.0 Kw. 
20.1 Kw. 

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

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

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

Eitel- Mc Cullough,  Inc. 

Sa n  Br un o,  Califor nia 
Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California 

SEE THE 4W20000A 
at the March IRE Show, Booth 36 

16" 

12" 

W•t•r 

^  A nod• 

Sc,..,, Grid 

Cortrol Grid 

Heater 

F 0110 th• Leaders to 

279 
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IT'S "LOADED" WITH 

BETTER TELEPHONE SERVICE 

NI t NY more wires can he crowded into 
a cable sheath when the wires are fine. 
But normally, wires don't transmit as 
%ell when they are fine and closely 
packed. 
Bell engineers long ago learned to 

make wires do better work by loading 
them with inductance coils at regular 
intervals. The coils improve transmis-
sion and let messages travel farther. 
But originally the coils themselves 

Turnty of the Bell System's newest small loading coils—like the one at the left— 
are hou,ed in the long black case, mounted in a cable splice. This type of installa-

tion permits the eco iiiiiiiiii extension of city cables to serve out-of-town subscribers. 

were large, heavy and expensive. The 
cases to hold them were cumbersome 
and costly too. 
So year after year Bell scientists 

squeezed the size out of coils. To make 
magnetic cores of high permeability 
they developed Permalloy. Tough but 
extra-thin insulation permitted more 
turns to a core. 
New winding machines were devel-

oped by the Western Electric Com-

pany. Coil size shrunk to one-fiftieth. 
Some —like the one shown atm% e 
—can be mounted right in cables 
themselves. 
The 15,000,000 coils in the Bell 

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

OBELI_ TELEPHONE 
WORKING CONTINUALLY 10 KEEP YOUR TELEPHONE 

LABORATORIES 
SERVICE BR, IN VALUE AND LOW IN COST 



Hera Fairchild's Newest Potentiometer! 
TYPE-746 

PRECISION POTENTIOMETER OFFERS: 
• Low Torque 

• Accurate Phasing 

• Quick Replacement \ \................., 
• Ganging up to 20 on a shaft 

The finest we've ever built! That's our idea 
of the new "746". It's got lower torque, 
a new more accurate phasing adjustment, 
and a new method of ganging that makes it 
easy to put as many as twenty cups on a 
single shaft. Individual cups in a gang are 
easily replaced if necessary. 
The new potentiometer is available with 

linear or non-linear windings to meet your 
specifications. Its attractive case is made of 
grey anodized aluminum. 
The "746" is just one of the complete Fairchild 

family of precision potentiometers. What are your 
requirements? Write, giving details, to Fairchild 
Camera and Instrument Corporation, 88-06 
Van Wyck Boulevard, Jamaica 1, N.Y. Dept.140-13H. 

EASY REPLACEMENT 

To replace a unit in a "746" gang, loosen con-
necting-band screws, remove ' cup," slip new 
"cup" under bands, and tighten screws. This 
feature pays off in experimental work where 
circuit elements are changed periodically. 

ACCURATE PHASING 

A new type phasing adjustment is simpler 
and more accurate. A retainer plate clamps 
shaft to wiper arm. To adjust for phasing, 
loosen two screws, set the arm to the correct 
position, then tighten screws. 

SPECIFICATIONS 
Accuracy (overall resistonce)--'.5%  ' 1.0% cr 

better (non-linear) 
Mechanical accuracy— 

concentricity (shaft to pilot)—.0015 in. FIR max.; 
radial play—.0009 in. FIR mac.; 
shaft—centerless ground stainless steel to .2500 diam. 

( • .0000, —.0005 in.); 
pilot hub—machined to .5000 ( .0000, —.0005 in.) 

Torque-1.5 oz-in. 

Dimensions—diameter 1.750 mac.; length (1 cup) 
.800 in. ,•-.009 in ; added length per unit ganged 
.580 in.  .002 in. 

Case—grey anodized aluminum 

FLEXIBLE DESIGN 

Typical of the special consideration Fairchild 
gives to its customers' special requirements is 
this plug-in version of the "746." Where fast 
servicing is a must, the advantages of this 
"quick-change" unit are quite apparent. 

IIRCHILD 
PRECIS/ON POTENTIO METERS 

SEE THE TYPE 746 AND OTHER FAIRCHILD PRECISION 

6A 

POTENTIOMETERS AT THE RADIO ENGINEERING SHOW, BOOTH 238-239 

PROCEEDINGS OF THE I.R.E.  Mar1,, 10:,1 



grm8 D-C CAPACITORS 

for ambient temperatures 

from 55°C 

General Electric Permafil capacitors are designed for use at 

extremes in temperature—in high ambients—or in high altitudes 

where extreme cold is encountered. They are suitable for all 

blocking, by-pass and filtering applications. 

These capacitors, while using paper dielectric, are treated 

with a plastic compound that retains its electrical stability at 

both high and low operating temperatures. Units are available 

in case styles CP-53, 61, 63, 65 and 70, as covered by specifi-

cations JAN-C-25- - in ratings of .05 to 2.0 muf, 400 volts DC. 

Containers are metallic and are sealed with G-E long-life all-

silicone bushings. 

For full information on Permafil capacitors see your local G-E 

representative. Or write Apparatus Department, General Electric 

Company, Schenectady 5, Neu, York. 

GENERAL 

Where space or weight are 
especially important 

Permafil capacitors will average 
about 1/10 the size and weight of 

liquid-filled capacitors when designed 

to operate at 125° C. 

Where short-life characteristics are 

permissible additional savings in 

size and weight are possible. If you 

have a short-life capacitor application 

in mind, G-E engineers would like to 

discuss it with you. 

ELECTRIP 
1,7'1)15:(;S (11: 1111E  Man Ii, 1951 
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BULLS-EYE 
You hit the bulls-eye when you call upon 
Sprague application engineers to help you 

with critical capacitor problems. 

Skilled in applying the essentials of capaci-

tor design to save space and cost in complex 

military and civilian electronic equipment, 

Sprague engineers are ready to serve you. 

If standard capacitors can solve your prob-

lem, they have the industry's most complete 

line from which to recommend. If you need a 

special electrical or mechanical design to best 

solve your circuit or production problems, 

they will gladly work out the details without 

cost or obligation. 

Time is of the essence today. If you have a 

capacitor, interference filter, or pulse network 

problem, contact SPRAGUE by 'phone, wire, 

or mail without delay. 

PIONEERS  IN  - 

SPRAGUE ELECTRIC COMPARY 
NORTH ADAMS, MASSACHUSETTS 

ELECTRIC  AND  ELECTRONIC  DEVELOPMENT 

8A See Us at Booths 27-28 I.R.E. Show PROCEEDINGS OF THE I.R.E.  March, 1951 



A leading designing engineer visited our plant 

to work out a particularly difficult problem. Within 

a week, hand made samples were produced which 

fully met his requirements. 

Asked what had impressed him most he said: 

"Your amazing versatility. We had no idea this 

could be done at all and you have shown us 

several ways you can do it. We have done business 

with you for years but until this visit I had no idea 

AMERICAN 
4 9 T H  Y 

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

held in a tablespoon. 

1. The same spoon will contain several 
hundred ceramic screws 0.150" long, 

0.086" screw diameter complete with 
slotted head, precision threads t2.56 
and 0.018" diameter hole through the 

center. These have been successfully pro-
duced in AlSiMag in production quan-
tities! (Illustration is enlarged approxi-

mately five times.) 

2. AlSiMag ceramic tubes 0.035" 0.0. 
with 4 holes 0.006" I.D. are regularly 

and economically produced within tol-
erances of ± 0.002". (Illustration en-
larged approximately seven times.) 

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

AlSiMag technical ceramics. 

Over two million AlSiMag ceramic 
pieces are produced and shipped each 

day. On many days the production is 
well in excess of three million pieces. 

More than five thousand completely dif-

ferent custom made designs are made 
in AlSiMag each year. 

3. Glazed coil forms, 8" in diameter, 
231/2" long with various pitch threads 
are made to a tolerance of ± 2%, noth-

ing less than =-̀ 0.12. 

Addles 
SPAtE Ma,, PEG  IfS  PAT  GEE 

of the control you have over physical characteris-

tics of your material. Your ability to economically 

produce complex shapes within close tolerances is 

for ahead of anything we have ever known. And 

I am greatly impressed by the modern equipment 

and the tremendous size of this business which 

makes nothing but technical ceramics." 

We believe that you, too, will find here the an-

swer to almost any technical ceramic problem. 

LAVA CORPORATION 
E A R  O F  C E R A M I C  LE A D E R S H I P 

CH ATT A N O O G A  5,  TE N NE S SEE 

OFFICES, METR OPOLITAN AREA, 671 Brood St., Newark, N. J., Mitchell 2-8159  • CHICAG O,..228 North LaSalle St., 
PHILADELPHI A,  1649  North  Broad  St.,  Stevenson  4-2823  •  LOS  AN GELES,  232  South  Hill  St., 
NE W  EN GLAND,  38•B  Brattle St.,  Cambridge,  Moss.,  Kirkland  7.4498  •  ST.  LOUIS,  1123  Washington  Are., 

Central 6•1721 
Mutual  9076 
Garfield  4959 



3SP 

HIGH GAIN 

INDUSTRIAL 

POCKETSCOPE MODLI S 14 A 

THE 
"talglig 

WIDE BAND 

POCKETSCOPE 
MODEL S 14 B 

AND 

Handsome 

TWIN TUBE 

POCKETSCOPE 

) 4t • 1 "IP \ .42y. ....4 vb . 

?.  qA)  1St, 

A )1 
.,.... 
'4 cl - 

'4) 
.) 

MODEL S-15-A 

W ATER  ti git LIISIed n i w 

HI, WIDE and HANDSOME POCKETSCOPES 

are characterized by small size, light weight, and out-

standing electrical performance. All units have fre-

quency compensated attenuators as well as non-

frequency discriminating gain controls. All units have 

both periodic and trigger sweeps from 1/2  cycle to 

50KC. The amplifiers are direct coupled thus frequency 

response starts from 0 cycles. No peaking coils are 

used, thus, the transient response is good. Full expan-

sion of trace, both vertical and horizontal, is built in. 

S-10-6 S-11-A S-12-A 

Combination filter and graph screens are used for 

better visibility, thus traces can be observed even 

under high ambient light condition. Binding posts for 

convenience of connections, with effective shield, are 

used. S-14-A has sensitivity of 10 mv/inch with pass 

band above 200KC. S-14-B has sensitivity of 50 

mv/inch with pass band above 1 megacycle. S-15-A 

is similar to S-14-A except that it has two independent 

CR Tubes for multi-trace oscilloscope work. Accessories 

such as carrying cases and probes are available. 

S-13-A 

POCKETSCOPES and RAKSCOPES have achieved a reputation for dependubility and accuracy. The LINEAR 

TIME BASE can be used with the S-11-A POCKETSCOPE or with any other oscilloscope to convert the 

scope to trigger operation from 1/2  cycle per second. 

W ATER MA N  RAY O NIC  TUBE  DEVELOP ME NTS 

Since the introduction of Waterman RAYONIC 3MP1 tube for miniaturized oscilloscopes, Waterman has 

developed a rectangular tube for multi-trace oscilloscopy. Identified as the Waterman RAYONIC 3SP, it 

is available in PI, P2, P7 and P11 screen phosphors. The face of the tube is 11/2  x 3'' and the over-alt 
length is 91/4 ". Its unique design permits two 3SP tubes to occupy the same space as a single 3“ round 

tube, a feature which is utilized in the S-15-A TWIN-TUBE POCKETSCOPE. On a standard 19" relay rack, 

it is possible to mount up to ten 3SP tubes with sufficient clearances for rack requirements. Photographic 

means of recording are under development and will be available shortly. 
3MP 

TYPIC AL  OPER ATI O N 
VOLTS VOLTS VOLTS \. I., ‘, I', I2AX ',OLT Vax  ,,ji I 'i,i1itTS CURRE',T TUBE ANODE =2 ANODE ,1 GRID =1 Dl. D2 03, 04 ANODE .2 A', f ,.. I HEATER HEATER 

3SP 
1000 

2000 

165 to 310 

330 to 620 

—28 10 —67 

—58 to —135 , 

73 to 99 

146 to 199 

52 to 70 

104 to 140 
2750 11)3 63 .6 Arno. 

3MP 
1000 

2000 

200 to 350 

400 to 700 

0 to —68 

0 to —126 

140 to 190 

280 to 380 

130 to 180 

_ 260 to 360 
7500 

_ 
1000 6.3 .6 Ar , 

H WATERMAN PROAUCTS CO.. INC.' 
PHI L A D E L P HI A  25  •  PE N N S Y L V A NI A  •  U. S. 1 

Manufacturers of POCKETSCOPES } • RAKSCOPES  • PULSESCOPES and RAYONIC TUBES 
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W ATER M AN PI O NEERI NG 

WATERMAN INTRODUCES 

• 
Model 5-5-A 

TWO NEW CATHODE OSCILLOSCOPES 
Compact, Portable Instruments For Precision Pulse Measure-

ment Adaptable To All Electronic Work, Including TV ... 

PULSESCOPE 
TO PORTRAY THE ATTRIBUTES OF THE PULSE: 

SHAPE, AMPLITUDE, DURATION AND TIME DISPLACEMENT 

Video Amplifier up to 11 MC • Video Delay 0.55 

Pulse Rise and Fall Time Better Than 0.07 P 

S-4-A SAR 

PULSES COPE 

Video Sensitivity 0.5 v p to p/in. • S Sweep 80 cycles to800kc, either trigger or repetitive • A Sweep 
1.2 As to 12,000 As • R Delay 3 As to 10,000 As, directly calibrated on precision dial • R Pedestal 
or Sweep 2.4 As to 24 is • Internal Crystal Markers 10 As and 50 As • Size: 91/4  x 111/4  x 10 1/4  • 

Weight: Less than 32 pounds. 

S-5-A LAB 

PULSESCOPE 

Video Sensitivity 0.1 v p to p/in. • Sweep 1.2 As to 120,000 As with 10 to 1 expansion • Sweep 

either trigger or repetitive • Internal Markers synchronized with sweep from 0.2 As to 500 s • 
Trigger Generator and built-in precision amplitude calibrator • Completely cased • Size: 161/2 x 

14 1/4  x 17 1/2  • Weight: Less than 60 pounds. 

See these 

two NEW 

PULSESCOPES 

...at the March 19.22  1951 



Our hat is off 

to the I. R. E. engineers 

Engineering is a conservative and modest pro-

fession, and rare is the occasion on which 

electronic engineers are publicly acclaimed.Yet 

these men are making priceless contributions 

to industrial progress and national defense. 

Since we serve a large number of the country's 

radio-electronic equipment manufacturers, we 

have come to know and respect their engineer-

ing personnel. 

It is, in a large measure, to these men that 

we are indebted for helping us maintain our 

reputation as perfectionists in sheet metal 

fabrication. Their exacting demands and ad-

vanced designs keep us ever alert to match 

their high standards in our own performance. 

Gentlemen, we doff our hat in well deserved 

tribute. Let us shake your hands at Booths 

49-50 at the I. R. E. Show. 

K ARP MET AL PRODUCTS CO., INC. 
223 63rd STREET, BROOKLYN 20, NE W YORK 
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Announcing 

WAVEGUIDE 
EST EQUIPMENT 
2,600 to18,000 mc! 

The revolutionary new -hp- waveguide test equip-
ment shown on the following pages represents 

the practical, economical adaptation of a new, fresh 
concept of waveguide instrumentation. Emphasis 
throughout is on functional simplicity and low cost; 

instruments are offered as individual basic com-
ponents. Most equipment is based on entirely new 
designs developed either in the -hp- laboratories 

or by Varian Associates, microwave equipment and 

electron tube specialists. 
Full frequency coverage from 2,600 mc to 18,000 

mc is offered in 6 waveguide sizes: 3" x 11/2", 

2"x 1",1 1/2 x 3/4",1 1/4 "x 5/8",1"x 1/2 ", .702"x .391". 

Instrumentation is now available in most of these 
sizes. Complete instrumentation for these frequen-
cies will be provided during the forthcoming year. 

HE WLETT-PACKARD CO MPANY 
2178D PAGE MILL ROAD  • PALO ALTO, CALIF ORNIA, U.S.A. 

Sales Representatives in all principal areas. 

Export: Frazer 8. Hansen, Ltd., San Francisco, Los Angeles, New York City 



11.22.aLl-Band Waveguide Test Equipment! 

-hp- 809/810 Slotted Sections 

Slotted sections are one of the most 
important measuring instruments 
in waveguide engineering. They 
are essential to the measurement 
of impedance, reflection and other 
transmission characteristics. 

A single precision carriage (-hp-809B) mounts either slotted 
waveguide sections or coaxial sections covering the frequency 
range from 4.0 to 12.4 kmc. This results in maximum flexibility 
and minimum cost for complete frequency coverage. The car-
riage travels on a new 3-point, ball-bearing suspension system; 
and waveguide or coaxial slotted sections may be quickly inter-
changed. Carriage operates in conjunction with -hp- 442A 
Broad-Band Probe and -hp- 440A Coaxial Detector. -hp- 810B 
Waveguide Slotted Sections are available in sizes: 2"x 1', 
1'fx 34, 04' X Yet 1'x A'". -hp- 806A Coaxial Slotted Section 
is available for frequency range 3.0 kmc to 12.0 kmc. -hp-
S810A Waveguide Slotted Section, of conventional design, is 
available in size 3"x 1' 2" to cover the frequency range 2.6 to 
3.9 kmc. 

-hp- 280A, 261A Adaptors, Waveguide to Coaxial 
For transition between waveguide and co-

OA
axial systems. Each adaptor covers the full 
waveguide range with a VS WR not ex-
ceeding 1.5.-hp- 280A with flexible cable, 
3" x 1!Y only. -hp- 281A, with Type N 
Jacks, sizes 3"x 1%", 2" x 1", 1W x %4", 
14"x W, 1"x %". 

-hp- 370 Attenuators, Fixed 
Fixed attenuation characteristics of 6, 10 or 20 db. For reduc-
ing power level, isolating system units and reducing reflection. 
Max. VSWR 1.15. Sizes: 3"x lA'", 2"x 1", 1"x  1%"x 
1"x %", .702"x .391". 

-hp- 375A Attenuators, Variable Flap 
For introducing variable power differences 
in a waveguide, or isolating power sources 
and loads. Consists of slotted waveguide 
section in which matched place is moved. 
Max. VSWR 1.15. Sizes: 3"x Vg, 2"x 1", 
1 IA" x %", 1Ys" x h" , 1"x %", .702'x .391". 

-hp- 380A Attenuators, Calibrated Variable 
For use between 2,600 and 3,950 mc a l io  
to create known attenuations or isolate 

i sources and loads. Each instrument accu-
rately calibrated at 3,000 mc. Max. VSWR 
1.15. Sizes: 3"x 1W. (Other sizes to be 
announced.) 

HE WLETT-PACKARD 

-hp- 485A Detector Mounts 

0 4 0 0 ...  For measurement of power between fre-
quencies 2.6 to 18.0 kmc in conjunction 
with -hp- 430A Power Meter and Sperry 
821 barretter. Also may be employed to 
measure relative level, or detect rf energy 

using a Type 1N21 crystal. Each mount is semi-tuned by means 
of a movable short. Additional tuning may be provided if de-
sired by means of -hp- 870A Slide Screw Tuner or -hp- 880A 
E-H Tuner. Sizes: 3"x 1W (for use with barretter only), 2"x 1", 
1Wx Yi", 13-"x ei", 1"x 1%", .702"x .391". 

-hp- 840A, 841A Waveguide Tees 

Rectangular series or shunt tees for coupling waveguide sys-
tems, as when dividing power or introducing impedances. 
Model 840A Series Tees branch from wide face of waveguide. 
Model 841A Shunt Tees branch from narrow face. Sizes: 3" 
x  2'x 1", 1Vix  1%"x  1"x W, .70ex .391". 

Providing a new standard of broad-band 

operation plus traditional -hp- speed, 

accuracy, convenience and economy, for all 

types of precision microwave measurements. 

BOOTHS 40, 41 

See this new equipment at the I.R. E. Show 

or write your -hp- sales representative or 

factory for details. 

-hp- 845A Hybrid Tees 

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

transformer; as a bridge, etc. Sizes: 3"x 1  2"x 1% 1%2"x 
1Yex  1"x ' 2", .702"x .391". 

-hp- 920A Adjustable Shorts 

Adjustable choke-type short for tuning or 0 00  
introducing reactance in combination 
with detecting sections, series, shunt or 
hybrid tees. Sizes: 3"x 12", 2"x 1", 1!2"x 
i4", 1U" x 5 .", 1" x ! 2", .702" x .391". 

INSTRUMENTS 



'Ample Design, Multi-Purpose Operation! 1 

I. 

-auk  AIM& 

-hp- 715A Klystron Power Supply 
0 •  

Versatile power supply for operation of all 
types of low-power klystron oscillators in 
test-bench experiments. Beam voltage 
250 to 400 v. at 50 ma. max. Reflector 
voltage 10 to 900 v. at 5 pimps. Internal 

square wave modulation, 1,000 cps; also provision for external 
modulation. 6.3 volt, 1.5 amp. filament supply. 

-hp- 530A Frequency Meters 
General purpose reaction type frequency meter covering the 
entire waveguide frequency band. Consists of a high "Q" reso-
nant cavity tuned by a plunger. Micrometer scale indicates 
plunger position. Accuracy ±0.10%. Ranges: 5.85 to 8.20 kmc 
(1!2"x 34") and 8.2 to 12.4 kmc (1" x 1/2"). (Other sizes to be 

announced.) 

II 

valucs up 
Sizes: 3"x 

-hp- 870A Slide Screw Tuners 
For flattening waveguide systems. Con-
sists of slotted waveguide section and 
adjustable probe on sliding carriage. Vary-

--
ing position and peneration of probe 
sets up VS WR which can be adjusted to 
cancel existing VSWR in system. VSWR 

to 20 can be tuned with an accuracy of VSWR 1.02. 
11/2', rx 1", 11/2"x 3/1", 114"x W, 1"x /I2", .702"x .391'. 

-hp- 880A E-H Tuners 
Matching section for tuning high power 
systems or for tuning systems where low 
leakage is essential. Consists of hybrid 
waveguide tee with moveable choke type 
shorts placed in shunt and series arms. 
Sizes: 3" x 11/2", 2" x 1", 11/2" x 3/4", 1%" x 
'Ai", 1"x 1/2", .702"x .391" 

-hp- 440A Coaxial Detector 

411 0e0 ?-hp- 440A Coaxial Detector, a tunable crys-
tal and bolometer mount, may be used as 
an rf detector for coaxial systems operat-
ing over the frequency range, 2.4 kmc to 
12.4 kmc. A single adjustment provides 

rapid tuning. Equipment mates with Type N connectors and 
operates either with silicon crystal or bolometer. 

-hp- 442A Broad-Band Probe 
This probe may be combined with -hp- 440A to provide a 
highly sensitive, easily tuned detector for use with slotted 

sections. A micrometer depth adjustment 
provides quick control of if coupling. 
This combination is specifically designed 
to operate with -hp- 809B and 810A/B 
Slotted Waveguide equipment. 

-hp- 910A Low Power Terminations 

For use wherever matched load is required, as in measurement 
of reflection, discontinuities or where waveguide must be 
properly terminated. Consists of tapered piece of resistive ma-
terial terminating a waveguide section in its characteristic 
impedance. Max. VSWR 1.06. Average power 1 watt, sizes: 
3"x 11/2", 2"x 1", 11/2" x 3/t", 1%"x 5/8". Average power 1/2 
watt, sizes: 1"x 1/2", .702"x .391". 

-hp- 912A High Power Terminations 

tosoe
Used as dummy loads for high-power 
transmitters. Dissipate large amounts of 
power without undesirable reflection. 
VSWR less than 1.1. Forced air cooling 

required when operating at 50% rating or above. 250 watts 
average power, size: 3"x 11/2". 100 watts average power, 1"x 1/2". 
(Other sizes to be announced.) 

'7111Ir 

MI K eguide equipment shown on these pages, -hp- offers the basic caxial 
equipment used in major microwave research and development projects throughout America. 

4p- 1114A Ullt Signal Gimitrater 
1,800 to 4,000 mc. Output 
range 0.1 pa. to 0.223 v. (I 
mw1. Continuously variable, 
direct reading, no adjustments 
during operation. 

611IA SHP Signal Generate, 
3,800 to 7,600 mc. Output 
range 2.23 Av. to 0.223 v. II 
mwj. Continuously variable, 
direct reading, no adjustments 
during operation. 

-hp- SOSA/11 Slotted Ono 
Highly stable, exclusive, par-
allel plane design. 500 mc to 
boo mc. Model 805A,VS WR 
1.04, 50 ohms impedance for 
flexible cables; 805B, VS WR 
1.02, 46.3 ohms impedance, 
for Vs" rigid coaxial line. 

HE WLETT.. PACKARD 

-hp-430A Alltrawave POW•rhileter 
Automatic, instantaneous 
power readings in db or milli. 
watts. No calculations, no 
adjustments. LIAC with an 
microwav 

-hp-415A Standing Wove Indicaito 
High-gain amplifier operating 
at fixed audio frequency. Reads 
VSWR and db direct. 70 db 
calibrated range. Normal fre-
quency 1,000 cps; others avail. 
able, 300 to 2,000 cps. 

STRUME NTS 



YOU CAN DO More_ 
DO IT tekei WITH 

GPL TELEVISION EQUIPMENT 

th 

Complete 

NEW LINE 
for 

Studio and Field 

that Increases 
TV Efficiency 

Introduced only last year, this GPL equipment has 

already received wide industry acceptance for its 

flexibility, convenience and advanced design features. 

Developed for easy, attention-free operation, built with 

watchmaker's precision, the GPL line will do more, do it 

better, for years of dependable service. Write now for full 

details . . . act now for early deliveries. 

Compact Camera Chain Gives 
Improved Picture Control 

Camera, control unit, 
power unit make up 
world's smallest, lightest 
broadcast chain. Improved 
picture quality with re-
mote control iris, uniform 
focus adjustment for all 
lenses. Remote lens change, 
focus, pan and tilt also 
available. Simplified ad-
justments. Better accessi-
bility. 81/2 " monitor tube. 

01'41 
tio 

Gi) 410 
0 0 a 0 0 

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

THEATRE TV EQUIPMENT 

16A PROCEEDINGS OF TIIE IRE.  March, 1951 
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Single-Unit Sync Generator 
Requires No Adjustment 

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

Video Recordings of 
Live-Program Quality 

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

First Professional Sync 
Projector for 16-mm Film 

Designed for TV studio use. 
Has the reliability of profes-
sional  35-mm  equipment. 
Sharper, steadier pictures, finer 

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

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

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

Film Permanently Processed 
in 40 Seconds 

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

General Precision Laboratory 
A I I I 

PLEASANTVILLE NE W YORK 

WRITE, 
WIRE 

OR PHONE 
FOR DETAILS 

PROCEEDINGS Oh I IlL I.R.E.  March, 1951 
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PERMEABILITY 11 x‘ FOR 

a core made of CARBONYL IRON 
POWDER means compact size 
and efficient performance 77 

"Permeability plus stability —these two qualities 

determine the ability of a radio receiving set 

to select and hold clear reception on a particular 

wave band. In household, portable and automotive 

receivers, compact size and weight reduction also become 

important factors   In the making of both RF and 

IF coils we have come to rely upon cores made of Carbonyl Iron 

We can trust their uniform quality and uniform crystal structure 

to hold the permeability within plus or minus 1% over a period of years." 

Powders. 

THE F. W. SICKLES COMPANY 
CHICOPEE, MASSACHUSETTS 

FOUNDED IN 1921 —under the name 
of Radio Development Co.,—the F. W. 
Sickles Company are today the world's 
largest makers of radio coils. Several 
hundred different models of RF and 

IF coils—made by this firm—are now 
in daily use by manufacturers of elec-
tronic equipment, as well as by ama-

teurs, experimenters, radio service 
men and government agencies, both 
here and abroad. 

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

fying to us . . . It is also important 
evidence for the consideration of any 
receiver or equipment manufacturer. 
Let us send you the book described 
at the right. It will cost you nothing 

to get the facts . . . Ask your core 
maker, your coil winder, your indus-
trial designer, how G A & F Carbonyl.. 
Iron Powders can improve the perfor-
mance or reduce the size of the equip-

ment you make. The possible gains 
and savings are far greater than here 
indicated. 

GAIF Carbonyl 
l8 PROCEEDINGS OF THE I.R.E.  March, 1951 
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Precision tuning units— made by The F. W. Sickles 
Company—for broadcast radio receivers 

THIS FREE BOOK — fully illustrated, with 

performance charts and application data — 

will help any radio engineer or electronics 

manufacturer to step up quality, while saving 

real money. Kindly address your request 

to Department 35. 

ANTAR A® PRODUCTS 
DIVISION OF 

GENERAL DYESTUFF CORPORATION 
435  HU DS O N  STREET  • NE W  Y OR K  14,  NE W  Y OR K 

on Powders... 11 TH 111111111 
ISSOCill1011 
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A Better Product 
throu  Research 

NOISE ANALYSIS • PROCESS CONTROL 

Used by more engineers 
than all other professional 
tape recorders combined 

, INC. 

360 NORTH MICHIGAN AVENUE 
CHICAGO 1, ILLINOIS 

VIBRATION TESTS • TELEMETERING 

Write for NE W CATALOG  
Meignecord, Inc., Dept. P- 3 
360 N. M.ch.gon Ave., Chicogo I, Ill. 
Send me further information on Magnecord 
tope recordings for industrial -Sound • Research  

Name   

Company   

Address   

City  ..  Zone   Siote   

What to see at the 
Radio Engineering Show 

(Continued from Page IA) 

Firm Booth 

Borg Equipment Division—The George W. 
Borg Corporation, Delavan, Wis.  272 

Micropot—Ten Turn Potentiometer, Micro-
dial, Ten Turn Counting Dial. 

W. H. Brady Co., Chippewa Falls, Wis.  258 
Self-sticking identification products, wire 
markers, colored wire markers, parts iden-
tification markers, pipe & conduit mark-
ers, safety signs, printed "scotch" roll 
tape, masks & stencils, bin markers, spe-
cial self-sticking markers made to custom-
er's specifications, coil markers, instruc-
tion labels, product and trade mark identi-
fication markers, wiring assembly mark-
ers, inspection labels, balancing tapes, etc. 

Brentano's Technical Department, New 
York, N.Y.  259 

Books of all publishers in the fields of 
radio, television, electronics and radar, 
including nucleonics, atomic engineering, • 
computers and their related fields. 

British Industries Corp., New York, N.Y. 270 
Garrard record changers and phono units. 
Ersin mull core !Adel% 

Brooks & Perkins, Inc., Detroit, Mich.  343 
Magnesium fabricated products for radar 
reflectors  and  control  boxes,  portable 
electronic cases, deep drawn magnesium 
stampings and assemblies, welded frame 
assemblies,  pressurized radar  housings. 
magnesium plotting equipment and furni-
ture. 

Browning Laboratories, Inc., ‘Vinchestcr, 
Mass.  S-12, S-I3 

Model 0J-17 Oscillosynchroscope, Model 
GL-22A Sweep Calibrator,  Model ON-5 
Oscillosynchroscope,  Model  MD-25  FM 
Modulation Monitor, Models RV-10A FM 
Tuner, RJ 12B FM-AM Tuner, RJ-20A 
FM-AM Tuner. 

Brujac Electronic Corp., New York, N.Y. N-20 
Two Precision Cathode Ray Oscilloscopes 
have been developed for the observation 
of random pulse transient or repetitive 
phenomena in the DC to 15 Mc range. The 
Labscope  incorporates calibrated  sweep 
speeds from 1 sec/cm to 0.1 microsec/cm, 
amplitude calibration, and coaxial mount-
ing of related controls. Two models are 
available, one employing the 5YP CR tube 
(4000 volts accelerating) and the other, the 
5XP CR tube (12,000 volts accelerating). 

Brush Development Co., Cleveland, Ohio 70,71 
Industrial and research instruments, mag• 
netic recording equipment and components. 
synthetic piezo-electric crystal elements. 
"Hypersonic"  generators  and  ceramic 
piezo-electric elements and transducers. 

Burlington  Instrument Co.,  Burlington. 
Iowa  228 

Display AC and DC electrical indicating 
instruments,  portable  instruments,  and 
generator voltage regulators. 

Bussmann Hanufactur4Ag Co., St. Louis, 
Mo.  371 

Buss and Fusetron fuses of all types for 
the protection of radio, television and 
electronic equipment of all kinds. 

Caldwell-Clements, Inc., New York, N.Y.  249 
"Tele-Tech," a television and telecommu-
nications engineering magazine, and "Ra-
dio & Television Retailing," a merchan-
dising and servicing trade magazine. 

Calidyne Co., Winchester, Mass.  N-12 
Vibration measuring equipment. Electro 
dynamic shaker, calibrators and power 
supplies, High Sensitivity Accelerometer, 
Vibrascope, Vibration Meter, Calivolters. 

Cambridge Thermionic Corp., Cambridge, 
Mass.  287 

Terminal boards; terminals (lugs); slug-
tuned coils, slug-tuned coil forms, phenolic 
and ceramic; insulated terminals, phenolic 
and ceramic; electronic hardware. 

Camloc Fastener Corp., New York, N.Y.  339 
Quick-operating  fasteners,  one-quarter 
turn, latches, and quick release. 

Cannon Electric Development Co., Los 
Angeles, Calif.  250 
Electrical connectors, multi-contact plugs 
and receptacles for radio and electronic 
circuits. 

(Continued on page 264) 
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SMALLEST SIZE YET 
for conservatively rated 

.5 watt controls! 

You save appreciable space with Stack-

pole  LR  variable  resistors—yet  still 
have ample wattage capacity for most 
television and mobile radio applications. 
Only 57/64" in diameter, these sturdy 
controls are conservatively rated at 1/2 
watt* and are exceptionally quiet, out-

standingly dependable. 

Single LR controls are supplied with 

or without SP-ST or DP-ST line switches. 

Dual concentric controls—tops for doz-
ens of space-saving applications—are avail-
able with practically any needed shaft or 

switch arrangement. 
Write for details or samples to your 

specifications. 

Electronic Components Division 

• 12  fl.ift  ioltage 0111-011 units does not exceed 330 
volt, for linear laPers, or for non-linear control, haring a taper of 
no less than 10% of the total resistance at 50% rotation and when 
voltage is not in excess of 225 volts. 

FIX ED AND VARIABLE CARBO N RESISTORS • IRON CORES • CERAMAG® CORES 

MOLDED COIL FORMS  • MOLDED "GIMMICK" CAPACITORS  • INEXPE I 

NSVE 

LI NE AND SLIDE SWITCHES 

= ME W 

PROCEEDINGS OF THE I.R.E.  March, 1951 
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The Arnold Engineering Company 

offers to the trade a complete line of 

Magnetic 
Materials 
PER MANENT MAGNET MATERIALS 

• Cast Magnets, Alnico I, II, Ill, ffi, V, VI, _Xll, X-900 

• Sintered Magnets, Alnico II, IV, V, VI, X-900, RemaHoy* 

• VicoHoy*  • Remalloy* (Comol) 

• Cunico  • Cunife  • Cast Cobalt Magnet Steel 

HIGH PER MEABILITY MATERIALS 

• Deltamax Toroidal Cores  • Supermalloy* Toroidal Cores 

• Powdered Molybdenum Permalloy* Toroidal Cores  • Permendur * 

'Manufactured under licensing arrangements wdh WESTERN ELECTRIC COMPANY 

frl/Y  7i2/̂ /%7 6/3770 /1 /V/0 ;7g( z ay o6ese /1/1eigfiee 4/1annWs 

Visit us at 

BOOTHS 25 & 26 
RADIO ENGINEERING SHO W 

THE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

General Office & Plant: Marengo, Illinois 

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



FIRST iN TH E INDUSTRY CARBOFILM RESISTORS 

FIRST AZ BORO-CARBOFILM RESISTORS 
_.116.11.s ib irm 

Greatly Increased Range of 

Resistance 

* Temperature Coefficient as 

Low as 20 Parts Per Million Per 

Degree C 

* Increased Stability 

* Lower Noise Level 

Attention All Electronic Engineers 
We are in production on the most advanced develooment 
in the history of resistors. It is the BORO-CARBOFILM 
RESISTOR. After over two years of intensive laboratory 
work the introduction of Boron in the making of Deposited 
Carbon Resistors has been perfected. 
The result of this new development assures greatly in-

creased range of resistance, temperature coefficient as 
low as 20 parts per million per degree C, greater stability 

and lower noise level. 

What This Means to You 
Briefly, this makes it possible for you to use the new, much 
improved BORO-CARBOFILM RESISTOR in place of larger 
and more costly wire-wound types. It also provides access 
to resistance ranges heretofore impossible to attain in 
film-type resistors. With their low temperature coefficient 
and small aging you will find wide-spread use for these 
new resistors in communications and nearly all types of 
electronic applications. Remember the name "BORO-
CARBOFILM". Available in 1/4, 1/3, 1/2, 1 and 2-watt sizes. 
In writing, kindly give your requirements in sizes 

and volume. 
BORO-CARBOFILM RESISTORS are made under license 

arrangement with Western Electric Co., Inc. 

WILKOR PRODUCTS, INC. 
2882 Detroit Avenue  • Cleveland 13, Ohio 
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CONTROLS 

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

IRC New Type 0 Controls feature 
small "/16" size, rugged construction 
and superior performance. Increased 
arc of rotation permits same resis-
tance ratios successful in larger IRC 
Controls. Catalog Bulletin A-4. 

Unusual combinations of characteristics 
required in today's critical electronic circuits 
demand a complete range of resistor types. 
Specializing in resistors, IRC makes the 
widest line in the industry. This means 

ease of procurement—a single dependable 
source of supply for all your resistance 

needs. It also means unbiased 
recommendations—no substitution of 

units "just as good". IRC's complete line 
of products; complete research and testing 
facilities; complete network of licensees 
. for emergency production—all add 
up to complete satisfaction for you. 

PRECISION RESISTORS 

IR( Precision Wire Wounds offer a fine balance of 

0 1.0.Solit  applications. Extensively used by leading instru-
1 accuracy and dependability for close-tolerance 

Nji *O W° 
meat makers, they excel in every significant charac-

... teristic. Catalog Bulletin D-l. 

11  --- IRC Deposited Carbon PRECISTORS combine accu-
racy and economy for close-tolerance applications, 
where carbon compositions are unsuitable and 

... wire-wound precisions too expensive. Catalog 
Bulletin B-4. 

IRC Matched Pairs provide a dependable low-
cost solution to close-tolerance requirements. Both 
Type BT and  BW Resistors are available in 

matched pairs. Catalog Bulletin B-3. 

IRC Sealed Precision Voltmeter Multipliers ore suit-
able and dependable for use under the most 
severe humidity conditions. Each consists of several 
IRC Precisions mounted and interconnected, encased 

in a glazed ceramic tube. Catalog Bulletin D-2. 



is essentia 
HI GH FRE QUENCY and 

HIGH PO WER RESISTORS 

IRC Type MP High Frequency 
Resistors afford stability with low 
inherent inductance and capacity 
in circuits involving steep wave 
fronts, high frequency measuring 
circuits and radar pulse equip-
ment. Available in sizes from 1/4  
to 90 watts. Catalog Bulletin F-1. 

Type MV High Voltage Resistors 
utilize IRC's famous filament re-
sistance coating in helical turns on 
a ceramic tube to provide a con-
ducting path of long, effective 
length. Result: Exceptional sta-

bility even in very high 
resistance values. Cata-
log Bulletin G-1. 

IRC Type MVX High Ohmic, High 
Voltage Resistors meet  require-

ments for a small high 
range unit with axial 
leads. Engineered for 

high voltage applications, MVX 
has exceptional stability. Catalog 

Bulletin G-2. 

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

Wite wt,  C;acthit Sof 
Power Resistors • Voltmeter Multipliers 

• Insulated Composition Resistors • Low 

Wattage Wire Wounds • Volume 

Controls • Voltage Dividers • Precision 

Wire Wounds • Deposited Carbon 

Precistors  • Ultra-HF  and  High 

Voltage Resistors • Insulated Chokes 

INTER NATI O NAL 

RESISTA NCE  CO MPANY 

PHILADELPHIA  8,  PENNSYLVANIA 

In Canada. International R•slatance Company, 
Ltd., Toronto, Liciense• 

440 0ire•' 

INSULATED COMPOSITION 

and WIRE W OUND RESISTORS 
IRC Advanced Type BT Resistors 
meet and beat JAN-R-11 Specifi-
cations at Vs, 'A, 1 and 2 watts — 
combine extremely low operating 
temperature with excellent power 

dissipation. Catalog Bulletin B-1. 

IRC Type BW Wire Wound Resistors 
ore exceptionally stable, inex-
pensive units for low range re-

quirements. Have excellent per-
formance records in TV circuits, 
meters, analyzers, etc. Catalog 

Bulletin B-5. 

IRC Type BTAV High Voltage 
Resistors, developed for use as 

discharge resistors in fluorescent"Quick Start" 

ballasts, withstand momentary peak surge 
of 6000 volts. Also suited to TV bleeder 
circuits. Catalog Bulletin B-I. 

PO WER RESISTORS 

INTERNATIONAL RESISTANCE CO. 

405 N. BROAD ST., PHILADELPHIA 8, PA. 

Please send me Technical Data Bulletins checked 

A 

0 Bulletin A-2 (WI 

0 Bulletin A•4 (0) 

0 Bulletin B-1 IBT) 

0 Bulletin B-1 (BTAV) 

o Bulletin B-2 (MW) 
0 Bulletin B-3 (M/P) 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY 

IRC Fixed and Adjustable Power 
Wire Wounds give balanced per-
formance in every characteristic 

—ore available in a full range of 
sizes, types and terminals for ex-
acting, heavy-duty applications. 
Catalog Bulletin C-2. 

IRC Type FRW Flat Wire Wound 
Resistors fulfill  requirements of 
high wattage dissipation in limited 
space —may be mounted verti-
cally or horizontally, singly or in 
stacks. Catalog Bulletin c-t. 

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

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

Ii Bulletin B-4 (DC) 

0 Bulletin B•5 (BW) 

FJ Bulletin C-I (FRW) 

r I Bulletin C-2 IPWW) 
I Bulletin D-1 (WW) 

, Bulletin D-2 (ME) 

below: 

Bulletin F•1 (MP1 

LJ Bulletin F-I WPM) 

;i Bulletin F-2 (LP) 

L) Bulletin 0-1 (MV) 

'1 Bulletin 0•2 (MVX) 

ZONE  STATE . . . ...... 

J p  AR N DT • C O.. A DV. AOI N CY 

• 



RF TRANSMISSION LINES 

COAXIAL (POLYETHYLENE) CABLE 

TEFLON CABLE 

FM ANTENNAS 

TV ANTENNAS 

COMMUNICATIONS ANTENNAS 

AMATEUR ANTENNAS 

TUBE SOCKETS 

INDUSTRIAL TUBE SOCKETS 

TERMINAL BLOCKS 

HEAVY DUTY PLUGS 

AND CONNECTORS 

AMERICAN PHENOLIC CORPORATION  • 1830 So  54TH AVE. CHICAGO 50, ILLINOIS 

What to see at the 

Radio Engineering Show 

(Continued from page 20A) 

Firm  Booth 

Capitol  Radio  Engineering  Institute, 
Washington, D.C.  357 

A complete library of CREI text material. 

Carboloy Co., Inc., Detroit, Mich.  61 
Carboloy Permanent magnets (Alnico and 
other types.) Exhibit to show some of the 
steps taken to provide a high quality per• 
manent magnet. Some visitor participation 
demonstrations to illustrate Carboloy qual-
ity. 

Carter Motor Co., Chicago, Ill.  S-18 
Display of dynamotors, de to ac convert-
ers, magmotors, and small rotary power 
supply equipment for mobile radio. 

Centralab, Division of Globe-Union, Inc., 
Milwaukee, Wis. 3, 233 

Ceramic capacitators, printed electronic 2  
circuits, controls, switches, special ceram-
ics, and components. 

Century Geophysical Corp., Tulsa, Okla.  354 
Flight test recording oscillographs, minia-
ture oscillographs, galvanometers, vibra-
tion  amplifiers,  refraction  seismograph 
equipment. Miniature seismometers, minia-
ture reflection seismograph amplifiers and 
cable fault detector. 

C.C.S. Laboratories, Stamford, Conn.  369 
Airborne instrumentation mechanisms, mi-
crowave development, test equipment, elec-
tronic and remote controls. 

Chicago Rivet & Machine Co., Bellwood, 
N-7 

Rivets, tubular and split; automatic rivet 
setting machines, single and multiple set-
ting. adjustable centers. 

Cinch Manufacturing Corp., Chicago, Ill. 
255, 256 

Tube sockets and shields, connectors, tei-
minal strips, lugs, clips, brackets, etc. 

C. P. Clare & Co., Chicago, III.  204 
Telephone type relays, open and hermeti-
cally sealed, spring driven stepping switch. 
and sensitive relays meeting AN require-
ments for use in aircraft and other elec-
tronic ittitiarato, 

Clarostat Mfg. Co., Inc., Dover, N.II.  254 
Fixed wire wound resistors, variable wire 
wound resistors, variable carbon resistors, 
attenuators, television and radio compo-
nents. 

Cleveland Container Co., Cleveland, Ohio 207 
Clevelite and Cosmalite laminated paper 
base phenolic tubing, coil forms and tele-
vision deflection yoke sleeves. Kraft, ace-
tate and combination tubing. 

Sigmund Cohn Corp., New York, N.Y.  283 
Filament wire and ribbons, grid wires, 
electroplated  wires, precious metals  in 
sheet, wire, ribbon and other forms. Rho-
dium plating solutions and gold cyanide. 
Galvanometer suspension strip, enameled 
fine wire and etched '*ire. 

Coil Winding Equipment Co., Oyster Bay, 
N.Y. 

Machinery to wind all types of coils, lat-
tice, single layer, bobbins, paper inserted. 
New this year, a machine to determine the 
gear set-up for universal winding, also a 
machine to pi wind in multiple on dummy 
resistor forms. 

355 

Collins Radio Co., Cedar Rapids, Iowa 75 to 80 
Airborne communication and navigation 
equipment. Ground station communication 
equipment.  Broadcast  transmitters and 
speech equipment. Amateur transmitters 
and receivers. 

Communication  Products  Co.,  Keyport, 
N.J.  20 

Seal-O-Flange transmission lines, Q-M18; 19, x 
compositions and finishes. AM-FM-TV an-
tennas.  tower  hardware.  rf  switches, 
Auto•Dryaire Dehydrators. 

Condenser Products Co., Chicago, Ill.  N-17 
Capacitors, power supplies, pulse-forming 
networks. 

Consolidated Engineering Corp., Pasadena. 
Calif.  384, 385 
I.eak detector for checking any vacuum or 
pressure system for minute leaks. Record-

(Continued on page 274) 
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What to see at the 

Radio Engineering Sho w 

it  •rwn tag.- _ 

Firm 

ing uscillugraph and amplifying equipment 
for recording measurement of such phenom-
ena as vibration, stress, strain, accel-
eration, torque, etc. Micromanometer for 
pressure measurement in the Micron range. 

Continental Carbon, Inc., Cleveland, Ohio 224 
Resistors;  "Nobleloy,"  fixed,  non-wire 
wound types, wire wound low power types. 
Suppressors; resistor type, auto radio ig-
nition, and oil burner types. 

Continental Electric Co., Geneva, ill.  375 
Line of phototubes, lead sulfide cells, rec-
tifiers, thyratrons, TV picture tubes, Tru 
Vac gauges. 

Cornell-Dubilier  Electric  Corp.,  South 
Plainfield, N.J.  73,74 

Capacitors; vibrators; TV, FM, and auto 
antennas, and antenna rotators; vibrator 
converters; inverters; and battery power 
supplies. 

Corning Glass Works, Corning, N.Y.  30, 31, 32 
All-glass television tubes, metallized glass 
components for radio and television, glass 
parts for all types of electronic tubes. 

Cossor (Canada) Ltd., Halifax, Nova Sco-
tia. Canada  223 

Twin-beam  oscilloscopes,  cameras  and 
drives.  Vacuo junctions, thermocouples, 
wire and cable,. 

R. W. Cramer Co., Centerbrook, Conn.  359 
Interval timers, reset timers, time delay 
relays, cycle timers, pulse timers, duplex 
cycle timers, percentage timers, multicon-
tact timers, running time meters. Synch°. 
nous motors, differential clutch motors, 
chart drives, reversible motors. 

Curtis Development & Manufacturing Co., 
Chicago, Ill.  221 
Represented by Wally Swank 

Cyclohm Motor Corp., Racine, Wis.  221 
Div. of Howard Industries, Inc. 
Represented by Wally Swank 

Daven Co., Newark, N.J.  94B, 95 
Distortion of noise meters, vacuum tube 
voltmeters, a complete line of standard 
and miniature attenuators, low contact 
resistance rotary selector switches, preci-
sion  wire-wound  resistors.  Test  and 
measuring equipment. 

Bryan Davis Publishing Co., Inc., New 
York, N.Y.  288 

"Television Engineering" magazine, "Serv-
ice" magazine. 

Dial Light Co. of America, Inc., New 
York, N.Y. 

A  display of warning and signal pilot 
I ight assemblies. 

Distillation Products Industries, Division 
of Eastman Kodak Co., Rochester. N 

241, 242 
Vacuum gauges, vacuum pumps, rotary 
tube exhaust equipment, cathode ray tube 
exhaust equipment, high vacuum gasket-
mg material, special clock and fine instru-
ment lubricant. 

Wilbur B. Driver Co., Newark, N.J.  342 
Nickel chrome, copper and stainless steel 
resistance wire; wire winding equipment. 

Allen B. DuMont Laboratories, Inc. Clif-
ton, N.J. Tube Division 

Uhf-

-  tubes. 

Allen B. DuMont Laboratories, Inc. Clif-
ton, N.J. Instrument Division  126 to 128 

A line of cathode-ray oscillographs, indus• 
trial cathode•ray tubes. A line of oscillo• 
graph-record cameras. Associated equip-
ment. 

Allen B. DuMont Laboratories, Inc., E. 
l'aterson, N.J.  Electron ic Parts Divi• 
sum. 

New input tuners and deflect   yokes. 

Allen B. DuMont Laboratories, Inc., Clif. 
ton, N.J. Television Transmitter Equip-
ment Division  120 to 123 

Universal color scanner; new type image 
orthicon TV camera. 

Dumont Electric Corp., New York, N.Y.  327 
Fixed Capacitors. 

DE Radio Products Co., Inc., Chicago, Ill. 345A 
'f oroids, deflection  yokes, transformers, 
tuners, speakers, ion traps. 

(Continued on page GOA) 
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RADIO 

you A-E1ECTRONIC ENGINEERS! 
RE CORDIALLY INVITED TO VISIT 

P 1 11 E  0  I° 

AT THE' 

R• E• CONVEN NON 
GRAND CENTRAL PALACE. MARCH 1922 

800rHS 171-112 

SUBMERSION-PROOF CONNECTORS 

AN CONNECTORS 

RELAY PLUGS 

AUDIO CONNECTORS 

100 CONTACT CONNECTORS 

PO WER PLUGS 

RACK AND PANEL CONNECTORS 

MINIATURE CONNECTORS 

RF CONNECTORS 

MULTI- WIRE ASSEMBLIES 

SPECIAL CABLE HARNESSES 
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"We need a radio tower 

in a hurry!" 

Meeting tower construction emergencies of all kinds ...solving tower 

problems big and small... being on the job with knowledge and 

skill that gets the job done...that's the type of service which has made Truscon 

a world leader in radio tower engineering! 

Truscon experience embraces all types of topographical and meteorological 

conditions... and supplying many different tower types: guyed or self-supporting 

...tapered or uniform in cross-section...for AM, Fmxv, or microwave applications. 

Your phone call or letter to any convenient Truscon district office, 

or to our home office in Youngstown, will bring you immediate, capable 

engineering assistance. Call or write today. 

TRUSCON STEEL COMPANY 
YOUNGST O WN 1, OHI O 

Subsidiary of Republic Steel Corporation 

[See the Truscon Exhibit, Booth 230, Instoute of Radio Engineers Show 

TRUSCON   
SELF-SUPPORTING 

AND UNIFORM TOWERS 
CROSS SECTION GUYED 
TRUSCON COPPER MESH GROUND SCREEN 

PROCEEDINGS OF THE 1.R.1 Mar,h, 1951 
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HERE'S 

LA B  OR  PR O D UCTI O N 

A QUICK CHECK OF LOW 
RESISTANCE CONNECTIONS 
BONDS, CONTACTS, etc. 
Shallcross low teststance test  sets greatly tac tate 
comparison tests between 2 and 800,000 raiCto-ob ms. 
Their uses range the electrical conductivity 
ot bonds, welds an d seals to contacts, tilamen ts, arm 

flora  testing  - 

atures or tot making any measurement under 1 ohm. 

Suitable units are  available tor either held, la  or 

borato ry   

production line use. Write tot Bulletin LRT-1. 

KELVIN plus WHEATSTONE 
RANGES IN ONE HANDY 

BRIDGE 
Why pay for two instruments when one will do 

both jobs? Providing both Kelvin and Wheatstone 
ranges from 0.0001 ohm to 1 1.1 1 megohms, this 
Shallcross No. 638-R combined bridge is highly ac• 
curate and outstandingly convenient. Priced at only 
a little more than a single bridge with a limited range, 
it is a typical example of Shallcross instrument 
efficiency and economy. 

DECADE RESISTANCE 

BOXES TO MATCH YOUR 
NEED...exactly 

Over 40 Shallcross standard Reistance Boxes piovid 
s e 

the widest assortment available today.  range Is 
Types 

1 to '1 dials trom 0.01 °lira to ill megoliras and are 
available in styles, sizes  and prices tor practically any 

or production testing n 
labor &tory eed. W rite tor B ulletin • 

SHALLCR OSS MANUFACTURIN G CO MPANY 

Collingdale  • Penna. 

•fROCEEDINGS OF THE LE 

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

NEW SHALLCROSS WHEAT-
STONE-MEGOHM BRIDGE 

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

METAL-ENCASED RESISTORS 
Flat, metal-encased, Type 265-A wire-
wound power resistors introduced by the 
Shallcross Manufacturing Company, Col-
lingdale, Pa. are space wound, have mica 
insulation, and are encased in aluminum. 
At 175°C. continuous use they arc con-
servatively rated for 71/2 watts in still air 
and 15 watts mounted flat on a metal 
chassis. Write for Bulletin 122. 

SEE US AT BOOTHS 280-281, I.R.E. SHO W  29A 



ELECTRONICS 

MAKE 16 GROUND CONNECTIONS IN 
1 MINUTE! 

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

G-E PRECISION CONTROL FOR RESISTANCE WELDERS 
Operators are making sixteen ground connections a minute to a tele-
vision-receiver chassis with G. E.'s precision-control resistance welding 
method. 

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

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

Complete data in Bulletin GEA-4175. 

GENERAL 

NEW! Unit-Bearing Motor 
for fans and blowers 

• all angle operation 

• improved appearance 

• provision for 4-way mounting 

• quiet operation 

• requires no additional 
lubrication 

• adjustable-speed operation 
available 

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

ELECTRIC 
667-11 
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replace tubes BEFORE THEY FAIL! 
—record life with G-E time meters 
A % aLu urn tube can usually be replaced before it fails if you have 
an accurate indication of operating time on the electronic device 
on which the tube is used. 
G-E time meters, with dependable Telechron* motor drive, 

record operating time in hours, tenths of hours, or minutes, and 
are supplied for 115-, 230-, or 460-volts. The molded Textolitet 
case harmonizes with other G-E 31/2 -inch instruments mounted 
on the same panel. For more information, including dimensions, 
write for Bulletin GEC-472. 
'Rog. T. M. Telechron, Inc. 'Keg. T. M. General Electric Co. 

sure protection 
against overheating! 

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

tric contact for any flow between 1/2 and four gallons per min-
ute. Cut-in, cut-out differential is 0.1 gpm. 
Ratings: 10 amps, 120 or 240 volts a-c; maximum water-line 

pressure is 125 lb./sq. in. Unit is bronze with standard 1/2 -inch 
fittings, is easy to install and adjust. See Bulletin GEC-411. 

TIMELY HIGHLIGHTS 
ON GE COMPONENTS 

select 10 ranges INSTANTLY 
with this HIGH SENSITIVITY VTVM 
CALIBRATED RANGES: .001 to 300 volts (10 cycles to 

1.5 mc.); —52 to  52 db (ref. level —1 mw at 600 v.) 

Just about everything you could ask for in a high-sen-
sitivity vacuum tube voltmeter! Frequency range of 
this G-E Type AA-1 instrument is substantially flat 
from 10 cycles to one megacycle with voltage ranges 
of 0-.01, 0-.03, 0-0.1, 0-0.3, 0-1.0, 0-3.0, 0-10, 0-30, 0-100, 
0-300, decibels from —52 to +52 in 10 ranges. 
Ten -position pushbutton switch instantly selects 

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

General Electric Company, Section B 667-11 

Apparatus Department, Schenectady 5, N. Y. 

Please send me the following bulletins: 

GEA-4175 Welding control 

Indicate  0 GEA-5338 Fan motors 

\ for reference only  Li GEC-219A Fan motors 

X for planning an immediate U GEC-411 Flow interlock 

project  CI GEC-461 Vacuum-tube voltmeter 
0 GEC-472 Time meters 

Name 

Company 

Address 

City State 

— 
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You can use 
a miler to 
make Itki 

BUT it's simpler 
to design the radio 
around the battery! 
Regardless of what size portable radio you are designing, 
you'll find compact, long-lasting "Eveready" batteries to 
fit it. "Eveready" brand batteries give longer playing life. 
They are the accepted standard for portable radios. Users 
can get replacements everywhere—they prefer portables 
that use "Eveready" batteries. 

CONSULT OUR BATTERY ENGINEERING DEPARTMENT 

FOR COMPLETE DATA ON "EVEREADY" BATTERIES 

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

NATIONAL CARBON DIVISION 

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

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

41111110 

EVEREADY 

9 -,,NE Livis. 

V 

"Everead," No.950 "A" batteries 

and the No. 467 "B" battery 

make an ideal combination 

for small portable receivers. 

NEPE4 

EVER EADY 
TRADE-MARK 

RADI O  BATTE RIES 

No 

E VE R E A D Y  

'NINE  LIVE S 
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00 MONT pioneering in 

Cathode-ray Tubes...brought big 

pictures from the beginning, 

... in 1939 
the Du Mont 
"Twenty" 

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

•TRADE MARK 



..when 
nobody 
dared! 

N 

YEAR 
I AS PIONEER 

... in 1951 
the Du Mont 
"Thirty" 

the Du Mont Bent-Gun used 
  in all current Teletrons 

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

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

is only 231/2". 

Most of today's leading TV receiver manufacturers call 
on this unparalleled knowledge in the design and manu-
facture of BIG picture tubes to assure the uniformly 
high quality they demand in their receivers. 

ALLEN B DU MONT 

LABORATORIES, INC 

CATHODE-RAY TUBE DIVISION 

750 Bloomfield Avenue 

Clifton, N.J. 



I 

01IM U tit pioneering in 

broadcasting and industrial television 

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

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

• 



YEAR 
AS PIONEER 

An early pioneer in the development of television transmit-
ting equipment. Du Mont's faith in the future of television 
has been fully justified. As a product of this faith, Du Mont 
is a leading manufacturer of television transmitting equip-
ment. 
Shown below is the new Du Mont all air-cooled, high- or 
low- band, 5 KW Oak Transmitter. The cumulative result 
of 6 years' experience with air-cooled transmitters, the Oak 
Transmitter has already had a highly successful debut with 
18 months' field use on high-band operation. For most 
economical television broadcast operation investigate the 
Du Mont Oak Series Transmitter. The low initial cost, low 
installation cost, low operating cost and low-cost tube com-
plement of the Oak Series Transmitter, add up to the low-
est overall cost TV transmitting operation yet possible for 
a broadcast station. 
Come see the 5 KW Oak Transmitter at the WAB-D in-
stallation in the Empire State Building during the IRE 
show, March 19 through March 22. 
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OM° Nt pioneering in Oscillography 

has been the greatest single influence in 

Concept, Design and Application! 

THE TYPE 3RP-A 
The modern, 3" flat-face 
cathode-ray tube which 
combines short length with 
high sensitivity; is free 
from trapezoidal distor-
tion., and provides high 
light output. 

THE TYPE 5YP-
The newest design in 5" 
cathode-ray tubes which 
provides high sensitivity 
for high frequency applica-
tions at low and medium 
accelerating potentials. 

THE TYPE 5XP-
The multi-band intensifier 
principle and special de-
flection plate construction 
provide extreme sensitivity 
and high light output in a 
high-voltage cathode-ray 
tube. 

THE TYPE 55P-
Dual-bea iti cat II ode-ra 
tube makes possible t 
presentation of two relat 
or independent phenome 
on a single screen. 

THE TYPE 297 

For finished-print rucortling.  iw 

Ol t 

• -die 

THE TYPE 295 

For single-transient recording. 

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

THE TYPE 321 

or  i leg- f i I tis rucorili 



THE TYPE 304-H 
Sets a new standard of perform-
ance for general-purpose oscillo-
graphy by providing high-gain 
AC and DC amplifiers, triggered 
sweeps, and other new circuit 
developments. 

.1 TYPE 303 
iw, quantitative, wide-band, 
wral-purpose cathode-ray 
flograph, incorporating time 
'amplitude calibration, sweep 
sinsion, and signal delay. 

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

DISTRIBUTED AMPLIFIER 
Developitiviit lif the transmia   
line-coupled, %title-band ampli-
fier has extrnfled the applicatiwi 
of the cathode-ray oscillograph 
to frequencies beyond 150 mega-
cycles. 

ft lir 
YEAR 

AS PIONEER 

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

ef•  0 0 e s,  

ALLEN B. DU MONT 

LABORATORIES, INC. 

INSTRUMENT DIVISION 

1000 Main Avenue 

Clifton, N. J. 

write for catalog 



oil MONT 
FIRST WITH THE FINEST IN TV COMPONENTS 

atopua 
ALLEN B. DU MONT LABORATORIES, INC. 

ELECTRONIC PARTS DIVISION 

EAST PATERSON. N I 

YEAR 
AS PIONEER 

Literature on request. Avail-
able through leading distrib-
utors. Let us quote on quan-
tity requirements. 

DU MONT 
SERIES T3C 

for TV-FM 
PERFORMANCE 
UNSURPASSED! 

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

PLUS continuous tuning action (Mallory. 
Ware Inductuner ") offering utmost in 
dependability 

PLUS detent action for quick-click station 
selection 

PLUS interchangeability — mechanically 
and electrically — with most switch-type 
tuners 

PLUS simplest operation yet — covers all 
TV and FM channels — in four turns 

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

Trade-Mark 
••RTM PRM CO., INC. 

our complete line of electronic components at the I. R. E. show 



the Volt-Ohm-Milliammeter 

that needs no introduction! 



say SPEER before you say RESISTORS 

... for consistent uniformity 

Complete your circuits with R. F. 

coils...chokes...tubular and disc 

capacitors... high voltage con-

densers...capristors by 

JEFFERS ELECTRONICS, INC 

DU BOIS, PA 

Another Speer Carbon Co. Subsidiary 

ST. MARYS, PENNSYLVANIA ® 7566 

PROCEEDINGS OF THE I.R.E.  March, 1951 
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A MURANO EXCLUSIVE! 

eJ ;(P 

"Tilted-Offset" Gun 
WITH 

INDICATOR 
ION TRAP 

Solves one production line problem 
Rauland's new Electron Gun offers two production line 
advantages which TV engineers have welcomed—advan-
tages that help shave pennies off production costs and 
save minutes on production lines. 

The superior design of Rauland's new Tilted Offset Gun 
eliminates one Ion Trap Magnet, cutting use of rare mag-
net alloy 50%. Yet, it gives better results—bending the 
electron beam only once and assuring maximum sharp-
ness of focus. 
Even more important is the exclusive Indicator Ion Trap 

which this gun features. In a matter of seconds—without 
even seeing the front of the picture tube—the single Ion 
Trap magnet is adjusted with absolute accuracy. 

The magnet is simply moved until a vivid green glow 
on the anode tube is reduced to minimum. There is no 
need whatever for any equipment—any skill—any trained 
judgment. Actually, adjustment is made faster than test 
equipment could be attached. 
To get the benefits that only Rauland offers, sriecify 

Rauland tubes with these exclusive advantages. For fur-
ther information, write to . . . 

RA UL A N D 

The first to introduce commercially 
these popular features: 

Tilted Offset Gun 

Indicator Ion Trap 

Luxide (Black) Screen 

Reflection-Proof Screen 

Aluminized Tube 

Visit us in Booth 334 — IRE Show 

THE RAULAND CORPORATION 

Pertie_e_yiurt_77cruyk_i-Pe4_e_aJLe__A 
4245  N. KN O X AVE N UE • CHI C A G O  41, ILLI N OIS 
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MODEL 300 

MODEL 310A 

BAL ANTINE 
STILL THE FINEST IN ELECTRONIC VOLTMETERS 

• 
13" 

MODEL 302B MODEL 304 

MODEL FREQUENCY RANGE 

10 to 150,000 cycles 

2 to 150,000 cycles 

VOLTAGE RANGE INPUT IMPEDANCE ACCURACY 

300 1 millivolt to 
100 volts 

1 2 meg. shunted 
by 30 innsfds. 

2% up to 100 KC 
3% above 100 KC 

3026 
Battery 

Operated 

100 microvolts to 
100 volts 

2 megs. shunted by 
8 mmfds, on high 
ranges ond 15 mmfds. 
on low ranges 

3% horn  

5 to 100,000 cycles, 
5% elsewhere 

304 
30 cycles to 
5.5 megacycles 

1 millivolt to 100 
volts except below 
5 K C where max. 
range is 1 volt 

1 meg. shunted by 
9 mm Ids. on low 
ranges. 4 mmfds. on 
highest range 

3% except 5% for 
frequencies under 
100 cycles and over 
3 megacycles and 
for voltages over 1 
volt 

305  

Measures peak val-
ues of pulses as 
short ivs 3 micro-
seconds witha repo-
tition rate as low as 
20 per sec. Also 
measures peak val-
ues for sine waves 
from 10 to 150,000 
Cps. 

1 millivolt to 1000 
volts Peak to Peak 

Some as 
Model 3026 

3% on sine waves 
5% on pulses 

310A 10 cycles to 
2 megocycles 

100 microvolts to 
100 volts 

Some as 
Model 3028 

3% below 1 MC 
5% above 1 MC 

PRECISION SHUNT RESISTORS 

Four different types of Precision Shunt Resistors, 

varying from 1 to 1000 ohms, permit the Voltmeters to 

be used to measure currents from 1 ampere to one-
tenth of a microampere. 

MULTIPLIERS 

Five different types of Multipliers, 

whose input resistance varies from 

5 to 40 megohms, permit the 

voltage range of the Voltmeters 

to be increased 10 or 100 times. 

MODEL 305 

MODEL 220 

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

1300A  13008 

BALLANTINE pioneered circuity and manufacturing integrity assure the maximum in 

SENSITIVITY • ACCURACY • STABILITY 
• All models have a single easy- to-read logarithmic 
voltage scale and a uniform DB scale. 

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

• Multipliers, decade amplifiers and shunts shown 
above extend range and usefulness of voltmeters. 

• Each model 
amplifier. 

For further information, write for catalog 

may also be used as a wide-band 

BALL A NTI NE  LAB O R AT O RIES,  INC. 
BOONTON,  NE W JERSEY, 

PROCEEDINGS OF THE I.R.E. JIarch, 1951 



The A.N. CONNECTOR 
TYPE mounting is ap-

proved by the Army and 

Navy as standard her-

metic seal termination 
equipment. This type 

of mounting is partic-
ularly adaptable where 

shielded or cabled cir-

cuits are a necessity. Vi-
bration-proof mounting 

with quick connect and 

disconnect is insured. 

Sedet  30 A.C. Series 210 A.C.-215 D.C. Series 220 A C. 

GUARDIAN 
Series 335 D. C. 

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

Maximum voltage: 220 V.D.C. Power requirement: Normal, 31/2  watts. Max.-resistance 

standard unit: 12,000 ohms. Applicable to time delay attract up to .06 second and release 
up to .01 second. Contact rating: 1/4  die. silver, 12 amps. at 24 V.D.C. inductive load. Com-

binations up to 3 P.D.T. with 12 amp. contacts. Bakelite insulated, tested at 1500 V.-60 C. 

, 

4 0 0 

Series 595 D.C. Ser;es 610 A.0 —615 D.C. 

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

GUARDIAN  ELECTRIC 
1628-C W. WALNUT STREET CHICAGO 12, ILLINOIS 

A CORI EEEEE  LINE  OF  11(1515  SIRVIND  ANIIRICAN  INDUSTRY 
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When you specify Mallory Capac-
itors for television receivers or 
other equipment where heat is a 
problem, you can be sure they will 
stand the test. Mallory FP Capac-
itors are designed to give long, 
trouble-free performance at 85°C. 
—naturally they give even longer 
service at normal temperatures. 
In addition, Mallory FP Capacitors 
are famous for their long shelf life. 
Write for your copy of the FP 
Capacitor Engineering Data Folder. 

Mallory 
Precision Production 

pays off' again 

in "shelf-life" demonstration 
When a large radio and television manufacturer found 

it necessary. to fall back on a supply of two-year-old 

capacitors, they found that every one of the Mallory 

Capacitors was ready for immediate use — without 

re-working of any kind. Because of the scrupulously 
careful manufacturing methods pioneered by Mallory, 
they were completely free of corrosion. 

Mallory Capacitors have consistently get new high 

standards of dependability which far exceed normal 
specifications. 

That's service beyond expectations! 

MALLORY 
P. R. M ALLORY a CO.. Inc. 

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

SERVING INDUSTRY WITH 

Electromechanical Products 
RCA i still •  Snitches 
TI" Toner,  l'ibrators 

Electrochemical Products 
Capacitors  Rectifiers 
Mercury Dry Batteries 

Metallurgical Products 
Contacts  Special Abtals 

elding, Materials 
46% 
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W FOR THE FIRST TIME 

I kw AT 900 mc 

GENERAL 

NEW 
GL-6019 

See this great new G-E 

power tetrode at the I.R.E. 
Show in New York, March 
19 to 22. Or wire or write 
for descriptive folder ETD-
152.ElectronicsDepartment, 
General Electric Company, 
Schenectady 5, New York. 

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



There's an 7y1otentiometer 
for every application 

Miniaturization of  recision potentiometers is keeping 
pace with the increase  emand for smaller assemblies 
and compact design. Now you can minimize wasted 
space with TIC's outstanding, new RV/e" and RV1-1/16• 
Miniature Potentiometers. 

In spite of their thumbnail size the PI% and the 
RV1-1 16 are precision, high linearity variable resistors. 
or a justable trimmers) of high stability — achieving 
a standard of performance hitherto unavailable in such 
miniature potentiometers. 

Construction features include: precision machined alu-
minum base . . . low torque . . . all soldered connections 
except sliding contacts . . . paliney contacts . . . can be 
sealed to withstand all humidity, salt spray and altitude 
specifications. Ganging if desired with TIC adjustable clamp ring. 

M e available with linear resistance elements only 
— nine standard resistance Vilires from 100 to 25,000 ohms. 
Power rating 6 watts at 25 °C. Illustration shows ras 
with threaded bushing . . . servo mounting availibli 
if desired. 

nuile available with linear or non-linear resistance 
elements — nine standard resistance virsieTliom 100 to 
50,000 ohms. Illustration shows RAlzi a, with 3 tapped 
hole mounting . . . servo mounting or threaded bushing 
if desired. 

Tapped mounting inserts 

Bronze bushing 
Totally enclosed with cover 

"Constrict-O-Grip" clamping to shaft 
—(no set screws) 
Precious mote,1 contacts 

Silver overlay on rotor take-off slip ring 

Type RV3* Bakelite Base Precision 

Potentiometers . . . available in models for either linear or non-linear functions. 
Stock resistance values ranging from 100 ft to 200,000 n and power ratings 
of 8 and 12 watts. 360° mechanical rotation or limited by stops as desired. 
Potentiometers of this type available to widely varying accuracy requirements 
(linearity to +0.25%) — see TIC Bulletin RV3-250. Special models available 
for high humidity applications. 

0 3 

RVP3*  High  Precision  machined  aluminum  base 
Potentiometers . . . available in models for either linear 
or non-linear functions with standard resistance values 
up  to  200,000D.  Linearity  to  -±0.1%.  Eleven  gang 
assembly shown  —  example of TIC's potentiometers 
multi-ganged with TIC's adjustable clamp ring. Can be 
supplied  to  meet  various  mounting  requirements  — 
single hole, 3 tapped hole mounting or servo mounting 
as desired. 

TECHNOLOGY INSTRUMENT CORP. 
531 Main Street, Acton, Mass, 

Telephone: Acton 600 

Engineering Representatives 

Cleveland, Ohio — PRospect 1-6171  Manhasset. N. Y. — Manhasset 7-3424 
Chicago, Ill. — UPtown 8-1141  Boonton, N. J. — Boonton 8-3097 
Rochester. N. Y. — Monroe 3143  Cambridge, Mass. — ELiot 4-1751 
Canaan, Conn. — Canaan 649  Hollywood, Cal. — H011ywood 9-6305 
Dayton, Ohio — Michigan 8721  Dallas, Texas — Dixon 9918 

ISine and cosine potentiometers  I 

available in RVP3. and RV2* bases. 

Type RV1%• and RV2* Izlitt Precision 
Potentiometers . . . semi-standardized types 
of precision machined aluminum base poten-

tiometers with exceptionally high electrical 
accuracy  and  mechanical  precision.  For 
both linear and non-linear functions. De-
signed for precision instrument, computer 
and military applications. Accurate phasing 
of individual units possible with clamp-ring 

method of ganging. Ball bearing models available. 

Type RVT  Translator  y Potentiometers 
. . . actuated by longitudinal instead of 
rotary  motion  providing  linear  electrical 

output proportional to shaft displacement. 
Used as a position inaicator, high amplitude 
displacement type pickup and for studying 
low fregdency motion or vibration. Features 
exceptionally high linearity and resolution. 
Available in various lengths and resistance 
values. 

...Numbers refer to diameter of bases. 

48A 
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CLEVELITE and COSMALITE 
PHENOLIC  TUBING 

1110' 
,\00) 

ALSO USED WIDELY 

BY MANUFACTURERS 

OF ELECTRICAL 

EQUIPMENT . . 

FOR ITS HIGH 

DIELECTRIC STRENGTH 

. . LO W MOISTURE 

ABSORPTION . . . 

STRENGTH, LO W LOSS 

AND GOOD 

MACHINEABILITY 

AVAILABLE IN 

DIAMETERS, 

WALL THICKNESSES 

AND LENGTHS TO 

MEET ENDLESS 

SPECIAL OR NE W 

ADAPTATIONS. 

INQUIRIES 

ARE GIVEN 

IMMEDIATE 

ATTENTION. 

ASK FOR SAMPLES 

/ \ Ramo Tnerneerwg Show 

P :  
fliNs" 

Our Booth 

4207 

March 19.22 195i 

Meets the Most Exacting Specifications! 

•  •  • 

A Grade for Every Need: 

CLEVELITE 
Grade E    Improved post cure fabrication and stapling. 

Grade EX  Special grade for TV deflection yoke sleeve. 

Grade EE   Improved general purpose. 
Grade EEX  Superior electrical and  moisture absorption 

properties. 
Grade EEE  . Critical electrical and high voltage applications. 
Grade XAX  Special grade for government phenolic specifications. 

COSMALITE 
Grade SP  Post cure fabrication and stapling. 

Grad' SS 

Grade SSP 
Grade SLF 

General purpose. 
.. General purpose —punching grade. 

.. Thin wall tubing —high dielectric and compression 

strength. 

CLEVELAND PHENOLIC TUBING 
THE FIRST CHOICE OF THE RADIO AND TELEVISION INDUSTRIES. 

EXCELLENT SERVICE AND PROMPT DELIVERIES ASSURED. 
• Trade Marks 

CLEVELAHDCONTAINER6 
6201 BARBERT ON AVE.  CLEVELA ND 2, O HI O 

PLANTS AND SALES OFFICES at Plymouth, W." , Chicago, Detroit, Ogdensburg, N. Y , Jornesburg, N.J. 
ABRASIVE DIVISION al Cleveland, Ohm 

CANADIAN PL ANT The Cleveland Comma°, Canada, Ltd .Ptencon,Ontario 

REPRESENTATIVES 

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

NEW ENGLAND  R. S. PETTIGREW 8, CO, 968 FARMINGTON AVE. 
WEST HARTFORD, CONN. 

CANADA  WM. T. BARRON, EIGHTH LINE, RR II, OAKVILLE, ONTARIO 
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49A 



Trim Assembly Time 
with the 

Tube with the Tab 

• Superior's pioneering in tubing 
technology is constantly at work to 
bring electronic manufacturers new 
developments—to help them pro-
duce better equipment, faster, at 
lower costs. Newest of these im-
provements is the integral tabbed 
round Lockseam* cathode. It is 
designed to eliminate a welding 
operation, cut assembly time, and 
provide superior performance. 

These integral tabbed round 
Lockseam*cathodes may be valuable 

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

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

Which Is The Better For Your Product... 

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

Or LOCK SEAM  . . ? Produced di-
reed from thin nickel alloy strip stock, 
.040" to .100" O.D. in standard length 
range of 11.5 mm to 42 nun. Round. 
rectangular or oval. cut to specified 
lengths. headed or plain. 

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

To guard against contamination by proc-
essing lubricants, Superior tubing is 
thoroughly degreased before each an-
nealing operation. 

,it: l bw , 

Part of inspection procedure on Lock-
m•alo Nickel Cathodes as they come off 
the production machine. Each cathode 
must undergo many rigid tests before 
being approved. 

All analyses .010" to %" 

Certain analyses (.035" max. wall) Up to 1%" O.D. 

*Mfd. under U.S. Pats.—SUPERIOR TUBE COMPANY • Electronic Products for export through Driver-Harris Company, Harrison, New Jersey. 

50A 
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HERMETICALLY SEALED 
111  SOLA 

FOR USE ON MIL-T AND JAN PROJECTS 

The patented SOLA Constant Voltage . 
Principle provides the following advcm-

lags. over ordinary transformer deg • 
regulation within ±1% with total 
variations as great as 30% . 
matic, instantaneous regulation . 
dom from moving pasts, maintenance an 

manual adjustments . . . self-protection 
against short circuit. They are available 
in a complete range of capacities and 
special types (such as frequency com-
pensated or with harmonic filter). 

50173 Cornrow, Voltage 

hensionsers ore node 

ender one or wore ol 

the folloveng Patera, 

2,143,745.  2.213196. 

2.346,621 

Typical types of 

Her metically 

Sealed  SOLA 

Constant Voltage 

Transformers 

TRANSFORMERS 

Today's complex electrical and electronic defense equipment 

requires unfailing accuracy and dependability under extreme 

conditions of humidity, heat, mechanical shock and other ad-

verse conditions. To meet those needs SOLA voltage regulators 

can be provided in hermetically sealed housings which con-

form to defense specifications for grades 1, 2 or 3 hermetic 

sealing. Splash proof design housings are provided for large 

units where hermetic sealing is not feasible. 

SOLA Constant Voltage Transformers were widely employed 

during World War II wherever continuous precision perform-

ance of electrical and electronic units was mandatory. Typical 

defense applications include: observation and fire-control, 

radar, omni-directional ranges and other navigation aids, 

X-ray equipment, flight and navigation trainers, and photo-

electric devices. 

Often the precise voltage input upon which a device's design 

was predicated is not available. Yet, input voltage level must 

continuously meet design requirements for satisfactory per-

formance. You can guarantee optimum performance for your 

unit by stabilizing input voltage with a SOLA Constant Volt-

age Transformer. 

The engineers and sales representatives of the 
SOLA Electric Company will be glad to discuss 
the application of SOLA Constant Voltage Trans-
formers to your specific requirements. Your phone 
call or letter will receive our prompt attention. 

See the standard SOLA regulators and many new 

developments at Booth Number 21, I.R.E. Radio 

Engineering Show in New York. 

Comarawr Y 
_II I TRANSFOR MERS 

Transformers t Constant Voltage • Fluorescent Lighting • Cold Cathode Lighting • Airport Lighting • Series Lighting • Luminous Tube Signs 
Oil Burner Ignition • X-Ray • Power • Controls • Signal Systems • etc. • SOLA ILICTRIC COMPANY, 4633 W. 16th Street, Chicago 30, Illinois 
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SPECTRUM ANALYSIS 

from AF to UHF 

with Easier-to-Use 
PANORAMIC INSTRUMENTS 

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

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

Whatever  your  problem —an• 
alyzing  waveform  distortions, 
noises,  characteristics  of  AM, 
FM or pulsed signals, vibrations, 
spurious oscillations or modula-
tion,  response characteristics of 
filters  or transmission  lines  or 
monitoring many frequency chan-
nels  simultaneously —you'll  find 
a Panoramic analyzer to answer 
your needs. 

• Complete Display of these 
and  other  Panoramic  instru-
ments in operation at the 

IRE SHOW 

BOOTH N-6 

PANORAMC 
RADIO 

SPECTRUM ANALYSIS FROM AF TO UHF 
with easier-to-use 

PANORAMIC INSTRUMENTS 
PANORAMIC SONIC RESPONSE INDICATOR G-2 

for More Accurate Frequency Response Measurement 

Used with Model AP•1, the G-2 allows visual inspection of the 
amplitude vs. frequency characteristic of systems in the range 
between 40 and 20,000 cps. May be used for research, develop• 
ment or production line testing of frequency response characteristic 
of amplifiers, speakers, filters, transmission lines, receivers. 

The G-2 is advantageous for study of systems in which the pres• 
ence of noise or non-fundamental components obscure Of distort 
the output at the exploring frequency. 
• Calibrated log frequency scale 
• Linear or log (60 db range) amplitude scale 
• Slow, I cps sweep rate 
• 10-step attenuator with 100 db range selects 
output voltages between 50 microvolts and 5 volts 

• 3 selectable output impedances; 100 ohms; 100 ohms; 3000 
ohms 

PANORAMIC SONIC ANALYZER, MODEL AP-) 

Automatic Waveform Analysis In Only 1 Second 

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

... 

40-20,000 cps, log scale 
500uV-500V 

Voltage Scale Linear and two decade Log  
Resolution     Optimum  throughout  fre-

quency range 

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

PANORAMIC ULTRASONIC ANALYZER, MODEL 51-7 

A New Direct Reading Spectrum Analyzer 

An invaluable instrument for channel monitoring, tele-
metering, medical studies, and for investigating ultra-
sonic waveform content and ultra audible noises and 
vibrations, the S8-7 allows overall observation of a 
200KC wide band or highly detailed examination of 
selected narrow bands. 

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

Resolution: Continuously variable from 2KC to better than 500 

PANADAPTOR, SA-11  PANALYZOR 111-11 

For RF Spectrum Analysis where Maximum 

Resolution ls a "Must" 

Available in several types with maximum scanning 
widths ranging from 200 KC to 10 MC, both the SA-8 
and S8-8 feature. . . . 

• Continuously Variable  Resolution from  100KC to 
100cps 

• Synchronous and Non-synchronous Scanning 

• Long Persistence Displays plus Intensity Grid Modu-
lation for Analysis of Pulsed RF Signals 

• Continuously Variable Scanning Width from Maxi-
mum to Zero 

PANADAPTOR SA-3, SA-6  PANALYZOR £1-3, SI-6 

For General RF Spectrum Analysis 

Recognized as the fastest and simplest means of investi-
gating and solving such RF problems as frequency sta-
bility, modulation characteristics, oscillations, porosities 
and monitoring under static or dynamic conditions, 
these models are available in over a dozen different 
types, designed to meet your particular application. 
Panadaptor units operate with superheterodyne re-
ceivers which tune in the spectrum segment to be ob-served. 

PRODUCTS INC. • 
12 SOUTH SECOND AVENUE, MOUNT VERNON, N Y. 

CPS 

WRITE TODAY FOR COMPLETE 

SPECIFICATIONS AND PRICES. 

0 • 

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



C O W 
by 

GENERAL CERAMICS 
Ferramics are soft magnetic 

materials featuring: 

HIGH PERMEABILITY 
HIGH VOLUME RESISTIVITY 

HIGH EFFICIENCY 

LIGHT WEIGHT 
ELIMINATE LAMINATIONS 

0 F F ER  R A M I C M A T E R I A L 
.  . .  _ 

PROPERTY  i UNIT 

A 

34 

B 
90 

c 
159 

D 
216 

E 
174 

G 
254 

H 
419 

I 
141 

J 
472 

Initial permeability 

at I mc/sec 
- 15 95 220 410 750 410 850 600 330 

710 1030 1710 3300 4300 1010 750 
Maximum permeability - 97 183 

3800 3100 3800 3200 3400 1540 2900 
Saturation flux density Gauss 840 1900 

Residual magnetism Gauss 615 830 2700 1320 1950 1050 1470 660 1600 

Coercive force Oersted 3.7 3.0 2.1 1.0 065 0.25 0.18 0.40 .80 

Temperature coefficient 
of initial permeability 

°/o/ °C. 0.65 0.04 0.4 0.3 0.25 1.3 0.66 0.3 0.22 

. 
Curie point °C. 280 260 330 165 160 160 150 70 180 

Volume resistivity Ohm-cm 1x109 2x105 2x103 3x107 4x10 5 1.5x108 lx104 2x105 - 

Loss Factor: 
at  1 mt/sec 

at  5 mc/sec 

nt 1 CI nir /sot 

- 

- 

- 

- 

.0004 

.0005 

.00016 

.0011 
- 

.00007 

.0008 
- 

.00005 

.0012 
-- 

.00008 

.002 
- 

.00008 

.00075 

.0017 

.00030 

.00155 

.00275 

.0003 

.005 
- 

.000055 
- 
- 

BOOTH 47 

at the 

IRE SHO W 

CERAMICS AND STEATITE CORP. 
GE NE R AL  OFFI CE S  and  PL A N T  KE ASBE Y,  NE W  JE R SE Y 

MAKERS OF STEATITE, TITANATES, ZIRCON PORCELAIN, FERRAMICS, LIGHT DUTY REFRACTORIES, CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE 
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for standard 

and special 

applications 
For more than 25 years, Kenyon has led the 

field in producing premium quality trans-

formers.  These rugged units are (1) engi-

neered to specific requirements (2) manufac-

tured for long, trouble-free operation (3) meet 

all Army-Navy specifications. 

Kenyon Transformers for 

VISIT THE KENYON EXHIBIT 

BOOTH 56 —GRAND CENTRAL PALACE 

MARCH 19TH-22ND 

Write for details 

• JAN APPLICATIONS 

• RADAR 

• BROADCAST 

• ATOMIC ENERGY EQUIPMENT 

• SPECIAL MACHINERY 

• AUTOMATIC CONTROLS 

• EXPERIMENTAL LABORATORIES 

KENYON TRANSFORMER CO., Inc. 
840 Barry Street  New York 59, N. Y. 

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



finer electronic 
13c alloys 

if is11 us at th• 

I.R E 

SHOW 
11111 .111 11i it's 

TIVAMENI BASE ViElAl.S 

SI  A1LOV 
MOOWISO NILO 

COS 1041C 

101SIIS 

UtlIMEI 

tit 

ORBONI/E0 NICKEL. 

ADICICA " 

DuOCARB 

pOLICA "  
GRID WIRE' 

IA M4Git")  

— BACKED BY YEARS Of SPECIALIZED PRODUCTION 

Since the inception of AC radio, Wilbur B. Driver Company has 

pioneered in the development and production of filament alloys, 

carbonized nickel and grid wire. Thus it is a logical conclusion that 

Wilbur B. Driver Company is the dependable source of supply for 

radio and electronic requirements ... the choice when materials must 

be held to exacting and precise specifications. 

for Critical Tube Alloy Requirements! 

WILBUR B. DRIVER COMPANY 
150  RIVERSIDE  AVENUE,  NE WARK  4,  NE W  JERSEY 
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11Cgr 
ELECTRONIC , 
INSTRUMENTS 
Audio to Microwaves 

• Sweeping Oscillators  • Analyzers 

• Marker Oscillators  • Attenuators 

• Frequency Meters  • Reflectometers 

Specialized Electronic 

Instruments for 

Civilian and Military 

Uses 

• 

See the MEGA-LINE and the SONA-LINE 

AS EXHIBITED AT THE-

Radio Engineering Show 
Grand Central Palace 

March 19-22  1951 

IF YOU ARE NOT ON OUR MAILING LIST, WRITE FOR OUR NE W CATALOG A5I 

ELECTRIC 
14 Maple Avenue 

Phone CAldwell 6-4000 

COMPANY 
Pine Brook, N. J. 

PROCEEDINGS OF THE I.R.E.  Marc!,, 1951 



RHE OSTATS 

frit Al 
To get the 1252.t j ce....lh2221 on © N MI = 
resistance components, tailor your needs 

to these "standard" © MUTE items... 

IThe Olunite series of standard, close control 
rheostats is the most extensive available—so it is easy to 
select a size to fit y our application. There are ten sizes, ranging 
from 25 to 1000 e% atts, with many standard resistance value, 
in each size. All models have the Olimite all-ceramic construe-
ti , ith inding permanently locked in vitreous enamel, and 
smoothly gliding metal-graphite brush. 

RESIST ORS The extensive range of Ohmite types and 
sizes makes possible an almost endless variety of standard 
resistors to meet sour needs. The Olunite line includes more 
than 60 core sizes, in a wide range of wattage and resistance 
values. There are also 18 types of resistor terminals available. 
Included in the standard Olunite line are fixed, adjustable, 
tapped. non-inductive, and precision resistors. Specially devel-
oped vitreous enamel provides years of unfailing performance. 

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

OTHER  PR ODUCTS 

W are O N COMPANY 

LETTERHE AD FOR CAT ALOG  

AND  ENGINEERING 

MANU AL NO. 40  

OH MITE MFG. CO 

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

ee  caa 
6 0HAAITE 

RHE OSTATS  •  RESIST O RS  • TA P  S WITC HES 
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?Oa
CO  AC1  CAS OS   

ond  C00111 AC10 0 

on GO'  t4  NNOctIk • • 

41' 

TO RECEIVE A 

PRODUCTI O N 
SA MPLE 

Paig 
BUILT TO YOUR SPECIFICATIONS 

- 

WE WILL, without cost or any obli-

gation whatever, design a PRODUCTION 

SA MPLE transformer (hermetically 

sealed to JAN-T-27 or MIL-T-27 Gov-

ernment specifications), or open type con-

struction, if unit is to be used for awarded 

prime or sub-contract work. Our approach 

stresses quality of product, efficiency in 

service and an alertness to techniques 

that discard the old for more functional 

methods. 

TRANSFORMER 
C  O R  P  O R  A T I  0  N 
2734 N. PULASKI ROAD  • CHICAGO 39, ILLINOIS 

/ I 

0.44(124.24  € ,(g 12,)2. 

PRESIDENT 

SEND YOUR 
B/P 

SPECIFICATIONS 

I / 



If you use the 

you will get 

BETTER PERFORMANCE 

LO WER OPERATING COSTS 

and LONGER LIFE . 

• •  • 

THE ML-5658 is an improved and directly 
interchangeable version of the widely used 880. 
Designed originally as a better, more rugged tube 
for electronic heating equipment, it has since 
found extensive use in the high power broadcast 
field and in such exacting applications as cyclo-
tron and synchrotron oscillators. 
The ML-5658 incorporates in its design many 

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

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

structure. 

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

ment construction. 

Export Distributor 

eve& 

ML-5658 

• 

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

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

economical operation. 
The ML-5658, like other Machlett industrial 

tubes, is available with the Machlett automatic 
seal water jacked' This new jacket eliminates the 
use of tools and the hazard of tube breakage and 
water leakage. The jacket cannot be opened unless 
the water pressure is off, nor closed unless the 
tube is properly installed. 
Complete technical data on both tube types is 

available upon request. Write direct to Machlett 
Laboratories, Inc., Springdale, Connecticut. 

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

Machlett Industrial and Broadcast Tubes 

will be exhibited at the 1951 I.R.E. Show 

Booth 96-97 

OVER .50  YEARS  OF  ELECTR ON  TUBE  EXPERIE NCE 
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SPECIAL NOTICE TO 

O R MICii CUST O MERS 

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

Formica's machine shop is equipped to do the job 
fast and economically — but above all, it must be accurate 
or it doesn't get past our inspectors. 

If you use Formica laminated plastics, be sure to 
get the additional benefit of Formica's fabricat-

r-. 0:-:-ZS mg service. For complete information, send to-
o-- 0" ' day for new catalog . . . use coupon below. 

Productive 

ORMICA 
k 

THE FOR MICA COMPANY 

4698 Spring Grove Ave., Cinti 32, 0. 

Gentlemen:  or Wor  in Industry 
Send me complete information on 
Formica and Formica's fabricating facilities. 

NAME   

COMPANY   
TITLE 

ADDRESS   

60A 

What to see at the 

Radio Engineering Show 

I. 011i I ii off d Irvin Awe 

Firm  Booth 

Hugh H. Eby, Inc., Philadelphia, Pa 346 
Radio, television, and electronic c po-
lients. 

Eitel-McCullough, Inc, San Bruno, Calif.  36 
New transmitting type vacuum tubes for 
CW and  pulse  services,  including  the 
4W20,000A power tetrode capable of 20 kis 
peak output in TV service on channel 13. 

Electric Motor Corp., Division of Howard 
Industries, Inc., Racine, Wis.  221 

Represented by Wally Swank 

Electrical Industries, Inc., Newark, N.J.  212 
Hermetic Seals, glass•to-nietal sealed tei-
minals  and  mult iple  headers  for  her-
nietically  sealing  transformers,  relays, 
guided in  and electronic equipment 
in general. 

Electrical Reactance Corp., Franklinville. 
N.Y. 63 

If i-(1 ceramic capacitors, trininiers, choke 
coils, wire wound resistors. 

Electronic Associates, Inc., Long Branch. 
N.J.  98, 99 
Plotting boards, precision recording of X 
vs Y etc., on the "Variplotter Models" 
20513 and 205C, secondary time standards, 
UHF generating equipment, function gen-
erating equipment, sine-cosine potentiorne• 
tern to specification, and introducing an 
automatic curve follower which will follow 
a previously drawn or plotted line to an 
approximate accuracy of. one tenth of one 
percent if full scale. 

Electronic Instrument Co. Inc., 13rookli 11, 
N.V.  362 

Testing and measuring equipnient, Eico 
Multi-Analyst electron tracer. 

Electronic Measurements Co., Eatontown, 
N.J.  N-4 

Power supplies, voltage regulated output 
types. 

Electronic Mechanics, Inc., Clifton, N.J. 328 
Glass bonded mica (or) "Mykroy" also 
"Teflon," and "Kel-F." We mold, extrude 
and fabricate the above. 

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

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

Empire Devices, Inc., Bayside, L.I., N.Y. 349 
UHF impulse generator, controlled im-
pulse, less than 0.001 microsecond, flat to 
1,000 Mc. Resistive attenuators and termi-
nations of low VS WR to 4,000 Mc. Noise 
and field intensity'imeter, 20 to 400 Mc in-
corporating standard impulse noise source. 
slideback and meter indication, true peak 
measurements. Broadband VHF and UHF 
crystal mixers. 

Engineering  Research Associates,  Inc., 
St. Paul, Minn.  304 

Magnetic storage systems. 

Erie Resistor Corp., Erie, Pa.  91 
Erie Ceramicons, ceramic trimmers, but. 
ton silver mica capacitors and electronic 
sub assemblies. 

Fairchild Camera & Instrument  Corp., 
Jamaica, L.I., N.Y.  238, 239 
Precision linear and nondinear potentioni. 
eters. Oscillo-record cameras. Fa irchild-
Polaroid oscilloscope cameras 

Federal Telecommunication Laboratories, 
Nutley, N.J. 

Electronic test equipment. 

Federal Telephone & Radio Corp., Clifton, 
N.J. 

Transmitting,  industrial,  and  rectifier 
tubes, TV picture tubes, selenium recti-
fiers, high frequency cables, and mobile 
radiotelephone equipment. 

(Continued on page I26A) 
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our 

kransformer? 

i altiet*. • • 
, 
i BendiX Specialized Dynamotors 

are made for the Job! 

RED  BANK  DIVISION  OF 

BENDIX  AVIATI ON  CORPORATION 

RED  BANK, NE W JERSEY 

Sale, Bena,z mm,natonal DidGion, 12 filth Avenue, N. Y. 11. N. T. 

Write for this colorful and in forrnative book 
— it's free. You'll find it loathed with facts 
and figures about all types of dynamotors. 

Whenever DC power is required at other than the supply 
voltage, Bendix* Specialized Dynamotors function as DC 
transformers. They can be wound for any input or output 
voltage between 5 and 1200 volts, and they can deliver 
power up to 500 watts. Multiple outputs can be supplied to 
correspond with several secondaries on transformers, and 
their output voltages can be regulated within close limits 
regardless of input voltage or load variations. Bendix 
Specialized Dynamotors are tailored to the exact require-
ments of each application by the design of the windings used 
in standardized frames. This reduces the cost, size and 
weigfit to an absolute minimum, consistent with the oper-
ational requirements. Compliance with Government speci-
fications is assured by the choice and treatment of materials 
and the basic design. A complete description of your require-
ments will enable our engineers to make concrete recommenda-
tions . . . All orders are filled promptly and at moderate cost. 
.1155. U. S. PAT. M . 

R E  N 

DI VPIrS11 0111 

AVIATION CORPORATION 
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ACCUR ACY AND FLE XIBILITY WITH 

NE W W ATT METER BRIDGE 

Another addition to Sperry's complete line of microwave test and 

measuring equipment, Microline, is a new, highly-accurate Wattmeter 

Bridge. Model 123B is extremely versatile and will not be made obsolete by 
future requirements in bolometer operating resistance. 

With accuracy to which power dissipated in the bolometer element can 
be measured to ± 3% of the full scale reading, this meter is capable of 

operation with either thermistor or barretter. This is possible by the 
selection of the proper plug-in unit (listed in table at right). 

Model 123B is calibrated in both milliwatts and DBM. Five power 

ranges are available 0-0.1, 0.3, 1.0, 3.0 and 10.0 milliwatts. Pulse power, 
as well as c-w power, can be measured with this bridge and 
appropriate bolometers. 

11. Write our Special Electronics Department for further details. 

SI:J[1111y SINICCOPE eatio:pir 

• 
I•KIT 

610 .,E r-  WArT wt. 7 EN 001041E 
MINIE E  11-;N:to I, C.E MAL NtE I ti 
rct!hrr cy 
'ME GPERRY E.opprotATION 

iI,FAT NECK N 

Model 123B Wattmeter Bridge is supplied with 

any one of the following plug-in units: 

2008 for 200 ohm barretter operation 

12513 for 125 ohm barretter operation 

2001 for 200 ohm thermistor operation 

1351 for 135 ohm thermistor operation 

1001 for 100 ohm thermistor operation 

Visit our booths 57-58-59 at the Radio Engi-

neering Show, March 19-22. 

DIVISION OF THE SPE RRY CORPORAIION. GREAT NECK. NEW YORK • CLEVELAND 

• 
• 

• NEW ORLEANS • NEW YORK • LOS ANGELES • SAN FRANCISCO • SEATTLE 

PROCEEDINGS OF TIIF I.R.E.  Mar,-!,, 193/ 
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of the TRANSMISSION 
MEASURING SETS 
tsed 
Me Made 

VE 

Not only is the Daven Company the largest 

supplier of transmission measuring sets, but it 

is also a source for every needed type of in-

strument for the measurement of the transmis-

sion characteristics of communication systems. 

It furnishes units to check all types of broad-

cast equipment and audio devices for com-

mercial and industrial use as well as for 

organizations such as utilities, telephone and 

power companies. Therefore, whatever your 

requirements are in this field, write to Daven 
for complete catalog ma-

terial,  and  outline  your 

own particular problems for 

specific assistance from our 

engineering staff. 

THE 

CO. 

•  NEWARK 4, NEW JERSEY 

Daven at the 
Booths 9413 and 95.  

DAVEN TRANSMISSION 
MEASURING SET 7A 

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

cation lines. 

TRANSMISSION SECTION 

GENERATED FREQUENCIES: 500, 1000, 2500 
cycles per second. 

OUTPUT LEVEL: —13, 0, +4 and +10 dbm. 

INPUT and OUTPUT IMPEDANCE: 600 ohms 
over entire frequency range. 

RECEIVING SECTION 

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

AMPLIFICATION RANGE: —10 to +30 db in 
2 db steps. 

DAVEN TRANSMISSION 
MEASURING SET 11A 

A moderately priced  instrument  for broadcast 
equipment.  A simplified, accurate, direct reading 
instrument, designed to make measurements in 
accordance with FCC regulations. 

FREQUENCY RANGE: 20 CY to 20 Kc. 

ACCURACY:  ' 0.1 db, 20 CY to 20 Kc. 

RANGE OF LEVEL: 

+ 4 to —110 db 
—10 to —124 db 1 

APPLICATIONS: 

(a) Audio gain and loss measurements. 

(b) Measurements of matching and bridg-
ing devices. 

(c) Complex circuit measurements. 
(d) Measuring mismatch loss. 

(e) Frequency response measurements. 

in steps of 0.1 db. 

195 CENIRAL AVENUE 



64A 

Aircraft Electrical 
Wires & Cables 
FOR PO WER • LIGHTING 

INSTRUMENTS • ELECTRONIC EQUIPMENT 

... ,..  ... -

--.._"'-'.,"_•-.  ----

.•• ,. 

... ..  .. '  ---  . 7  •.,.,Z....... 

....... -. ..- ...Z.'''. 
.. ...*. .- ,  ....Z .•S -

.  . .  ... .•  '''. 

....  ...  ..... 

..••• , . .......... : :... „...... 

Lenz is producing electrically insulated wires, 
cords and cables of many types for Military 
Equipment, under approved Government Spe-
cifications. 

With its extensive facilities and expert knowl-
edge, gathered over almost a half century of 
wire and cable manufacture for the communi-
cations industry, Lenz is your ideal source for 
special and standard wire and cable products. 
Consultation on your requirements is invited! 

NO W ENjottNG ITS  47th  YE AR 

LENZ ELECTRIC 
1751 North Western Avenue 

Hook-Up Wires and Special Cables 
for Aircraft Electronic Instruments 

with 

Tinned Copper Conductors 

Extruded Plastic Insulation 

Cotton or Glass Braid Covered 

Color Coded as desired 

Saturant and Lacquer Coating 
containing Fungicid es 

for 

Radar Instruments 

Electrical 

Instruments 

Radio Receivers 

Radio Transmitters 

Fuselage Wiring 

OF  SUC CESSF UL  B US/ N  

Es s 

MANUFACTURING CO. 
Chicago 47, Illinois 
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g i!  ,  HIGH FIDELITY .... SMALL SIZE  .... FRO M  STOCK  

; ik  
ULTRA COMPACT UNITS ...OUNCER UNITS 

UTC Ultra compact audio units are small and light in weight, ideally suited to remote amplifier and 
similar compact equipment. High fidelity is obtainable in all individual units, the frequency response 
being ± 2 DB from 30 to 20,000 cycles. 
True hum balancing coil structure combined with a high conductivity die cast outer case, effects good 
inductive shielding. 

Type  Secondary 
No.  Application  Primary Impedance  Impedance 
A-10  Low impedance mike, pickup, 50, 125/150, 200/250, 50 ohms 

or multiple line to grid  333, 500/600 ohms   
A-11  Low impedance mike, pickup, 50, 200, 500  50,000 ohms  16.00 

or line to 1 or 2 grids (multiple alloy shields for low hum pickup)   

A-12  Low impedance mike, pickup, 50, 125/150, 200/250, 80,000 ohms overall, 
or multiple line to grids  333, 500/600 ohms  In two sections  15.00  

A-14  Dynamic microphone to one 30 ohms  50,000 ohms overall, 
or two grids  in two sections  14.00  

A-20  Mixing, mike, pickup, or mul- 50, 125/150, 200/250, 50, 125/150, 200/250, 
tiple line to line  333, 500/600 ohms  333, 500/600 ohms  15.00 

A-21  mixing, low impedance mike, 50, 200/250, 500/600 50, 200/250, 500/600  16.00 
pickup, or line to line (multiple alloy shields for low hum pickup)   

A-16  Single plate to single grid  15.000 ohms  60.000 ohms. 2:1 ratio  13.00 
A-17  Single plate to single grid  As above  As above  15.00 

8 MA unbalanced D.C.   
A-18  Single plate to two grids.  15.000 ohms 

Split primary 
A-19  Single plate to two grids 8 15,000 ohms 

MA unbalanced D.C. 
A-24  Single plate to multiple line 15,000 ohms 

List  
Price 
815.00 

80,000 ohms overall, 
2.3:1 turn ratio  14.00 
80.000 ohms overall, 
2.3:1 turn ratio  18.00 

50, 125/150, 200/250, 
333, 500/600 ohms  15.00 

A-25  Single plate to multiple line 15,000 ohms  50, 125/150, 200/250, 
8 MA unpalanced D.C.  333, 500/600 ohms  14.00 

A-26  Push pull low level plates to 30,000 ohms  50. 125/150. 200/250, 
multiple line  plate to plate  333, 500/600 ohms  15.00 

A-27  Crystal microphone to mut- 100,000 ohms  50. 125/150. 200/250, 
tiole line  333. 500/600 ohms  15.00 

A-30  Audio choke.250 henrys 4, 5 MA 6000 ohms D.C..65 henrys 6,  10 MA 1500 ohms D.C. 10.00 
11-32  Filter choke 60 henrys (i-, 15 MA 2000 ohms D.C.. 15 henrys o, 30 MA 500 ohms D.C.  9.00 

UTC OUNCER components represent the acme in compact quality transformers. These units, which weigh 
one ounce, are fully impregnated and sealed in a drawn aluminum housing 7/8" diameter...mounting 
opposite terminal board. High fidelity characteristics are provided, uniform from 40 to 15,000 cycles, 
except for 0-14, 0-15, and units carrying DC which are intended for voice frequencies from 150 to 
4,000 cycles. Maximum level 0 DB. 

_ 

OUNCER 
CASE 

Type 
No. 
0-1 

0-2 

0-3 
0-4 
0-5 
0-6 
0-7 

Application 
Mike, pickup or line to 
1 grid 
Mike, pickup or line to 
2 grids 
Dynamic mike to 1 grid 

Single plate to 1 grid 
Plate to grid, D.C. in Pri. 
Single plate to 2 grids 
Plate to 2 grids, 
D.C. in Pri. 

List 
Pri. Imp.  Sec. Imp.  Price  

50, 200/250  50,000  $13.25 
500/600 
50, 200/250  50,000  13.25 
500/600 
7.5/30  50,000  12.00 
15,000  60,000  10.50 
15,000  60,000  10.50 
15,000  95,000  12.00 
15,000  95,000  12.00 

0-8  Single plate to line 
0-9  Plate to line, D.C. In Pri. 

7/11" Dia. X 11/4 " high 0.10 Push pull plates to line 

15,000 
15,000 
30,000 ohms 
plate to plate 

0-11  Crystal mike to line  50,000 
0-12  Mixing and matching  50, 200/250 
0-13  Reactor, 300 Hys.-no D.C; 50 Hys.-3 MA. D.C., 

0.14  501 mike or line to grid  200 
0-15  101 single plate to grid  15,000 

50, 200/250, 500/600 
50, 200/250, 500/600 
50, 200/250, 500/600 

50, 200/250, 500/600 
50, 200/250, 500/600 
6000 ohms 
V2 megohm 
1 megohm   

13.25 

13.25 
13.25 

13.25 
12.00 
9.50 
13.25 
13.25 

TYPE A CASE 
Ph" x 11/2 " x 2" high 

1 
1 
1 
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iiiii1111111111111111111111111 M I NIM MI1111111  
• 11111Call111111111111111 MIIIIIII M MEM NI 

OD  MO M  Mk  MD  ••  •  Do  • •  • aD 
•OOLIDAC, C•OLLS I P IM MO 

0-2 

• 

• •• •• ••  •  S S we pa  DO K  • 
POOLO W- 00.111  ir..0,0 

111,1-.1  
*moo 

0-9 

• 

• 

9/....Macairt.• se:o r 

0-13 

101.4.10•0 043 DC 

6.• 

oat 

0-14  
•  •11  SO  NMI  O W •Ofb 

ODOO SIC, ONDA.S• 

_ / 150 VARICK STREET  • /  NE W YORK  13,  N. Y. 
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Je ns e n presents... 

G-610 TRIAXIAL 
a NE W loudspeaker which for the 

first time spans the full 

frequency range of the ear! 

A new, skillfully integrated combination of 

three independently-driven units . . . two 

compression driver and horn combinations, plus 

heavy-duty direct radiator ... with 3-channel 

electrical crossover and control network ... 

achieving the widest frequency range and 

finest reproduction ever attained! 

Write for Data Sheets 160 and 152 which describe ihe G-610 and wiser Genuine Jensen Wide Range speakers. 

JENSEN MANUFACTURING COMPANY Division of the Muter Co mpany 

6617 So. Lara mie Ave., Chicago 38, POrts mouth 7-7600 in Conodo Copper Mr,. Products, Ltd., 351 Carlow, Toronto 
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RE UNIT 

CONTROL 

EQUIPMENT 

NOW • • • custom transmitters 

from prefabricated assemblies 
You can now get the benefit of production line 
economies in a new Collins series 430 one or two 
kilowatt communications transmitter tailored for 
your specific requirements. 
Completely constructed RF, power supply, and 

modulator components of new design are available 
for integrating in different combinations, forming 
finished transmitters to fulfill all requirements of 
ground-to-plane, shore-to-ship and point-to-point 
systems. The frequency range of these transmitters 
is 2 to 30 megacycles. 
RF units can be supplied with or without Auto-

tune* control. Manual tuned RF units may be 
worked in multiple to provide a multiplicity of 
fixed tuned instantly selectable channels or simul-
taneous transmissions on two or more frequencies. 
Among the combinations available are the Type 

431D one kilowatt, ten channel CW-FSK and 
phone autotuned transmitter illustrated here. It is 
made by combining a 507A-1A RF unit, a 506A-1 
power unit, a 508A-1 power unit, a 509A-1 modu-
lator unit, a 2-bay cabinet and a 1 KW blower. 
Another combination, not illustrated, is the 

Type 434B-1 one KW, two simultaneous-channel 
CW-FSK only, manual tuned transmitter, which is 
made by combining two 507A-1 RF units, two 
506A-1 power units, a 508A-1 power unit, a 2-bay 
cabinet, and a 1 KW blower. Several other combi-
nations are available, one of which is certain to 
satisfy your exact needs. 
Final assembly, and testing, may be accomplished 

at the Collins plant or at the installation site. We 
will be glad to give you details about the 430 series 
transmitter to fulfill your own requirements. 

*Rea. U.S. Pat. Off. 

IN RADIO COMMUNICATIONS, IT'S  . . • 

(-COLLINS RADIO CO MPANY, Cedar Rapids, Iowa 

11 West 42nd Street, NE W YORK 18 2700 West Olive Avenue, BURBANK 

ti7 
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1. 

A New Kind of Television 
R.F. Tuner... Combining 
the Best Features of 
Rotary and Turret 
Type Tuners! 

10,e 
IMPROVED HIGH FREQUENCY PERFORMANCE 

• High and substantially uniform gain on all channels. 

• Good image rejection and adjacent channel attenua-
tion because of rigid tracking and bandwidth control 
in manufacture. 

• Excellent noise factor, low oscillator radiation and 
temperature compensated colpitts circuit for oscilla-

iji tor stability. 

• Adaptable to U.H.F. 

• Output designed for single or dual I.F. channel 
operation. 

DX TOROID COILS 
Special toroid winding equipment has 
been developed over a period of ten 
years by DX engineers. A wide range 
of sizes from %" to 12" in diameter 
can be wound to your specifications 

1— ‘ 112,t 

Reeozei * 
The DX Rotorette is a radically new design of tur-
ret switch tuner having an extremely low torque. 
The switch selects a completely tuned circuit for 
each channel. Having undergone an extensive 
period of laboratory development and field per-
formance testing, the Rotorette assures reliable per-
formance at an unusually low cost. Your inquiry 
will bring complete engineering data. 

*Patents Pending and Applied For. 

for inductances and Q values. DX 
Toroids and filters are available in 
open, cased, potted or hermetically' 
sealed types. Send us your specifica-
tions for quotation. 

DX RADIO PRODUCTS CO. 
GENERAL OFFICES: 2300 W. ARMITAGE AVE., CHICAGO 47, ILL. 

Other fine DX components include 

Deflection Yokes, Horizontal Output 

Transformers, Ion Traps, Speakers, R.F., 

I.F., and Oscillator Coils, Special Trans-

formers, Filters and Focus Coils. 

SEE US IN BOOTH 345A 

AT THE I. R. E. SHO W 

COMPONENTS 

"the heart of a good television 
receiver" 

TOIAO NI V 

68A 
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T h 

"PRODUCTS OF EXTENSIVE RESEARCH 1 

TRANSFORMERS & INSTRUMENTS I 

)10 COMPARISON BRIDGE 
RAPID TV PARTS TEST 

40. 1030 LOW FREQUENCY 
"Q" INDICATOR 

NO. 1140 NULL DETECTOR 
AMPLIFIER MODEL 

k  NO. 1180 A.C. SUPPLY 
.1 VOLT TO 100 VOLTS 

AT 60 CYCLES 

NO. 1110A INCREMENTAL 
INDUCTANCE BRIDGE 

FOR ACCURATE TESTING OF TELEVISION AND 
COMMUNICATION COMPONENTS UNDER 

LOAD CONDITIONS. 

This bridge has an impedance range of one millihenry 
to 1000 henries in five ranges. The inductance values 
are read directly from a four dial decade and multi-
plier switch. Range of this instrument can be extended 
to 10,000 henries through the use of an external 
resistance. 

The inductance accuracy is within plus or minus 
1% through the frequency range from 60 to 1000 
cycles. For the largest multiplier at 1000 cycles, the 
accuracy of the bridge is decreased to 2%. 60 or 50 
cycles line frequency is generally used with this bridge. 

On the 1000 henries range, the D.C. is limited 
to 20 MA. On the 100 henries range the D.C. is limited 
to 200 MA. On all lower ranges, the current can be 
one ampere maximum. 

PIO. 1170 D.C. POWER SUPPLY  VISIT US—Booth 103, March 19-22 
DIRECT CURRENT UP TO 500 MA  The Radio Engineering now 

HI FIDELITY 
1/2  DB 20-30000 CYCLES 

TOROIDAL INDUCTORS 
60 CPS. TO 1 MC. 

POWER TRANSFORMERS 
COMMERCIAL QUALITY 

HERMETICALLY SEALED 
TO MEET MIL-T-27 SPECS. 

SUB MIN ATURE 
HERMETICALLY SEALED 

TRANSFORMERS 

WN D CATAIG! 
FREED TRANSFORMER CO., INC 
DEPT. MP 1718-36 WEIRFIELD ST., (RIDGEWOOD) BROOKLYN 27, NEW YORK 



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

At the 

I. R. E. SHOW 
Booth 303 

featuring an All-Star Cast including: 

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

MYCALEX 410X The leadless formulation that can be injection molded to 
extremely close tolerances. 

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

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

Admission free — no waiting — no standing! 
For an interesting and informative 22-minute 
entertainment, in full color, be sure to drop-in at the 
MYCALEX THEATRE at the I.R.E. Show. You'll 
see the entire story of how MYCALEX, the low cost, 
high efficiency dielectric is manufactured and 
fabricated from raw material to finished product, 
and how it can be used in your applications. 
This film is particularly timely and significant 
in view of the current acceleration in the electronic 
field. Anyone, even remotely interested in dielectric 
materials, will benefit by and enjoy seeing this 
really remarkable film. We'll be looking for you! 

SINCE 1919 

A V M   
THE INS UL AT O R 

TRADE MARKREG US PAT OFF 

NOW SHO  The MYC WIN G 

AI EX Story 
MARCH  19: 2, 

FULL 22-MINUTE COLO R FILM 

4, 6 ond 8 P.M.  

MARC H 20: 10  A.M., 12  MAR CH 2  Noon, 2 ond  
ond 8 P.m.  

1 : 10 A.M., 12  Noo  2 

n,  ond 4 P.M. 

6 

MAR CH 22: /0 A.M., 12 Noon, 2, 4,  ond 8 P.m. 

CORPORATION OF A MERICA 
Owners of 'MYCALEX' Patents and Trode• Mark: 

Execulfre Offices: 30 Rockefeller Plaza, New York 20 • Plant and General 011lteS Clifton, New Jersey 

70A 
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NE W AND HIGHER R AINGS FOR 

66RAYTHEON CK5702/(K605CX 
SUBMINIATURE TUBES 

500 

S/l  

Pe  60 ro , 
'<ire 4fe 

Of  fop  

OCk 
nu  .17704i/17c/07  

wings sir ll n 

9 "diZed ttth  ar  „ e .vv‘,  
e tYpes 

4.1i/i/ory  

9111. short giv., you at • plant.. the 411 . .10,1.11gs of r•p eeeee totlo• tit yth••n Sub,.Inleivre Tub.* 

s.•...4 

Typo No.  Bo...e..  MGM. .  Mali. .  1,42.0.1  Cord ,  Power  TYPICAL 01111.611MG CO M: OOHS 

Diemotor  Leger  Or Moelet  oote  Oopot  Mo.  5,2m.  Crfkl 
M ATTI CAT103011 311913  Inch.  loPme  Volts  Mo.  ...hos  MW  Vale  Mo.  Volts  Vote 

C05702 C8601C , Choroorritecs of 66.5  0.400  1.5  6.3  200  5000  120  7.3  120  2.5  Pk - 100 

C[5703 C4608C.  1r1.16. UHF Chellotor, ill were el 500 144  0.400  1.5  6.3  700  5000  120  9.0  lb - 220 

0[5704 0140683  Diode, .D.p..rolent le cobe-holl OALS  0.315  1.3  6.3  150  150.,  9.0 

015744, Of 619C.  leatfo,114114....  0.400  1.3  6.3  200  4000  250  4.0  111  500 

00704  Chaeovetrolia of 6.6.36  0.400  1.3  6.3  NO  3200  120  5.2  170  3.5 

C451129  Sioier to 6645  0.300.0.400  1.5  6.3  150  117.  3.0 pm soctio. 

015995  Molt Woo. lereeflor  0.400  1.75  6.3  300  43  Ima m peek 850 velh 

MIA PAINT MILS 
1604  56.1.4 IF Pomodo  0.300.0.400  1.5  1.25  100  7000  45.0  2.8  as.o  0.1  Ito 2aes 

C8571611  10 me Moo..4 b.r....oro, toe,  0.283.0.400  1.5  1.25  10  I.61  10.3  0.20  M M. Co.. 
It - 2.10.1 one.. mos. 

C457361(  le ., Netelere. 0..  0.100.0.400  U.S  1.75  200  2000  90.0  11.0  -4.0 

015.74.4  5641.1.4 9.0.4e tf ...m.lie.  0.290.0.390  1.73  0.623  20  160  22.3  0.173  23.5  0.04  -0.623 

C45072  0.46. P. ..  0.2115 0.385  1.5  1.75  30  650  63.0  67.3  3.25  67.3  1.1  -6.5 

C85676 ,C14556AX  lei .o. UHF 0.11.0.  0.300.0.400  1.5  1.25  120  1000  135.0  4.0 

C45677, 0156864  Teast, U111 Oscalhoor  0.300.0.400  1.5  1.25  60  650  133.0  1.9  -6.0 

CE3678 C1156964  s....kwa IF Pooled.  0.30020.023  1.515  1.25  50  1100  67.3  1.9  67.5  0.48  a 
C83.697/ C657063  Eleee....or Teo. Al.... will coo,.. 

100,,  owes. 0.285.0.400  1.2$  0.623  20  1.51  12.0  0.77 

CR57115  Mph.catog• ..1.1,••  0.300.0.400  1.3  1.23  13 

VOITAGI MIGULAT01111 
C.05741  Volro•• raloeter• NI. -14.• 5651 0..00  1.625  Oper•tior• vellum 87.  Oporelom m.o.  w e* I .3 1. 3. 1 all. 

(0 5747 Vole., gegolaro, 0.400  2.06  Opor .oloollego 100.  04...1.8.....••••• 0 m 33  11.1. 

41, IV•Ilorpo G•1611•14/. 

0.1  Invorso pa . 3500 volt. 

RAYTHEON 

Vol Raytheon's Booth No. 1 3, I.R.E. Radio Engineering Show, Grand Central Palace, N.Y.C. 

RAYTHE ON MAN UFACTU RI N G CO MPANY 
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THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA 

Perfor malice- Proved in active duty we 

For civilian and milita 

receiving tubes 

FLEXIBILITY--RCA preferred-type re-
ceiving tubes are chosen for the advan-
tages they offer from engineering and 
equipment production viewpoints. 

They cover an extremely wide variety 
of tube applications in civilian and mil-
itary equipment...and offer the engi-
neer flexibility in circuit design. 

PERFORMANCE —These types have 
demonstrated their reliability in equip-

ry electronic designs ... RCA preferred-type 

offer these important advantages. 

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

ECONOMY — This group of 44 tube 
types represents more than half of 

RCA's current receiving tube volume. 
By concentrating production on these 
few types having wide application, sub-
stantial savings are realized in manufac-
turing costs which are passed on to 

•  • 

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

STANDARDIZATION—By concentrat-
ing (in R( A preterred receiving-tube 

types, the equipment manufacturer also 
benefits by his ability to standardize on 
component parts . . . resulting in sub-
stantial purchasing and stocking econ-
omies. 

RA DIO CORPORATIO N of A MERICA 
EL ECT R O N  TU BES 

H A R RIS O N, N. J. 
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Chairmen of Recently Formed IRE Sections 

Palmer H. Craig 
MIAMI SECTION 

Palmer H. Craig, Chairman of the Miami Section, was born on 
January 10, 1901 at Cheviot, Ohio. He was graduated with honors 
from the University of Cincinnati in 1923 with the B.A. degree, and 
received the M.A. degree in 1924 and the Ph.C. degree in 1926. 
Dr. Craig, who has had wide experience as a teacher, research 

physicist, and consulting engineer, has been affiliated with the Uni-
versity of Florida as head of the department of electrical engineering. 
He was supervisor of the War Research Laboratory of the University 
during the years 1943-1946, and chief engineer of radio station WRUF 
at Gainesville. He was also radio supervisor of the State of Florida 
under the Federal E.S.M.W.T. program. 

He is presently director of Electronics Research Laboratory, and 
has been professor of engineering of the University of Miami, Coral 
Gables, Fla., since 1947. 

Mr. Craig is also a member of the American Physical Society, 
the American Society for Engineering Education, and a Fellow of 
the American Institute of Electrical Engineers. The inventor of 
many electronics devices, he holds numerous patents, and is a 
registered professional engineer. 

Robert E. Moe 
ITANSVILLE-OWENSBORO SECTION 

Robert E. Moe, Chairman of the recently formed Evansville 
Owensboro Section, was born in Appleton, Wis., on April 2 
1912. He was graduated from the University of Wisconsin in 193. 
with the B.S. degree in electrical engineering. 
Mr. Moe joined the General Electric Company in May, 1934, a 

a student engineer, and was transferred to the receiver engineerini 
department in Bridgeport in 1935, with assignments in componen 
engineering, broadcast and television receiver design, and from 1941 
to 1944, in government radar design. 

He was in charge of design activities on radar receivers and indi• 
cators for the Government division of the Electronics Department al 
Syracuse, N. Y., from 1944 to 1948, and assumed his present duties a; 
division engineer in the receiving tube division in January, 1949. 
Mr. Moe has held office in two other IRE sections, the Connecti-

cut Valley Section and the Syracuse Section. He has served on the 
Papers Review Committee for a number of years. 

He is a member of Eta Kappa Nu and Tau Beta Pi, and is regis-
tered as a professional engineer in the States of New York and Ken-1 
tucky. 

• 
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One of the major accomplishments of communication engineers, and a most spectacular and 
valuable achievement, is television broadcasting. Its problems, genesis, status, and potentialities 
are capably analyzed in the following guest editorial by the President of the Television Broad-
casters Association, the Vice-President of WOR-General Teleradio, and a Fellow and former 
Director of the Institute.—The Editor. 

The Tide of Television 
J. R. POPPELE 

The arrival of television as a full-blown industry must come as a source of great satisfaction to the 
engineering fraternity. Like telephony, wireless, and radio, television was born, nurtured, molded, and 
brought to fruition in the minds, hearts, and hands of engineers and scientists. 
Pride of accomplishment is an engineer's great reward. He moves from one object to another with 

insatiable curiosity and zest. His work, apparently, is never done, since the fulfillment of one task in-
variably leads to another. Having tackled a tough problem and surmounted it, he moves almost im-

mediately to another challenging chore. 
In that progressive movement lies the secret of television's success. First principles of visual scanning 

trace back to the late nineteenth century. Once the objective became clear, it excited the interest and 
curiosity of others, who picked up the challenge and toiled endlessly in the pursuit of a solution. 
The brain and brawn, the heartaches and despair of momentary failure, and the ecstatic lift that ac-

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

storm. 
Forty years ago when I chose engineering as a profession, wireless telegraphy was considered the 

great engineering achievement. Within ten years, radio broadcasting, on a scale undreamed of at the 

turn of the century, began to develop. 
The audion, truly a miracle of science, turned the "trick." Yet, the arduous labors that took radio out 

of the crystal stage era, out of battery-operated receivers to a national radio service of immense propor-
tions and later to an international broadcasting service, were not achieved overnight by a single indi-
vidual, but by thousands of engineers who set an objective and pursued it to its ultimate achievement. 
It was almost predestined that television would evolve from this continuous process of development, 

since farsighted men envisioned just such an accomplishment even while they labored to harness the 
ethereal waves for powerful aural transmission. 
Today, despite the dark clouds that hover over a world praying for peace, television has achieved 

a place among the nation's top ten industries and will continue to thrive. As it grows, it makes possible 
a service to the public unique in modern history. It informs, entertains, delights, and enlightens millions 
—in a manner that can be understood by anyone—pictorially! 
Although we are proud of our accomplishments in this marvel of electronic magic, we have only 

scratched the surface of what may come in the future. Each generation brings with it an even greater 
mental capacity for coping with what may sometimes appear to be the impossible. 
Who knows, perhaps children now attending kindergarten will some day bring us new glories in tele-

vision not even imagined today. In an atmosphere of free enterprise and unhampered individual initia-
tive, great things are bound to evolve. This aura of freedom has made the United States the most fruit-
ful nation in the world. This we cherish above all else. The tide of television will ebb and flow with the 
nation's fortunes, but it is a tide that will go on endlessly. 
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The Human Element in Research and Industry* 
WALTER H. KOHLt, SENIOR MEMI3ER, IRE 

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

ESEARCH is done by people. When the results 
lead to industrial applications, men and women 
turn the researcher's findings into tangible prod-

ucts in the factory. Everybody knows that this is so, 
but for a long period, especially during the beginning of 
the nation's industrial development, interest was cen-
tered around the material aspects of this transformation 
of thoughts into things until "The Material Age" be-
came a byword of our time. Of recent years, the human 
factor has been emphasized more and more frequently. 
Many volumes have been written on this subject and 
these lines are only to emphasize again that there exists 
a problem of "social engineering" as well as one of 
"technical engineering." Observations during a pro-
longed career in the electron-tube industry, in the 
laboratory, the factory, and as administrator, make it 
appear that a reemphasis is not altogether amiss. 
Originality of thought remains the keystone on which 

the structure of our technological society rests and on 
which progress and survival depend. The conception of 
an original idea, the finding of a basic principle, is essen-
tially an individual effort. At the same time, it is often 
the last link in a chain of events which is tied to time, 
history, stimulation by others, and many fortuitous 
circumstances. This creative act is also the first link in 
another chain which projects into the future toward the 
ultimate aim of practical realization. When the problem 
has been stated—always the most difficult step—and a 
sound approach to its solution is indicated, a group 
effort will bring the most rapid solution. To gather the 
right people for a given task force is the challenging 
privilege of the director of research. To give loyal sup-
port to the group is the responsibility of the members of 
the team. This demands subordination without submis-
sion, personal tact, tolerance, and fair play—in other 
words, all the requirements of a truly democratic 
society. There is no sense in any one of the group pre-
tending that he knows all the answers and that the other 

* Decimal classification: R005. Original manuscript received by 
the Institute, December 11, 1950. 
This paper was prepared for PROC. I.R.E. from an epilogue origi-

nally written by the author for his forthcoming book, "Materials 
Technology for Electron Tubes," now in press with Reinhold Pub-
lishing Corp., New York, N. Y. On second thought it was removed 
from the manuscript in order to reach a wider audience in this form. 
f Collins Radio Company, Cedar Rapids, Iowa. 

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

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

In order to get a job done, human beings have to be-
come excited about it. This res ponse  presupposes  a 

certain alertness on the part of the worker and an inter-
esting job. In addition, it requires a fair return for the 
effort. Fortunately, these conditions apply to a large 
extent in the electron-tube industry. Many of the tasks 
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•equire a great deal of skill and the personnel is of better 
:han average intelligence. Routine operations should be  
eft to the less skilled, but an effort should be made to 
3rovide variety wherever it is appreciated. There are, 
lf course, people who like routine jobs, but one should 
also not overlook the possibility that an apparently dull 
person may respond to an opportunity and discover 
latent qualities in himself that have never been tapped. 
A sympathetic job selection is thus required. It is un-
fair to keep anyone employed on a job for which he is 
ill suited when a transfer to a different activity for 
!which he is better qualified may result in greater satis-
faction to all concerned. 
The various difficulties that do arise in the co-ordina-

tion of people are remedied more easily when the group 
is small. There prevails in it a sort of family atmos-
phere where each member knows the other's qualities 
and shortcomings and can readily make allowance for 
them. The problem is to transfer this close-knit personal 
relationship to a larger body of people, or to replace it 
by a similar sense of allegiance to the company at large. 
The attainment of this objective requires a very con-
scious effort on the part of the management. This 
usually results in a variety of devices; among these one 
finds the house organ, sports clubs, insurance systems, 
credit unions, retirement plans, stock distribution, in-
centive pay, and so on. What is important in the over-all 
plan is that everyone knows from past experience that 
he is being treated fairly and thus willingly contributes 
his best efforts to the benefit of the whole. It is very 
' desirable that the management from time to time 
inform all of the working force of the general trend of 
developments so that full confidence in its policies is 
maintained. 
It is only natural that the growth of an organization 

requires the weeding out of weak members who impede 
its progress and normal functioning. Such measures will 
avoid the creation of a false sense of security on the 
part of loafers. Rarely should such steps be necessary 
in regard to employees of long service. It is the com-
pany's responsibility to judge the value of a worker early 
in order to avoid unnecessary hardship. When dismissals 
become necessary, the reasons for them should be fully 
explained. Furthermore, a continuous effort should be 
made towards the further development of the members 
of all groups by providing job training, educational 
facilities, and stimulation through travel and attendance 
at meetings of professional societies. 
Another point that requires emphasis is the need for 
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periodic recognition of efforts whenever it is justified. 
Promotions and pay increases naturally are the most 
tangible evidence of the management's satisfaction 
with the services rendered. At the higher levels these 
raises become, of necessity, less frequent and in adverse 
times salaries may even have to be reduced. It helps a 
great deal to maintain morale if the staff member or 
the worker is drawn into the company's confidence, so 
to speak, and told which way the wind is blowing for 
him. To a very large extent, recognition is the life blood 
on which sincere effort feeds, and often at the disregard 
of monetary return. A word of praise, assignment of 
greater responsibility, inclusion at staff conferences, or 
the granting of special privileges will do much to make 
the worker feel that he is a trusted member of the family 
and that the success of the whole depends on his efforts. 
A sincere interest should be taken in his personal affairs 
when adversity may put an unusual strain on his 

shoulders. 
It is very unfortunate that the smooth operation of a 

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

sincerity of the writer. 
These loose-knit ideas on industrial relations, it is 

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

and restrictions. 
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Moon Echoes and Transmission 
Through the Ionosphere* 

F. J. KERRt, SENIOR MEMBER, IRE, AND C. A. SHAINt 

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

• (2) Minimum altitudes, at which echoes were first detected, 
were unexpectedly high. 
(3) Ray deviations of several degrees in a vertical plane appar-

ently occurred. 

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

consistent with an ionospheric origin. The second has been shown to 
be due to the moon's libration, effective reflection taking place over 
a large proportion of the moon's surface. This, together with the 
elongation of short pulses on reflection, demonstrates that the moon 
is a "rough" reflector at this frequency. 

I. INTRODUCTION 

/NFORMATION on the ionosphere has until re-cently been derived almost entirely from studies 
of radio waves reflected down again to earth. This 

method cannot give information about the region above 
the level of maximum ionization, so that little is yet 
known about this region. 

The reception of solar and cosmic radio noise at the 
earth's surface has demonstrated that radio energy of 
sufficiently high frequency can penetrate the iono-
sphere, but several observers have reported anomalous 
effects (possibly arising in the ionosphere) at low 
angles of elevation. " Further, the American group 
who made the first observations of radio reflections 
from the moon in 19464-6  found large variations and 

• Decimal classification: R113.307. Original manuscript received 
by the Institute, July 6, 1950. 
t Division of Radiophysics, Commonwealth Scientific and In-

dustrial Research Organization, Chippendale, N.S.W., Australia. 
' R. Payne-Scott and L. L. McCready, "Ionospheric effects noted 

during dawn observations on solar noise," Terr. Mag., vol. 53, pp. 
429-432; December, 1948. 

3 J. L. Pawsey, "Solar radio-frequency radiation," Proc. IEE, 
Part III, vol. 97, pp. 290-310; September, 1950. 
• G. J. Stanley and 0. B. Slee, "Galactic radiation at radio fre-

quencies. II—The discrete sources," Austr. Jour. Sci. Res., Series A, 
vol. 3, pp. 234-250; June, 1950. 

6 J. Mofenson, "Radar echoes from the moon," Electronics, vol. 19, 
pp. 92-98; April, 1946. 

6 J. H. DeWitt, Jr., and E. K. Stodola, 'Detection of radio signals 
reflected from the moon," PROC. I.R.E., vol. 37, pp. 229-242; March, 
1949. 
a H. D. Webb, "Project Diana—Army radar contacts the moon," 

Sky and Telescope, vol. 5, pp. 3-6; April, 1946. 

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

out on a relatively low frequency, not far above that 
necessary for penetration of the ionosphere, with the 
particular object of investigating the structure of the 
upper part of the ionosphere. Transmissions were made 
from an Australian broadcasting station in its free time, 
and by the end of the investigation two receiving sta-
tions were operating in Australia, and three in America. 
The first results have been described in an earlier com-
munication.8 Echoes were received on most occasions, 
but the echo intensity level and the time of appearance 
of echoes after moonrise departed from the expected 
values. An outline of the experimental results is given, 
followed by a theoretical discussion of the problems of 
reflection from the moon's surface and transmission 
through the ionosphere. The observations and theory 
are then compared in detail. 

II. EXPERIMENTAL ARRANGEMENTS 

A. Transmitter 

Special transmissions were made from the high-
frequency broadcasting station, Radio Australia, lo-
cated at Shepparton, Victoria (36.3°S, 145.4°E). The 
transmitter (21.54 Mc, 70-kw output or 17.84 Mc, 
50-kw output) was pulsed by landline signals from the 
Radiophysics Laboratory receiving station at Hornsby, 
New South Wales, 600 km away. The most frequently 
used signals were: 
(a) A group of three i-second pulses (used in search-

ing for echoes, and for identification of weak echoes). 

In addition to the American work, moon echoes have been ob-
served (at 120 Mc) by Z. Bay in Hungary, but no information on 
variations of echo intensity was obtained. ("Reflection of micro-
waves from the moon,* Hungarica Ada Physka, vol. I, pp. 1-22; 1946). 

I F. J. Kerr, C. A. Shain, and C. S. Higgins, "Moon echoes and 
penetration of the ionosphere," Nature, vol. 163, pp. 310-313; Feb-
ruary 26,1949. 
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(b) A single pulse, 2.2 seconds long (for studying 
short-period amplitude variations of the echo). 
(c) A group of pulses of length 1 millisecond and re-

currence frequency 40 cps, extending over a total period 
of 2.2 seconds (for examining the fine structure of the 
received echo). These short pulses were generated at 
Shepparton, and controlled by landline signals. 
The pulse group repetition period was 6 seconds in all 

cases. The time of travel of a radio wave to the moon 
and back is about 21 seconds. During some of the later 
tests, in which attempts were made to receive echoes 
in America, the timing of the emitted pulses was con-
trolled to a small fraction of a second. 

B. Receivers 

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

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

time and ionospheric conditions, but at the times of the 
various tests the noise power delivered to the receiver 

. was always within 11 db of the value: 

Ply = 2.4 X 10--" watt. (1) 

The received signals were displayed on a long-
- persistence cathode-ray tube, with a 6-second time 
I base, and photographed. (No great accuracy was Isought in measuring the echo delay-time.) On such a 
display, the "minimum perceptible signal" is approxi-
mately equal to the root-mean-square value of the noise 
fluctuations. Echoes could also be detected aurally in a 
loudspeaker, and this method of detection was the more 
sensitive for weak echoes, by perhaps 2-3 db. The ac-

ft curacy of estimation of the echo field intensities im-
proved as the tests progressed, in consequence of the 
gradual improvement of the equipment used. The over-
all performance is believed to be known to within ± 2 
db, at least from July, 1948, onwards. 

During the later tests, observations were also made at 
Rockbank, Victoria (37.8°S, 144.7°E), using the normal 
receivers of the station, with display and recording 
equipment similar to that at Hornsby. The over-all 
sensitivity of the receiving system was 3-4 db less at 
Rockbank than at Hornsby, mainly on account of the 

greater bandwidth. 

C. Aerial Systems 

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

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

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

* R. B. Mair, A. J. McKenzie, and W. H. Hatfield, "The Sheppar-
ton international broadcasting station, 'Radio Australia'," Tek-
comm. Jour. Aust., vol. 6, pp. 129-141; February, 1947. 
'° A. E. Harper, "Rhombic Antenna Design," D. Van Nostrand 

Co., New York, N. Y.; 1941. 
" The diagram was a little different during the first seven tests. 
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Fig. 1—Composite aerial diagram of the Shepparton transmitter and 
Hornsby receiver, plotted in terms of azimuth and altitude at 
Shepparton. Contours of declination and hour angle are also 
shown. 

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

D. Operational Limitations 

The working time of the system was severely limited. 
Firstly, observations were restricted to the hours when 
no broadcasts were scheduled, namely 0230-0540 and 
0930-1230, Eastern Australian Standard Time.'3 The 
latter period was generally unsuitable, as the critical fre-
quency of the F2 region was normally too high to permit 
penetration of the ionosphere. Secondly, the moon 
passes through the aerial beam only on several succes-
sive days for two periods each month, and only some of 
these passages occur at an appropriate time of day. 

III. GENERAL RESULTS 

A. Reception at Hornsby 

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

'2 W. N. Christiansen, "Directional patterns for rhombic an-
tennae" AWA Tech. Rev., vol. 7, pp. 33-51; 1946. 

13 150° E time. 

Fig. 2—Sample photographic record, illustrating the results obtained 
with the group of three short pulses. 

0230-0540 E.A.S.T. period, amounting to 28 days in 
all. Moon echoes were received at Hornsby on 22 of 
these days, for an average period of 30 minutes. (In 
addition, echoes were received on one day at Rockbank 
and not at Hornsby.) The less suitable 0930-1230 

period was used only on two magnetically disturbed 
days, on one of which echoes were received. 
Examples of the photographic records obtained are 

given in Figs. 2 and 3. The first illustrates the use of the 
group of three short pulses. At the start of the trace are 
the signals received directly from the transmitter, by E-
region scatter, followed after about 21 seconds by the 
three echo pulses, generally unequal in amplitude. 
Fig. 3 shows a series of three successive signals of the 

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

Fig. 3—Three successive echoes obtained with 2.2-second signals, illustrating the rapid fading. The small fluctuations are due to 
cosmic noise, passed through an intermediate-frequency bandwidth of 70 cps and video bandwidth of 6 cps. 
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B. Reception at Rockbank 

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

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

HY 

RK 

HY 

•• 

C. Reception in America 

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

places: 
1. Sterling, Va. (Central Radio Propagation Labora-

tory, National Bureau of Standards). 
2. Riverhead, N. Y. (Radio Corporation of America). 

3. Urbana, Ill. (University of Illinois). 
This work did not meet with a great deal of success, 

as the times of the tests (limited by transmitter avail-
ability) were all in the middle of the day at these re-
ceiving points, so that F2 critical frequencies were quite 
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Fig. 4—Simultaneous records of echo strength at Hornsby (HY) and Rockbank (RK), 0429-0435 E.A.S.T., October 29,1948. The 

scales are linear in voltage, the Hornsby record being drawn to twice the scale of the Rockbank one. 
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Fig. 5—Results of all tests, in summary form. In each case the three curves, starting from the top are: (a) Theoretical curve, taking into 
account the aerial diagram. (b) Theoretical curve, taking into account the aerial diagram and expected ionospheric  effects. (c) Olrerved 
intensities, smoothed over five minutes. Abscissae are moon altitudes at Shepparton; ordinates are intensities in (lb above the limiting 
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Breaks in the curves indicate periods when accurate records of intensity were not obtained. The symbol D, applying to some tests, 

means "calibration doubtful." 
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high. Echoes were received in America, however, on two 
occasions, August 1 and October 28, although only for 
short periods in each case. 

IV. THEORETICAL CONSIDERATIONS 

A. The Radar Equation 

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

PT = transmitter power output = 70 kw 
GT = transmitting aerial gain, relative to isotropic 

radiator = 100 
AR= absorption cross section of receiving aerial =840 

(meter)2 

d= mean distance of moon from earth =3.84 X108 
meter 

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

Thr• flux density at the moon (power flow per unit area 
in the transmitted wave) is given by 

PrGr  
Sm =  (2) 

4rd2 

the scattered wave intensity at the receiving aerial by 
crSm 

S8 =   (3) 
4rel2 

= 2.0 X 10-3 ° X cr watt (meter)-2 (4) 

and the power delivered by the aerial to the receiver by 

PR = ARSR 

= 1.7 X 10-27  X cr watt. 

B. Reflection from the Moon—Long Pulses 

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

at least to some degree rough, but this does not neces-
sarily rule out the possibility of the moon's reflecting 
radio waves as a smooth sphere. For example, reflection 
could conceivably take place from a region correspond-
ing to the earth's ionosphere. The present observational 
lower limit to the density of the moon's atmosphere does 
not preclude this possibility. 

(5) 

(6) 

Echoes from a smooth and a rough moon will differ in 
three ways, namely, (1) intensity, (2) fading charac-
teristics, and (3) shape of echo pulse. 

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

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

cr  Ap. (7) 

The moon's surface is believed to consist of rock, 
with a thin covering of meteoric dust. By analogy with 
terrestrial conditions, the dielectric constant of the sur-
face material is probably about 5, leading to a power re-
flection coefficient of 0.15 for normal incidence. Little 
can be said about the reflection coefficient of a hypo-
thetical lunar ionosphere. 
In the alternative case of a large, perfectly rough 

body, the scattering is no longer isotropic, and the echo 
cross section will now be given approximately by: 

= ApD, (8) 

where D = directivity of the scattered energy in the 
direction of the receiver. 
To a first approximation, the echo from a rough 

moon can be taken as made up of specularly reflected 

components from elementary surfaces normal to the 
incident radiation. Thus all back scattering occurs at 
normal incidence, and so the corresponding reflection 
coefficient (0.15) can be used. 

Two types of scattering from rough surfaces are dis-
cussed in the literature. The first follows Lambert's 
cosine law, which states that the energy scattered into 
any direction from a rough surface is proportional to 
the cosine of the angle between the incident ray and the 
normal to the surface, and to the cosine of the angle 
between the scattered ray and the normal. This effect, 
when integrated over a sphere, gives a directivity in the 
echoing direction of 8/3." 
The second type involves an additional factor, well-

known in planetary astronomy, which further increases 
the directivity. In regions towards the limb of the 
sphere, each "hill" shadows an area behind it, reducing 
the effective illuminated area capable of reflection to 

" K. A. Norton and A. C. Omberg, "The maximum range of a 
radar set," PROC. I.R.E., vol. 35, pp. 4-24; January, 1947. 

14 D. D. Grieg, S. Metzger, and R. Waer, "considerations of 
moon-relay communication," PROC. I.R.E., vol. 36, pp. 652-663; May, 1948. 
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lirections away from the incident direction. The optical 
iirectivity of the moon to sunlight is 5.7. (This figure is 
-ierived from published data on the variation of appar-
ant illumination with astronomical phase.") The cor-
responding figure for radio reflection would be less, if 
the surface irregularities are small, owing to the smaller 
apparent roughness of a surface for the longer wave-
length. The 20-Mc directivity of a rough moon will be 
taken as 5. The uncertainty involved here is much 
smaller than the observed anomalies in echo intensity. 
Theoretical performance figures can now be specified 

. for the two types of lunar surface, with the moon at 
I the maximum of the aerial diagram, and with iono-
spheric effects neglected, as shown in Table I. 

TABLE I 

Smooth 
Moon 

Rough 
Moon 

. Projected area, A [(meter)'] 9 .6 X10" 
Echo cross section, oRmeter)21 1 .4 X10" 
Echo flux density at the receiving 
aerial, So [watt (meterril 3.0 X10-3  

Echo power delivered to receiver, 
PR [watt] 2.4X10-" 

Echo-to-noise ratio, pre-detection [dbi 20 
Echo-to-noise ratio post-detection [db]  25 

9.6X10" 
7 X10" 

15  X10-13  

12  X10-4  
27 
32 

C. Reflection From the Moon—Short Pulses 

When the pulse is short compared with the time taken 
to cover a distance equal to twice the moon's radius 
(11.6 millisecond) only a small portion of the moon will 
be contributing to the received echo at any given in-
stant. Under these conditions, a considerable difference' 
exists between the behavior of a smooth and a rough 

sphere. 
In the case of the smooth moon, even when it is com-

pletely illuminated by the pulse, the echo will come es-
sentially from the first Fresnel zone, i.e., from a slice 
of the nearest portion of the moon with a radial thick-
ness equal to a quarter wavelength. The contributions 
of other zones will nearly cancel one another, the net 

t, effect being a total field intensity of half that to be ex-
; pected from the first zone alone. 

Since the pulse-length must necessarily be greater 
I than the time associated with the first Fresnel zone, the 
shortening of the pulse below the dimensions of the 
moon will have little effect on the echo intensity. Thus 

I the peak intensity of the echo pulse would be nearly the 
: same for short pulses (e.g., 1 millisecond) as for long 
p pulses (e.g., 2.2 seconds). The duration of the echo 
pulse and hence its total energy would however be 
different in the two cases, with a consequent worsening 
of the signal-to-noise ratio for the short pulses, as-
sociated with the use of a greater receiver bandwidth. 
In the case of a rough sphere reflecting short pulses, 

14 the echo pulse will have a long duration, corresponding 
to the passage of the pulse across the moon, but the 

11 II. N. Russell, R. S. Dugan, and J. 0. Stewart, "Astronomy," 
vol. I, "The Solar System," p.173. Ginn an ., Boston, Mass.; 1945. 
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instantaneous intensity will be well below that for the 
long pulses, as only a small portion of the moon's sur-
face will be contributing to the echo at any instant. The 
shape of the echo pulse will be related to the distribution 
of radar "brightness" across the moon's disk. For Lam-
bert-type scattering, the brightness would fall off from 
the center to the edges, according to a cosine relation-
ship. The corresponding theoretical echo pulse-shape 
for a 1-millisecond incident pulse is shown in Fig. 6(b). 
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Fig. 6—Shape of echo pulse for a 1-millisecond incident pulse. (a) 
Smooth moon. (b) Rough moon, Lambert scattering. (c) Rough 
moon, Lommel-Seeliger scattering. The unit of power is that for 
a smooth moon and long pulses. 

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

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

pulse. 

D. Libration of the Moon 

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

" A. V. Markov, 'Distribution of intensity on the disk of the 
moon during full moon," Astron. Jour. USSR, vol. 25, pp. 172-179; 
May-June, 1948. 
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(a) 

echo about the root-mean-square value derived above. 
Libration, an apparent oscillation of the moon's face as 
seen from a point on the earth, arises from the diurnal 
rotation of the observer on the earth and from variations 
in the moon's orbit. It amounts to several degrees per 
day. A libration of L° per day corresponds to a linear 
velocity at a point on the moon's limb of 0.4 L m/sec, 
or to a Doppler frequency shift on reflection of 0.05 L 
cps for a 20-Mc wave. The returned echo will thus extend 
over a frequency band of finite width," and since the 
various frequency components are in a random phase 
relationship, their resultant will be continuously vary-
ing, giving the effect of fading. 
The expected frequency spectrum can be derived by 

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

!•• 

Echo spectrorn 

Gouss.on 
dist r $ but ion 

- 0 05L  0 +0.05L 

Devo tion from centre Ereiosncl 

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

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

111(f) oc (  0 I  )2 
.05 L (9) 

where f cps =deviation from center frequency. 
To test the dependence of the fading speed on the 

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

The relevant theory, for a Gaussian power spectrum, 
has been worked out by Furth and MacDonald.2° Their 

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

19  One-second intervals, in the middle of the 2.2-second pulses, 
were used. 
" R. Furth and D. K. C. MacDonald, "Statistical analysis of 

spontaneous electrical fluctuations," Proc. Phys. Soc., vol. 59, pp. 
388-403; May, 1947. 

results can be applied with sufficient accuracy by sub-
stituting the best-fitting Gaussian distribution (stand-
ard deviation = 0.03 L cps) for the semicircular power 
spectrum. The semicircular and Gaussian curves are 
compared in Fig. 7(b). The theoretically-expected rela-
tion between fading speed and libration rate is shown in 
Fig. 8 (full line). 

a 

2  3  4 

Moons bbreshe.  (del /4.7) 
5 

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

E. Transmission Through the Ionosphere 

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

The properties of rays incident obliquely on the F 
region and returned to earth again 'have been studied in 
detail by several authors, including Appleton and 
Beynon," who are mainly concerned with the derivation 
of "maximum usable frequencies" (muf). For our 
purpose this work indicates a minimum angle of in-
cidence below which energy cannot be reflected back to 
earth again, but will penetrate the ionosphere. The only 
published studies of the transmission problem itself are 
those of BaileY23 and Bremmer.24 Bailey treats only the 

91 A. L. Green and N. Harrison, "Ionospheric forecasting errors in 
an electron-limited circuit," Ionospheric Prediction Service, Second 
Supplementary Handbook for use with the Radio Propagation Bulle-
tin, issued June, 1950; Commonwealth Observatory, Canberra. 
" E. V. Appleton and W. J. G. Beynon, "The application of 

ionospheric data to radio communication," Great Britain, D.S.I.R., 
Radio Research Special Report No. 18; 1948. 

91  D. K. Bailey, "On a new method for exploring the upper iono-
sphere," Tem Mug., vol. 53, pp. 41-50; March, 1948. 

99  H. Bremmer, "Terrestrial Radio Waves," Elsevier Publishing 
Company, Inc., Amsterdam, pp. 271-277; 1949. 

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

follows: 

Fig. 9—Trajectory of ray through ionosphere. 

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

the earth. This is 

= 
E0 

/sin i di 

'V sin 0 dO 
(10) 

Use of this equivalence device in Bremmer's expres-
sion for a parabolic layer yields the relation between the 
angles i and 0 for a curved parabolic region, and then by 
means of (10) the distribution of field intensity. The 
angle of arrival of the ray at the ground (6) for a given 
angle of emergence and layer height, and the corre-
sponding altitude of the source at the ground (a) can 
then be found by geometrical methods. 
The field intensity according to this theory is given in 

Fig. 10 as a function of altitude for a number of values 
of the ratio of wave frequency to critical frequency, to-

where 
0 = zenith angle of the extra-terrestrial source at the 

ionosphere 
= angle of emergence of ray from ionosphere. 

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

device used by Appleton and Beynon. They replace the 
curved earth case by an equivalent plane earth case in 
which the critical frequency J0 is reduced to 

pvm  
Jo 

foR 
where 

f = wave frequency 
y„, = semithickness of the assumed parabolic region 
R= earth's radius. 

0 10  20 

Geo.strical altitwk of saint (doyen) 

Fig. 10—One-way transmission through F-region (ray theory). (a) 
Intensity against geometrical altitude. (b) Angle of arrival against 
geometrical altitude. The full-line curves are for f/fr2=-2i, 3, 3, 
4, height =250 km, semithickness =100 km and the dashed-line 
curves forf/f°,2= 3, height =250 km, semithickness =50, 150 km. 

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

deriving theoretical curves for the conditions of the 
various moon-echo tests, two such curves must be 
combined, taking into account the different moon alti-
tudes at transmitter and receiver. Curves obtained in 
this way are included in Fig. 5 for comparison with the 
observed echo intensities. The finite angular size (V') 
of a rough moon would produce a slight smoothing of 
the curves, but this is negligible compared with the ob-
served anomalies. 

V. FADING OF ECHOES AND EFFECTS DUE TO THE 
MOON (EXPERIMENTAL RESULTS) 

A. Types of Fading 
The fading of the echoes appeared to be of three main 

types: 
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r, 

(1) Short-period fading over times of the order of 
seconds. 

(2) Variations with periods of the order of minutes. 
(3) Variations of the median intensity level from test 

to test. 

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

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

B. Rapid Variations 

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

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

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

C. Reflection of Millisecond Pulses 

Additional evidence on the moon's reflecting prop-
erties was obtained by the use of short (1-millisecond) 

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

2. E. G. Shower and R. Biddulph, "Differential pitch sensitivity 
of the ear," Jour. Atoms. Soc. Amer., vol. 3, pp. 275-287; October, 
1931. 

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

D. Slow Variations 

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

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

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

The speed of fading is then a function of the random 
velocities of the scattering centers. Ratcliffe quotes an 
analysis by S. N. Mitra of the fading of a 4-Mc signal 
reflected from the F region, leading to a value of 5 
meters per second for the root-mean-square velocity of 
the scattering centers. 

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

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

17  J. A. Ratcliffe, "Diffraction from the ionosphere and the fading 
of radio waves," Nature, vol. 162, pp. 9-11; July 3,1948. 

4 
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Neither the ionospheric effect discussed in this sub-
,ection nor the moon's libration can account for the 
lay-to-day intensity variations, for which a new 
nechanism must be sought. 

VI. EXPERIMENTAL EVIDENCE ON 
IONOSPHERIC ANOMALIES 

A. Evidence for Vertical Plane Deviation 

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

for showing up the effect, the results were found to be 
consistent with a vertical deviation of 5° for an altitude 
(Shepparton) of 5°, decreasing to 1°-2° for an altitude of 
25°. Evidence of vertical deviation of the same order of 
magnitude was also obtained from a study of the posi-
tions of the minima in the Rockbank curves. 
An interesting exception to the general occurrence of 

large vertical deviation seems to have occurred on 
March 14, 1948. On this occasion, echoes were detected 
at a moon altitude 3° greater than the next highest 
over the whole series of experiments. The unusual fea-
ture of this particular test was the presence of a severe 
ionospheric disturbance, in which fp, was reduced from 
the normal 11 to 7 Mc and the equivalent height re-
corded at Canberra was 450-500 km. The observed be-
havior is suggestive of the "holes in the ionosphere" de-
scription of the disturbed F region, given by Eckersley,28 
the wave received at 22° being undeviated because it 
passed through a hole in the region. 

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

The main features of the smoothed experimental re-
sults which cannot be accounted for on previous knowl-
edge are the low echo intensities obtained and the late-
ness of the first detection of echoes from the rising 
moon. It has been shown above that libration could not 
account for long-period intensity variations. In both 

• the anomalies, it seems more likely that a cause could 
be found in the ionosphere than at the moon. An at-
tempt will therefore be made to establish a correlation 
with some ionospheric parameter. 
The points at which the two rays Shepparton—moon 

and moon—Hornsby penetrated the F2 and E. regions 
I can be determined approximately for any given time 
• during the tests, from the azimuth and altitude of the 

.% 
moon and the height of the layer concerned. Vertical-

incidence ionospheric data were available at 10-minute 
intervals for most of the test periods from the stations 

is T. L. Eckeraley, "Holes in the ionosphere and magnetic storms," 
Nature, vol. 150, p. 177; August 8, 1942. 

at Brisbane (27.5°S, 153.0°E) and Canberra (35.3°S, 
149.0°E). Corresponding values for the estimated 
penetration points have been obtained by interpolation 
in both latitude and local time. 
The first quantity to be compared with ionospheric 

data is a median intensity level for each of the tests. To 
bring all the medians to the same absolute basis, an at-
tempt has been made to take the effect of the aerial 
directional diagram into account. This can only be done 
approximately, since the amount of deviation in the 
ionosphere, and hence the angles of emission and arrival, 
are not precisely known. To minimize the errors arising 
in this way, a restricted period of only 20 minutes was 
used in obtaining each median. A period near the time 
of optimum aerial performance, but not too near the 
time of first detection of echoes, was chosen in each case. 
This is the time when the aerial correction factor shows 
the smallest rate of change, so that a given vertical plane 
deviation will then have the smallest effect. 
Fig. 11 shows a correlation diagram between the 

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

In each case, the value for f° 1,, is that obtained for the 
estimated penetration point of the lower-altitude ray at 
about the middle of the 20-minute period (i.e., the 
Shepparton ray for reception at Hornsby, and the 
Rockbank ray for reception at Rockbank). The condi-
tions for this ray have been regarded as the more signifi-
cant in limiting penetration, in spite of small differences 
in the critical frequencies appropriate to the two rays, 
which generally had an opposing effect. 
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This correlation diagram establishes that quite a close 
relationship exists between median echo intensity and 
f0 ei, and suggests that an important part, if not all, of 
the deficiency in echo intensity is due to F region effects. 
(The magnitude of this deficiency can be seen by com-
parison with the theoretical curve of Fig. 11 which is 
derived from the ray treatment of Subsection IV, E, for 
altitudes corresponding to those of the experimental 
points.) 

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

C. Limiting Penetration Conditions 

The second anomaly in the experimental results was 
the lateness of the first detection of echoes. Fig. 12 
shows a correlation diagram of the moon altitude (the 
lower of the pair of values) at which echoes were first 
detected, against the ratio f/f° F„ omitting only those 
cases in which low angle conditions were unfavorable 
through considerations of aerial diagram or observing 
time. Theoretical curves have been added for compari-
son, for a symmetrical parabolic F2 region with three 
values of semithickness. (During most of the tests, the 
semithickness was about 100 km.) 
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Fig. 12—Relation between altitude at first detection and fp, for the 
lower of the two rays. The full lines are theoretical curves, derived 
from the ray-theory treatment of Subsection IV, E, for a sym-
metrical parabolic F2 region of height 250 km and semithickness 
50, 100, 150 km, with account being taken of the aerial diagram. 

Once again the experimental points are well away 
from the theoretical curve, but show a fairly close cor-
relation with f°F2. Also, as with the median intensities, 
no correlation could be found with fs.. 
A possible interpretation of the diagram is that a 

simple relation exists between altitude of appearance 
and critical frequency for the lower values of f/pF2, 
which are associated with high limiting altitudes. Then, 
when the critical frequency falls to a low value, such 

that f/rr,=4, a new factor becomes important. au( 
prevents the observation of correspondingly low valuet 
of limiting altitude. Such a factor could be introduced 
for example, by F. ionization, or by inadequacies in a 

ray treatment. Reference to Fig. 11 indicates that the 
diagram of median intensities could be interpreted in a 
similar way, with the same group of points" occupying 
an anomalous position away from a smooth curve that 
can be drawn through the rest of the points and up to 
meet the zero line. 

The curves of Fig. 5 show that there is a large differ-
ence between the expected and actual altitudes of first 
detection, amounting to 10° or more. Greater interest 
however attaches to a comparison between the theoreti-
cal and experimental limiting angles of incidence on the 
F2 region. Since the latter are not precisely known, all 
that can be done is to obtain a lower limit to the differ-
ence between these angles, corresponding to the case of 
no deviation. Using a method similar to that described 
in the earlier paper,' this difference has been found 
to average about 3°. (This corresponds to the lower-
altitude ray, in each case.) The actual anomaly between 
the theoretical and experimental limiting angles of in-
cidence would then exceed this 3° figure by an amount 
corresponding to the deviation, i.e., by several degrees. 
Thus the total anomaly is quite large. 

It should be pointed out that the difficulty in receiv-
ing echoes at low altitudes was not due to the lowered 
aerial efficiency at these altitudes. The occurrence of 
vertical deviation means that the angle of emission of 

the ray would be up near the maximum of the aerial 
diagram well before echoes were in fact received. 
In the earlier paper,8 sonic results of observations on 

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

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

2°  The tests represented in Figs. 11 and 12 are a little different, as 
the choice of suitable days for the two diagrams was based on 
different criteria. 

3°  If a° is the limiting altitude, echoes would appear at Hornsby 
for a Shepparton moon altitude of a°, i.e., (a+5)* at Hornsby, and 
would appear at Rockbank at an altitude there of a°. 



I1951  Kerr and Shain 

D. Possible Interpretations 

The general conclusion to be drawn from these low-
irequency moon-echo experiments is that transmission 
of radio waves through the ionosphere is more difficult 
than had been expected on theoretical grounds, at least 
at low angles. Similar results were obtained by the 
American group, who studied moon echoes at 111.5 Mc. 
They report: "Frequently, even with the equipment to 
all appearances in satisfactory working order, no echoes 
are observed,"5 whereas on other occasions echoes of 20 
db above noise were received. The day-to-day varia-
tions reported by these workers° appear to be of the 
same type as those observed in the present investiga-
tion, and so were presumably also of ionospheric origin. 
In keeping with these results is the growing evidence 

that satisfactory long-distance communication can often 
be maintained on frequencies considerably in excess of 
the maximum usable frequency (muf) predicted from 
' vertical incidence data.n." Thus, energy is being re-
turned to earth by the ionosphere under conditions in 
which penetration would have been expected. 
Green and Harrison" have recently reported an im-

provement in their muf predictions, obtained by using 
an empirical correction factor. A simple increase of the 
muf factor in this way, however, is not sufficient to 
account for the moon-echo anomalies, particularly in 
the case of the 111.5-Mc results. 
Smith-Rosen attributes most muf anomalies to re-

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

ig anomalies, in that E. deviation would increase the 
'a obliquity of incidence on F2 and hence increase the 
muf. 
However,  the  correlation  of both  moon-echo 

anomalies and muf forecasting errors" with P,. seem 
to indicate that F2 and not E. is the important region. 
The authors consider the most likely explanation for 
the anomalous effects observed in both moon echoes 
and muf's would be found in an ionization distribution 
in the F2 region very different from the symmetrical 
parabolic model usually assumed. 
The theory shows that greater divergence and verti-

cal deviation would be obtained from thinner layers 
(i.e., higher ionization gradients). The shape of the 

" R. L. Smith-Rose, "Radio-wave propagation research in the 
Department of Scientific and Industrial Research during the years 
1937-46," Jour. IEE, vol. 94, Part HIA, pp. 879-892; 1947. 
" E. V. Appleton, W. J. G. Beynon, and W. R. Piggott, "Anoma-

lous effects in ionospheric absorption," Nature, vol. 161, pp. 967-968; 
June 19, 1948. 
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upper portion of the F region is unknown, but the 
ionization gradient there is physically more likely to be 
smaller than that of the lower portion. Also, a lower 
limit to the total thickness of the F region is imposed by 
the known thickness up to the level of maximum ioniza-
tion. Extension of the theoretical treatment of Sub-
section IV, E also indicates that a "G layer" above the 
F region, with a lower maximum ion density," could not 
account for the moon-echo anomalies, unless it were 
very thin, which is physically unlikely at such great 
heights. Moreover, it could have no effect at all on 
muf's. 
Other experimental evidence that F-region refraction 

is unexpectedly large has been obtained by Payne-Scott 
and McCready.' With receiving equipment on a cliff-
top, they observed 60-Mc radiation from the sun as it 
rose over the sea. Using an interference technique, they 
determined the apparent direction of the source, in 
relation to the corresponding direction for 200 Mc, 
which was assumed to be unaffected by the ionosphere. 
Deviations of 25 to 55 minutes of arc were obtained, 

compared with the 12 to 13 minutes calculated from the 
formula derived. by Bailey" for a symmetrical para-
bolic F layer. A reexamination of these results shows 
that the deviation was too great, and its variation with 
altitude too rapid, to be accounted for by either a non-
symmetrical F layer or a G layer. 
A model involving horizontal irregularities seems 

more promising. There is increasing evidence that F2 

ionization is not homogeneous. Types of irregularities 
observed include the roughnesses studied by Ratcliffe,27 
and the pressure movements observed by Munro." If 
the region were sufficiently unhomogeneous, the secant 
relation between vertical and oblique incidence propaga-
tion would no longer be applicable. Increased divergence 
attenuation would be expected in oblique transmission, 
and increased vertical deviation would also be obtained, 
in the sense observed in both the moon-echo and solar 
noise work. 
The other possible interpretation is that the dis-

crepancies between theory and experiment are due to 
failure of the ray-theory treatment at very oblique in-
cidence. 

VII. CONCLUSIONS 

The main experimental results from the 21.54-Mc 
study of moon echoes were: 
(a) Echo intensities were lower than the theoretically 

expected values. 
(b) Minimum altitudes, at which echoes were first 

detected, were unexpectedly high. 
(c) The anomalous values of echo intensities and 

minimum altitudes for detection correlate with f°,, 

" D. H. Menzel and D. K. Bailey, "The G-layer of the iono-
Sphere"; Relations entre les phenomenes solaires et geophysiques; 
Collciue international tenu a Lyon en 1947; Editions de In Revue 
d'Optique, Paris, pp. 163-166; 1949. 
" G. H. Munro, "Travelling disturbances in the ionosphere," 

Proc. Roy. Soc., A, vol. 202, pp. 208-223; July 7, 1950. 
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(d) The slow fading 
spheric origin. 

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

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

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

From these results it may be deduced that: 

(a) The observations are inconsistent with an ortho-
dox ray theory of transmission through a horizontally 
stratified ionosphere, and the discrepancies are probably 
due to the effect of irregularities in the F2 region, or to 
inadequacies in the ray-theory treatment. 

(b) The moon is a "rough" reflector at this frequency, 
and hence presumably at all higher frequencies. 
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Some General Properties of Magnetic Amplifiers 
J. M. MANLEYt, SENIOR MEMBER, IRE 

Summary—The magnetic amplifier is discussed la general terms 
as a carrier system in which there is a modulation gain and a small 
demodulation loss. Relations are given which show how a magnetic 
modulator may exhibit a gain. 
Some results of calculation and measurement on the type of 

circuit in which the modulator output consists of the even harmonics 
of the carrier source for dc signal input are given. It is shown that the 

ratio of dc gain to response rise time is a constant depending only on 
the carrier frequency, the losses in the nonlinear core, and its non-
linearity. The conditions for self-oscillation at the carrier even har-
monics are also given. 

/N THE COURSE of some work on telegraph re-peaters done in the Bell Telephone Laboratories, 
Inc., a number of years ago, some of the basic prop-

erties of magnetic amplifiers were derived. Because of 
the current interest in this subject, it was thought de-
sirable to publish some of these results. First a general 
picture of the operation of a magnetic amplifier circuit 
will be given, then some of the quantitative results of 
analysis and experiment will be described. 

GENERAL PICTURE OF MAGNETIC AMPLIFIER 

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

• Decimal classification: 538 X R363. Original manuscript re-
ceived by the Institute, September 15, 1949; revised manuscript re-
ceived, September 5, 1950. 

t Bell Telephone Laboratories, Inc., Murray Hill, N. J. 

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

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

tional sources of energy absorption in the signal input 
circuit. One of these is the loss in the magnetic core. 
This loss increases with frequency, being zero at zero 
frequency. The other is the loss in the resistance of the 
signal input winding. This, of course, is not zero at zero 
frequency and is the only one of the three losses which 
is effective in determining the dc gain. 
Another factor which affects the gain, even of the ideal 

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

quency. Limitations on values of frequency which can 
be used in a practical magnetic amplifier may arise from 
consideration of the carrier source and from the fact of 
core losses. If the carrier frequency is such as to require 
vacuum tubes for the generation of sufficient carrier 
power, then for some applications the advantage of the 
magnetic amplifier is nullified. The influence of losses is 
:liscussed below. 
It may be noted that a magnetic demodulator would 

be unsatisfactory in a magnetic amplifier because its 
loss would cancel the modulator gain. Consequently, a 
resistance demodulator which can be made to have a 
small loss nearly independent of frequency in the region 
of interest, is used. 
Ordinarily a full-wave rectifier of copper oxide or 

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

modulation process. If the impedances connected to the 
magnetic modulator are such that a lower side-frequency 
current flows in a winding, then some power may be 
delivered to the input circuit instead of being absorbed 

from it. This negative resistance effect will increase the 
gain at certain frequencies and, if large enough, may 
cause oscillation to take place. The effect is discussed 
further below. 
Because a modulator has a nonlinear voltage-current 

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

CARRIER 
SOURCE 

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

SIGNAL 
OUTPUT 

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

Throughout, the term "frequency" refers to angular frequency in 
order to avoid the 2r (actors. 
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the components (2n+i)p and [(2n +Op ±qj appear in 
the carrier source circuit but not in the signal output 
and input circuits. • 
The amplitudes of the side frequencies (2np ±q) are 

proportional to Q and the amplitudes of the even har-
monics 2np are proportional to the dc bias. Consider-
ing one value of n only, the output products (2p ±q) 
and 2p when applied to a linear rectifier, yield the orig-
inal signal 1 +cos qt at a higher amplitude. Since both 
of these products are proportional to signal amplitude, 
output is zero for zero input. Without the balancing of 
the two cores and.the carrier windings, components in-
volving odd multiples of the carrier would appear at the 
output, even when no signal is present, be rectified, and 
give some dc output. 
It is seen that in this case, the actual carrier frequency 

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

ponents as described above is to use a three-legged core 
with suitably disposed windings. " 
The magnetic amplifier circuit most frequently used 

now has the magnetic modulator in series with a gen-
erator and the load. Because of the wide variation of 
nonlinear coil (magnetic modulator) impedance with dc 
control, large amounts of ac power in the load may be 
controlled by small amounts of dc power. Using the 
carrier terms as we did for the other circuit, the actual 
carrier frequency here is that of the generator p and 
the principal side frequencies are (p + q). This circuit 
has been used in two ways. The modulator load may be 
a demodulator feeding the actual load, in which case 
the output is an amplified version of the input. Or the 
demodulator may be dispensed with and the carrier 
used directly in the load. In the latter case the circuit 
is sometimes called a transductor.6--8  
With this second type of circuit, the output is not zero 

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

2 United States Patent Nos. 2,164,383 and 2,147,688. 
' Other core arrangements are sometimes used, but the result is 

the same. 
' A. S. Fitzgerald, "Magnetic amplifier circuits," Jour. Frank. 

Inst., vol. 244, p. 249; October, 1947. 
6 A. Boyajian, "Theory of d.c. excited iron-core reactors," Trans. 

A IEE, vol. 43, pp. 919-936; June, 1924. 
• A. U. Lamm, "Some fundamentals of a theory of the transductor 

or magnetic amplifier," Trans. A IEE, vol. 66, pp. 1078-1085; 
1947. 

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

L. W. Buechler, "Magnetic amplifiers for shipboard applica-
tions," Eke. Eng., vol. 68, pp. 33-37; January, 1949. 

small by selecting pairs of cores and adjusting the car-
rier source windings. 
Another point of difference between the two types ol 

circuit is in signal distortion. The second harmonic dial 
tortion of the signal is considerably smaller in the first0 
mentioned type unless the bias component of signal i 
large compared with the variable component. 
The gain and output power of the two types are o 

the same order of magnitude. 
In practice, the odd harmonics of the carrier are 

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

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

make it suitable for used in a magnetic amplifier. Since 
the coil with this core must be a modulator, it is neces-
sary for its B-H curve to be nonlinear. Also it is de-
sirable for it to have a large saturation flux density 
and small losses. Higher permeability, apparently giv-
ing greater nonlinearity for the same current, brings a 
disadvantage in the form of increased eddy currents 
unless the resistivity can be increased at the same time. 
Eddy currents bring about an appreciable reduction in 
the permeability from its dc value as well as energy 
losses. No matter how thin the Anaterial, these effectF 
eventually become so large as frequency is increased, 
that it is impractical to drive the coil hard enough to 
get the necessary nonlinearity between B and II. Thus 
the ferrite materials, though having small dc nonlinear-
ity, may be superior to tape at high frequencies. 
One difficulty with magnetic amplifiers is that under 

certain conditions, the side frequencies and even har-
monics of the carrier which appear at the output, may 
be sustained after the signal input has been removed. In 
the case of the even harmonics, there are certain values 
of output impedance which permit this unstable situa-
tion and others which do not. It is shown below that 
the boundary between these two sets of values is defi-
nite. The conditions for the maintenance of the side 
frequencies after the removal of the signal are more 
complicated and have been discussed elsewhere.' 

J. M. Manley and E. Peterson, "Negative resistance effects in 
saturable reactor circuits," Trans. A IEE, vol, 65, pp. 870-01; 1946. 
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The foregoing is a brief summary of various aspects of 
he operation of magnetic amplifiers. In the following, 
pme quantitative analysis and results will be described 
riefly and some experimental results given. After this, 
he effects of some modifications of the simple circuit 
escribed above will be mentioned. 

ANALYSIS 

In magnetic modulation, the writer's experience has 
hown that the best approach is to calculate the flux 
unction corresponding to some appropriately assumed 
nagnetizing force function, using a simple B-H curve. 
n deciding what is appropriate, experimental results 
ire very helpful. Where the circuit has a few resonances, 
me or two or possibly three sine waves often will give a 
,atisfactory representation of the magnetizing force. 
Nhen this is done a Fourier series for the flux is corn-
)uted. From this a Fourier series for the voltage on any 
winding may be obtained. Then in each mesh, a simple 
:ircuit equation for each significant component of the 
wries is written. Satisfaction of these equations then 
letermines the magnitudes and phases of the assumed 
nagnetizing force waves if the original assumptions 
vere reasonable. 
Where the circuit has a broad frequency character-
stic, usually there are too many significant Fourier corn-
)onents in the magnetizing wave for the above method 
:o be satisfactory. Then another approach must be 
'ound which deals with the wave forms directly." In 
zhe magnetic amplifier problems treated here, the first 
'nethod of considering a few sine-wave terms has 
proved useful. 
Experience has shown that in problems like this one 

where the magnetizing wave carries the core fairly well 
into saturation in both directions, the principal modula-
tion effects can be calculated using a single valued 
B-H curve. This greatly simplifies the work, because 
it is difficult to deal analytically with hysteresis loops, 
especially when the magnetizing force contains more 
than one sine wave." In those cases where the single 
valued curve can be used, the main effects of the loop 
are to introduce losses and phase shift with respect to 
the driving wave. The latter is of little consequence 
usually, but the former may prevent the finding of 
accurate solutions to the circuit equations because of 
the difficulty of computing losses. 

A. Open-Circuit Electromotive Forces 

The simplest calculation of value is that of the out-
put even-harmonic voltages when no output current is 
allowed to flow. Here the magnetizing force is 

H = Q P cos pt (1) 
• 

'0 E. Peterson, J. M. Manley, and L. R. Wrathall, "Magnetic gen-
eration of a group of harmonics," Bell Sys. Tech. Jour., vol. 16, pp. 
437-455; October, 1937. 

11 R. M. Kalb and W. R. Bennett, "Ferromagnetic distortion of a 
two-frequency wave," Bell Sys. Tech. Jour., vol. 14, pp. 322-359; 
April, 1935. 

and a satisfactory representation for the B-H char-
acteristic of the core when losses are neglected is 

B(h) =  arc tan h/a 
jr 

(2) 

This characteristic is shown in Fig. 3(b) where it is seen 
that B„, is the saturation flux density and a is inversely 
proportional to the slope for small h. 

sr, 

0 

0 

—hc hc 

2Bm  h 
ARC TAN  

MAGNETIZING FORCE,h 

Fig. 3—B-H characteristics. 

(a) 

(b) 

The Fourier coefficients of flux density may be com-
puted in a straightforward way after (1) is put in (2). 
We have 

00 

B(II) = bo/ 2 + E (b„ cos npt + a, sin npt).  (3) 

For the purpose of calculation, it is convenient to ex-
press (2) in the infinite integral form. The results are 

a„ = 0 

b„ = 4B„,/r(—) (n—I)I2  real part of Inn odd 

= 4B„,/ir(—)./2 imaginary part of I„ n even,  (4) 

where 

1 
In = — 111  (r — jg)21'12 — (r — jg)}n,  (5) 

in which r=a/P and g=Q/P. An approximation to 
this when Q/P is a fair amount less than unity is 

bn = 
4B„, 1(1 ,2)112 _ 

• sin n sin-'  g 
+ r2)"2 

+ 7/2]. (6) 
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J1! 

A comparison of (5) and (6) for n=2 is given in Fig. 4. 
The output second-harmonic voltage amplitude is 

given by 
e2 = 2pNo2Ab210-8 volts,  (7) 

where .N0 is the number of turns in the output winding 
and A is the cross-sectional area in square centimeters 
of each core. Calculation and measurement of second-
and fourth-harmonic electromotive forces were made 
for a coil having the following properties: 
Core: 3.8 per cent chromium permalloy, 3 mils thick; 
mean diameter, 2.5 cm; cross-section area, 0.022 
cm2 each. 
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Fig. 4-Second-harmonic flux-density component as a 
function of bias. 
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Turns: Carrier, 400 each, input, 4,000; output, 200. 
Curves of these measured and computed voltages are 
plotted in Figs. 5 and 6. The agreement is seen to be 
fairly good except for the smallest value, P=1. Probably 
the reason for this is that the assumed B-H curve (2) 
is unsatisfactory for small amplitude swings. Calcula-
tions have also been made using the straight-line 
B-H curve of Fig. 3(a) and also using a loop having 
straight line branches as in Fig. 3(a). The results are 
essentially the same as those given above. 
If a signal term Q cos qt is added to the magnetizing 

wave (1), the most important side frequencies at the 
output are (np+q), n being even. Their amplitudes 
when Q/P is not too large are one-half the value of the 
nth harmonic amplitude given by (6). In the second 
type of circuit mentioned above, in which the load is in 
the carrier source circuit, we are interested in the varia-
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07 
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tion of the carrier voltage with dc signal, to take the 
simplest case. In Fig. 7, the fundamental component of 
flux is plotted as a function of Q/P for several values 
of a/P when the magnetizing wave (1) is applied to 
B-H curve (2). These were computed from 

bi 1+,2- g2+[(1_1.2_ g2)2+4r 5]1/2 1/2 

-r, (8) 4B„,/,r  2 
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_ Q 

Fig. 7—Fundamental component of flux density as a 
function of bias. 

;hich was derived from (4) and (5). The fundamental 
,oltage across the coil is then 

el = pATI2Abil0-9  volts.  (9) 

'3. Second-Harmonic Output Current 

The difficulty of deriving an analytical expression for 
he second-harmonic current lies in the fact that the 

low of this current affects the amount of second-har-
nonic generated voltage through intermodulation with 
he other components. This is a nonlinear feedback effect 
lepending on fifth and higher orders of modulation. So a 
tumerical calculation had to be made, and this was 
imited to one case. 
A B-H curve made up of three straight lines as 

hown in Fig. 3(a) was assumed. The magnetizing 
orce wave is 

Q  P sin pt + S sin (2p1 + 20),  (10) 

vhere S and 0 are to be determined. If the flux density 
s expressed as the Fourier series (3), then 

R/X0=   (b2 cos 20 — 02 sin 20) 
2B„, S 

P 
(b2 sin 20 + a2 cos 20) 

2 B „, 

nust be satisfied if (10) is a solution. In (11), Xo is a 
•eference value of reactance equal to the reactance of the 
)utput winding for very small values of output current. 
2alculation shows that the inductance corresponding to 
:he reactance Xo is approximately'' 

4N092A 10-9 2B„, 
Lo =    hy. (12) 

where d is the mean diameter in centimeters of the core, 
Ind the other parameters have the same meaning as 
Defore. R and X are resistance and reactance, respec-
tively, of the external output impedance. The coeffi-
9!ients b2 and a2 were computed for several values of 
S/P and 0 and their values put into (11). Because of the 
length of the calculations, they were done for only one 

" The effective inductance of the carrier winding to the carrier for 
the same number of turns is approximately twice 14. 
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value of Q/P, and one value of ho/P. The results are 
shown in Fig. 8 where X/Xo is plotted against R/Xo 
for constant values of the'amplitude ratio S/P. 
If we consider a fixed value of external reactance, 

second-harmonic current amplitude may be plotted 
against resistance of the load. Taking X/Xo= —1.1, 
the output winding inductance is nearly tuned out and 
the solid curve of Fig. 9 results, the values having been 
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taken from Fig. 8. The dashed curve of Fig. 9 is plotted 
from 

it = e2/R,  (13) 

where e2 is the open circuit voltage computed in Section 
A above. It is seen that when the output %% inding in-
ductance is tuned out, a fair approximation to output 
current may be had from the ratio of open circuit elec-
tromotive force and load resistance. This is particularly 
true for larger values of R where the nonlinear reaction 
of output current is small. 
It should be emphasized that the assumption of a 

single-valued B-II curve above means that all core 
losses are neglected. Thus, in applying the curves of 
Figs. 8 and 9, the internal resistance of the output 
winding would have to be considered part of the ex-
ternal resistance R. No very satisfactory methods have 
been developed for the calculation of this internal re-
sistance because of the complications of eddy current 
and hysteresis effects, both of which are nonlinear here. 
Measurements indicate that this resistance varies ap-
proximately inversely with carrier amplitude, as does 
the inductance, when the carrier amplitude is large 
enough to magnetize the core somewhat beyond the 
knee of the B-H curve. 

C. Direct-Current Gain and Rise Time of Response 

The modulating gain from dc to second harmonic 
output may be computed if a few reasonable assump-
tions are made. This is very nearly the same as dc gain 
since the loss in the demodulator is small. Consider the 
simple equivalent circuit shown in Fig. 10(a). It is 

C NEUTRALIZES X0 

-d 

IN SUL ATION 
AND CARRIER 
WINDING 

TYPICAL 
-TURN 

'SPACE FOR OUTPUT 
AND INPUT WINDINGS 

Fig. 10—(a) Simplified magnetic amplifier circuit. (b) Cutaway 
drawings showing physical arrangement of cores and windings. 

assumed that the second harmonic current flowing in 
the output circuit is given by the approximation sug-
gested in Section B, i.e., 

e2 

i2 =    

R  Ro 
(14) 

where e2 is the open circuit electromotive force as foun4 
from (7). We also assume that the internal resistance A 
of the output winding is some constant fraction Z 
of the reactance Xo of this winding. Let R-l-Ro= X 
taking a value which by Fig. 8 will not pertnit sell 5, 
oscillation. Then second harmonic power is 

e22 1 —  D o 

W 2 = 

Xo  2 
(15 

where Do = Ro/Xo. When Q/P is considerably less that 
unity, a satisfactory approximation for b2 in (6) yield 
for e2 

where 

16 
e2 — 10 -8  pB,,,N01113Q/P 

7r 

(V1 + r6 — r)2 

r2 

is a factor depending only on the degree to which tht 
carrier wave swings the core into saturation. Xo is tilt 
reactance of Lo at frequency 2p. Hence from (12) 

32  No2A B„, 
X0 = — 10-9 p   (18) 

d  P 

(14 

or 

Combining (15), (16), and (18) we get for output powet 

4 X 10-7 #2 Q2 

W2 =  pB„,v   (1 — Do) watts,  (19) 
7r2  P 

where v is the volume (7r Ad) of the core in cubic centi-
meters. 
The input power is 

TY i = I,2R,. (20) 

R, is the resistance of the input winding. A calculationi 
for this is made in the Appendix, assuming, as shown in), 
Fig. 10(b), that the inside diame ter  of the tota l windin 1, 
is one-half the mean  diame ter  of the core.  This is known jr' 
to use the winding space to the best advantage. Thel 
result is 

where 

54 X 10-6 Ni2a 
R, =   (21) 

ir2kd 

a — 
1 + 8V-i-17d 

1 — 4/A /d 

and k is the proportion of output and input turns used 
for input. 

The magnetizing force Q of the input is related to the 
input current by 

— 0.4NiIi 
Q  

And so we have for the dc gain 

(22) 

(23); 

17, 
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W 2  k I32 
G = —  = 1.2 X 10-3 pB„,v — — (1 — Do) • 

TV; ad P 
(24) 

hus the dc gain is proportional to carrier frequency, 
Ituration flux density, and core area. The steepness of 
B-H curve enters through 13 and is a factor of less 

nportance. 
The rise time of response is entirely determined by the 
se time of current in the input circuit. If there is no 
xternal resistance in the input circuit, then we may 
Ike for this time 

r = L,/R„ (25) 

„ being the inductance of the input winding. For a 
iven inductance, the rise time will be reduced by the 
ddition of external resistance, but this will reduce the 
am n because of the increase in W,. Using the relation of 
12) and substituting N, for No, Li may be computed. 

:his gives 

T =  3 X 10-4 B„,v —  sec. 
Pad 

(26) 

:ombining this with (24), we get the simple expression 

G/r = 4 pir (1 — Do)  (27) 

ihicn shows that under the conditions noted above, the 
ise time increases in direct proportion to increases in 

Taking an example from some of the early work re-
: erred to above, consider a pair of molybdenum permal-
oy cores each weighing 2.5 grams and having a mean 
; liameter of 3 cm. A reasonable figure for Do for these is 
./5. Using P=2, r = 0.2, and k = 0.75, we get 

G = 0.063p, r = 0.045 sec. 

f the carrier source frequency is 2,000 cycles, then G 
s about 29 db. 

O. General Energy Relations 

As mentioned above, it is possible to derive general 
elations which show how the interchange of energy be-
:ween the various frequency components occurs in the 
-nodulation process. These show how it is possible to get 
modulating gain in a magnetic modulator. 

k Consider the case where two generators of frequencies 
6 and q are connected to a load Z and a magnetic modu-
ator having a single-valued B-H curve. Also assume 
:hat only those current components of frequencies p, q, 
np +nq, and mp — nq are allowed to flow. Let W„ and 
W, be the powers absorbed by the magnetic modulator 
*rom the two generators and W+ and W_ the powers 
ielivered to the resistance component of Z at the upper 
tnd lower side frequencies, respectively, by the modu-
ator. Then it may be shown by processes, which space 
ioes not permit to be reproduced here, that 

W,  We W+ W_ (28) 

and 

W, = mP [ W+  W._  -I 
mp  nq + mp — nqi 

W, = nq[  W+ W_ 
mp  nq  mp _nqi 

(29) 

Relation (28), which states that the sum of the powers 
absorbed by the modulator is equal to the sum of the 
powers delivered to the load by the modulator, is to be 
expected from the conservation-of-energy law. No 
power is dissipated in the idealized modulator itself 
since it was assumed to have a single-valued B-H 
curve, i.e., to be purely reactive. Relation (29) shows 
that the power taken from each generator depends di-
rectly on its frequency. Similar results may be obtained 
in a generalization in which any number of side-fre-
quency pairs are allowed to flow." 
When only the lower side frequency mp —nq flows, we 

see from (29) that W, is negative, i.e., power is de-
livered to the q circuit instead of being taken from it." 
This is the negative resistance effect which causes re-
generation and if it is large enough to overcome the 
losses in the input circuit, oscillation will occur at fre-
quencies determined by the resonances of the circuit. 
If only the upper side frequency is allowed to flow, the 

modulating gain is 

W+ mp  nq 
(30) 

W, nq 

It is difficult to assign a definite value to the ratio 
W,/ W, in the more practical case in which both upper 
and lower side frequencies flow because the ratio de-
pends on the values of external resistance and reactance 
to both upper and lower side frequencies and because 
of the cross-modulation effects. The negative resistance 
introduced into the q circuit may or may not be large 
enough to make W, negative or zero, depending on the 
impedance to the lower side frequency and the input 
circuit losses. If the impedance to the lower side fre-
quency is not infinite, there is a regenerative effect, at 
least so that the ratio W,/ W, is greater than mp/nq, 
the value it has when current at only the upper side 
frequency is allowed to flow. 

E. Instability 

As mentioned above in the general section, it is pos-
sible for an unstable situation to exist in a magnetic 

II The results (28) and (29) may be obtained under similar condi-
tions with a capacitance modulator the voltage of which is some 
arbitrary nonlinear single-valued function of its charge. A particular 
case has been worked out in detail by R. V. L. Hartley, "Oscillations 
in systems with non-linear reactance," Bell Sys. Tech. Jour., vol. 15, 
pp. 424-444; July, 1936. This was demonstrated by L. W. Hussey 
and L. R. Wrathall, "Oscillations in electromechanical systems," 
Bell Sys. Tech. Jour., vol. 15, pp. 424-445; July, 1936. 
'4 The relation of the sign of introduced resistance to the side 

frequency allowed to flow was shown first by R. V. L. Hartley under 
more restricted conditions. See E. Peterson, "Atomic physics and 
circuit theory," Bell Lab. Rec., vol. 7, p. 231; February, 1929. Also 
see footnote reference 9. 
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amplifier such that even harmonic output persists after 
the removal of input or arises from some temporary 
disturbance other than input signal. This is true for 
both types of circuit discussed above. Ordinarily, even 
harmonics are not present in a ferromagnetic coil which 
is being magnetized sinusoidally. However, it has been 
found experimentally that they do appear under certain 
output or input impedance conditions.9 
A calculation similar to that described in Section B 

was made with the assumed magnetizing force as in (10) 
except for the absence of bias Q. This is, 

H = P sin pi + S sin (2pi + 20).  (31) 

From the results, permitted values of X/Xo and R/Xo 
were plotted one against the other as in Fig. 8 for con-
stant values of the amplitude ratio S/P. One of these 
curves (for S/P= 0.1) is shown in dashed line on Fig. 8. 
This curve is nearly semicircular, centered at X/Xo 
= —1, R/Xo = O. Within this curve lie all those for 
larger values of S/P. Calculation (using the B-H curve 
(2) ) shows that as S/P approaches zero the curves 
X/Xo versus R/Xo approach a limiting curve which is 
the circle 

(R/ Xo) 2 +  (1+ X/Xo)2 =  e-8  r.  (32) 

This limit is just beyond the dashed curve of Fig. 8. 
Thus if the external impedance connected to the output 
winding (or one equivalent to it) lies within this circle, 
instability will result. For impedances outside the circle, 
generation of an even harmonic without dc input cannot 
occur. However if the impedance is near the limit, 
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RESISTANCE ,R 

4 i•V FAILS TO RETURN TO ZERO 

0 

BIA S INPUT CURRENT 

AWAY FROM REGION; 
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VARIATION OF R 

BIAS INPUT 
CURRENT 

Fig. 11 —Diagrams showing effect of regeneration because of 
second harmonic current. 

though outside it, the output-input curves shown ii 
Figs. 4, 5, and 6 will be distorted as shown in Fig. 11 
These latter curves were obtained experimentally. A 
mentioned before the internal resistance of the outpu 
winding must be included in the total circuit resistano 
R of Fig. 8. That is, in reducing actual external re 
sistance, we can never reach the zero value of R. 
This effect of output without input, caused by at 

unstable condition should not be confused with a siruilai 
effect caused by a lack of catrier balance. If in the CaSI 
where the modulator output consists of the carrier ever 
harmonics (2np) and the side frequencies (2np ±q), the 
carrier input coils are not perfectly balanced, a smal 
amount of carrier (p) will be present in this circuit 
This will be rectified and appear in the signal output 
circuit as a dc component which has no relation to t he 
input. 

EFFECTS OF MODIFYING THE SIMPLE CIRCUIT 
USED FOR ANALYSIS 

In the practical use of magnetic amplifier circuits it 
has been found desirable often to use circuit arrange-
ments somewhat different from the simple one used in 
the preceding analysis in which only a few current CO M-

ponents were allowed to flow. A few experimentally 
observed effects of the changes are described. 
If instead of tuning the carrier input circuit in order 

to have sinusoidal carrier current, we connect the carrier 
generator directly to the windings, odd harmonics of 
the carrier frequency will flow in this circuit. This haF 
the effect of increasing the second harmonic output as 
shown in Fig. 12 by a factor of about two. A simple com-
putation using a cubic characteristic shows that this 
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increase is the result of a straightforward modulation 
between the carrier, its third harmonic, and the dc 
signal. A study of general energy relations as given 
above shows that the flow of odd harmonics of the car-
rier increases both W.. and W, in such a way that their 
ratio remains constant. 
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In order to make the amplifier operate on very small 
-iput currents, a large number of turns may be used 
1. the input winding. In some of the early work dis-
repancies between calculated and measured values 
iere traced to self-resonance in the input winding. 
7hese resonances allow large circulating currents which, 
hrough modulation with other components, may either 
ncrease or decrease the desired output. The same effect 
nay arise when externally connected impedances reso-
Late with a winding at an important frequency. This is 
een in Fig. 13 in the case of the input circuit. Since the 
,utput winding is equivalent to the input winding ex-
ept for impedance level, the effect is found there also, 

Ls shown in Fig. 14. 
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Fig. 13—Effect of a resonance in the input circuit. 
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APPENDIX 

Consider the winding for the toroidal coil shown in 
Fig. 10(b) to be made up of a series of rectangular 
helices, a typical turn of which is shown. The number of 

turns in each helix is 

ni= (d/4 — 

The number of helices is determined by the inner di-
ameter of the winding space and is 

n2 = (rd/2)/a, 

a being the diameter of the insulated wire. The total 
number of turns that can be put in this space is then 
=Nn in2. The mean length of turn is 

/ = d  8-VA. 

The resistance of this winding is 

d 
R = p  N, 
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Fig. 14—Effects of two different ways of tuning the output circuit. 

p being the resistivity. Let k be the fraction of N which 
is used for input winding. Then eliminating a' between 
the expressions for Ri and Ni, we have for input re-
sistance 

where 

54 X 10-6 Ni2 
Ri =  a 

r2kd 

1 + 8V-A7  d 
a = 

1 — 4VA/d 
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Experimental Evaluation of Diversity 
Receiving Systems* 

JOHN L. GLASERL ASSOCIATE, IRE, AND S. H. VAN WAMBECKt, SENIOR MEMBER, IRE 

Summary— Methods used in a long-range experimental study of 
fading with ordinary and diversity receiving systems are discussed. 
Results are expressed statistically in terms of the nonusable circuit 
time and also in terms of the number of fades per minute below least 
usable level. 
Data for this analysis are obtained on semiautomatic equipment 

which measures the total time the signal spends in each of seven 
pre-established intervals of signal strength and counts the number 
of times the signal enters each interval. The instruments thus ac-
complish at the time of recording a substantial part of the analysis. 

I IIS PAPER deals with methods being used in a 
research program to evaluate the performance of 
diversity receiving systems which are of interest 

to the Signal Corps. Experimental techniques are de-
scribed and the statistical concepts which have been 
adopted for presentation of performance data are dis-
cussed with respect to the problem of expressing the 
reliability of a facility in explicit terms. A review of 
experimental findings is presented in a companion paper 
which follows in this issue of the PROCEEDINGS.' 
Diversity reception is a means for combating the fad-

ing of radio signals, so an investigation of it requires the 
recording and description of the fading encountered 
with the various systems considered. A high-speed strip 
recording of signal strength over a single radio channel 
reveals that signal strength varies in a random manner 
and that fading does not have a periodic characteristic. 
Since the frequency of fading and the total range of 
fading cannot be expressed explicitly with any real 
meaning, it follows that a mathematical treatment of 
the problem must be based on statistical concepts. 
An established method for describing the fading of a 

signal is in terms of the probability that the signal 
amplitude will at a particular instant be less than a 
designated amplitude. Assuming that the signal at a 
single antenna is the resultant of many signals arriving 
in random phase, it can be shown2 that the probability 
that the signal amplitude will be less than s is 

P(s) = 1 — e— (*1.02 

where so is the long term, root mean square of the signal 
amplitude. This function is shown graphically in the 
curve marked "nondiversity" in Fig. 1. 

• Decimal classification: R428 X R113.1. Original manuscript re-
ceived by the Institute, July 26, 1950: revised manuscript received, 
November 21, 1950. 
The work described in this paper was carried out under contracts 

between Signal Corps Engineering Laboratories, Red Bank, N. J., 
and Washington University, St. Louis, Mo., under Contracts No. 
W36-039 sc-32277 and No. W36-039 sc-38256. 
t Washington University, St. Louis, Mo. 
1 S. H. Van Wambeck and A. H. Ross, "Performance of diversity 

receiving systems," this issue, pp. 256-265. 
I Lord Rayleigh, "Theory of Sound," vol. 1, p. 41, 2nd ed., Mac-

millan Co., New York, N. Y.; 1894. (Also Dover Publications, New 
York, N. Y.; 1945.) 

The improvement afforded by the use of diversity 
reception results from the fact that the signals received 
under different conditions do not generally fade to-
gether. These different receiving conditions might be at-
tained, for example, with spaced antennas, by use of 
antennas of different polarization, or by using different 
frequencies. In the usual system, a separate receiver is 
used for each channel. The receiver outputs are con-
nected to a circuit which selects the strongest signal as 
the diversity output. A diversity signal selected in this 
manner will fall below a particular amplitude only when 
the signals in all channels are simultaneously below 
that amplitude. 

PROBABILIT y Or 
SIGNAL LYING 
BELOW  6 

1.0 

0.8 

NON-DIVERSITY 
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02 

02  05 

DUAL DIVERSITY 

20  LONG TERN FINS 

Fig. 1—Curves showing the probability that a nondiversity and a 
dual-diversity signal amplitude will at any instant be less than a 
designated amplitude. Uncorrelated Rayleigh distributed fading 
on the two diversity channels is assumed. 

The probability that two independent events will 
occur at the same time is the product of the probabilities 
that each will occur by itself. Therefore, if the fading of 
the two signals in a dual diversity system were com-
pletely independent, the probability that the amplitude 
of both signals would be below a designated amplitude 
is the square of the probability that each (considered by 
itself) will be below that amplitude. Therefore, with a 
dual diversity system with completely independent fad-
ing on the two channels, the probability that the com-
bined signal will fall below s is [P(s)]2. The function 
[P(s)]2 is shown in the curve marked "dual" in Fig. 1. 
Similarly for triple diversity with completely independ-
ent fading this probability is [P(s)]3. 

The foregoing discussion assumes, first of all, that the 
signal is fading with a Rayleigh distribution and, sec-
ond, that the fading of the two or three channels is 
completely independent. Based on such assumptions, 
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elonek, Fitch, and Chalks made an interesting analyti-
al study of diversity improvement. But their analysis 
id not show what separation of antennas would give 
his uncorrelated fading nor what correlation exists for 
articular spacings or between the fading on two differ-
ntly polarized antennas. It appears that this informa-
ion must be obtained experimentally. 
It is conceivable that a program could be directed 
oward determining a statistic which is a measure of the 
orrelation between the fading on the several antennas.. 
'resumably such information could then be interpreted 
n more practical terms to show the actual improvement 
n transmission capacity resulting from the use of van--
)us diversity systems. There appeared, on the other 
land, to be considerable virtue in obtaining statistical 
-esults directly in terms applicable to the problem of 
!ngineering a receiving facility. 
In selecting the terms in which the experimental re-

-wits should be expressed, consideration was given to the 
manner in which diversity systems improve reception. 
For one thing, diversity reception smooths out the varia-
ions in signal strength resulting from fading. However, 
.his can often be accomplished to a sufficient extent with 
iutomatic gain control or with limiters. The real value 
)f diversity reception is presumed to lie in the decrease 
n the probability that the several diversity signals will 
De lost in the noise at the same time. The diversity im-
provement results from the fact that the combining cir-
:uit has more than one receiver from which it may select 
the strongest output and that the combined diversity 
signal will be unusable only if all of the contributing 
signals are unusable. If only one receiver contributes to 

3 Z. Jelonek, E. Fitch, and J. H. H. Chalk, "Diversity reception," 
Wzreless Eng., vol. 24, p. 54; February, 1947. 
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the output at any time, the noise level is that from just 

one receiver. 
Having established this as the basis for judging diver-

sity performance, the experimental program was di-
rected toward determining the fraction of the time for 
which a diversity signal was below various amplitudes. 
If, from measurements at a prospective receiving site, 
a least usable level can be determined, the experimental 
results will show what per cent lost time will result with 
the various diversity systems. It was also considered 
desirable to know how often the signal faded below 
various levels. The experiments were arranged to give 
this information also. 
Let us consider the matter of unusable time in terms 

of an example. Fig. 2 shows typical simultaneous record-
ings of the fading of a nondiversity and a diversity sig-
nal. If the level shown by the solid line were the least 
usable level, the nondiversity system would have been 
unusable for a certain fraction of the total time. Also 
the signal faded below this level a certain average num-
ber of times per minute. With a combining system which 
selects only the strongest signal, the least usable level 
is the same for the diversity system. The curve here 
shows the amplitude of the stronger of the two diversity 
signals. The combined diversity signal will be unusable 
when this stronger signal is less than the least usable 
level. 
It can also be seen here that the unusable time de-

pends upon the location of the least usable level relative 
to the received signal. If, for example, the transmitter 
power were increased, both the diversity and nondiver-
sity curves here would be shifted upward an appropriate 
number of decibels, thereby reducing the unusable time. 
Similarly, if the least usable level is established (as is 

A 

Fig. 2—AA example showing the dependance of nonusable time and fades below least usable level upon the 
strength of the received signal relative to the least usable level. 
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usually the case) by the interference picked up by the 
antennas, improved receiving antenna directivity favor-
ing the desired signal and discriminating against the 
interference will reduce the unusable time. 
A convenient measure of the least usable level rela-

tive to the received signal is the quantity A shown in 
Fig. 2. The amplitude of the received signal is measured 
here in terms of its median. This is the value which it 
exceeds one half of the time. If the per cent unusable 
time is plotted as a function of A, one obtains curves 
of the type shown in the lower left corner of Fig. 2. The 
curves in this figure show the percentage time spent be-
low various signal amplitudes. Signal amplitudes as 
shown are measured relative to the median. 
Similar curves can be drawn for the fading rates. 

The curves in the lower right corner of Fig. 2 show the 
average number of fades per minute below the various 
signal amplitudes. Here again, signal amplitude is given 
relative to the nondiversity median. That is to say, the 
abscissa is the quantity A. 

Such information as this could be extracted from strip 
records like the example used in Fig. 2. Although a very 
short sample is shown to illustrate the principles, many 
hours of data would be required to give reliable statisti-
cal information zincl the procedure would be costly and 
slow. For this reason, an instrument was developed 
which analyzes the fading signals directly in usable 
terms at the time it is received. A simplified diagram of 
this instrument is shown in Fig. 3. This instrument de-
termines the time spent in each of seven preset inter-
vals of signal amplitude. These times are indicated on 
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seven electrically operated clocks. Counters connect I 
in parallel with the actuating coils of the clocks sho i 

el 

the number of times the signal entered each interval 
Because the median signal strength varies from one test 
to the next, the setting of the intervals bears no fixed 
relation to the median. The relation of the median to the 
various intervals during a particular experiment is de-
termined by recording also the signal received with a 
nondiversity receiving system. The nondiversity and 
diversity recording is done with the same instrument on 
a sampling basis, recording the two during alternate 
ten-minute periods. 

Fig. 3 shows also the diversity combining circuit. Se-
lection of the strongest diversity signal is accomplished 
by use of a common load for the second detectors of the 
diversity receivers. The voltage developed in this load 
by the strongest signal biases the detectors of the other 
receivers so that (except when two signals are about 
equal) only one signal contributes appreciably to the-
combined output. The selection of the strongest signal 
is enhanced by the use of a common automatic gain con-
trol with which the gain of all receivers is determined 
principally by the strongest signal. 
The second detector load is in the form of a voltage 

divider which is switched between the diversity and 
reference receivers for alternate ten-minute periods. The 
six taps on this voltage divider are connected to six dc 
amplifiers whose outputs control the conduction in six 
pairs of gas tetrodes. These gas tubes are connected in 
60-cycle full-wave rectifier circuits whose outputs con-
trol a series of relay. With no signal at the input of the 
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Fig. 3—A simplified diagram of the recording instrument. 
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•eceivers, all of the gas tubes are biased to nonconduc-
ion. As the input signal increases, a point is reached at 
khich the pair of gas tubes at the top of Fig. 3 begin to 
:onduct, closing the relay associated with this circuit. 
k further increase of 6 db in the input signal causes the 
text pair of gas tubes to conduct closing its relay. When 
he signal amplitude is less than that which causes the 
irst pair of tubes to conduct, the clock marked "0" runs. 
Nhen the signal amplitude reaches the point at which 
.he first pair of tubes fires, clock "0" stops and the 
:lock marked "1" starts. This same process is continued 
as amplitude of the signal increases through each of the 
ntervals of signal level. 
The taps on the voltage divider are adjusted so that 

successive channels fire at increments in the signal 
strength of 6 db measured at the input of the receivers. 
Thus the sixth channel fires when the receiver input is 
30 db above the amplitude which fires the first channel. 
Calibrating the system in terms of receiver input volt-
ages takes into account the nonlinear response of the 
receivers with their automatic gain control. Great care is 
taken to match the response characteristics of the non-
liversity and the several diversity receivers. The cali-
bration is therefore valid whether the recording instru-
ments are connected to the diversity or the nondiversity 
system. If the diversity output is determined by only 
the strongest input signal, the response of the diversity 
system is that of each of the diversity receivers alone. 
A clock which runs continuously is used to show the 

total recording time. The sum of the other seven clocks 
should agree with the reading of this clock providing a 
check again'st faulty operation or misreading. Actually 
there is slightly more lag in stopping the clocks than in 
starting them, due to the transients in the switching cir-
cuits. The total of the clocks for the seven intervals 
generally exceeds the reading of the continuous clock by 
one half to two per cent, depending on the rapidity of 
fading. The time measurements in those intervals where 
the signal spends most of the time are accurate to within 
about one per cent, although the percentage error is 
greater in those intervals where the time is made up of 
short periods. 
The counters indicate the number of times the signal 

entered each interval. Except at the start and end of a 
run, the signal must have left each interval as often as 
it entered it. Each time it leaves an even-numbered 
interval it enters an odd-numbered interval either above 
or below it. Therefore, the sum of the counts in all even-
numbered intervals should equal the sum of the counts 
in all odd-numbered intervals. These relations hold as 
well when the counts have been divided by the total 
recording time to give counts per minute, providing a 
check on some of the computations. 

The principal reason for recording the nondiversity 
signal is to determine how the boundaries separating 
the intervals are situated relative to the median signal 
strength. It is pure coincidence when the median hap-
pens to be one of these boundaries. The median can be 
determined by plotting on suitable co-ordinates the per 
cent time spent below each boundary as a function of 
the signal amplitudes they represent and reading from 
the resulting curve the level corresponding to 50-per 

cent time. 
Knowing then the relation of the median signal ampli-

tude to the firing levels of the recording instrument, it is 
possible to plot curves for each test period of the type 
shown in the lower half of Fig. 2. When the curves ob-
tained from several tests of the same diversity system 
are plotted on the same chart, the curves do not in gen-
eral coincide, indicating some variability in the observed 
performance. As a general rule, the curves do fall into 
distinct groups. Average performance might be ex-
pressed by averaging the ordinates of the several curves. 
However, the variability in the performance is almost 
as significant a characteristic of the diversity systems as 
the typical performance. A number of established meas-
ures of variability could be used. A convenient method 
of showing this is to indicate areas on the graph which 
include the middle half of the group of curves for a par-
ticular diversity system. Examples of this presentation 
of the interquartile range will be found in the paper 
which follows.' 
The problem of diversity system evaluation is by its 

very nature a statistical problem. We feel that the meth-
ods discussed here for presenting the statistical findings 
are of great practical value. The terms in which diversity 
improvement has been expressed can be more readily 
related to the real communication problem than rela-
tively abstract indices that might have been devised. 
Not only do the results permit comparison of the ef-
fectiveness of various antenna arrangements, but they 
provide also the information for weighing the values of 
a diversity system against other means for obtaining 
the same reduction in lost circuit time. 
The recording equipment developed for these tests 

has greatly facilitated the processing of the statistical 
data by effectively performing a portion of the analysis 
at the time that the signals are received. 
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Performance of I )iversity Receiving Systems* 
S. H. VAN WAMBECKt, SENIOR MEMBER, 

Summary—An outline is given of the study of diversity reception 
being carried out jointly by the Signal Corps Engineering Laborato-
ries and Washington University, the purpose of which is to determine 
the characteristics, limitations, and relative merits of space, polariza-
tion, and frequency diversity systems. 
Results are reported on various systems including dual- and 

triple-spaced-antenna diversity and several forms of polarization 
diversity. Frequencies in the range of 7 to 16 Mc have been investi-
gated over a 900-mile path between New Jersey and St. Louis, 
Missouri. Improvement provided by the various diversity systems is 
presented graphically in terms directly applicable to the design of a 
transmission facility and the variability in improvement is indicated 
for its value in estimating departure from mean performance. 

VER THE PAST several years the Signal Corps 
Engineering Laboratory and Washington Uni-
versity have collaborated in a comprehensive in-

vestigation of diversity receiving systems. The amount of 
improvement available from various diversity methods 
has been established quantitatively and design pro-
cedures have been drafted. Developments at this stage 
of the program indicate that it may be possible to estab-
lish quantitative specifications for diversity systems to 
reduce by practically any desired amount the loss in 
transmission time due to deep fades. 
Diversity receiving methods involve the use of two 

or more transmission channels which are separately 
identified at the receiving point and a combining circuit 
which either selects the strongest available signal or 
provides an output proportional to some combination 
of all signals. Separation of the transmission channels 
may be on a physical basis as with spaced-antenna di-
versity or on some other basis as in polarization 
diversity and frequency diversity. Those types of re-
ceiving diversity which would be practical for military 
purposes are to be investigated but the more complex 
systems such as the multiple-unit steerable antenna will 
not be considered. This report is limited to spaced-an-
tenna and polarization diversity in the frequency range 
of 7 to 16 Mc. 
A principal object of this investigation is the collec-

tion of necessary data for the evaluation of various 
diversity systems and formulation of procedures for 
their design. Attention is also being given to the receiv-
ing equipment problem to the end that more effective 
facilities may be developed as a consequence of the 
program. 

• To the greatest practical degree the experimental 
aspects of the program have been planned and imple-
mented to provide data that are accurately representa-
tive of propagation behavior and the respective antenna 
systems and that do not reflect the characteristics of 

Decimal classification: R428 XR113.1. Original manuscript re-
ceived by the Institute, July 26, 1950. 

Washington University, St. Louis, Mo. 
Signal Corps Engineering Laboratory, Red Bank, N. J. 

IRE, AND A. H. ROSS, SENIOR MEMBER, IRE 

any particular receiving or recording equipment. The 
large volume of data involved is collected with semi-
automatic recorders, thus minimizing the time required 
for processing and providing numerical information in a 
form directly applicable to statistical analysis. Details 
of the equipment and the statistical methods are pre-
sented in a companion paper.' 
The required long transmission lines from antennas 

to field laboratory are of identical length and are con-
structed of dual RG/8U cables to reduce pickup on 
these lines approximately 50 db below the signal level 
provided by the antennas. Antennas are all half-wave 
doublets and the horizontal elements are installed at a 
height of about 45 feet. The single antenna for the refer-
ence system is installed 2,000 feet from the center of the 
area for the diversity arrays. The only antennas in the 
area at a given time are those required for the particular 
array being tested. Receivers are matched in gain, in 
automatic-volume-control characteristic, and in im-
pedance level at the input terminals. All equipment is 
recalibrated and retuned each hour during recording 
periods and is further checked by strip oscillograph 
records and observation during actual operation. A con-
dition is maintained at all times which permits the 
interchange of apparatus between channels without 
altering the data to a measurable extent. 
A lengthy discussion of the analytical methods used 

is unnecessary at this point but it may be desirable to 
review briefly the graphical forms which have been 
adopted for the presentation of performance curves. 
Since the fading of radio signals may be described with 
reasonable accuracy by a Rayleigh probability func-
tion, a basic co-ordinate system derived from this type 
of distribution has been adopted. It possesses the ad- • 
vantage of yielding performance curves for a single-
channel system which are straight lines in the ideal case 
and nearly straight for actual data. Interpolation is 
facilitated by this linear property. Fig. 1 shows a typical ; 
set of curves for a single-channel reference system and a 
two-channel diversity system. There is no mathematical 
reason to expect the diversity data to plot as straight 
lines even though the reference systems may be ideal 
and yield data having perfect Rayleigh distribution. 
Data as recorded are first plotted for each recording 

period in a set of curves as shown in Fig. 1. In some 
cases, the data for a full day may be condensed into a 
single set of curves while in other cases a day may be 
broken into several periods, the data for each of which 
will be plotted separately. Data for the period in which 
the long-term median value of signal strength on the 

J. L. Glaser and S. H. Van Wambeck, "Experimental evaluation 
of diversity receiving systems," PROC. I.R.E., pp. 252-256, this issue. 
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Fig. l—Typical results plotted on Rayleigh co-ordinates. 
Data are for a single day. 

reference system are essentially constant may be repre-
tented by a single set of curves. This follows from the 
fact that the statistical analysis is based upon the as-
3umption of a constant median value. 
A more useful presentation for engineering purposes 

:s obtained when the fading characteristic of a diversity 
3ystem is referred to the median signal level which 
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Fig. 2--Typical fading characteristics for a single day relative to 
median value of signal strength received on the reference system. 

would exist without diversity. Fig. 2 shows such curves 
as derived from a graph such as Fig. 1 and depicts the 
percentage lost time plotted vertically as a function of 
the difference between median signal level and other 
lower levels. This graph only provides statistical in-
formation for the region below median level in the refer-
ence system but this represents no shortcoming because 
those situations in which the least usable level exceeds 
the median are of little or no practical importance. 
Data have also been collected on the rapidity of fad-

ing or, more specifically, on the number of times per 
minute that the signal fades downward through various 
levels. This information may be of great value in the 
design of equipment where the frequency of fading 
would be a factor. In Fig. 3 the fades per minute are 
plotted vertically against signal level below median 

value. 
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Fig. 3—Typical fading characteristics for a single day depicting the 
number of fades per minute below the respective levels. 

Investigations have been conducted on three fre-
quencies in the range of 7 to 16 Mc. The lower fre-
quency used was 6.915 Mc, the intermediate 11.66 Mc, 
and the higher 15.72 Mc. Unmodulated carrier has 
been used exclusively. This is justifiable in the interest 
of simplicity and in that the results may be readily ex-
tended to other systems with modulation, as will be 
discussed later. Space diversity systems with dual and 
triple channels have been rather completely investi-
gated and work on these is continuing. Several arrange-
ments for polarization diversity have also been in-
vestigated and significant data have been collected. 



258 PROCEEDINGS OF THE I.R.E.  Mart 

Experimental work has been under way for nearly 
two years and has been conducted continuously over 
that period of time. Approximately 2,000 hours of re-
cording are represented in the reliable data which have 
been processed up to the present. The particular fre-
quency for use at any time is selected in terms of the 
propagation characteristics for the path in service. 
All data here reported have been collected over the 

path from Red Bank, New Jersey, to St. Louis, Mis-
souri. This is approximately 900 miles in length and lies 
in a generally east-to-west direction. Future tests are 
currently being planned between England and St. Louis, 
Missouri, for longer path information, from the Panama 
area to St. Louis for a north-south comparison and over 
a short path at frequencies below 7 Mc. 
A large quantity of data has been collected and is 

presented in a relatively few charts. As might be ex-
pected, there is variability in the data collected for a 
given configuration from day to day and from season 
to season. This variability may be due to changes in 

ionospheric characteristics, to chance sampling of an 
inherently variable phenomena, and, to less degree, to 
errors of measurement. For the purposes of this paper, 
many sets of curves have been reduced to single lines 
which are representative of the weighted arithmetic 
mean of available data. 

in planning this program it has been recognized that 
normal fading as encountei ed most of the time will not 
account for all losses in transmission. Interference and 

complete breakdown of ordinary ionospheric behavior 
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Fig. 4—Performance of dual-spaced-antenna diversity system 
showing typical variability in data. 

are typical influences which cannot be included in t hi 
type of statistical analysis but which will have a ver 
real effect upon continuity of service over a communica 
tion facility. This investigation has dealt exclusivel: 
with the problem of normal, short-period fading and th 
results are applicable in the absence of other influence 
such as those cited. 
The following discussion on performance of the vani 

ous types of diversity systems is divided into threi 
sections covering two-antenna, spaced diversity, corn 

monly called "dual"; three-antenna, spaced diversity 
also termed "triple"; and polarization diversity. Figs. 4 
through 10 present various aspects of two-antenna 
spaced diversity and subsequent figures apply to tilt 
other forms. 

Representative performance of dual diversity is (le. 
picted in Fig. 4. The data on which these curves art 
based were collected in December, 1949, for a frequency 
of 11.66 Mc during daylight hours. The cross-hatched 
areas represent the zones in which half of the curves fot 
the respective days or periods were located. For one 
fourth of the time the performance was better than ie 
indicated by the areas and for one fourth of the time 
the performance was poorer. The expression "intyr-

quartile range" is commonly applied to the area within 
the boundaries shown.' 

In some cases the interquartile areas are wider than 
indicated in Fig. 4 while in others they are not so broad. 
These data may properly be characterized as typical 
and show the usual order of improvement afforded by 
dual diversity. The curves indicate, for example, that 
the reference system will have approximately two-per 
cent nonusable time if the median signal level is 15 (lb 
above least usable. If dual diversity with 200 feet sepa-
ration is used, the percentage lost time drops to ap-
proximately .0.08 per cent and if the separation is in-
creased to 1,000 feet, the lost time will be the order of 
0.05 per cent. The increase in spacing from 200 to 1,000 
feet contributes very little to the performance of the 
diversity system. 

Fig. 5 presents graphically th,e, information on num-
ber of fades per minute with a dual diversity system. 
It is evident that the number of fades is substantially 
reduced and that large spacings are not necessary as 
there is relatively little improvement in going from 100 
to 1,000 feet. A single-channel system at this frequency 
will experience approximately three fades per minute if 
the median signal strength is 15 db above least usable k. 
level. Under the same conditions a dual diversity sys-
tem will fade 0.2 times per minute which represents an 

The two curves for the reference system result from the pres-
entation of data for two separate dates on a single graph where the 
side-by-side comparison accentuates the variability in characteristics. 
The reference system has been quite consistent in its performance so 
it would be expected that a long series of data samples would yield 
an interquartile range somewhat wider than either in Fig. 4 but not so 
wide as the total area bounded by the extremes of the two curves. 
Other cases of this type occur in later figures. 
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improvement of approximately 15 to 1. Some variabil-
ity is also obtained in the data on which these curves are 
based. The single lines shown represent the weighted 
arithmetic mean. 
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Fig. 5—Performance of dual-spaced-antenna diversity system 
with respect to fades per minute below respective levels. 

In the absence of evidence to the contrary, it might 
be expected that the performance of a given diversity 
array would be quite different at different frequencies 
and seasons of the year. As a matter of fact, the per-
formance seems to be relatively free of such influences 
as indicated more specifically in Fig. 6. Here are shown 
performance curves for three frequencies and three sea-
sons which fairly well cover a complete year. The poor-
. est performance was obtained on 11.66 Mc and the best 
il on 7 Mc. More recent data indicate that dual diversity' 
f is not always so good as here represented but additional 
information must be gathered before these latest results 
can be accurately reported. The curves shown in Fig. 6 
are typical of the performance over a total experimental 
period of approximately two years up to February, 1950. 
In so far as time and conditions permit, tests are 'scheduled in a manner which will provide a maximum 

of cross checking. For example, it is customary to re-
peat runs for a given frequency in all seasons for which 
it is usable and also to repeat on an interval of approx-
imately one year as a long-range check on variability. 
Tests on dual diversity at 11.66 Mc and with a separa-
tion of 1,000 feet parallel to the path were conducted in 
December, 1948, and were repeated in December, 1949. 
The results are reported in Fig. 7 which has been drawn 
to show the interquartile range. It is apparent that there 
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Fig. 6—Performance of dual-spaced-antenna diversity system 
for various seasons and frequencies. 
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Fig. 7—Difference in performance of dual-spaced-antenna 
diversity system over interval of one year. 

is some variability but this is to be expected in view of 
the changing ionospheric conditions on a cycle of much 
greater period. Efforts are being directed toward explicit 
co-ordination of diversity performance and ionospheric 



260 PROCEEDINGS OF TIIE I .R.E.  .1fard 

characteristics which will make possible a direct fore-
cast of diversity effectiveness when the ionospheric pre-
dictions are established. Some information on this sub-
ject is now on hand and will lw reported at a later date, 
together with additional data presently being collected. 
It has already been mentioned that large spacings are 

not appreciably more effective than shorter ones ill 
overcoming the effects of fast fading. Other investiga-
tors have indicated that spacings of the order of several 
miles or more are advantageous in reducing the effects 
of slow fades.3 This in  is limited to fades 
which occur at the rate of once each minute or more 
frequently. For such short-period fades a separation of 
100 feet between diversity antennas provides a large 
increase in reliability of service. If the spacing is in-
creased tenfold, the performance is not greatly im-
proved. Fig. 8 is a presentation of data on dual diversity 
for four different spacings. lithe median signal strength 

50 

O.; 
0 

fir 

0.1 

0.05 

001 

IL 66 MC 
DEC .1946 

REFERENCE 

o. 

DUAL 
DIVERSITY 

MEDIAN NON-DIVERS TY SIGNAL STRENGTH 
IN 1)15 RELATIVE TO LEAST USABLE LEVEL 

Fig. 8—Effect of antenna spacing on performance of 
dual-spaced-antenna diversity system. 

is 15 db above least usable, the reference system will give 
approximately two-per cent nonusable time. Dual diver-

sity with 100 feet separation will have only 0.2-per cent 
nonusable time and with 1,000 feet separation will have 
0.05 per cent. The improvement with 100 feet separation 
is ten to one over the reference system while 1,000 feet 
separation gives only four to one improvement over 100 
feet. 

Two hundred feet appears to be the point of sharply 

3 Private communication from S. II. Browning, Mackay Radio 
and Telegraph Co. Inc., New York, N. Y. 

diminishing return in improvement per unit distance. 
This point is more clearly established when the data 
are presented in the form used in Fig. 9. Spacing hat 
been selected as one of the axes and curves have been 
drawn for various median signal strengths relative to 
least usable value. For a median value 15 db above least 
usable level on the reference system, the principal part 
of the improvement is obtained in the first 200 feet of 
separat ion. 
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Fig. 9—Influence of spacing on performance of 
dual-spaced-antenna diversity system. 

Since it is possible to arrange diversity antennas in 
many directions with respect to the arriving wave, the 
question naturally arose as to what geometric pattern 
would be the most effective. In the field facilities, provi-
sion is made for the erection of.,antennas along a line 
parallel to the direction of arrival and also along a line 
perpendicular to this direction. Resolution of the prob-
lem into two principal directions in this manner ap-
peared to offer the simplest experimental means of de-
termining the effect of geometrical placement. It is inter-
esting to note that there is no marked advantage in one . 
direction over the other as demonstrated by the data 
presented in Fig. 10. These data were collected under 
carefully controlled conditions which largely eliminated 
the influences of factors other than orientation. Earlier 
tests indicated that one direction or the other might 
have some small advantage but it has since been con-
cluded that these apparent differences were due to 
changes in other test conditions. 
Analysis of triple diversity, predicated upon fading of 

a single transmission channel in accordance with R a y-
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leigh distribution, indicates that there should be con-
siderable improvement over dual. Experimental in-
vestigation supports these predictions and indicates 
that a high degree of reliability can be obtained with 
such a system. Typical data for a triple diversity system 
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Fig. 10—Effect of orientation of antenna array with respect to signal 
path on performance of dual-spaced-antenna diversity system. 

collected during daylight hours at a frequency of 11.66 
Mc in the month of January, 1950, are presented in Fig. 
11. The cross-hatched areas represent data lying in the 
interquartile range for spacings of 200 feet and 600 feet, 
respectively. The degree of variability indicated is com-
mon to the three frequencies here reported and the rela-
tive improvement of 600 feet separation over 200 feet is 
likewise typical. For the ionospheric conditions during 
the period of these tests, the reference system would 
have given between one- and two-per cent lost time if 
the median signal were 15 db above least usable level. 
For the same strength of signal, triple diversity with 200 
feet extreme separation would give only approximately 
0.01-per cent lost time or less than one hour in a year of 
24-hour per day operation. lithe reference system were 
to provide the same degree of reliability, the median 
signal would have to be approximately 30 db above least 
usable as can be estimated by projecting the reference 
curves to the 0.01-percentage line. 
As the frequency is changed, sonic difference in per-

formance of triple diversity is noted. The curves shown 
in Fig. 12 are representative of the performance for 
three frequencies in four seasons of the year. The differ-
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Fig. 11—Performance of triple-spaced-antenna diversity system 
showing typical variability in data. 
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Fig. 12—Performance of triple-spaced-antenna diversity system 
for various seasons and frequencies. 

ence between the performance of 15.72 Mc in April and 
7 Mc in July and October is apparently due in part to 
difference in ionospheric characteristics as some degree 
of correlation is possible. As with dual diversity, perti-
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nent ionospheric information is being collected in an ef-
fort to establish a more explicit correlation. 
The effectiveness of spacing has also been investigated 

for triple diversity and typical results are shown in Fig. 
13. In all cases reported, the separation in triple diver-
sity is given between extreme antennas. To facilitate 
comparison, a curve for dual diversity is included, show-
ing its performance for a separation of 1,000 feet. Triple 
diversity with a separation of only 200 feet between ex-
treme antennas provides substantial improvement over 
the best dual performance. Further improvement re-
sults from increased separation but in this case also 
there is diminishing return as a separation of 200 feet is 
exceeded. 

5 

5 

YJ I 

0 
2 

005 

0.01 
10 15 

MEDIAN NON-DIVERS TV SIGNAL STRENGTH 

IN DR RELATIVE TO LEAST USABLE LEVEL 

7 MC. 

SUMMER 
1949 

REFERENCE 

DUAL 1000 FT. 
TO PATH 

TRIPLE 
PARALLEL 

PARALLEL 

200 FT 
TO PATH 

TRIPLE 1000 
PARALLEL TO 

FT 
PATH 

20 

Fig. 13—Effect of antenna spacing on performance of triple-spaced-
antenna diversity system. Performance of dual system is shown 
for comparison. 

The reduction in fades per minute is also substantial 
with triple diversity as clearly indicated by the curves 
in Fig. 14. A median signal strength 15 db above least 
usable level will give from 6 to 7 fades per minute on the 
reference system, something over 0.1 fade per minute 
with dual diversity and 0.01 fade per minute or less 
with triple diversity. It may be concluded that the re-
duction in number of fades per minute bears a close cor-
respondence to the reduction in lost time with the vari-
ous diversity systems. 
The figures quoted above for triple diversity perform-

ance become more meaningful when the fades per minute 
are expressed in terms of some larger reference. For 

example, 0.01 fade per minute below least usable level 
corresponds to one fade in one hour and 40 minutes or 
14.4 fades in a 24-hour day. Since the expected lost time 
for the triple diversity system is of the order of 0.01 
per cent or 0.14 minute per 24 hours, it follows that 
there will be the order of 14 fades per day each of ap-
proximate duration of 0.01 minute. It will be readily 
recognized that this order of improvement from the 
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Fig. 14—Performance of triple-spaced-antenna diversity system 
with respect to fades per minute below respective levels. 

effects of normal fades is adequate for all practical pur-
poses where other influences such as interference will 
usually account for a much larger loss of time. 
In many respects, polarization diversity would be 

desirable, particularly in military,communications. Sev-
eral antenna arrangements for this form of diversity 
have been tried and considerable data have been col-
lected on the most promising arrangements. The per-
formance of one polarization diversity system is de-
picted in Fig. 15. The inverted-L arrangement consisted 
of a horizontal dipole approximately 50 feet above the 
ground and a vertical half-wave dipole suspended at 
one end of the horizontal element. Lead-ins were taken 
from the center of each antenna for a distance of 50 feet 
or more in a direction substantially normal to the plane 
of the two antennas. These precautions in the placement 
of lead-in lines were observed to minimize any possible 
interference effects due to the presence of the shielded 
leads in close proximity to the antennas. 
The usual performance of dual diversity with 200 feet 

separation is also shown in Fig. 15 for reference. It ap-
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pears from these data that polarization diversity is 
somewhat better than dual but this particular point 
requires some enlargement. Some evidence now avail-
able indicates that the poorest polarization performance 
is obtained when dual-spaced-antenna diversity gives 
best results. Conversely, when very poor diversity im-
provement is obtained with dual spaced antennas, the 
improvement from polarization diversity is greater. In-
vestigation of this phenomenon has not been completed 
but the available experimental data are most interest-
ing. Any conclusion as to the relative advantage of 
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Fig. 15—Performance of inverted-L polarization diversity system 
showing typical variability in data. Performance of dual-spaced-
antenna diversity is shown for comparison. 

polarization diversity compared with dual must be 
drawn with reservations which cannot be accurately ex-

pressed at this time. 
Polarization diversity is effective in reducing the 

fades per minute and to about the same degree as 
spaced dual with separation of 200 feet. This conclusion 
may be readily drawn from the data plotted in Fig. 16 
but is probably subject to the same restrictions as would 
apply to a conclusion on reduction in percentage lost 

time. 
Polarization diversity has not been consistent in per-

formance and has generally been characterized by a 
weakness of signal on the vertical element. The vertical 

a component generally contributes to the transmission a 
relatively small percentage of the time and then only 
during deep fades of the horizontal component. Dis-
crimination against high-angle signals by the vertical 

antenna in close proximity to the ground may account 
for this behavior. Another factor is possibly introduced 
by the node at high angle in the horizontal antenna pat-
tern at higher frequencies. Further investigation of this 

entire problem is clearly necessary. 
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Fig. 16—Performance of inverted-L polarization diversity system 
with respect to fades per minute below respective levels. 

As with the other forms, polarization diversity ex-
hibits some variability with frequency and seasons. 
Data collected with a T arrangement of antennas on 
three different frequencies and in three seasons are sum-
marized in Fig. 17. The wide spread between the ex-
treme curves supports the statement made earlier that 

the performance of this type of diversity has been quite 
inconsistent. Additional data are being collected to clar-
ify many of the unresolved points so that more reliable 
conclusions may be reached. 
Data have been obtained on four different antenna 

arrangements for polarization diversity which appeared 
to have possibilities from a practical standpoint. The 
inverted-L antenna has already been described. The T 
antenna is quite similar except that the vertical element 
is suspended from the center of the horizontal element. 
An inverted-V antenna was tested because it offers obvi-
ous advantages in simplicity of erection. A single pole 
was used and the two antennas were suspended from the 
top to opposite points on the ground at angles of 45° 
to the horizontal. The angle between antennas was thus 
90° and the plane of the antennas was made normal to 
the direction of arrival. An X arrangement was also 
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Fig. 17 Performance of T polarization diversity system 
for various seasons alai frequencies. 

tried with two poles for support. The antennas were 
inclined at 45° to the horizontal and were in essentially 
the same plane. The separation at the centers where the 
antennas crossed was of the order of one foot. 
The relative performance of the above-described an-

tennas for polarization diversity is indicated by the 
curves in Fig. 18. While some of the differences may be 
due to normal variability in data, it appears that the 
inverted-L arrangement has some advantage over the 
others. All tests were not of the same duration but each 
was sufficiently long to provide a reasonably dependable 
sample of data. 

Use of an unmodulated carrier in this work is not ex-
pected to impose any great limitation on the utility of 
the findings. Signal Corps Engineering Laboratories 
have conducted an extensive series of tests on facsimile, 
voice, and multichannel teletype circuits with several 
forms of modulation and with various controlled condi-
tions of selective fade. This study indicated that distor-
tion is low and that the percentage accuracy in signal 
reproduction is greatest when the carrier level is main-
tained or is restored by exalted carrier techniques. Thus 
it would appear that any system which maintains the 
carrier level will have a corresponding high fidelity in 
the handling of modulated signals. 
The investigation here reported has yielded valuable 

data on the performance of spaced-antenna and polariza-
tion diversity. Improvement provided by diversity is 
expressed in terms directly applicable to engineering de-
sign of a radio transmission facility. Triple-antenna 
space diversity is definitely superior to dual spaced or 
polarization and it appears that, of the latter two, dual 
spaced is generally more effective. The particular sys-
tem to be used for a given installation will be determined 
by economic factors, reliability required, and allowable 
complexity at the receiving terminus. Certain unre-
solved points remain to be clarified and the investigation 

must be extended to other frequencies, paths, and types 
of diversity. What has already been accomplished indi-
cates that the selection and design of diversity systems 
may ultimately be reduced to a reasonably explicit 
process directly related to performance specifications. 
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Fig. 18—Comparative performance of various polarization diversity 
systems. The systems differ only in the physical arrangement of 
antennas. 
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Television Image Reproduction by Use of Velocity-
Modulation Principles* 

M. A. HONNEI,I,t, SENIOR MEMBER, IRE, AND Al. I). PRIN(' Et, ASSOCIATE MEMBER, IRE 

Summary—The velocity television reproduction system described 
in this paper uses a combination of standard video principles for 
image pickup and velocity-modulation methods for picture reproduc-
tion. An analysis is presented which indicates the response of the 
system to a general video signal. It is shown that one form of presen-
tation imparts a three-dimensional appearance to the image. Photo-
graphs are presented of standard broadcast television images repro-
duced on a conventional receiver converted to velocity-modulation 
reproduction. 

I. INTRODUCTION 

I N TI1E BASIC velocity-modulation television sys-
tem, the scanning spots in the camera tube and 

- kinescope move in synchronism. The kinescope 
beam current is maintained constant, and the horizontal 
velocities of the spots are varied to produce the changes 
of brightness in the image. Bright portions of the pic-
ture are reproduced by low writing velocities and dark 
portions are reproduced by high writing velocities. This 
basic velocity-modulation television system and its 
variations have received considerable attention in the 

past. 

Fig. 1—Experimental velocity-modulation reproduction system. 

In the system described in this paper, the camera tube 
mosaic is scanned with constant velocity and the video 
signal is obtained in the usual manner. At the receiver 
the image is reproduced by varying the horizontal 
velocity of the spot on the screen of the kinescope by 
superimposing the video signal on the kinescope hori-
zontal deflection voltage. No video voltage is applied to 
the kinescope grid so that the beam current is main-
tained constant. The block diagram of this system is 
shown in Fig. 1. 
The quality of images obtained by velocity-modula-

tion reproduction of standard television broadcasts is 

• Decimal classification: R583.15. Original manuscript re-
ceived by the Institute, April 7, 1950; revised manuscript received, 
October 30, 1950. Presented, 1950 IRE National Convention, New 
York, N. Y., March 8, 1950. 
t Georgia Institute of Technology, Atlanta, Ga. 

too poor for entertainment purposes. However, this 
system has some important features which are de-
scribed in the following sections. 

II. BASIC ANALYSIS 

Equations are now presented which express the 
brightness along a horizontal line of the reproduced 
image in terms of the video signal generated by a con-
ventional television camera. These equations are based 
upon the analysis of an ideal system with negligible 
aperture and transmission distortion. It is assumed that 
the light output of the kinescope screen is directly pro-
portional to current density. In this classical system, 
the television camera functions in the normal manner, 
and a video signal is produced with an instantaneous 
amplitude proportional to the brightness along the 
horizontal line ofi the camera tube mosaic. After this 
video signal has passed through the appropriate trans-
mission channels and through the video amplifier of the 
receiver, it is superimposed upon the horizontal saw-
tooth sweep voltage. The beam current of the kinescope 
remains constant during the active portion of its trace 
period. 
The instantaneous horizontal position and velocity 

of the spot are given by 

x = voi ± k • F(1) 

and 

dx 
Tit = Do ± k • FT) 

where x is the horizontal distance along the line, vo is 
the constant scanning velocity in the absence of a video 
signal, t is the time that has elapsed since the spot began 
scanning the line, F(t) is the video signal generated by 
the camera, and k is the proportionality constant which 
relates the video voltage with the resulting deflection on 
the kinescope screen. Since the brightness of the trace is 
inversely proportional to the absolute magnitude of the 
spot velocity, it follows from (2) that 

B(x) = B0/11 ± Q • Fi(t)I  (3) 

where B(x) is the brightness of the trace at a distance 
x along the scanning line, Bo is the ambient brightness 
of the raster in the absence of the video signal, and Q is 
equal to k/vo. 
In the normal range of operation of this velocity-

modulation system, the spot displacement k • F(t) is or. 
the order of one spot diameter and the term Q • F' (I) is 
less than unity. To a first approximation, therefore, the 
parametric equations (1) and (3) become 
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vol 

and 

(4) 

B(x) -A- B0[1 -T- Q• FT)]. (5) 

Equation (4) indicates that for small spot excursions 
there is negligible positional distortion of the reproduced 
picture element. Equation (5) indicates that to a first 
approximation there is produced a pattern whose bright-
ness is proportional to the derivative of the video signal 
superimposed on a raster of brightness Bo. 

III. GENERAL ANALYSIS 

An entirely different presentation is obtained if some 
operation is performed on the video signal prior to its 
insertion in the kinescope horizontal deflection circuit. 
This is readily achieved through the use of band-pass 
filters, differentiating and integrating amplifiers, or 
other wave-shaping circuits. In this case, the parametric 
equations are 

x = vot + k• G(1) = vot (6) 

and 

B(x) = Bo/ 11 ± Q•C(1)1 = Bo[l T Q C(s)],  (7) 

where G(t) is the video signal F(t) after passing through 
the network. A response of particular importance is ob-
tained when G(t) is the integral of F(t), so that 

B(x) = B0[1 ="1-- Q- F(1)].  (8) 

It is evident from (8) that for signals of small magnitude 
and of the proper polarity, integration of the video 
signal produces a true reproduction of the televised 
image superimposed upon a raster of ambient bright-
ness Bo. The contrast range of this image is obviously 
very limited. It should be noted that the desired in-
tegration may be performed by a standard uncom-
pensated sweep amplifier, or by the inherent integrating 
action of the television camera tube operating into a 
high-impedance circuit. 

(a) 

(b) 

(c) 

Fig. 2—Velocity reproduction of square-wave signal. (a) Signal super-
imposed on horizontal sweep voltage, (b) portion of expanded 
raster, and (c) resulting image. 

Let us consider that the video signal F(I) is the 
square-wave signal shown in Fig. 2(a). The resulting 
response shown in Fig. 2(c) closely approximates the 
derivative of the square wave superimposed on a raster 
of uniform brightness. If this square wave, however, is 
integrated, it becomes the pyramid wave shown in Fig. 
3(a) which produces the square wave of brightness re-
sponse shown in Fig. 3(c). It is evident that Fig. 3(c) is, 
to a first approximation, a true reproduction of the 
original square-wave video signal on a background of 
uniform brightness. The rasters shown in these photo-
graphs were synthesized by use of a standard oscillo-
scope and an auxiliary savvtooth generator. 

(b) 

(c) 

(a J 

Fig. 3—Velocity reproduction of pyramid signal. (a) Signal super-
imposed on horizontal sweep voltage, (b) portion of expanded 
raster, and (c) resulting image. 

IV. OVERLAP CONDITION 

Upon consideration of the basic principles of velocity 
reproduction, it is seen from (2) that when the magni-
tude of k•F'(t) is sufficiently large, the spot velocity will 
become negative. This will result in overlap of the re-
produced line, and the retraced portion of the line will 
receive more than one contribution of brightness in the 
course of a single line period. This overlap condition is of 
importance for the reproduction of two-tone subject 
matter such as printing, maps, and circuit diagrams. 
Velocity reproduction employing overlap is com-

pared with standard television reproduction of a verti-
cal black bar with a narrow test wedge in Fig. 4. Velocity 
reproduction of a standard television test pattern is 
shown in Fig. 5. This method of presentation results in 
the outlining of two-tone objects by a light band on one 
side and a dark band on the other side, so that only the 
outline of the televised object is visible. The width of 
these outlining bands is proportional to the magnitude 
of the video signal, and the relative positions of the 
bands are determined by the polarity of the video signal. 
The image has a unique embossed appearance although 
the original subject matter consists of two-dimensional 
material. 
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(b) (a) 

Fig. 4—Vertical black bar with narrow test wedge reproduced by (a) 
velocity modulation and by (b) conventional methods. 

by I Fig. 5—Standard test pattern reproduced velocity modulation. 

V. VELOCITY REPRODUCTION OF VIDEO BROADCASTS 

In order to observe velocity reproduction of typical 
television broadcasts, a 7-inch electrostatic-deflection 
television receiver was converted for velocity television 
reproduction. This conversion was accomplished by 
coupling the video signal into the grid circuit of the 

• horizontal sweep amplifier through a capacitor of two 
• micromicrofarads. The normal video input to the kine-
• scope was disconnected and care was exercised to re-
move all traces of intensity modulation. A 1,000-
micromicrofarad capacitor connected from the vertical 
sweep generator to the kinescope provided blanking 

• during the vertical retrace period. Fig. 6 is a photograph 
from a regular television broadcast received on this 

-44 converted receiver. Since differentiation is inherent in 
the velocity reproduction process, a considerable 
amount of detail is present despite the fact that the 
video signal was amplified by the uncompensated hori-
zontal-deflection sweep amplifier. 
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VI. SPURIOUS IMAGES IN STANDARD 
TELEVISION SYSTEMS 

This investigation indicates that spurious coupling 
between the video and deflection channels in a television 
camera or receiver will produce a velocity-modulated 
image superimposed upon the regular picture. A signal 
of 50 millivolts or less, spuriously coupled into the grid 
circuit of the horizontal deflection amplifier is sufficient 
to produce a halo effect which may be erroneously 
ascribed to excessive high-frequency peaking or to ghost 
images. This interference may be present in electrostatic 
or magnetic-deflection receivers due to improper design 
and construction or failure of component parts. Further-
more, stray voltages derived from the 60-cycle power 
system, the radio-frequency power supply, or the 4.5-
Mc intercarrier beat frequency, may produce velocity-
modulation distortion similar in appearance to that 
caused by stray voltages in the kinescope grid circuit. 
Although this paper is principally concerned with 

velocity modulation in the horizontal direction, it is also 
recognized that stray signals coupled into camera or 
receiver vertical deflection circuits will produce spurious 
displacement of _the scanning or writing spots in the 
vertical direction. 

VII. CONCLUSIONS 

It is felt that the principal importance of this in-
vestigation of velocity-modulation reproduction of video 
signals may be summarized as follows: 
1. One form of velocity reproduction imparts a three-

dimensional appearance to two-tone subject matter and 
may have some application for the reproduction of 
printed material and line drawings or for radar scope 
displays. However, the three-dimensional effect ob-
tained bears no direct relationship to the true three-
dimensional characteristics of the scene being trans-
mitted. 

Fig. 6—Velocity reproduction of scene from broadcast received from 
WSB-TV. This photograph shows some evidence of signal integra-
tion performed by the uncompensated sweep amplifier. 
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2. The observation of standard television broadcasts 
on a modified receiver indicates that an apparent im-
provement in resolution may be obtained by the use of 
the proper degree of velocity modulation in combination 
with beam-intensity modulation. 
3. This investigation indicates a type of picture dis-

tortion which may arise in standard television systems 
due to spurious signals coupled into the horizontal, or 
vertical, sweep circuits. 
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Use of Image Converter Tube for 
High-Speed Shutter Action* 

A. W. HOGANt, MEMBER, IRE 

Summary—The equipment described provides a means for ob-
taining high-speed photographs while utilizing a continuous light 
source. The device may be pulsed once for "one-shot" exposures or 
repetitively for motion pictures or stroboscope applications. The 
heart of the equipment is an image converter tube such as the 1P25. 
Images are impressed on the photocathode and the tube is pulsed 
electrically for a duration equal to the exposure time desired. The 
image will then appear on the fluorescent screen and may be viewed 
directly or photographed. 

I. INTRODUCTION 

HIGH-SPEED photography has found consider-
able use in the development of military pro-
jectiles, but the conditions under which these 

pictures have been taken are very limited. The need for 
a convenient means of taking such photographs has led 
to considerable research by various organizations into 
photographic methods. 

The absence of a mechanical shutter which would al-
low an exposure time in the order of one microsecond, 
at a predetermined time with respect to the projectile 
flight, has, to the present, made it generally necessary to 
eliminate the shutter action entirely and to depend 
solely upon a light flash of proper duration to give the 
desired exposure. In such a system, synchronization is 
accomplished by triggering the light at the desired time 
of exposure. The camera shutter is then open for a rela-
tively long time during which the film would become 

* Decimal classification: R339 X621.375.611. Original manuscript 
received by the Institute, April 21, 1950; revised manuscript re-
ceived, August 14, 1950. Presented, 1950 IRE National Convention, 
New York, N. Y., March 7, 1950. 

Naval Ordnance Laboratory, Silver Spring, Md. 

exposed by ambient light if preventive measures are not 
taken. This is generally accomplished by taking the pic-
tures at night or by providing lightproof enclosures for 
the camera and subject matter. 
The requirement of a darkened area for such a sys-

tem limits its use in many ways. This disadvantage has 
been overcome somewhat by use of the Kerr cell as a 
shutter. However, it also has its faults, the most im-
portant being its low light efficiency. The use of an 
image converter tube as a high-speed shutter gives ex-
cellent promise of results similar to those of the Kerr 
cell but with much greater light efficiency. 
Image converter tubes available at this time do not 

have 100-per cent light efficiency"'when used as high-
speed shutters. A tube developed especially for this pur-
pose could easily have a light efficiency exceeding 100 
per cent, which compares with an efficiency of less than 
50 per cent for the Kerr cell. 

Fig. 1—Image converter tube. 

4 
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II. EXPERIMENTAL RESULTS 

The model which has been used at the Naval Ord-
lance Laboratory in the experiments to be described, 
Iimakes use of the 1P25 image converter tube as shown 
1 in Fig. 1. This is one of the tubes used during World 
War II as part of the "Snooperscope" and "Sniper-
r scope," which were used for night observation with 
infrared sources of illumination. Such uses have been 
well described in recent magazine articles. The photo-
cathode, which was purposely made most sensitive to 
infrared light, is at the left end of the tube and the fluo-
rescent screen, which is a green phosphor, is at the right 
end. Fig. 2 shows how the tube is used to obtain high-

speed photographs. 

IMAGE ON FLuCIRESCENT 

SCREEN WAGE ON 
CATHODE 

LENS 

CAMERA • 

SUBJECT 

FLASH 
UNIT 

Fig. 2—Block diagram of photographic system. 

In operation, an image is focused upon the photo-
cathode by a conventional lens system. The tube is then 
energized by a high-voltage pulse which is equal, in 
duration, to the exposure time desired. The negative 
polarity of the pulse is connected to the photocathode 
and the positive polarity of the pulse is connected to the 
accelerator and focusing electrodes. The applied voltage 
will cause the electrons leaving the photocathode to 

a, impinge upon the fluorescent screen and thereby repro-
duce the image as it appeared on the photocathode. 

1 The image will remain upon the fluorescent screen for 
the duration of the pulse plus an additional period de-

!: termined by the persistence of the screen. The screen 
may be viewed as the action takes place or the image 
may be focused upon a photographic film. Hence, we 
have a device that may be used similarly to a conven-
tional light shutter, but it should be kept in mind that 
it is not exactly equivalent to a mechanical shutter or 
Kerr cell, because the light output originates from a dif-
ferent source than the light input. 
Fig. 3 shows a two-microsecond exposure taken of the 

edge of a wheel which is 9: inches in diameter and is 
rotating at 9,000 rpm. Obviously, this photograph does 
not prove that the exposure time was two microseconds, 
since a fifteen-microsecond exposure would have been 
sufficient, but the equipment exposure-time capabilities 
have been verified by other means such as photograph-
ing bullets in flight. 
Photographs of small objects have been taken using 

two-microsecond exposures. Shadowgraphs have been 
taken using one-half-microsecond exposures. The pres-
ent limitation upon conventional photographs (light 
being reflected from the object) is the difficulty in ob-
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Fig. 3—Revolving wheel, two-microsecond exposure. 

taming enough light for adequate film exposures for 
periods much less than two microseconds. 
Fig. 4 is a two-microsecond exposure shadowgraph. A 

light bulb, which has been painted black, is placed be-
tween the image converter tube and a strong light 
source. Fig. 5 shows the same light bulb being broken 

by a hammer. 
The image converter tube may be pulsed repetitively 

up to several thousand times per second. This lends it to 
stroboscopic use ind surpasses ordinary stroboscopes in 
high repetition rate as well as short pulse duration. A 
single photoflood lamp will supply ample light for stro-
boscopically viewing small objects with one-half-
microsecond pulses. The repetition rate, in combination 
with the screen persistence, results in a good light output 

Fig. 4—Two-microsecond-exposure shadowgraph of light bulb. 

Fig. 5—Two-microsecond-exposure shadowgraph of light bulb 
being broken by hammer. 
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1 

Marc) 

with much less subject lighting than required for "one-
shot" photographs. It is, therefore, most convenient to 
use the device as a stroboscope when photographing 
repetitive action. 

MAGE ON FLUORESCENT 
SCREEN 

I P 25 

OBSERVER 

{
I.A.:AGE ors, oikt  pc 

\- LENS 

LIGHT SOURCE 

SUBJECT 

H v PULSE  MULTIVIBRATOR 
CIRCUIT 

FREOUKNEONBC Y CONTROL 

Fig. 6—Block diagram of stroboscopic application. 

Thus far the basic principles have been indicated, 
showing how the tube may be used as a light shutter, 
but, in practice, further refinements are required to 
make the apparatus perform satisfactorily. 
It was first found necessary to prevent exposure of 

the photographic film by ambient light which leaked 
through the tube. These light difficulties were over-
come by using an infrared filter ahead of the tube, so 
that only infrared light was allowed to enter the tube 
and reach the film. This light was made harmless by 
the use of orthochromatic film, such as Eastman's Lino-
graph-Ortho, which is insensitive to red. Since the pho-
tocathode is peaked for infrared response, the addition 
of the filter causes very little loss in the intensity of the 
fluorescent output image. 
To obtain proper voltage distribution across the tube 

electrodes for short pulses, a voltage divider circuit 
was designed as shown in Fig. 7. With such an arrange-
ment, the voltage divider is effective on short pulses 
or continuous current. The condenser values are chosen 
so that their capacity, in combination with their respec-
tive electrode capacity, results in the proper apportion-
ment of the pulse voltage. The condensers do not inter-
fere with very long pulses or continuous operation, leav-
ing control, under such circumstances, to the resistors. 
By keeping the resistors and condensers to their mini-

C,14   C1,3 

ri  I, ,I  L.__ 

R 2 

+600W.  +4KV-.. 

R3 

CEI  CE2  CE3 

Ra 

Ei -114*-C 2 —4A-E 3  4 

ET 

Fig. 7—Voltage divider circuit. 

mum values, no defocusing has been experienced 
throughout the pulse range from continuous operation 
to one-half microsecond. The minimum value of the 
condensers is determined by the interelectrode capaci-
tance between the 600- and 4,000-volt electrodes. No ex-
ternal condenser is used across these points; hence, this 
capacity can be taken as a basis for computing the 
values of the other condensers. The minimum value of 
the resistors is determined by the power-output capabil-
ities of the pulse power source and the power-dissipating 
abilities of resistors suitable for the circuit. 
During early experiments, the pulse sources con-

sisted of high-voltage pulse-forming networks dis-
charged through hydrogen thyratrons. It was later 

found convenient to use a war-surplus radar modulator 
which has a choice of one-, one-half-, or two-microsecond 
pulse outputs. The magnetron was removed and a load 
resistor substituted for it. Practically the entire output 
of the modulator is dissipated in the load resistor since 
the image converter tube current is in the order of 
microamperes and its voltage divider draws only a few 
milliamperes. The modulator had the advantage over 

our simple pulse-forming networks of a superior square 
wave form. 

A square wave is required in order to obtain the maxi-
mum efficiency for a given exposure time. 

III. CONCLUSION 

The present stage of development, for the complete 
system, is limited by the resolution capabilities of the 
fluorescent screen (or its size) and the over-all light ef-
ficiency of the tube. It is fairly certain that a tube can 
be built with a larger photocathode and fluorescent 
screen to give good picture quality and it is also fairly 
certain that such a tube could have a much greater light 
efficiency than the 1P25. Therefore, it may be reason-
ably assumed that such a system can be developed to 
the point where one- or two-microsecond exposures can 
be taken, with good quality, using conventional lighting 
systems. 

The use of such a system shoukd considerably reduce 
the cost of projectile photography as well as provide a 
much more convenient means. It should also find appli-
cations in many instances where flash tubes are now 
used to stop action. It is also likely that uses will be 
found where flash tubes will provide all or part of the 
necessary illumination but where the image converter 
tube will be depended upon to "stop" the action. An ex-
ample of such an application would be a condition where 
there was appreciable continuous light but not enough 
for the desired exposure. In such a case, it may be most 
economical to supply the supplemental light with a 
flash tube having a duration relatively long when com-
pared with the exposure time desired. 

It is recognized that this device will not fill all the 
needs for high-speed photography or stroboscopic ob-
servation, but it is expected to be more convenient and 
economical in some applications and a valuable supple-
ment in others. 
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Access Time. (1) The time interval, characteristic of 
a memory or storage device, between the instant at 
which information is requested of the memory and the 
instant at which this information begins to be available 
in useful form. (2) The time interval between the in-
slant at which information is available for storage and 
the instant at which it is effectively stored. 
Accumulator. A device which stores a number and, 

upon reception of a new number, adds it to the previous 
4:ontents and stores the su m. 

• An accumulator may have properties such as shifting, 
sensing signs, clearing, complementing, and so forth. 

Nathaniel Rochester 
Willis H. Ware 

Accuracy. The quality of correctness or freedom from 
error. Distinguished from precision as in the examples: 
(a) " . . . this procedure measures the precision (re-

producibility) of the test, not its accuracy (closeness to 
the true value)." 
(b) A four-place table correctly computed is more ac-

curate but less precise than a six-place table containing 
errors. 
See also: Precision. 
Adder. A device which can form the sum of two or 

more numbers, or quantities, impressed upon it. 
Adder, Algebraic. See Algebraic Adder. 

• Reprint orders of this Standard, SO IRE 8.SI, may be purchased while available from The Institute of Radio Engineers, 1 East 79 Street, 
• New York 21, N. Y., at $O 75 per copy. A 20-per cent discount will be allowed for 100 or more copies mailed to one address. 
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Address. Information (Usually a number) which des-
ignates a particular location in a memory or storage de-
vice. 
Algebraic Adder. An adder which can form an alge-

braic sum. 
Amplifier, Torque. See Torque Amplifier. 
Analog (in computer work). A physical system on 

which the performance of measurements yields informa-
tion concerning a class of mathematical problems. 
Analog Computer. A physical system together with 

means of control for the performance of measurements 
(upon the system) which yield information concerning a 
class of mathematical problems. In an analog computer 
quantities are represented without explicit use of a lan-
guage. 
See also: Language. 
"And" Circuit. See Gate. 
Arithmetic Element. That part of a computer which 

performs an  operations. 
Synonyms: Arithmetic Organ and Arithmetic Unit. 
Arithmetic Organ. See Arithmetic Element. 
Arithmetic Unit. See Arithmetic Element. 
See also: Parallel Arithmetic Unit and Serial Arith-

metic Unit. 
Base (or Radix). See Radix (or Base). 
Binary Cell. An information-storing element which 

can have one or the other of two stable states. 
Binary-coded Decimal System. A system of number 

representation in which the decimal digits of a number 
are expressed by binary numbers. 
Binary Digit. A digit of a binary number. 

See also: Memory Capacity or Storage Capacity. 
Binary Number System. A number  stem which uses 

two symbols (usually denoted by "0" and "1") and has 
two as its base, just as the decimal system uses ten sym-
bols ("0, 1, • • • , 9") and the base ten. 

See also: Positional Notation and Radix. 
Binary Point. The radix point in the binary system. 
Block. A group of words considered as a unit. 
See also: Word. 

Break Point. A point in a program at which a special 
instruction is inserted which, if desired, will cause a 
digital computer to stop for visual check of progress 
during the initial checking of a problem. 

Buffer. (1) An isolating circuit used to avoid reaction 
of a driven circuit upon the corresponding driving cir-
cuit. (2) A circuit having an output and a multiplicit 
of inputs so designed that the output is energized when-
ever one or more inputs are energized. Thus, a buffer 
performs the circuit function which is equivalent to th(. 
logical "or." 

Bus (in computer work). One or more conductors 
which are used as a path for transmitting information 
from any of several sources to any of several destina-
tions. 

Carry. (1) A condition occurring in addition when the 
sum of two digits in the same column equals or exceeds 

the base of the number system in use. (2) The digit to 
forwarded to the next column. (3) The action of fc-
warding it. 

Cascaded Carry. A system of executing the carry pro. 
ess in which carry information can be passed on to plat 
(N+1) only after the Nth place has received carry i 
formation or has itself produced a carry. 

See also: Complete Carry, Partial Carry, Self-is 
structed Carry, Separately Instructed Carry and Stan( 
ing on Nines Carry. 
Cell, Binary. See Binary Cell. 

Character. One of a set of elementary symbols whic 
may be arranged in ordered aggregates to express info 
mation. 

Check Problem. A problem whose incorrect solutio 
indicates an error in the operation or programming of 
computer. 

Circulating Memory. A memory consisting of a mear 
for delaying information and means for regenerating ad' 
reinserting the information into the delaying means. 
Clear (verb). To restore a storage or memory devic 

to a prescribed state, usually that denoting zero. 
Clock, Master. See Master Clock. 

Code. (1) A system of symbols and rules for use i 
representing information. (2) Loosely, the set of char& 
ters resulting from the use of a code. (3) To expres 
given information by means of a code. 

See also: Language. 

Code, Excess 3. See Excess 3 Code. 
Code, Instruction. See Instruction Code. 

• Coded Program. A description of a procedure for solv 
ing a problem by means of a digital computer. It ma! 
vary in detail from a mere outline of the procedure to at 
explicit list of instructions coded in the machine's Ian 
guage. 
See: Program. 

Column. In Positional Notation a position correspond 
ing to a given power of the radix. A digit located in any 
particular column is a coefficient of a corresponding 
power of the radix. 
Synonym: Place. 

Command. One of a set of several signals (or groups 

of signals) which occurs as the result of an instruction; 
the commands initiate the individual steps which form 
the process of executing the instruction. 
See also: Instruction. 

Comparator. A circuit which compares two signals 
and supplies an indication of agreement or disagree-
ment. 

Complement. A number whose representation is de-

rived from the finite positional notation of another by 
one of the following rules: 

(a) True complement —Subtract each digit from the 
radix less 1, then add 1 to the least significant digit. 
executing any carries required. 

u, 
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Digital Computer. One in which information, numeri-
cal or otherwise, is represented by means of combina-
tions of characters in such a way that the number of 
distinguishable combinations is much greater than the 
number of distinguishable characters. Thus, a digital 
computer is one which makes explicit use of a language. 

See also: Language. 
Dispatcher (in computer work). That part of a digital 

computer which performs the switching determining the 
sources and destinations for the transfer of words. 
Double-Precision Number. A number having twice as 

many significant digits as are ordinarily used in a par-

ticular computer. 
Dynamic Sequential Control. A method of operation 

in which a digital computer, as the computation pro-
ceeds, can alter instructions, or the sequence in which 
instructions are executed, or both. 
Electrical Function Switch. See Function Switch. 
Electrostatic Memory. A memory device utilizing 

electrostatic charge as the means of retaining informa-
tion, involving usually a special type of cathode-ray 
tube together with associated circuits. 
Electrostatic Memory Tube. An electron tube in 

which information is retained by means of electric 

charges. 
Synonym: Storage Tube. 
Equation Solver. A computing device, often of the 

analog type, which is designed to: (a) Solve systems of 
linear simultaneous (nondifferential) equations, or (b) 

find the roots of polynomials, or both. 
Error. The quantity which is subtracted from a cal-

culated value to obtain the correct value. 
Error, Round-Off. See Round-Off Error. 
Error, Truncation. See Truncation Error. 
Excess 3 Code. A code for numerical data in which 

each decimal digit d is represented by the binary number 

(d+3). 
Extract Instruction. In a digital computer, the in-

struction to form a new word by juxtaposing selected 
segments of given words. 
Fixed-Point System. A system of number notation in 

which a number is represented by a single set of digits 
and in which the position of the radix point is not nu-

merically expressed. 
See also: Floating-Point System. 
Flip-flop. An electronic circuit having two stable 

states and ordinarily two input terminals (or types of 
input signals) each of which corresponds with one of 
the two states. The circuit remains in either state until 
caused to change to the other state by application of the 

corresponding signal. 
Floating-Point System. A system of number notation 

in which two sets of digits are used, the added set being 
included to denote the location of the radix point. 

See also: Fixed-Point System. 
Flow Diagram. A graphical representation of a se-

quence of operations. 

(b) (Radix —1)'s complement—Subtract each digit 
mm the radix less 1. 
• Complete Carry. A system of executing the carry 
)rocess in which all carries and any carries to which 
licy give rise are allowed to propagate to completion. 
See also: Cascaded Carry, Partial Carry, Self-in-
itructed Carry, Separately Instructed Carry and Stand-

ng  Nines Carry. 
Computer. A device which can accept information and 
iupply information and in which the supplied output 
nformation is derived from the accepted input informa-
tion by means of a process of logic. 
Note—"Process of logic": Any systematic process of 

Jerivation which is demonstrably free from self-contra-

iiction. 
Conditional Transfer (of control). In digital comput-

ing, an instruction which will, depending upon some 
property of a given number (or numbers), cause the 
-proper one of two other instructions to be executed. 
Control Circuits. The circuits of a digital computer 

which effect the carrying out of instructions in proper 
sequence, the interpretation of each instruction, and the 
application of the proper commands to the arithmetic 
element and other circuits in accordance with this inter-

pretation. 
Correction. The quantity which is added to a calcu-

lated value to obtain the correct value. 
Counter. (1) In mechanical analog computers, a means 

ior measuring the angular displacement of a shaft. (2) A 
device capable of changing from one to the next of a se-
quence of distinguishable states upon each receipt of a 

discrete input signal. 
The term Counter is in some cases used to mean Ac-

-. cumulator. 
• Cycle, Major. See Major Cycle. 
Cycle, Minor. See Minor Cycle. 
Cyclic Shift. An operation which produces a word 

• whose characters are obtained by a cyclic permutation 
of the characters of a given word. 
Decimal Number System. The method of positional 

notation using ten as the radix. 
See also: Positional Notation and Radix. 
Decimal Point. The radix point in the decimal system. 
Delay-line Memory. A type of circulating memory in 

which a delay line is the major element in the circulation 

path. 
See also: Circulating Memory. 
Delay-Line Register. An acoustic or electric delay-

) line, usually one or an integral number of words long, 
•4. together with input, output, and circulation circuits. 

Differentiator. A device, usually of the analog type, 
whose output is proportional to the derivative of an in-

put signal. 
Digit. One of a definite set of characters which are 

used as coefficients of powers of the radix in the posi-
tional notation of numbers. 
Digit, Binary. See Binary Digit. 
Digit, Sign. See Sign Digit. 

1: 
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Function Switch. A network or system having a num-
ber of inputs and outputs and so connected that signals 
representing information expressed in a certain code, 
when applied to the inputs, cause output signals to ap-
pear which are a representation of the input information 
in a different code. 
Function Switch, Many-One. A function switch in 

which a combination of the inputs is excited at one time 
to produce a corresponding single output. 
Function Switch, One-Many. A function switch in 

which only one input is excited at a time and each input 
produces a combination of outputs. 
Function Unit. A device which can store a functional 

relationship and release it continuously or in increments. 
Gate. (1) A circuit having an output and a multiplic-

ity of inputs so designed that the output is energized 
when and only when a certain definite set of input con-
ditions are met. In computer work, a Gate is often called 
an "and" circuit. (2) A signal used to enable the passage 
of other signals through a circuit. 
Half-Adder. A circuit having two input and two out-

put channels for binary signals (0, 1) and in which the 
output signals are related to the input signals according 
to the following table: 

Input  Output 
to from 

A B S C 

0 0  0 0 
01  10 
1 0  1 0 
1 1 0 1 

 >s 

(So called because two half-adders may be used to 
form one adder.) 

Holding Beam. A diffuse beam of electrons for re-
generating the charges retained on the dielectric surface 
of an electrostatic memory or storage tube. 
Input Equipment. The equipment used for introduc-

ing information into a computer. 
Inscriber. Input transcriber. 

Instruction. Information which, when properly coded 
and introduced as a unit into a digital computer,causes 
it to perform one or more of its operations. An instruc-
tion commonly includes one or more addresses. 
Instruction Code. A code for representing the instruc-

tions which a particular digital computer can execute. 
See also: Multiple-Address (Instruction) Code and 

Single-Address (Instruction) Code. 

Instruction, Extract. See Extract Instruction. 
Instruction, Transfer (of control). See Transfer (of 

control) Instruction. 
Integrator. A device whose output is proportional to 

the integral of an input signal. 
Language. A set of symbols, with rules for the combi-

nation of these symbols, which may be used to express 
information, such that the sum of the number of sym-

bols and the number of rules is much smaller than the 
number of distinct expressible meanings. 
See also: Code. 
Major Cycle. In a memory device which provides so 

rial access to storage positions, the time interval be-
tween successive appearances of a given storage posi-
tion. 

Master Clock. The primary source of timing signals. 
Memory. Any device into which information can be 

introduced and then extracted at a later time. The mech-
anism or medium in which the information is retained: 
commonly forms an integral part of a computer. 
See also: Storage. 
Memory Capacity. The maximum number of distin-

guishable stable states in which a memory device can 
exist is a measure of its capacity. It is customary to use 
the logarithm to the base two of that number as a nu-
merical measure of the memory capacity. In this casefr 
the unit of memory capacity is a binary digit. 
Memory, Circulating. See Circulating Memory. 
Memory, Delay-Line. See Delay-Line Memory. 
Memory, Electrostatic. See Electrostatic Memory. 
Memory Tube, Electrostatic. See Electrostatic Mem-

ory Tube. 

Minor Cycle. In a digital computer using serial trans-
mission, the time required for the transmission of one • 
word, including the space between words. 
Multiple-Address (Instruction) Code. An instruction 

in general consists of a coded representation of the op-
eration to be performed and of one or more addresses of 
words in storage. The instructions of a multiple-address 
code contain more than one address. 
Multiplier (in computer work). A device which has two 

or more inputs and whose output is a representation of 
the product of the signed magnitudes represented by the 
input signals. 

Notation, Positional. See Positional Notation. 
Number. (1) Formally: An abstract mathematical en-

tity defined by the rules governing the relations and 
operations to which it is susceptible. In this sense, a 
number is independent of the manner of its representa-
tion. (2) Commonly: A representation of a number as 
defined above, such as a "binary number," or a "deci- . 
mal number," or a sequence of pulses. (3) In a digital 
machine, a word composed only of digits and possibly 
a sign. 

Number, Double-Precision. See Double-Precision 
Number. 

Number System. Any system for the representation 
of numbers. 

See for example: Binary Number System. 
See also: Number and Positional Notation. 
Operand. A word on which an operation is to be per-

formed. 

Operation. (1) The activity resulting from an instruc-
tion. (2) The execution of a set of commands. 
Operation Code. That part of an instruction which 

designates the operation to be performed. 

t: 
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"Or" Circuit. See Buffer. 
Order. The term Instruction is preferred. See Instruc-

Organ. A portion or subassembly of a computer 
,lich constitutes the means of accomplishing some in-
(usive operation or function, as: Arithmetic Organ. 
Output Equipment. The equipment used for obtaining 
formation from a computer. 
Outscriber. Output transcriber. 
Overflow. (1) The condition which arises when the re-
It of an arithmetic operation exceeds the capacity of 
le number representation in a digital computer. (2) 
he carry digit arising from this condition. 
Parallel Arithmetic Unit. One in which separate equip-
,ent is provided to operate (usually simultaneously) on 
ie digits in each column. 
See also: Serial Arithmetic Unit. 
Parallel Transmission. The system of information 
-ansmission in which the characters of a word are trans-
iitted (usually simultaneously) over separate lines, as 
mtrasted to Serial Transmission. 
Partial Carry. A system of executing the carry process 
which the carries that arise as a result of a carry are 
ot allowed to propagate. 
See also: Cascaded Carry, Complete Carry, Self-
istructed Carry, Separately Instructed Carry, Standing 
a Nines Carry. 
Place. See Column. 
Plotting Board. A device which plots one or more 
ariables against one or more other variables. 
Point, Binary. See Binary Point. 
Point, Decimal. See Decimal Point. 
Point, Radix. See Radix Point. 
Positional Notation. One of the schemes for repre-
enting real numbers, characterized by the arrangement 
sequence of digits (symbols for integers) with the un-
erstanding that the successive digits are to be inter-
sreted as the coefficients of successive integral powers of 
number called the radix or base of the notation. 
The representation of a real number by the notation 

A„A i - - - A2/11/10.A_IA_2-   

fhich is an abbreviation for the sum 

E A Jr', 

vhere the . is called the radix point, the A i are integers 
OSIA ;I Sr) called digits, and r is an integer greater 
han one called the radix (or base). The signs of all of 
he A; are the same as the sign of the number repre-
en ted. 
In the decimal number system, the radix is ten and the 
adix point is called the decimal point. In the binary 
iumber system, the radix is two and the radix point is 
;ailed the binary point. 
For some purposes the system of notation has been 

noadened to include the case in which the radix as-

sumes more than one value in a single number system. 

In this case the notation 

A„Ao-i - - - A2A1/10.A_iA_2- - - A,, 

is an abbreviation for the sum 

--1 
E Ain r) + Ao + E Ai n 

ri 

Several such systems have been used. The biquinary 
system uses a radix which is alternately two and five for 
successive values of j. The quinary vicenary system uses 
a radix which is alternately five and twenty for succes-

sive values of j. 
For the names of various number systems, as char-

acterized by their radix, see Radix. 
Precision. Quality of being exactly or sharply defined 

or stated. A measure of the precision of a representation 
is the number of the distinguishable alternatives from 

which it was selected. 
See also: Accuracy. 
Problem, Check. See Check Problem. 
Problem, Trouble Location. See Trouble Location 

Problem. 
Program. (1) A set of instructions arranged in 

proper sequence to instruct a digital computer to per-
form a desired operation (or operations), such as the 
solution of a mathematical problem or the collation of a 
set of data. (2) To prepare a program (contrast with 
'to code"). 
See: Coded Program. 
Radix (or Base) (of the positional notation system of 

numbers). The integer of whose successive powers the 
digits of a number are the coefficients. 
Symbolically: • • • +a2r2+air+aor°+a_zr-'+a_zr-2 
• • • is written • • • azaiao.a-ia_z • • • where r is the 
radix and the a; are the integers 0 S- ai Sr —1. For ex-
ample, in the number r written in the common decimal 
system, we have: r =10; • • • az =al= 0; ao = 3; a_i =1; 
a_2=4 • • 
Synonym: Base. 
See also: Positional Notation. 
The adjectives used for describing various number 

systems, as characterized by their radices are given be-
low: 

Two 
Three 
Four 
Five 
Six 
Seven 
Eight 
Nine 
Ten 
Eleven 
Twelve 
Thirteen 
Fourteen 
Fifteen 
Sixteen 
Seventeen 
Eighteen 

Base or Radix Adjective 

Binary 
Ternary 
Quaternary 
Quinary 
Senary 
Septenary 
Octonary (loosely called Octal) 
Novenary 
Decimal 
Undecimal 
Duodecimal 
Terdenary 
Quaterdenary 
Quindenary 
Sexadecimal 
Septendecimal 
Octodenary 
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Nineteen 
Twenty 
Thirty 
Forty 
Fifty 
Sixty 
Seventy 
Eighty 
Ninety 
One Hundred 

Novendenary 
Vicenary 
Tricenary 
Quadragenary 
Quinquagenary 
Sexagenary 
Septuagenary 
Octogenary 
Nonagenary 
Centenary 

These terms are all either derived from the Latin dis-
tributives ("ary" endings) or ordinals-cardinals ("imar 
endings). The "ary" endings seem more logical and have 
been chosen except for ten and twelve, where the "imar 
usage is prevalent. In the other cases the "imal" word 
can be found in standard dictionaries while the "ary" 
word cannot. 
Radix Point. The index which separates the digits as-

sociated with negative powers from those associated 
with the zero and positive powers of the base of the 
number system in which a quantity is represented. For 
example, binary point, decimal point. 
Read. To extract information. 
Register. A device capable of retaining information 

which is usually a subset of the aggregate information 
in a digital computer. 
Register, Delay-Line. See Delay-Line Register. 
Register, Static. See Static Register. 
Resolver. Means for resolving a vector into two mu-

tually perpendicular components. 
Roll Out (verb). To read out of a storage device by 

simultaneously increasing by one the value of the digit 
in each column and repeating this r times (where r is 
the radix) and, at the instant the representation changes 
from (r —1) to zero: (a) generating a particular signal, 
or (b) terminating a sequence of signals, or (c) originat-
ing a sequence of signals. 
Round-Off (verb). To delete less significant digits 

from a number and possibly apply some rule of correc-
tion to the part retained. 
Round-Off Error. Error resulting from rounding off. 
Routine. A sequence of operations which a digital 

computer may perform, or the sequence of instructions 
which determine these operations. 
Scale Factor. (1) In analog computing, a proportion-

ality factor which relates the magnitude of a variable 
to its representation within a computer. (2) In digital 
computing, the arbitrary factor which may be asso-
ciated with numbers in a computer to adjust the posi-
tion of the radix point so that the significant digits oc-
cupy specified columns. 
Self-instructed Carry. A system of executing the 

carry process in which information is allowed to propa-
gate to succeeding places as soon as it is generated and 
without receipt of a specific signal. 
See also: Cascaded Carry, Complete Carry, Partial 

Carry, Separately Instructed Carry, Standing on Nines 
Carry. 
Separately Instructed Carry. A system of executing 

the carry process in which carry information is allowed 

to propagate to succeeding places only on receipt of 
specific signal. 
See also: Cascaded Carry, Complete Carry, Partia 

Carry, Self-instructed Carry, Standing on Nines Carry 
Sequential Control. The manner of operation in whict 

instructions to a digital computer are set up in sequenci 
and are fed consecutively to the computer during thf 
solution of a problem. 
See also: Dynamic Sequential Control. 
Serial Arithmetic Unit. One in which the digits of a 

number are operated on sequentially. 
See also: Parallel Arithmetic Unit. 
Serial Transmission. A system of information trans. 1 

mission in which the characters of a word are transmit. 
ted in sequence over a single line, as contrasted to Paral-
lel Transmission. 

Shift. Displacement of an ordered set of characterE 
one or more columns to the right or left. In the case in 
which the characters are the digits of a number, in a 
fixed-point digital computer, a shift is ordinarily equiva, 
lent to multiplication by a power of the radix. 
Shift, Cyclic. See Cyclic Shift. 
Sign Digit. A character used to designate the alge-

braic sign of a number. 
Significant Digits. The digits of a number can be or-

dered according to their significance: the significance of 
a digit is greater when it occupies a column correspond-
ing to a higher power of the radix. The significant digits 
of a number are a set of digits from consecutive columns 
beginning with the most significant digit different from 
zero and ending with the least significant digit whose 
value is known or assumed to be relevant. 
Simulation. The representation of physical systems 

by computers and associated equipment. 
Single-Address (Instruction) Code. An instruction in 

general consists of a coded representation of the opera-
tion to be performed and of one or more addresses of 
words in storage. The instructions of a single-address 
code contain only one address. 
Standing on Nines Carry.  system of executing 

the carry process in which it is sensed whether a carry 
into a given place produces a carry from that place: if 
so, the incoming carry information is routed around that 
place. 

See also: Cascaded Carry, Complete Carry, Partial 
Carry, Self-instructed Carry, Separately Instructed 
Carry. 

Static Register. A register which retains information 
in static form. 

Storage. (1) Any device into which information can 
be introduced and then extracted at a later time. The , 
mechanism or medium in which the information is 
stored need not form an integral part of a computer. (2) 
l'he act of storing information. 
See also: Memory. 
Storage Capacity. The maximum number of distin-

guishable stable states in which a storage device can 
exist is a measure of its capacity. It is customary to use 

i• 
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logarithm to the base two of that number as a nu-
rical measure of the storage capacity. In this case, 
1 unit of storage capacity is a binary digit. 
itorage Tube. See Electrostatic Memory Tube 

>ubprogram. Part of a Program. 
iubroutine. Part of a Routine. 
['cirque Amplifier. .A device possessing input and out-
,hafts and supplying work to rotate the output shaft 
,)ositional correspondence with the input shaft with. 
imposing any significant torque on the input shaft. 
Cranscriber. Equipment associated with a computing 
a chine for the purpose of transferring input (or out-
pt) data from a record of information in a given Ian-
rige to the medium and the language used by a digital 
cnputing machine; or from a computing machine to a 

vord of information. 
Transfer (of control), Conditional. See Conditional 
lansfer (of control). 
Transfer (of control) Instruction. An instruction 
viich (conditionally or unconditionally) causes the next 
iaruction word to be selected from a specified memory 

ration 
Transfer (of control), Unconditional. See Uncondi-
nal Transfer (of control). 

Trouble-Location Problem. A test problem whose in-
correct solution supplies information on the location of 
faulty equipment; used after a check problem has shown 

that a fault exists. 
Truncation Error. Error resulting from the approxima-

tion of operations in the infinitesimal calculus by opera-
tions in the calculus of finite differences. 
Unconditional Transfer (of control). In a digital com-

puter which obtains its instructions serially from an or-
dered sequence of addresses, an instruction which causes 
the following instruction to be taken from an address 
which becomes the first of a new sequence. 
Verification. The process of automatically checking 

one data typing or recording process against another for 
the purpose of reducing the number of human errors in 
data transcription. 
Volatile. The attribute of a memory device that in-

formation is lost in the event of a power interruption. 
Word. An ordered set of characters having a meaning 

and considered as a unit. Digital computers commonly 
use a fixed word length (that is, a fixed number of char-
acters) which is a characteristic of each computer. 
Write. To introduce information, usually into some 

form of storage. 

A Precision Decade Oscillator for 20 Cycles 
to 200 Kilocycles* 

CHARLES M. EDWARDS-f, MEMBER, IRE 

'‘URING THE PAST few years nu-
merous technical articles have been 
written on the subject of oscillator 

( tilts utilizing resistance-capacitance tun-
; elements. The more common types have 
en designated as bridge-stabilized,' paral-
T,2 or phase shift.' In most of these treat-
ents, the authors have praised the results 
iich can be obtained by resistance-

• Decimal classification: R355.913.1 X R355.914.3. 
iginal manuscript received by the Institute. Febru-
i, 24. 1949; abstract received. August 29. 1950. 
: f Formerly, Western Electric Company. Kearny. 
1 3.; now, Dynamic Analysis and Control Labora-
/ , Massachusetts Institute of Technology. Cam-
• ge. Mass. 

1 W. G. Shepherd and R. 0. Wise. "Variable-

uency  bridge-type  frequency-stabilized  oscil-

me,' PROC. IR E.. vol. 31, pp. 256-268; June, 

I43. H . H. Scott. 'A new type of selective circuit and 
e applications.' Pitor. IR E.. vol. 26, pp. 226-  
; February. 1938. 
5 E. L. Ginzton and L. M. Hollingsworth. 'Phase-
1ft oscillators,' PROC. I.K. E.. vol. 29, pp. 43-49; 

4 .bruary. 1941. 

capacitance tuning, namely, high frequency 
stability, good wave form, and constant 
output over a wide frequency range, but 
have made little mention of the frequency 
accuracy which could be expected. Some 
writers have estimated a few per cent as 
being realizable and there are available 
commercial units which are reliable to 
within 2 or 3 per cent. For some applica-
tions, frequency accuracy approaching 0.1 
per cent is required of oscillators operating 
in the audio- and carrier-frequency ranges. 
An RC-type oscillator with a frequency 

accuracy of 0.1 per cent over a range of 100 
cps to 100,000 cps has been developed for a 
testing application at Western Electric.' For 
the ranges of 20 cps to 100 cps and 100 kc to 
200 kc, the accuracy is 0.5 per cent. The 

The decade oscillator is similar in ty pe to the 51A 
Oscillator developed at the Bell Telephone Labora-
tories for use in field testing of carrier systems. 

OUTPUT 

PPC; H:E. 
•MPL WIER 

Fig. 1—Simplified version of basic circuit 
for decade-oscillator design. 

unit is composed of three sections: an RC 
oscillator, a power amplifier, and a power 
supply. 
Fig. 1 presents a simplified version of 

the oscillator circuit which consists of a 
two-stage amplifier with a resistance-
capacitance bridge circuit connecting the 
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output of 172 to the input of tube VI. The 
main tuning elements in the bridge are CI, 
C2, Re, and Rs, while Ce. and RI are fre-
quency-trimming elements. Thermistor 
is a negative-temperature-coefficient stabi-
lizing element and lamp Ra is a positive-
temperature-coefficient stabilizing element. 
The decade tuning in any one range is 

accomplished by three dials. Two of the dials 
have 10 values of resistors related on a 
decimal basis, with 100 to 1,000 cycles on 
the first and 10 to 100 cycles on the second. 
The third dial operates a linear potentiom-
eter for continuous variations between 0 
and 10 cycles. The hundreds decade dial 
has an additional position marked 0.1 cycle 
to provide for the 20-to-100 cycle range. 
When the resistors on one dial are added in 
parallel to those on another, the frequency 
is the sum of the dials as indicated by the 
following relations: 
with 

where 

and 

th,•n 

1—    and fs 1 = 
BRo2 

B  22rCo 

Ro = R1= R2, and Co = Ci = C2, 

f' =1  -1-f2  = 71-3 (Rio, 
Three ranges are provided through vary-

ing the capacitors CI and C2 by factors of 10 
to provide X 1, X10 and X100. An addi-
tional resistor is added in parallel to the 
main tuning resistors when the range dial 
is thrown to position X100+100 kc. 
Good tracking over the wide frequency 

range is accomplished by two trimming 
arrangements and a wide-band amplifier. 
A number of miniature rheostats,. indicated 
as Re. in Fig. 1, individually adjust each 
of the resistors on the hundreds and tens 
decades for trimming at the low end of the 
frequency range. Similarly, a number of 
miniature variable capacitors, labeled CI. in 
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Fig. 1, individually adjust the distributed 
capacity for each position on the hundreds 
and the tens decades for trimming at the 
high end of the frequency range. 
The wide-band amplifier has a gain of 

approximately 200 and is compensated for 
minimum phase shift at the high and low 
frequency ends of the range. The effects on 
the oscillator frequency of amplifier phase 
shift and gain are related by the following 
approximate expression: 

4.5 sin 0 

A 

where 
is =change in oscillator frequency f 
from bridge frequency f. 

0=amplifier phase shift, including 
that caused by the feedback 
capacitor 

A =gain of amplifier. 

In addition to good frequency tracking 
and stability, the bridge-stabilized oscillator 
has good amplitude stability. When the os-
cillator amplifier changes gain it is readily 
shown that the percentage change AR in the 
negative feedback ratio R./(R.+Re) is 

1  1 

Al  AR 

Thus for amplifier gain changes as great as 
100 per cent from 200 to 100, the amplitude 
of oscillations changes by only 0.5 per cent, 
when it is assumed that the resistance of 
the thermally controlled elements in the 
bridge varies directly in proportion to the 
voltages across them. In practice, it is found 
that the thermal elements vary as some 
power of the voltage output; therefore a 0.5-
per cent change in feedback voltage may be 
accomplished by as little as 0.2 per cent 
change in output. 
The power-amplifier portion of the unit 

utilizes negative feedback from the output 
transformer to the cathode of the input 
tube. The power-supply portion of the unit 
is arranged for operation on 115 volts, 60 
cycles and includes a VR-150 tube for regu-
lating the voltage supplied to the oscillator 
section. 

Marc 

Figs. 2 and 3 show the mechanical cos 
struction of the unit. Of special interest at 
the tuning decades in Fig. 3 showing the ai• 
rangement of main tuning resistors and sma 
trimming rheostats and capacitors. 
Performance results from the oscillate 

have been good. With monthly checkini 
frequency alignment can be maintained t 
within 0.1 per cent. Changes in line voltag 
from 105 to 115 volts cause less than a 0.1 
per cent change in frequency on any of th 
ranges. Including the output amplifier, th 
output level is constant to within 1 per cen 
over most of the frequency range and de 
viates by only 5 per cent at the extrem 
edges. Harmonic output is less than 1 pc 
cent over most of the range with the se( on 
harmonic increasing to about 2 per ( cut a 
the extreme edges. 

Fig. 3—Top view of decade oscillator 
showing tuning elements. 

Although the top frequency on this ci,.(11 
lator is 200 kc, the author feels that it shook 
be possible to design a resistance-capacitance 
oscillator, operating up to one megacy, le 
which is stable and has better than 1 pm 
cent frequency accuracy. In such an ap 
plication, extra care would have to be ex• 
ercised in wiring and mechanical stability 
Carbon tuning elements would probably be 
required for low phase angle at this high 
frequency. Therefore, with carbon elements, 
perhaps a constant-temperature oven might 
be necessary to maintain good frequency 
stability. 

Fig. 2—Front view of decade oscillator showing dials. 

at 
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The General Design of Triple- and 
Quadruple-Tuned Circuits* 
T. C. GORDON WAGNERt, ASSOCIATE, IRE 

Summary—Relatively simple formulas for the design of triple-
d quadruple-tuned circuits are developed for the circuit parameters 
icessary to produce a desired amplitude response. When using 
ese equations, the designer is given an almost arbitrary choice of 
-cuit Q's. An interesting condition is developed for the physical 

alizability of triple-tuned circuits. 

INTRODUCTION 

LTHOUGH the triple-tuned circuit has received 
considerable attention, particularly in the recent 
literature," the quadruple-tuned circuit has re-

!ived almost no attention. 
' The purpose of this paper is to establish concise de-
gn formulas for triple- and quadruple-tuned circuits. 
hese formulas are in a form which permits an almost 
-bitrary choice of circuit Q's and give virtually explicit 
alues for the coupling coefficients for a given band-
idth and peak-to-valley ratio. 
Previous analyses of the triple-tuned circuit make re-
:rictive assumptions on the Q's of the three resonant 
ircuits, so that the results are inflexible and often im-
racticable. As a result of these restrictions, previous 
uthors seem unaware of the condition 

I 1/Q3  1/Q11 > 1/Q2 

Arhich must be satisfied for a physically realizable de-

mer less complicated circuits may be seen in a compari-

The principal advantage of a multiple-tuned circuit 

on of the attenuation outside the pass band. The at-
enuation provided by a properly designed n-tuned cir-
uit is given approximately by 

(la) 

0 

vhere 

0.2 _...,-_ E ms. 2/ Emin 2  1 

s a constant defining the fluctuation in the pass band; 
aid 

xo = (f2 — fi)/fo (lb) 

Decimal classification: R141.2 X R142. Original manuscript re-
:eived by the Institute, September 21, 1949; revised manuscript 
-eceived, June 8, 1950. 
t University of Maryland, College Park, Md. 
Karl R. Spangenberg, "The universal characteristics of triple-

igesonant-circuit band-pass filters," PROC. I.R.E., vol. 34, pp. 624-
,529; September, 1946. 

3 Vernon D. Landon and Milton Dishal, Discussion on "Exact 
iesign and analysis of double- and-triple-tuned band-pass amplifiers," 
PROC. I.R.E., vol. 35, pp. 1507-1510; December, 1947. 
' Milton Dishal, "Design of dissipative band-pass filters producing 

desired exact amplitude frequency characteristics," PROC. I.R.E., 
vol. 37, pp. 1050-1069; September, 1949. 

• 

is the relative bandwidth; and 

x =  — foil  (lc) 

represents the departure from 

Jo = (fifs)t",  (1d) 

the center frequency. 

A SUMMARY OF DESIGN FORMULAS 

The notation employed is generally similar to that 
used in connection with tuned circuit analysis. In addi-
tion to the symbols defined by (la) through (Id) we 

define 

a = 1/Q,, b = 1/Q2, c = 1/Q3, d = 1/Q4, and 
2 a = 1 — Ernin 2/E„,„.2. 

The design formUlas which are to be established are: 

Triple-tuned circuit formulas 

2x03/a = M3 + 3x02M,  M = a  b  c, 

K122 =  [1 ± b/ (c — a)][M2f(a/M) + 0 .375cco], 

K232 = [1  bl (a — c)][M2f(c/M)  0.375x02], 

where, f(u) =- 0.50 — 0.25u+0.125. 
f(u) which is graphed in Fig. 2 is to be evaluated for 
u=aIM or bIM. The relation between a and M is 
graphed in Fig. 3. Attenuation out of pass band 

=4cr(x1x0)3. 

Quadruple-tuned circuit formulas 

x04/a = 0.171(M 2 +  x02)( 1/2 +  5 85 x02), 

M =a +b +c-Fd. 

[F(—d) — F(—a) 
(b — d)K344 — K342   

(a — d) 

(c — a)(a — d)(b — d)]-1- (c — a)F(— d) = 0, 

K122 = F(-61 )/[(c — a)(d — a) + K3421, 

[ (a — F( b)  — b) — F(— a) 
K 232 = K: 22(a b — c — d)]/(d — b), 

or, 

[F(—c)  — F(— d) 
K 232 =  (d — c) K 342(C  d — a — b)]/ (a — c), 

where in the above 

F(—P)=[M2.1.1(1 01)+0.854x021[M2f2(p/M)-1-0.1463xol. 
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and 

F(— p)—F(— q) 

(p—q)  • =I[p+q-0.29331][M 2f2(P/g)-1- M 2/2(0/M)+0.293 x02.1 

+ [p+q— 0.707M] [M2b(p/M)+ Wfi(q/M)+ 1.707 xo2], 

the two functions fi and f2 being given by 

fi(u) = u2 — 0.293u + 0.1463, 

12(u) = u2 — 0.707u + 0.1463. 

These functions which are to be evaluated for u=a/ M, 
b/ M, and so forth are graphed in Fig. 4, and the re-
lation between a and Al is graphed in Fig. 5. 
Attenuation out of the pass band = fice(X/X0)4. 

THE GENERAL ELECTRICAL EQUATIONS 

The type of circuit under consideration consists of n 
resonant loops coupled in sequence, that is, 

Z ia =  0, when (i, j = 1, 2, • • • , n). 

An alternative representation is n resonant nodes. In 
order to fix one's ideas, two typical circuits are shown 
in Fig. 1. If we let Det(Z„) be the impedance determi-

(a) 

(b) 

Fig. 1—Typical circuit configurations. (a) Triple-tuned circuit 
(b) Quadruple-tuned circuit. 

nant of a network of the kind illustrated in Fig. 1, we find 
by conventional loop-current analysis that 

(Z, a  12Z 23 • • ' Zn n+l)i0 E-1  = Det (Z,$), 

(r, s =- 1, 2, • • • , n),  (3a) 

where io is the current source, and E is the output volt-
age; Zol includes the impedance of the generator, and 
Zn n+1 includes the impedance of the load. 
We shall assume that the bandwidth is small enough 

so that 

A. The losses in each loop may be regarded as arising 
from a constant series resistance. 
B. The mutual impedances Zii(i j) are pure react-

ances and may be regarded as constant over the pass 
band. 

C. The n loops areal! resonant at the same frequency. 
Letting 

p = jx  (3b) 

we find that Det (Zr.) is a polynomial of degree n in t 
and 

n-2 

Ki0E-1 = p" + mp"-. + E aKpK F(p) (3C 

where K is a constant. 

THE GENERAL AMPLITUDE RESPONSE 

If we consider the absolute value of E, we see that 

K2/02 I El-2  = F(p)F(—p) =  (4111 

where G(x2) is an nth degree polynomial in x2. For till 
desired response the fluctuation of I El must be limited 
or for convenience 

1 5 .E.,../E1 2 5 1 + p.2,  when 0 x2 x02. 

a is a measure of the variation of I El across the past 
band. (a = 1 for example, corresponds to a 3-db varia• 
tion.) At the same time we want a response for which 
Emax/E1 2 is as large as possible outside the pass band. 
It may be shown that the nth degree polynomial in xt, 
which satisfies both these conditions, is unique and is 
given by 

Ey„„./E 12 = 1 a2 cos2 nck, where x = xo cos 4). (4b) 

The coefficient of x2n in (4b) is 4n-10.2/x02.. Comparing 
(3c) and (4a) with (4b) yields 

4IL 
xo2n 

F(p)F(—p) =   [1+ a2 cos2 nct]  G(x2). 4c) 
4 le 

The coefficients of F(p) depend upon the nQ's and the 
n-1 coupling coefficients. Equation (4c) leads to n 
relations for the 2n —1 circuit constants, so that n-1 
of them may be chosen arbitrarily and the remaining 
ones are then determined. For practical reasons it is 
usually convenient to let n —1 of the Q's be the natural 
Q's of the coils; the remaining Q (usually Qi or Qn) and 
the coupling coefficients are then determined from the 
design equations. 

THE DETERMINATION OF F(p) 

In order to solve (4c) for F(p), let 

Po = jxo cos 0 

be a particular root of F(p)= 0. Then we may write thei 
n roots as 

PK = COS (0 +  Kr/n), (K = 0, 1, 2, • • • , n — 1), (5a) 

for these are all roots of G(x2) -= 0, and the remaining 
roots are the negatives of (5a). We put 

n-1  n-1 

= = X0 E cos(o+ KT/n),  (5b) 

and find that 

M = jxo 

0 

sin (0 — r'2n) 

sin 2./ 2n 
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. (  w)1+2K 
' M= (Px -1-x)/2 sin   ) -I-N  sin (r2/n). (5d) 

2n 

ow calculation of 112 and (pK)(pn_i_K) reveals that 

(Pic)(P,-.1_1()= M2 sin2 r'211+ x02 cos2 (1+2K   T). (5e) 
2n 

follows that if n is even, we may resolve F(p) into 
uadratic factors as 

I/201-2)  + 2K 
H p2+2mp sin 21./2n sin   2n )  

1 + 2K  
+ M2 sin2 r 2n + xu2 C052  

2n 

(P) = 

(541)) 

.nd if n is odd, 

(Q) = (p + m sin -7-) 
2n 

r  (1 + 2K ) 
. H p2 + 2M p sin — sin 
IC=.0 2n  2n 

(1 + 2K  
+ M2 sin2  ,CO2 COS2 21:  2n  tr)]. (5f(2)) 

t remains to determine M. We note (5c) and 

o that 

dr, 

Al = 

1 

a 

sin2 n - = cos2 nO = — 1/a2 
2n 

r  1 
M sin — = jx, sin — sin' 4-) 

2n  a 

Xri 1 1  
sinh ( —  

r a 
sin — 
2n 

sinh 
En 

(M sin 3r/ 2n 
sinh' 

xo 

(5g(1)) 

(5g(2)) 

THE TRIPLE-TUNED CIRCUIT 

The response of a properly designed triple-tuned cir-
cuit may he obtained from (4h) as 

16,2x2( 3 9 
E.,../E 12= 1+   x4 _ x02x2_f__ x04). (6a) 

x06 2 16 

Referring to Fig. 1(a) and equation (3a), the electrical 
4equations become 

ZoI ZI2Z23Z34i0 E = /11/22/33 — /122/33 727 (6b) 

With the approximations implied by assumptions A, 
B, and C, we may write 

Z H = WoLII(P +a),  Z22 = 0, 01, 22(P + 01 

Z122= —K122042L11.1,22, 

281 

Z33 =  WOL33(P ±C), 

Z232 =-- — K 232C002L221, 331 

where 

P = ix,  a = 1/Q1,  b = 1/Q2, c = 1/Qa. 

Then (6b) takes the form 

zoizaci2K23 
i0E-1 = (p + a)(P + b)(P 

W O N /1411 L33 

Ki22(ft -1- c) + K232(p + a) = F(p). (6c) 

On the other hand, from (5f(2)) 

F(p) = (P + m/2)(P2 + imP + m2/4 + 3xo2/4). (6d) 

and equations (5g) become 

1 
M = 2x0 sinh (— sinh-' 

3 al•) 

2xe/a = M3 + 3x02M. 

We identify (6c) with (6d) so that 

_M = a + b + c, 

and putting p equal to -a and —c we find 

F(—a) 
K122=  =[1+b/(c—a)]U(a/M)M2-1--lx021; 

c—a 

K232= F(—c) = El 14/(a—c)j[f(c/ M)M2-1-1x02i; 
a—c 

where 

f(u) = u2 - tu + 

(6e(1)) 

(6e(2)) 

(6f) 

Equations (6e) through (6h) are a complete solution 
to the design problem, for the bandwidth xo, and a de-
termined M from (6e). Now two of the Q's may be al-
most arbitrarily chosen and the third determined from 
(6f). The coupling coefficients may then be found from 
(6g) and (6h). 
Two of the Q's may be chosen almost arbitrarily. In 

order to have a physically realizable solution, all of the 
Q's must be positive and the squares of the coupling 
coefficients must also be positive. This requires 

1  1  1 

Q3  QI Q2 

It is interesting to note that one solution 
very popular in the literature and assumes 

Qi = Qa 

blows up completely unless Q2 is identically infinite. 
It often happens in practice that the value of M that 

can be physically obtained is greater than that which 
would be permissible from the standpoint of allowable 
a. In this case, the realizable a may be determined from 
(6e(2)). The computations may be facilitated by a 

(6j) 

which is 
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Fig. 2—Design function for triple-tuned circuits. 

TRIPLE  TUNED CIRCUITS 
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Fig. 3—Flatness parameter for triple-tuned circuits. 

I 6 

graph of (6i). This graph and a graph of (6e) are shown 
in Figs. 2 and 3. 

THE CRITICAL AND UNDER-CRITICAL TRIPLE-
TUNED-CIRCUIT 

W e define a critical circuit as one in which the three 
peaks of the response merge. This design will yield the 
flattest response at resonance for a given attenuation 
anywhere off resonance. The equations already obtained 
may be modified by letting 

x0 - 0 0, CT - 0 0, x03/ 4ff  3P/8. 

We define under-critical circuits as those for which 

0 > .c02 > — AV/4 

In this case all the previous equations still apply. 

THE TRIPLE-TUNED GAIN BANDWIDTH PRODUCT 

We put p=o in (4c) and (6c). When I Zoll = 1/coo 
and Z34 = 1/04C33, we find 

Kj2 K23 

(12 — 11)E = jo ---
27rN/CII( 33 

47 
X —  • 
x02 

(7 

For a given response, K I2 K23 is a maximum when a= 
b= c = O. Then 

(f2  fi)E = 
in x3V 3(M2 -1-- x32) 

3,1 312  3x0 2 (7 

THE QUADRUPLE-TUNED CIRCUIT 

We proceed as in the case of the triple-tuned circui 
The electrical equations take the form 

ZO1 Z46 K12 K23 K34 
_ i0E- 1 

N al1 L44 

= (P  a)(P  b)(P  c)(P 

▪ Ki22(P  c)(P  d)  K232(p + a)(P 
• IC342(P a)(P Ki22K342. (8a 

On the other hand, from (51(1)) 

M 2 

R P) =  [p2 + (1 —  + 2 —(1 

x2+ °2   (1 4- Y2 I1 rp2  _‘ Alp  
2 /J L  2 

4f 2 (  0 ) x0 2 

±   2 1 2 + 2 (1 

while equations (5g) become 

M 2 =  (1  y 2) x0 2 [ v t 
1 

V2\ 

2 

N/2 

2 )] 

1 M 2 1 

= [(v 2 l'I[ 0 + 1.; 
xu-

•[( V 2 — 1) + N/2 + 11 

sh) 

9 

2 9 

where a2= 1 — E2,nir,/ E2„,.. 
We identify (8a) with (81)) so that 

M = a -1- b+c -1- d. (8d) 

Putting p equal to —a, —d, —b, and —c we find for 
K 342 and K 122, 

K 34 4 -  K 342 [ F( — — 1%(— a) 
— d)(a — d)  (c — a)(a — d)] (b  

F(—d)(c — a) 
= 0. (8e) 

(b — d) 

F(— a) 

(c — a)(d — a) ± K 34 2 

Vi22 — (8f) 
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/  ‘72\  + 1  V2 

114)  

for K232 we have the two formulations 

F(-b) - F(-a)  Ki22(b  a - c - d) 
I=   (a - b)(d - b)  (d - b) 

F(-c) - F(-d) K342(c  d - b - a) 
= (d - c)(a - c)  (a - c) 

facilitate computations in the above equations, we 

1)7 write 

(8g) 

(8h) 

(8i) 

mine M from (8c); then three of the Q's may be almost 
arbitrarily chosen and the fourth is determined by (8d); 
K 34 may be found from (8e), K 12 from (8f) and K 23 from 
(8g) or (8h). The calculations may be facilitated by 
graphs of (8k). These graphs and a graph of (8c) are 
shown in Figs. 4 and 5. The criteria for a physical solu-
tion iih form as simple as in the triple-tuned case have 
not been found; however, a physical solution may al-
ways be obtained by a sufficiently large value of a or d. 

10 

08 

06 

QUADRUPLE TUNED CIRCUITS 

04 

02 

0 02  04 06 OS 1 0 1 2 1 6 16 
. X  0/m 

Fig. 5—Flatness parameter for quadruple-tuned circuits. 

The design equations of critical quadruple-tuned cir-

cuits are obtained by letting 

Vi 1  V'2 3-2v'  
- 20u)   = u2 - —2 u - —4 • (8k) " xo -4 0, a  0, x04/ 8a -4 8 mo. 

Equations (8c) through (8h) are a complete solution 
the design problem. The bandwidth xo and a deter-
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7 

f, 

QUADRUPLE TUNED CIRCUITS 
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fl 

We define under-critical circuits as those for which 

1 /2 
0 > xo2 > - M2 (  -N, — - 

2  4 

and in this case all the previous equations still apply. 

TUNING PROCEDURE 

A discussion of multiple-tuned circuits would be in-
complete without a method of tuning. A procedure 
which is both a convenient method for tuning and for 
setting the coupling coefficients is the following: 
(a) All circuits except the first are completely mis-

tuned by short circuiting the coils L22, L33, L44. A vacu-
um-tube voltmeter is connected to the input and the 
first circuit is tuned for a maximum indication E. on 

the voltmeter. 
(b) The short circuit is removed from L22, and the 

second circuit is tuned for a minimum indication Eto• 

Then 

1 
=   

E.  1 + Ki22121Q2 
(9a) 

(c) The short circuit is removed from L33, and the 0 02 04 06  OS  10 

Fig. 4—Design functions for quadruple-tuned circuits,  third circuit is tuned for a maximum indication E„ 
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1 

11! 
I 

1 

then 

1 

1 + 
Ki22121Q2 

1 + K23V2Q3 

(d) The short circuit is removed fro m L44, and 

fourth circuit is tuned for a minimum indication 

then 

(9b) 

the 

Esa, 

Ed  1 
-  =   (9c) 
E. • 1 +   K122121422 

+ 
K232Q2Q3   

1  
1 + K34;23Q4 

All circuits are now in tune and the coupling coeffi-
cients have been measured. The only remaining prob-
lem is the removal of the voltmeter from the input cir-
cuit. One method is to take advantage of the fact that 
even when the voltmeter is disconnected all circuits but 
the first are in tune, so that the voltmeter may be re-
moved from the input and used as an indicator in the 
plate circuit of the output tube, the input now being 
retuned for a maximum indication. 

STAGGERED CIRCUITS 

The factorization of F(p)F(- p) given by (5f) has an 
interesting consequence. A 2n tuned response may be 
obtained by n double-tuned stages, and a 2n+1 tuned 
response may be obtained by one single-tuned stage and 
n double-tuned stages. All stages are centered at the 
same frequency, but are staggered with respect to band-
width. The equations (5f) through (5g) may be re-
garded as design equations for the general n for circuits 
of this type. For example, the quadruple tuned response 
may be obtained by two double-tuned stages with 

a + b = (1 - N/2/2)M, 

M 2 N/2 x02K   122 = -  -  t 2 )- ab,  (10a(1)) 
2  2  2   

c + d = * -2- M, 
2 

K 2 M2  (1  --‘/2 ) 1 -02 23 -  - + (1 -  - cd.  (10a(2)) - 
2  2  2  2 

The maximum gain backwidth product on a per-stage 
basis is given by 

(12 - fi)E - „  to (10b) 
kW V 1-• I „22C33C44 

This is approximately ./4/a times that obtainable with 
identical stages with the same over-all xo and a. The 
fact that one of the stages has a bandwidth which is 
wider than the over-all bandwidth is of advantage in 
some applications. For example, the first stage may be 
designed to pass both the video and sound components 
of a television signal. 

L33 =  16.7 Ah 

xo = 0.05 

Two SAMPLE CALCULATIONS 

In order for the reader to better understand the 
of the equations presented above, wc give the numen 
computations to design a triple-tuned and quadru 
tuned circuit to satisfy the following requirements: 
pass band of 15.6 to 16.4 Mc with the fluctuation ii 
to exceed 1 db, an interfering signal at 14 Mc, and 
input capacity and output capacity of 5 and 6 mm 
respectively. The plate resistance of the input tube 
4 X106 ohms. The Q of all coils is 100. 
(a) The Triple-Tuned Circuit. (Fig. 1(a)) 

L11 = 20 µh 

fo = 16 Mc. 

a = 0.01 + 2,000/4 X 105 

= 0.015 = 0.250M = 3xo 

b = 0.01 = 0.167M = 0.2xo 

Let c = 0.035 = 0.583M = 0.7x0, 

M = 0.06 = 1.2x0 

then R = 1670/(0.035 - 0.01) ohms 

R = 66.7 X 103 ohms 

(a - c) = 0.4x 

2/a = (1.2)3 + 3.6 = 5.33, 1 = 0.375  

The response is flat to 0.58 db. 

f(0.25) = 0.094  f(0.583) = 0.150 

K122 = (1 + 0.2/0.4)(1.44X0.094 + 0.375)x02 

= 0.765x02 I K12 =  0.875xo  = 0.0437 

K232 = (1 - 0.2/0.4)(1.44 X 0.154 + 0.375)x02 

= 0.298x02 I K23 = 0.546x0 = 0.0273  

with gm = 5 X 10-3 mhos, 

gain = g„,X,Ki2K23(40-/x03) 

= 5 X 10-3 X 1800 X 0.546 X 0.875 X 1.5 0.0: 
IL 

= 130. 

At 14 Mc x=0.267, hence attenuation of 14 Mc 
1.5 X (0.267/0.05)3= 228. 
(b) The Quadruple-Tuned Circuit. (Fig. 1(b)) 

LI, = 20 Ah. 

In = 16 Mc. 

L44 = 16.7 1.111. 

xo = 0.05 

a = 0.015 = 0.15M = 0.3x0 

b = 0.01 = 0.10M = 0.2xo 

C = 0.01 = 0.10M = 0.2.ro 

Let  d = 0.065 = 0.65M = 1.3xo 

R = 1670/(0.065 - 0.01) = 30 X 103 ohms 

M = 0.100 = 2x0 

1 
- = 0.171(4 + 1)(4 + 5.85) = 8.44, I  a = 0.11851. 
a 

(d - a) = 1.0xo 

(d - b) = 1.1xo 

(a - c) = 0.1x0. 
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"le response is flat to 0.06 db.  = 0.862xo2 I K12 = 0.93xo = 0.0465 I  

K232 = xo2(1.278 - 0.862 X 1.0)/(1.1) 

= 0.379xo2 I K23 = 0.615X0 = 0.03075 I 
10.15) 

/0.10) 

)0.65) 

'(-d) 

= 0.125 

= 0.127 

= 0.376 

12(0.15) = 0.061 

/2(0.10) = 0.085 

12(0.65) = 0.112 

= (4 X 0.376  0.854)(4 X 0.112 0.1465)xo4 

= 2.359 X 0.5945x04 = 1.401x04 

= (4 X 0.125  0.854)(4 X 0.061 + 0.1465)x04 

= 1.354 X 0.3905xo4 = 0.529x04 

= (4 X 0.127 + 0.854)(4 X 0.085 + 0.1465)x04 

= 1.362 X 0.4865x04 = 0.663x04 

- F(-a)  1.401 - 0.529 
  x03 = 0.872.1703 

1.0 

1 
= - (2)(0.25 - 0.293)(0.3905 ± 0.4865) x03 
2 

1 
+   2 (2)(0.25 - 0.707)(1.354 11..336622))xx03 

= - 1.278x03 

C314  K342x02 (0.872/1.1  0.1 )< 1.0) 

x04(1.401)(0.1)/(1.1) -= 0 

K ' = 0.7135xn2 K34 =  0.845x0 = 0.0425 

- Ki22 = x02(0.529) "(0.7135 - 0.1) 

Discussion on 

If L22 =  L33 = 5 Ali, 

C23 = (20 mmfd)/0.03075 = 650 nunfd. 

With g,„ = 5 X 10-3 mhos 

Gain = gmX,K121‘23K34(8a/xo4) 

= 5 X 10-2 X 1800 X 0.93 X 0.615 

X 0.845 X 0.95/0.05 = 83. 

At 14 Mc, the attenuation is 0.95 X(0.267/0.05)4= 775. 

CONCLUSION 

We have concerned ourselves, in this paper, with the 

design of multiple-tuned circuits for optimum amplitude 
response. One might think that better practical results 
would be obtained with flat designs. The opposite is 
actually the case. A small a requires a large (M/x0) and 
consequently large coefficients for F(p), but all the 
coefficients of F(i5)F(-12) with the exception of the 
constant term are independent of o-. Thus the effect of 

reducing a is to require that the differences of large 

numbers be small numbers. 
The design equations for the electrical parameters are 

expressed in terms of the invariant F(p), so that these 
.equations apply in form for any desired response char-
acteristics, it being only necessary to determine the ap-

propriate F(p). 

"Properties of Some Wide-Band 
Phase-Splitting Networks"* 

DAVID G. C. LUCK 

Frederick E. Bond' : While reading the paper entitled 
"Properties of some wide-band phase-splitting net-
works," by David G. C. Luck, it appeared that there 
might be a simpler mathematical procedure for deriving 
the relationship between deviation from 90° phase differ-
•ence and the ratio of the maximum and minimum fre-

lquency. 
Specifically, consider equation (6) in the above-men-

tioned paper, which expresses the tangent of half the 

IRE., vol. 37, pp. 147-152; February, 1949. 
' Coles Signal Laboratory, Red Bank, N. 1. 

phase difference as a function of the circuit Q (as de-
fined therein); the quantity r (the square root of the 
ratio of 12 to fi) ; and fo (the geometric mean of ft and f2)• 

Q [(f  rf 
rfo f.) _  (r ff r.)] 

rffo ) Crf"_ _ 10) 

The nature of this function suggests the following 

change of variables: 

tan = 
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Let 

and 

f/fo = ei  (1) 

r = 

Then the above expression becomes 

4Q sinh y cosh x 
tan -1-4, — 

1 — 4Q2(cosh2 y — cosh2 x) 

Now when f =fo, x= 0. Therefore 

4Q sinh y 
tan ilk() =   

I —  4Q2 sinh2 y 

Combining (3) and (4) 

tan -1-1/. 

tan Wo 

where 

4Q2 
Af =   

cosh x 

1  M sinh2 x 

4Q2 

1 — 4Q2 sinh2 y  1 y 
1  

r 

(2) 

(3) 

(4) 

(5) 

(6) 

Note that M is equal to sin2 ia where a is defined in 
equation (11) in the paper under discussion. In equation 
(5) we have the phase difference expressed as a function 
of 11,0 (its value at the mean frequency fo); x which is 
equal to loge f /Jo; and M, which is a function of the cir-
cuit parameters Q and r. 
In order to find the location of the maxima and min-

ima for the ratio tan 10/tan ilk setting the first deriva-
tive of equation (5) equal to zero yields 

4_ V 1 — 2M 
sinh x = 0, (7) 

Equation (7) shows immediately that in order to real-
ize the double humps in the curves shown in Fig. 4 of 
the article in question, M must be less than 1/2 and 
greater than zero. 
To find the values of tan Ilk— substituting (7) in (5) 

yields 

tan 40„,  1 

tan ilko 2-VM(1 — M) 

Now to determine the maximum deviation of phase 
difference from the average value, 

sin 4(4'. — 00) = 
sin 4(0. + 00) 

tan 40. 
1 

tan iiko 

tan 14,n, 
  + 1 
tan 400 

1 — 2VM(1 — M) 
. • 

1 + 2‘./21/(1 — M) 

(8) 

(9) 
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For the quadrature case, then 1/2(0„,-1-0o) = 90° a 

1 — 2VM(1 — M) 
sin 4(4'm — #o) = 

1 2 07(1 — M) 

The find frain and fm , i.e., the frequencies at whi 
tan ilk =tan ilko, thus representing the maximum bar 
spread for a deviation of 4(1/,„,-4/0), equate (5) to unit 
Then 

cosh x = 1, 

The first value of course refers to f =f0 where x=0, 
The second value refers to both fol.: and /mi ., since cosh 
x is an even function of x and x has logarithmic sym-
metry with f. 
From (11) 

Cr = = 
Jo 

1 — M + .‘,/1 — 2M 

The expression in (12) with the positive 
refer to foni . since it is always greater than 
using the negative sign. Therefore 

frnax 

= 
min 

ffnEIX 

J o 

frn in 

Jo 

(12) 

sign must 
the val ue 

1  —  M \ 1 — 2M 
1 — M — 1 — 23! 

(13) 

Using corresponding values of M in equations (10) 
and (13), the desired relationship between maximum 
deviation and frequency spread can be obtained and the 
values in Fig. 6 of Dr. Luck's paper can be checked. 

David G. C. Luck': The interest which has led Mr. Bond 
to work out an alternative to the methods used in my 
paper is greatly appreciated. 
Introducing the substitute variables ?I and a, by equa-

tions (9) and (11) of my paper, I stated that this was 
done quite arbitrarily. The same statement applies also 
to the introduction of 0 and p by my equations (13) 
and (18). Various other arbitrary substitutions could, 
of course, have been used instead. 
Mr. Bond chooses to use cosh x wherever I used 

cosec  vm where I used sin la, and sinh 7 where I 
used cot p. These seem to me to be purely matters of 
personal preference. There is no need to justify by logic 
either his preference or mine. Mr. Bond also chooses to 
stop short of my final substitution (13), which in his 
notation would be 

tan 40 = V1 —M M cosh x. 

2 RCA Laboratories Division, Princeton, N. J. 

(A) 
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is final expression (5) for the phase difference-versus-
Nuency characteristic is essentially my equation (12), 
fth x and M substituted for my n and a. This is again 
rgely a matter of preference and, as Mr. Bond has 
own, the essential results can be derived readily from 

s expression. 
It is certainly I‘Ir. Bond's right to make his calcula-
Dns in any self-consistent way he chooses. However, 
t cannot quite agree that it is simpler to determine 
aximum and minimum properties by the formal 
-ocesses of taking derivatives, equating them to zero, 
'id substituting back the results, than to determine 
iese properties by inspection, in the light of common 
nowledge of the shapes of trigonometric functions. 
[either can I agree that it is simpler to compute nu-
ierical results from Mr. Bond's quadratic expressions 
5), (7), (8), (9), and (10) than to pick such results 
mdy-made from the nearest trig table, with the aid of 
4y expressions (13), (14), (15), and (16). 
Unfortunately, I have not been able to find any really 
Dnvenient expression for fin./frni.; for comparison with 
Ir. Bond's equation (13), my notation offers, 

fr„.. (  1 ± vicos a y 
frnin \ 1 — N/cos ) 

(B) 

Also, for slide-rule computation, my expressions (17) 

and (18) can be written as 

and 

= -Vcos 
Q  

2 cos N o 
sin lo•  (C) 

-Vcos 
tan p =  sin la. 

sin 14,0 
(D) 

The intermediate variables n and a (or x and y), 
which disappear from my final expressions, have the vir-
tue of avoiding quadratic solutions in the inverse cal-
culation of frequency ratios from desired phase-differ-
ence characteristics. If one accepts computation of 
quadratic forms anyway, Mr. Bond's x and y seem to 
lose much of their utility. My introduction of n was 
based, however, on the further supposition that the 
graphical form of a cosecant is more generally recognized 
than that of Efo-l-fo/f, which cosec n replaces. The 
same justification might apply to Mr. Bond's use of 
cosh x, if he wishes to derive results, by inspection, 
from the graphical shapes of known functions. 

CORRECTION 

Albert S. Richardson, Jr., author of the paper "The remainder theorem and 
its applications to operational calculus techniques," which appeared on pages 
1336-1339 of the November, 1950, issue of the PROCEEDINGS OF THE I.R.E., 
has brought the following errors to the attention of the editors: 
On page 1337, the last three terms of equation (4) should read 

Kiesle  K2e82,1  + • • • + Kgesqqt 

instead of 
K2es2,, . . . Kqesqq,. 

Also on page 1337, the right-hand side of the last equation on this page should 
read 

instead of 

[e+sgqi _ 11 

[e-sipo - 1], 
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ceived the B.S. degree in electrical engineer-

ing in 1943 from 
Washington Univer-
sity in St. Louis. He 
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he is now continuing graduate studies. He 
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ception Research Project at the UniN ersity 
since 1946. He is a member of Sigma Xi. 

JOHN L. GLASER 

In 
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poration of America. 
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Technology.  Mr. 
Honnell was on the 
engineering staff of 
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from 1930 to 1936, 
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of the Pan American Airways at Miami. He 
started as an instructor of electrical en-
gineering at Georgia Tech in 1937, and ad-
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courses in 1945. 
In addition to his regular teaching duties 

during  the war,  Mr.  Honnell  taught 
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radar school, under the ESNI WT program. 
He has been a faculty research associate of 
the Georgia Tech Engineering Experiment 
Station since 1944. 
Mr. Honnell  is a member of the 

American Institute of Electrical Engineers, 
the National Society of Professional En-
gineers, Tau Beta Pi, and Eta Kappa No. 
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Alsede W. Hogan (S'41-S'43-M'49) was 
born on March 31, 1918, in Sumrall, Mass. 
After receiving the B.S. degree in electrical 

engineering in June, 
1941, from the Uni-
versity of Texas, he 
was employed by the 
National  Advisory 
Committee for Aero-
nautics to design, and 
supervise  electrical 
installations for the 
Altitude Wind Tun-
nel  at  Cleveland, 
Ohio. 
•  Upon completion 
of that project, he 

joined the RCA Victor Division at Lancas-
ter, Pa., as a standardizing engineer for 
cathode-ray tubes. In 1944 he received a 
commission in the Naval Reserve and served 
as a sonar specialist at various shipyards. 
Upon leaving the Navy he was employed 
by the U. S. Naval Ordnance Laboratory at 
Silver Spring, Md. Mr. Hogan is now head 
of the Systems Section of the Guided Mis-
siles Division. 

ALSEDE W. HOGAN 

F. J. Kerr (A'43-SNI'49) was born at 
St. Albans, England, on January 8, 1918. 
He received the B.Sc. degree from the Uni-

versity of Melbourne 
in  1937,  and  the 
M.Sc. degree in 1940. 
Since 1940 he has 
been with the Divi-
sion of Radiopliysics 
of  the  Common-
wealth Scientific and 
Industrial Research 
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ney, Australia. Dur-
ing the war he was 

F. j. KERR  engaged in the de-
velopment of radar 

antennas and other equipment, and in 
studies of superrefraction. Recently he has 
been working in radio astronomy. He is at 
present spending a period at Harvard Col-
lege Observatory, Cambridge, Mass., study-
ing solar problems. 

Walter H. Kohl (A'35 -M'39-SN1'43) was 
born in Kitzingen, Bavaria, Germany, on 
January 22, 1905. He received his higher ed-
ucation at the Technische Hochschule in 
Dresden, specializing in engineering physics. 
In 1928 he graduated with the degree of 
Dipl. Ing., and in 1930 completed his post-
graduate work with the degree of Dr. Ing. 

Immediately afterward, Dr. Kohl mi-
grated to Canada and joined the Rogers 
Radio Tube Company, Ltd. in Toronto, 

Ontario, late in 1930, 
as a development en-
gineer.  He  stayed 
with that compan 
until 1945. Dunn 
this  time  he a 
vanced  to  proj 
engineer in 1941, 
chief engineer, vic 
president,  and  d 
rector in 1944. Hi 
activities covered a' 
wide field. He was a 
co-worker  on  de-

velopment of the first cathode-ray tubes in 
Canada (1933); introduced a new process 
for the application of luminescent screens. 
(1935); and demonstrated the first electron 
microscope pictures of oxide cathodes and 
metal surfaces in Canada (1934). This led 
to his part-time appointment as a special 
lecturer in electronics at the McLennan 
Institute of the University of Toronto 
(1935-1940) and to his work on the develop-
ment of the first electron microscope on I his 
continent. Dr. Kohl published a book, "The 
Electron, Microscope," jointly with E. F. 
Burton in 1942 (2nd ed., Reinhold Publish-
ing Corporation, New York, N. Y., 1946. 
During World War 11, he worked on the 

production of kly-trons, 'FR tubes, power ; 
triodes, and special receiving tubes con-
tracted for the Canadian and British Armed 
Services. He introduced glass-to-metal seals 
by induction heating to pilot plant produc-
tion (independent of earlier developments by 
others) and was responsible for engineering 
administration. 
In November, 1945, Dr. Kohl joined the 

research division of Collins Radio Company 
in Cedar Rapids, Iowa, to set up a vacuum-
tube laboratory for the further development 
of resnatrons and other high-power tubes. In 1 
1949 he was appointed Consultant to the I )i-
rector of Research. He has just completed 
the manuscriptsfor a book entitled "Mate-
rials Technology for Electron Tubes," to lie • 
published in 1951 by Reinhold Publishing 
Corporation, New York, N. Y. 
Dr. Kohl was Chairman of the Papers 

Procurement Committee of the Cedar Rap-
ids Section of the IRE during 1950 and 
Chairman of the Toronto Section in 1937. 
He is also a member of the British IRE, the 
American Physical Society, the American 
Association for the Advancement of Science, • 
the Electron Microscope Society of America. 
and the Iowa Academy of Science. He rep-
resents his company at the American Society 
for Testing Materials %%here he has been a 
member of Committee 13-4, Subsection 8 on 
Cathodes, since 1945. 

WALTER H. KOHL 
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the sponsorship of the school of electrical 
engineering and the Experiment Station of 
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cial motor division of the Emerson Electric 
Manufacturing Company, St. Louis, Mo. He 
served as instructor in electrical engineering 
at Oklahoma Agricultural and Mechanical 
College in 1936 and 1937, and in the same ca-
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ment and design of geophysical equipment, 
1938 to 1942; Knapp-Monarch Company, 
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Definition of Information* 

During recent years a statistical theory 
of information has been developed by Shan-
non and others.'-6 In this theory the amount 
of information conveyed by a message is de-
fined in terms of the set of possible messages 
with their appropriate probability measure 
For the case of communication in the pres-
ence of noise, the received information de-
pends on the transfer probabilities between 
the possible transmitted and received me-
sages. If p(x, yl is the probability that 
message x is transmitted and message y 
received, then, according to the formula 
proposed by Shannon. the rate of informa-
tion transfer is 

PO", 39 R = f f x, [ - - --]d rdy, (1) 
p(x)q(y) 

where p(x =Ip(x, y,dy, and q(y) =fti(x. 
y)dx. The theory of information deals with 
the problem of maximizing this rate of in-
formation transfer, given certain physical 
restrictions. 

As it is onceivable that a different defini-
tion of information might lead one to differ-
ent criteri.t for conimunication-link design, it 
seems desirable to examine the uniqueness of 
the definition. The basic defining postulate 
which the author proposes that the definition 
of R should satisfy is that R is invariant under 
any tran4ormation of x and y that merely 
amounts to a relabeling of the message sym-
bols. In other words, if we consider the ar-
bitrary transformations, w (x) , z=f(y1 . 
(with f the same function in both cases), 
and calculate the resulting distributions for 
w and z, then the value of R computed on 
this new basis should be the same. It can be 
verified that if R is defined as in (1) the pos-
tulate is satisfied. Can the definition of Rbe 
modified in a nontrivial way without violat-
ing the postulate? By embedding (I) in a 
certain class of possible definitions it can be 
shown that, at least for this class of defini-
tions, (1) is the only admissible one. The class 
of definitions chosen was 

R =-• ffq(y)[Firix), x) 

F(/),(x), x)Jdxdy,  (2) 

where p„(x I is the conditional probability 
that x was traii.mito2.1 if y was received. 
F= F(u, t,) is a function of two real variables 
to be chosen in such a way that the funda-
mental postulate is satisfied. It can be 
shown that with the usual continuity-type 

• Received by the Institute. September 14. 1950. 
R. M. Fano. 'The Transmission of Information.' 

MIT Res. Lab. El.. Tech. Rep. 65, March 17. 1949. 
1 S. 0. Rice . 'Communication in the presence of 

noise.' Bell .Sys. Tech. Jour.. vol. 29. pp. 60-93 ; Janu-
ary. 1950. 

C. E. Shannon. 'A mathematical theory of com-
munication.' Bell Sys. Tech. Jour., vol. 27. pp. 379-
423. 623-656; July and October. 194R. 

C. E. Shannon. •Communication theory' of se-
crecy systems." Bell Sys. Tech. Jour., vol. 28, pp. 656-715; October. 1949. 
I C. E. Shannon. 'Communication in the presence 

of noise,' PROC. IRE., vol. 37. pp. 10-21 ; January. 1949. 
@ N. Wiener, 'Cybernetics, _kiln Wiley and Sons, 

Inc.. New York. N. V.. pp. 74-81 ; 1948. 

assumptions F(u, v) = ulnu is the only possi-
ble selection within an arbitrary multiplica-
tive constant, this choice leading to the 
expression (1) for R. Details of the deriva-
tion will be submitted to a mathematical 
journal. 

EDGAR REICH 
The Rand Corporation 
Santa Monica, Calif. 

Ascertaining the Critical Servo 
Gain* 

One of the basic problems in sen-o-
mechanism work is finding the critical sys-
tem gain or gains from the system deter-
minental equation that will produce instabil-
ity. In this letter I hope to show a simplified 
method for determining these gains. 
The general form of the determinental 

polynomial is 

.5̂  A - A .-:S"-2 • • • +.4 0=0.  (1) 

Now the coefficients of the S terms (.4,--1 
to Ao) are functions of the variable gain K. 
whose critical values we should like to ascer-
tain. Equation (1) may be factored as in (2) 
into a number of quadratic factors, and one 
first-order factor if n is odd. 

(Ss +  St)(S2 cloS  th) • • • 

(S2 crtS  eh) (S. + 6) = 0. (2) 

At a critical gain, the coefficient of the first-
degree term of S in one quadratic factor 
must vanish, and the constant term in that 
factor must he greater than zero. Then (21 
takes this form: 

• 
• 

(S2 + cooS  do)(S -I- 6) -= 0. th > 0. (3) 

The algebraic expansion of (3) yields the 
characteristic equation of a servo system at 
a critical gain whose frequency of sustained 
oscillation is Vz11/211-. 
Example: To illustrate what has been 

developed, let us take the following deter-
minental equation, and find the K necessary 
to cause sustained oscillations: 

S4+ 255S2+ 18,350S2± 285,000S+ K = 0. (4) 1 

From (3), the factors of (4) can be written 
so: 

(S I+ 01)(S'  croS  ft,) = 0 i(31 > 0. (5) 

whose algebraic expansion is 

.14 a2S' f- (h+ th)S' a S filth= O.  (6) 

Expression (6) is then the characteristic 
equation of any system, at a critical gain, 
having a fourth-degree determinental equa-
tion. We may now equate coefficients of like 
powers of S in (4) and (6) to obtain the fol-
lowing simple set of simultaneous equations: 

• Received by the Institute. November 10. 1950. 
I G. S. Brown and D. P. Campbell. 'Principles 

of Servo-Mechanisms.• John Wiley and Sons, Inc.. 
New York. N. Y.. page 377. problem 4; 1949. 

at = 255  ailh = 285,000 

,+8 = 18,350 t91/31 = K. 

The critical system gain is then 193,000, an. 
the frequency of sustained oscillation is 5.3 
cps. This method may also be applied if i 
is desirable to find the critical value of som 
variable system component that uouli 
cause sustained oscillations. 

ARTHUR SCFILANI 
305 Linden Blvd 
Brooklyn, N. Y 

Telepathic Communication* 

A discussion of the possibility of tele 
pathic communication' in other publica 
tions,2 more recent speculation in your page 
regarding remote control of mechanis 
through reception  and  amplification d 
"brain waves, -3 and "comments on 'psychi-
cal physics'  raise the intriguing questioo 
among those trained in the physical sciences 
as to the possible mechanisms by which such 
communication could take place. In this 
connection the writer suggests that the fol-
lowing lines (written in November, 1949) are 
appropriate considerations at this point. 
Without attempting to question the 

validity of the data which Rhine and others 
have interpreted as demonstration of tele-
pathic communication, it can be stated that 
such communication, if it does take place, 
must involve a transfer of energy, since en-
ergy in some form is required to activate the 
brain cells. 
All methods of transmitting intelligence 

presently known involve some sort of wave 
motion, either in a physical medium or as 
electromagnetic radiation. Since a most 
noteworthy feature of all cases of reported 
telepathic communication is the absence of 
any effect of distance or physical barriers, 
the first category must be rejected. The 
electromagnetic spectrum, on the other 
hand, has been reasonably well explored from 
less than one cycle to at least 101' cycles per 
second with nosreported cases of telepathic 
"interference. - However, if electromagnetic 
radiation, and not some hitherto unknown 
means of energy transfer is to be postulated 
as the mechanism for telepathy, it should 
be sought in the extreme hyperfrequency 
range, as the following considerations will 
show. 
It is well known in the communications 

field that the rate of transmission of intelli-
gence in a uniform noise space is directly 
proportional to the bandwidth. Shannon' 

• Received by the institute. October 2. 1950. 
M. Goldsmith. 'The 112th annual meeting of the 

British Association for the Advancement of Science." 
Science, p. 523 ; November 18. 1949. 

1 J. Rhine. 'New Frontiers of the Mind.' Farrar 
and Rinehart. New York, N. V.; 1937. 

Editorial. 'Growl li and Amplification.' by 
11. Busignies, PRoC. I.R.E.. vol. 38, p. 979; Septem-
ber. 1950, 
1 Correspondence. •Comnient on 'psychical phys-

ics.' • by T. Powell, Psoc. IRE,, vol. 38. p. 1097; 
September. 1950. 
1 C. E. Shannon. 'Communication in the presence 

of noise.' !Not. 1.R.E.. vol. 37. pp. 10-22; January. 
1949. 

i 
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correspondence 

as shown that this rate C equals W logs 
P±N)/N where W is the bandwidth and 
' and N transmitter and noise power, re-
pectively. Telegraphic information, for ex-
mple, may be transmitted with a band-
tidth of 100 cycles or less; voice transmis-
ion requires 2,000 or so; while visual (video) 
aformation requires 6X10' cycles per sec-
ed. Each successive increase in bandwidth 
permits more information to be transmitted 
n unit time. Each also requires a higher 
enter frequency in order that a number of 
imultaneous transmissions may be carried 
pn without interference. 
Consider, then, how much more rapidly 

nformation could be transmitted by tele-
lathic than by aural or visual means. It is 
within all our experience that an almost in-
initely large number of impressions can oc-
-...ur during a dream, which may require only 
fraction of a second for completion. A 

)andwidth 103 times that required for video 
:ransmission would not be an unreasonable 
issumption for telepathy. If, say, a 101° 
;ycle bandwidth is required for a single 
xlepathic transmission it would cover the 
!mire range from subsonics to the experi-
nental radar hyperfrequencies. If now we 
*urther allow each person on earth a separate 
)and of 101° cycles for his thought transmis-
sion, we must push the upper end of the 
telepathy frequency spectrum to 10" cycles, 
even if we used all the lower explored fre-
luencies. More logically, we should start 
with 10" cycles and continue up to 10". 
If we couple with this suggestion of ang-

strom unit wavelengths the brain's power 
dissipation of about 1 watt, and consider 
that the power output is on the same order 
of magnitude, it is interesting to ponder on 
the nature of a radiation system which may 
direct such energies over many miles of 
space. Such a radiator could certainly be of 
molecular dimensions. In attempting such 
calculations, considerations of absorption 
alone almost certainly lead to the conclusion 
that we must hypothesize an entirely new 
means of energy transmission or abandon 
the idea of telepathy altogether. Before 
taking such a step, however, it would cer-
tainly be worthwhile to simultaneously in-
vestigate an active human brain by electro-
encephalographic and by sensitive ultra-
short-wavelength detection means. 

ROBERT J. BIBBERO 
Consulting Engineer 

Buffalo, N. Y. 

, Approximate Theory of the 
: Directional Coupler* 

In a note in this journal' it was shown to 
'be possible to use Fourier transforms in the 
theory of inhomogeneous transmission lines. 

• Received by the Institute. October 30, 1950. 
. I F. Bolinder. •Fourier transforms in the theory of 
1 inhomoaerwous transmission Ilnes.• Puoc. IRE.. vol. 
1 38, p. 1354; November. 1950. 

This application of Fourier transforms has 
been more thoroughly examined in a thesis' 
in which it is shown that a law of nature 
equivalent to the uncertainty relation of 
,Heisenberg governs the problem of broad 
banding. Thus it is possible to find the 
mechanical dimensions of smooth transmis-
sion lines replacing arbitrary line discontinu-
ities, such as line transformers, transitions, 
and the like, which will give small reflec-
tions in a broad frequency band. Both 
continuous inhomogeneous lines (Fourier 
integrals) and step lines (Fourier series) have 
been studied in the thesis. 
Using the same treatment and consider-

ing coupling instead of reflection in the 
original theory it now appears to be possi-
ble to propose an approximate theory of 
the directional coupler. A simple theory of its 
operation has earlier been presented by 
Mumford,' who shows that an ordinary di-
rectional coupler consisting of two elements 
may be broad-banded by introducing a 
number of additional elements equally 
spaced with coupling factors proportional 
to the coefficients of the binomial expansion. 
The calculation is equivalent to that carried 
out in the thesis when dimensioning a step 
line with binomial distribution of the point 
reflections. Following the thesis it is also 

Co -44i 
c phnq 
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(a) 

(b) 

Fig. 1—Diagrams of a directional coupler 
which optimizes the relationship be-
tween pass-bandwidth and the allowed 

level in the pass band. 

possible, for instance, to construct a direc-
tional coupler which optimizes the relation-
ship between pass-bandwidth and the pass-
band level of the reversed wave I., in the 
coupled line using the Tchebyscheff poly-
nomials. In Fig. 1 is shown the variation of 
the coupling factor along the length of the 
lines and the /.//„  pattern for an 8-

F. Bolinder, 'Fourier transforms in the theory of 
inhomogeneous transmission lines." Trans. Royal. 
IRA Tech. (Stockholm, Sweden); 1951. 
W. W. Mumford, 'Directional couplers,* Faoc. 

I.R.E., vol. 33, pp. 160-165; February. 1947. 

element directional coupler having an al-
lowed amount of  of 5 per cent in 
the pass band. 
In the same way it is theoretically possi-

ble to dimension a continuous directional 
coupler having a variable continuous cou-
pling along the length of the transmission lines 
and consisting of a slot of varying width. 
If the current coupled through the slot at 
the distance y is denoted by I(y), one ob-
tains for the reversed wave in the coupled 
transmission line 

ur 
I(y)• rulnidy, 

where 
1= the total length of the slot 
13= 2T/X 
X= the wavelength. 

As there is no coupling at y/l<  or 
y/1>  this integral may be assumed to be 
a Fourier integral. It is to be observed that 
the theory is approximate and the eight as-
sumptions stated by Mumford are consid-
ered to be valid. The relation between 
the varying width of the slot and the I(y) 
function must be obtained by means of cali-
bration. To illustrate the application of this 

17.1 

4, 

I. 
air 

I. 

(a) 

(b) 

Fig. 2—Diagrams of directional couplers 
consisting of continuous slots. 

method, Fig. 2 shows the diagrams of two 
different slot directional couplers, the first 
with I(y) constant (taper ratio q 1.0) and 
the second with 1(y) a Gaussian function 
(q =0.01). The diagrams in Fig. 2(a) are 
not drawn to scale. 
Thus it is theoretically possible to con-

struct broad-band directional couplers hav-
ing prescribed  patterns. 

FOLKE BOLINDER 
Research Institute of National Defense 

Stockholm, Sweden 
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I 951 IRE National Convention Program 
WALDORF-ASTORIA HOTEL and GRAND CENTRAL PALACE—MARCH 19-22* 

PROGRAM 
Monday, March 19, 1951 

9:00 A.m.-7:00 P.M. —Registration at Wal-
dorf-Astoria Hotel. 

11 :00 A.M.-9 :00 P.M. —Registration at Grand 
Central Palace. 

11:00 A.M.-9:00 P.M. —Radio Engineering 
Show, Grand Central Palace. 

10:30 A.m.-12:00 m.—Annual Meeting. 
Principal Address by Dr. James \1. Mc-
Rae, Bell Telephone Laboratories, Mur-
ray Hill, N. J., Jade Room, Waldorf-
Astoria Hotel. 

2:30 P.m.-5:00 P.M. —"Ipfnrmarion_Theory." 
"Television I—Color." "Antennas." "Power 
Tubes I—Theory." "Frequ-enc-y Control 
and Generation." "Communication Sys-
tems." 

6:30-8:30 P.M. —"Get-Together" Cocktail 
Party, Starlight Roof, Waldorf-Astoria 
Hotel. 

Tuesday, March 20, 1951 

9:00 A.m.-7:00 ex. —Registration at Wal-
dorf-Astoria Hotel. 

9:30 A.m.-9:00 P.M. —Registration at Grand 
Central Palace. 

9:30 A.m.-9:00 P.M. —Radio Engineering 
Show, Grand Central Palace. 

10:00 A.m.-12:30 P.M.—Symposium: "Am-
plification of DC Signals." Symposium: 
"New Extensions of Network Theory." 
Symposium: "Panel Discussion on Tube 
Reliability." "Power Tubes II—Develop-
ment."  "Propagation."  Symposium: 
"Broadcast Transmission Systems." 

12:45 P.M.—President's Luncheon, honor-
ing President-Elect Coggeshall, Grand 
Ballroom, Waldorf-Astoria Hotel. 

2:30 P.M.-5:00 P.M.—Symposium: "Panel 
Discussion on Performance of DC Ampli-
fiers." Symposium: "Matching Schools 
and Industry." "Circuits I—Synthesis 
and Analysis." "Electron Tubes I—Tubes 
Employing Electron Beams." "Micro-
waves I—Waveguides A," Symposium: 
"Parfet Discussiorr-GT-Me Empire State 
Story." 

8:00 P.m.-10:30 P.M.—Symposium: "Recent 
Advances in Color Television." 

Wednesday, March 21, 1951 

9:00 A.m.-7:00 P.M.—Registration at Wal-
dorf-Astoria Hotel. 

9:30 A.m.-6:00 P.M.—Registration at Grand 
Central Palace. 

9:30 A.M.-6:00 P.M.—Radio Engineering 
Show, Grand Central Palace 

10:00 A.m.-12:30 P.M.—Symposium: "In-
dustrial Instrumentation." "Computers I." 
"Circuits II—Filters." "Electron T 
.1 Special-Tobes-artrTesbajques." Nli-
crowaves _I I —Waveguides 13," Sympos-

---tu in:'Some System-I-Problems of Air 
Traffic Control." 

2:30 P.M.-5:00 P.M.—"Electronic Instru-

• One technical session will be held each morning 
and afternoon in the Belmont-Plaza Hotel Moderne 
Room, 49 Street and Lexington Avenue. New York. 
N. Y. 

mentation." "Computers II." "Circuits 
III--GeaeraL" "Broadcast and TV.-Re-
ceivers." allicsowaves Ill —Antennas and 
Artificial Dielectrics A." "Radarand Nav-
igation." 

6:45 P.m.—Annual IRE Banquet (dress op-
tional), Grand Ballroom, Waldorf-Astoria 
Hotel. 

Thursday, March 22, 1951 

9:00 A.m.-2:30 P.M.—Registration at Wal-
dorf-Astoria Hotel. 

9:30 A.m.-9:00 P.M. —Registration at Grand 
Central Palace. 

9:30 A.m.-9:00 P.M. —Radio Engineering 
Show, Grand Central Palace. 

10:00 A.m.-12:30 P.M. —"Nuclear Science." 
"Television II." "Circuits IV—Amplifi-
ers." Symposium: "Telemetering Sys-
tems." "Microwaves IV—Antennas and 
Artificial Dielectrics B." "Audio." 

2:30 P.m.-5:00 P.M. —Symposium: "Nuclear 
Reactors." 'Television III—Receivers." 
"Circuits V—Oscillators." Symposium: 
"Simulation as an Aid to Design of Re-
mote Control Systems." "Microwaves V— 
Generators  and  Amplifiers." Sym-
posium: "Loudspeakers." 

IRE Committee and Professional 
Group Meetings 

Antennas and Propagation Group: Chair-
man, Newbern Smith; Tuesday, Nlarch 20, 
8:30 A.M.-10:00 A.M., Maroon Room, 
Grand Central Palace. 

Audio Group: Chairman, Leo L. Beranek; 
Thursday, March 22, 8:30 A.m.-10:00 
A.M., Blue Room, Grand Central Palace. 

Broadcast Transmission Systems Group: 
Chairman, Lewis Winner; Tuesday, March 
20, 9:30 A.M.-10:00 A.M., Blue Room, 
Grand Central Palace. 

Circuit Theory Group: Chairman, J. G. 
Brainerd; Tuesday, March 20, 8:30 A.M.-
10:00 A.M., Grand Ballroom, Waldorf-As-
toria Hotel. 

Instrumentation Group: Chairman, Ernst 
Weber; Tuesday, March 20, 8:30 A.M.-
10:00 A.M., Moderne Room, Belmont 
Plaza. 

Nuclear Science Group: Chairman, M, M. 
Hubbard; Thursday, March 22, 8:30 A.M.-
10:00 A.m., M'oderne Room, Belmont 
Plaza. 

Professional Groups Committee: Chairman, 
W. R. G. Baker; Wednesday, March 21, 
8:30 A.M.-10:00 A.M., Jade Room, Wal-
dorf-Astoria Hotel. 

Quality Control Group: Chairman, R. F. 
Rollman; Tuesday, March 20, 8:30 A.M.-
10:00 A.M., Astor Gallery, Waldorf-As-
toria Hotel. 

Radio Telemetry and Remote Control 
Group: Chairman, W. J. Mayo-Wells; 
Thursday, March 22, 8:30 A.M.-10:00 
A.M., Jade Room, Waldorf-Astoria Hotel. 

Vehicular Communications Group: Chair-
man, Austin Bailey; Thursday, March 22, 
8:30 A.m.-10:00 A.M., Maroon Room, 
Grand Central Palace. 

Sections Committee: Chairman, J. F. Jor-
dan; Tuesday, March 20, 5:00 P.M.-7.00 
P.M., Jade Room, Waldorf-Astoria Hotel. 

Standards Committee: Chairman, J. G. 
Brainerd; Thursday, March 22, 8:30 
A.m.-10:00 A.M., Jade Room, 11.aldorf-
Astoria Hotel. 

Women's Program 
Monday, March 19, 1951 

Registration in East Foyer, Waldorf-Astoria 
Hotel. 

2:30 P.M.-4:30 P.M. —Party in the Jansen 
Suite, Waldorf-Astoria Hotel, Refresh. 
ments, "Prizes vk ith Surprises." 

Tuesday, March 20, 1951 

9:30 A.m.-4:00 P.M.—Guided Tour of Down.; 
town New York, including Television 
Program, DuNlont Studios, Wanamaker's 
Department Store (Johnny Olsen's Rum-
pus Room), Broadway between 8th and 
10th Streets, with Lunch at Wanamaker's 
(including transportation). 

Wednesday, March 21, 1951 

10:30 A.M.-11:30 A.M. —Tour "Behind the 
Scenes" of Waldorf-Astoria Hotel. 

1:00 P.m.-2:15 P.M.— Luncheon and Fashion 
Show, Sert Room, Waldorf-Astoria Hotel. 

2:30 P.M.— Matinee (choice): "Affairs of 
State" or "Season in the Sun." 

Thursday, March 22, 1951 

10:00 A.m.-12:00 m.—Women's Forum, 
Jansen Suite, Waldorf-Astoria Hotel. Free 
to women registered at the convention. 
An innovation—Patterned after engineers' 
technical sessions, but with speakers 
whom nontechnical women want to hear! 

SPEAKERS 

MISS NADINE MILLER, Director of Press 
and Public Relations of C. E. Hooper, 
Inc., measurers of the size and reaction of 
the radio and TV audiences. Her topic: 
"What Is your Hooperating?" is the 
question which haunts the radio stars. 
She speaks from wide acquaintance with 
the celebrities and a wealth of experience 
on the platform. 

MISS BEATRICE A. HICKS, a graduate en-
gineer, a member of the  Institute, 
President of the Society of Women Engi-
neers, and executive of Newark Controls.. 
She is admirably equipped to speak on 
the subject: "Why Women Become Engi-
neers," and to appraise the status of a 
profound educational change which ulti-
mately may affect IRE. 

MRS. DOUGLAS HORTON, the former Captain 
Mildred McAfee, USNR, organizer and 
wartime commander of the U. S. Navy 
WAVES, and the first woman to serve on 
the Board of Directors of the National 
Broadcasting Company. Her experience 
and attainments qualify her to speak 
authoritatively of women in industry and 
the armed forces and services, and their 
position under conditions of national 
emergency. 
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SUMMARIES OF TECHNICAL PAPERS 

I -Information Theory 
C. E. SHANNON, Chairman 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

I. A STORAGE TUBE AS AN AM-
PLITUDE DISTRIBUTION 

ANALYZER 
R. E. NIENBURG AND T. F. ROGERS 
(Air Force Cambridge Research Labora-

tories, Cambridge, Mass.) 

The increased interest in the statistical 
tpproach to information transmission theory 
las encouraged investigators to search for a 
technique that will yield statistical distribu-
tions of various complex signals in the pres-
!nee of noise. Until now, devices that meas-
ure the amplitude distribution of a signal 
have required a very large number of 
sampling operations and consequently have 
*been expensive in terms of measurement 
time. By utilizing the "memory" capabilities 
of a storage tube, it is possible to realize the 
amplitude distribution of any function that 
is a stationary time series, in the form of a 
ontintious curve on an oscilloscope; the 
process is dynamic and practically instan-
taneous, 

2. CROSS-CORRELATION AND THE 
OPTIMUM  SIGNAL - TO -N OISE 
RATIO FOR PERIODIC SYSTEMS 

M. LEIFER AND N. MARCHAND 

(Sylvania Electric Products Inc., 
Flushing, L. I., N. Y.) 

The method of North and of Van Vleck 
i and Middleton for achieving the maximum 
isignal-to-noise ratio by filtering is reviewed. 
For reference, a continuous-wave unmodu-
listed system is used where the receiver noise 
bandwidth and the signal power at the re-
ceiver input are given. After a discussion of 
the informational aspects of the situation, it 
is shown how the statistical approach, em-
ploying cross-correlation functions achieves 
the optimum signal-to-noise ' ratio. The in-

Iterference rejection properties of a cross-correlation receiver are discussed. 

3. DETECTION OF REPETITIVE SIG-
NALS IN NOISE BY CORRELATION 

Y. XV. LEE AND L. G. KRAFT 

(Research Laboratory of Electronics, 
Massachusetts Institute of Tech-
nology, Cambridge, Mass.) 

Annual Meeting 

MONDAY, MARCH 19 
JADE Room, WALDORF-

ASTORIA HOTEL 
10:30 A.m. 

This opening meeting of the con-
vention is for the entire membtAship. 
The meeting will feature as the Rinci-
pal speaker Dr. James W. McRae, 
Bell Telephone Laboratories, Murray 
Hill, N. J. 

The theory of wave-form detection by 
cross correlation is given. It is shown that a 
limiting case of cross correlation is equiva-
lent to the method of "integration." Experi-
mental results obtained from the MIT elec-
tronic correlator show signal-to-noise ratio 
improvements of 40 db (from —20 db to 
+20 db). A comparison of radar A-scope pic-
tures completely masked by noise and clear 
cross-correlated presentations is made. The 
theory of detection by correlation is con-
sidered with respect to filtering by conven-
tional methods. The paper includes the 
theory and technique of detection of mul-
tiple repetitive signals in random noise. 

4. ERROR REDUCTION IN THE DETER-
MINATION OF ELECTRONIC SYS-

TEM PARAMETERS 
L. S. SCHWARTZ 

(Hazeltine Electronics Corporation, 
Little Neck, L. I., N. Y.) 

In electronic system studies it may be 
necessary to make a satisfactory estimate 
of the most probable value of a time-varying 
parameter. Difficulty may be faced in 
meeting this requirement if the estimate 
must be made in limited time. If the time-
varying parameter does not strictly consti-
tute a stationary random process, the diffi-
culty may be only partly overcome no 
matter how large the number of measuring 
equipments. The reason that the difficulty 
is only partly overcome is examined and 
quantitative relations between observed and 
correlated errors are derived for the case of 
the arithmetic mean. 

5. CODING PROCESSES FOR BAND-
WIDTH REDUCTION IN PIC-

TURE TRANSMISSION 

A. E. LAEMMEL 

(Microwave Research Institute, Polytechnic 
Institute of Brooklyn, Brooklyn, N. Y.) 

Many pictures have special properties 
which allow the use of coding processes for 
the purpose of saving either channel band-
width or time of transmission. For example, 
a weather map consists of a network of 
black lines on a white background, the black 
area being considerably less than the white. 
Modern communication theory allows a 
calculation of just how much saving an ideal 
coding scheme can achieve when such re-
strictions are placed on the complexity of 
the picture. Several coding methods will be 
discussed and compared to the ideal. Block 
diagrams of the apparatus required will 
also be given. 

Television I—Color 
T. T. GOLDSMITH, Chairman 

(Allan B. DuMont Laboratories, Inc., 
Passaic, N. J.) 

6. COLORIMETRY IN TELEVISION 

F. J. BINGLEY 

(Philco Corporation, Philadelphia, Pa.) 

The paper describes those phases of the 
science of colorimetry that are particularly 
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applicable to color television systems. The 
influence of receiver primaries on the gamut 
of reproduced colors is discussed, and the 
channel voltage demands at various parts of 
the chromaticity diagram are deduced. The 
choice of transmitter spectral response 
characteristics for over-all fidelity of re-
production is described. Some interesting 
new graphical and geometrical methods of 
analysis are shown. The philosophies of 
packaging of color information for trans-
mission are considered, and some new 
methods disclosed. 

7. SUBJECTIVE SHARPNESS OF ADDI-
TIVE COLOR PICTURES 

M. W. BALDWIN, JR. 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

This is a report on the first numerical re-
sults to come from a laboratory experiment 
on the subjective sharpness of additive 
three-color pictures. The sharpness factor 
is isolated by using out-of-focus projection 
(of lantern slides) instead of actual tele-
vision transmission. 
An observer's acuity for defocus is great-

est for the green component and least for 
the blue component, in an additive three-
color picture. When the same picture is re-
produced in monochrome (white, red, green, 
or blue) at the same brightness, his acuity 
for defocus is equal to that found for the 
green component. 

8. COLOR MULTIPLEXING BY 
SINE-WAVE FUNCTIONS 

NATHAN MARCHAND 

(Sylvania Electric Products Inc., 
Bayside, L. I., N. Y.) 

Multiplexing of the three color signals 
necessary for color television is accom-
plished using sine waves at the sampling 
frequency for each color. By phase shifting 
each sine wave and combining it with a dc 
term, three orthogonal functions are ob-
tained. Each of these is modulated by a 
color signal. They are then combined and 
transmitted. The transmitted signal is the 
exact equivalent of pulse sampling. At the 
receiver, mixing the received signal with one 
of the sine-wave orthogonal functions will 
separate out the desired color signal. 

Note 

No papers are available in preprint 
or reprint form nor is there any assur-
ance that any of them will be pub-
lished in the PROCEEDINGS OF THE 
I.R.E., although it is hoped that many 
of them will appear in these pages in 
subsequent issues. 
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9. MEASUREMENT AND CONTROL OF 
COLOR CHARACTERISTICS OF 

FLYING SPOT COLOR 
SIGNAL GENERATOR 

R. MOORE, J. FISHER, AND J. CHATTEN 

(Phi!co Corporation, Philadelphia, Pa.) 

The color fidelity of the Flying Spot 
Generator is affected by the spectral output 
of the cathode-ray-tube light source, the 
reflectance characteristics of the dichroic 
mirrors, and the spectral response of the 
three photomultiplier tubes. A measurement 
technique to evaluate the color fidelity of 
the generator will be described in this paper. 
This consists of a motor-driven light 
chopper placed between the light source and 
the slide holder, and the use of narrow-band 
interference filters having a known spectral 
transmission and bandwidth also placed in 
the optical path. Readings of red, green, and 
blue photomultiplier-tube outputs are taken 
for each interference filter used by means of 
a narrow-band electrical filter. From these 
data the performance of the color generator 
may be calculated, and trim filters with 
electrical matrix networks may be added se 
the taking characteristics will be the desired 
primary curves. 

10. PERFORMANCE OF CARRIER SYN-
CHRONIZING CIRCUITS FOR 

COLOR TELEVISION 
RECEIVERS 

E. M. CREAMER, JR., AND M. I. BURGETT 

(Phileo Corporation, Philadelphia, Pa.) 

Dot-sequential color television pictures 
require the satisfactory reception of phase 
reference information concerning the color 
carrier. Certain aspects of transmitter 
operation and receiver tuner and inter-
mediate-frequency amplifier design con-
tribute significantly to successful determina-
tion of this phase reference. Results of ob-
jective and limited subjective tests show the 
effect of random and impulse noise on the 
operation of several carrier abstraction cir-
cuits and the resultant color picture. Color 
carrier static phase shift limits for various 
signal-to-noise ratios are determined by ob-
served picture degradation. Benefits from 
pick-off noise protection and time gating in 
achieving ultimate circuit performance are 
indicated. 

11. A SIMPLE PATTERN GENERATOR 
FOR COLOR TELEVISION SIGNALS 

R. P. BURR, W. R. STONE, AND R. 0. NOYER 
(Hazeltine Electronics Corporation, 

Little Neck, L. I., N. Y.) 

The current interest in color television 
systems has, among other things, produced 
the need for a simple means of generating 
color television signals. In the early stages 
of the present monochrome television sys-
tem, complete camera chains were soon dis-
carded in favor of the simpler and more 
reliable monoscope pattern generator as a 
general laboratoiy and test line video-signal 
source. 
The purpose of this paper is to describe a 

simple source of color television signals 
which may be added to an existing television 
installation with a minimum of effort. Satis-
factory performance may be obtained for 

either simultaneous and dot-sequential sys-
tems employing current monochrome stand-
ards or the recently standardized field-
sequential system. 

Antennas 
P. CARTER, Chairman 

(RCA Laboratories Division, 
Princeton, N. J.) 

12. THE DESIGN AND USE OF THE 
AUTOMATIC ANTENNA PAT-

TERN RECORDER 

J. W. TILEY 

(Phileo Corporation, Philadelphia, Pa.) 

The general problem of microwave an-
tenna pattern recording is discussed. Par-
ticulars of a recently built automatic pat-
tern recorder, using a commercially avail-
able servo amplifier, a logarithmic attenua-
tor of novel design, plotting on "standard" 
antenna pattern paper with speeds of 180° 
in two minutes, and with angular errors not 
greater than a tenth of a degree are given. 
The philosophy of the circuit design is dis-
cussed. 
The major sources of error in a pattern 

measurement set-up are given and the 
practical findings of the author in tests in-
volving several years of time and covering 
many of the usual types of antennas are 
discussed. 

13. STAGGER-TUNED LOOP ANTEN-
NAS FOR WIDE-BAND LOW-
FREQUENCY RECEPTION 

D. K. CHENG AND R. A. GALBRAITH 

(Syracuse University, Syracuse, N. Y.) 

This paper describes a system of stagger-
tuned high-Q loop antennas designed for 100-
kc loran pulse reception. The individual 
loop-antenna outputs are first added in a 
summing amplifier. Two methods, .one 
analytical and one graphical, of determining 
the resultant response of the summing 
amplifier with stagger-tuned input channels 
are developed. Based upon the theoretical 
analysis, an experimental antenna array is 
then designed, which confirms its capability 
of achieving a wide bandwidth with small 
dimensions. The possibility of obtaining an 
array  having  omnidirectional  reception 
properties is discussed and a squaring 
scheme of accomplishing this is also de-
scribed. 

14. THEORY OF THE CONCEN-
TRIC-SLOT ANTENNA 

T. MORI TA 

(Harvard University, Cambridge, Mass.) 

The object of this investigation is the 
study of the far-zone electromagnetic field 
produced by a concentric-slot antenna. The 
concentric-slot antenna consists of two con-
centric circular gaps made in an infinitely 
conducting plane. The inner slot is driven 
while the outer slot is a parasite tuned by a 
short-circuiting plunger. Expressions are ob-
tained for the self- and mutual admittance 
of the slots. From these results the ratio 
and phase difference of the electric field in 
the two apertures are obtained as functions 
of the tuning of the parasitic slot. The field 

pattern is then calculated by the classical 
Kirchhoff approximation. Experimentally 
determined patterns are presented to verify . 
the theory. 

15. OPTIMUM  CURRENT DISTRIBU-
TIONS FOR ANTENNA ARRAYS 
WITH CIRCULAR SYMMETRY 

RAYMOND H. DUHAMLL 

(University of Illinois, Urbana, Ill.) 

A procedure is developed for determining 
a continuous circular current distribution 
which will produce an optimum field pattern 
in the sense that for a given side-lobe level 
the beam width is minimum. The optimum 
patterns are derived from Tchebyscheff 
polynomials in a manner similar to that used 
by Dolph and Riblet for a broadside array. 
A method for determining the minimum 
number of radiators to approximate the 
continuous current distribution to a pre-
scribed accuracy is given. The procedure is 
also applied to a circular array of antennas 
around a cylinder and to other arrays with 
circular symmetry. 

16. DIRECTIONAL ANTENNA ARRAYS 
OF ELEMENTS CIRCULARLY DIS-
POSED ABOUT A CYLINDRICAL 

REFLECTOR 

R. F. HARRINGTON 

(Ohio State University, Columbus, Ohio) 

W. R. LEPAGE 

(Syracuse University, Syracuse, N. Y.) 

An antenna system with controllable 
directional properties can be obtained by 
disposing a system of properly phased cur-
rent elements about a circular conducting 
cylinder. A general analysis is given, leading 
to formulas for the field patterns of such an 
array. The analysis is applicable to any dis-
tribution of amplitude and phase of the 
current elements, but the beam-co-phasal 
case is emphasized. The solution is obtained 
by summing the known pattern function for 
a single element with reflector, over all the 
elements of the array. 

Power Tubes 1— 
Theory 

E. L. CHAFFEE, Chuirman 

(Harvard University, Cambridge, Mass.) 

17. CALCULATIONS FOR CLASS-C AM-
PLIFIERS WITH A REACTIVE LOAD 

D. A. CAWOOD 

(Sylvania Electric Products Inc., 
Flushing, L. I., N. Y.) 

The object of this paper is to present a 
graphical-analytical method for the design 
of class-C amplifiers in circuits with a 
complex plate load impedance. The neces-
sity of plotting elliptical operating paths in 
the trial-and-error procedure is eliminated. 
Simple fwmulas give the required elliptical 
parameters and the angles of grid and plate 
current flow. It is assumed that the constant 
plate-current characteristics are a family of , 
parallel straight lines over the region of 
operation. 
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18. THE EFFECT OF SECONDARY 
EMISSION IN POWER TUBES 

HmuNG Hsu 
• (General Electric Company, 

Owensboro, Ky.) 

Methods have been developed to deter-
inc the secondary currents by utilizing the 
.g-log chart reported by Chaffee. The 
Tea of the secondary currents on the in-
anteous power dissipations and on the 
?crating condition of power amplifiers 
' as been analyzed. 
The space-charge limitation of the sec-

ndary current has been found to be of 
inch greater significance than the effect of 
le initial velocities of the secondary elec-
-ons. The observations give a satisfactory 
xplanation of the discrepancy in the earlier 
nalysis of the space-current distribution 
lade de La Sabloniere and Hamaker. 

9. REFLEX RESNATRON OPERATION 
AND ITS IMPLICATION FOR 

BANDWIDTH 

•  M. GARBUNY AND G. E. SHEPPARD 
(Westinghouse Research Laboratories, 

East Pittsburgh, Pa.) 

The action of the reflex resnatron in-
reduced in the accompanying abstract is 
xplained and quantitatively described in 
erms of transit-time phenomena of the re-
tected electron bunches. In particular, 
plate modulation results from deviations 
rom the resonance condition for the transit 
imes. The repeated interaction of the elec-
ron beam with the cavity field permits the 
ombination of the high efficiencies of 
esnatron operation with low shunt resist-
.nces and allows, therefore, wide band-
vidth.  Experimental evidence for the 
heoretically expected bandwidth and effi-
:iency behavior at varying reflex conditions 
presented, performance data are compared 
vith conventional resnatron operation, and 
mproved utilization of the principles in-
folved is discussed. 

:O. THE MULTIBEAM ELECTRON COU-
PLER—AN IMPROVED SPIRAL-
BEAM ELECTRON TUBE FOR 
THE MODULATION AND 
CONTROL OF POWER 

AT UHF 
C. L. CUCCIA 

(RCA Laboratories Division, 
Princeton, N. J.) 

The electron coupler is a spiral-beam 
tube utilizing new principles for the control 
and modulation of power at ultra-high fre-
quencies. It is placed between the generator 
and the load and acts as a unilateral con-
trol impedance—simulating very closely the 
control properties of vacuum tubes at low 
frequencies with the exception of the fact 
that it does not amplify. The electron 
couplers to be discussed are 1-kw tubes of 
improved cavity design in the 800-Mc range 
utilizing several electron beams, in which 
few methods of modulation have been in-
corporated resulting in good linearity char-
acteristics, bandwidth in excess of 5 Mc, and 
requiring control voltages of less than 50-
volts swing to control the power into the 
output over a range of 98 per cent of maxi-
mUrn. 

21. A NEW SINGLE-CAVITY RESONA-
TOR FOR A MULTIANODE 

MAGNETRON 

J. S. NEEDLE, G. Hox, G. R. BREWER, 
AND H. W. WELCH 

(University of Michigan, Ann Arbor, Mich.) 

A new magnetron which operates as a 
symmetrically driven coaxial-line oscillator 
is described. Design equations for this struc-
ture have been developed and several tubes 
have been constructed for operation at 14 
cm. Performance data from one of these 
tubes are included, showing operation in the 
desired mode with continuous-wave output 
of 150 watts. The feasibility of wide-range 
tuning appears to make this magnetron 
unique, although emphasis to date has been 
directed toward the development of a non-
tunable magnetron. A tunable magnetron 
of this basic design is now in the early stage 
of development. 

Frequency Control 
and Generation 
W. H. DOHERTY, Chairman 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

22. THE GENERATION OF SINGLE-
SIDEBAND SUPPRESSED-CARRIER 

SIGNALS BY A NEW BAL-
ANCING METHOD 
H. M. SWARM 

(University of Washington, Seattle, Wash.) 

Single-sideband suppressed-carrier sig-
nals have been obtained by combining the 
outputs of two AM modulators and a carrier-
cancellation amplifier. Both the carrier and 
modulating signals applied to the two 
modulators differ in phase by 90°. The 
carrier is thus cancelled after modulation 
and without the use of balanced modulators. 
Fewer adjustments are required for this 

method than in other conventional methods. 
The sideband cancelling adjustments are 
practically independent of the carrier-
cancelling adjustments, thus making the 
desired over-all operation easier to main-
tain. 
An automatic carrier suppression circuit 

may be incorporated to maintain the carrier 
below a prescribed level. 

23. PRECISION FREQUENCY GENER-
ATORS USING SINGLE-SIDE-
BAND SUPPRESSED-CAR-
RIER MODULATORS 

H. R. HOLLOWAY AND H. C. HARRIS 
(Sylvania Electric Products Inc., 

Bayside, L. I., N. Y.) 

Often the need arises to develop a signal 
whose frequency does not bear a direct har-
monic relation to a given frequency stand-
ard or to that of another signal source. The 
necessity also arises for a means to con-
tinuously shift the phase of a given signal 
any amount with respect to a comparison 
signal. Since the single-sideband suppressed-
carrier modulator is a useful device for the 
generation of the sum or difference of two 
frequencies, this paper presents an analysis 

and design criteria for an electronic single-
sideband suppressed-carrier modulator, and 
an electromechanical design which meets 
the need for both a single-sideband sup-
pressed-carrier modulator and a continu-
ously variable phase shifter. 

24. STABILIZED VARIABLE FREQUENCY 
TRANSMITTER EXCITER FOR MILI-

TARY HF EQUIPMENT 

JOHN BUSH 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

The design of a tunable transmitter ex-
citer is presented for use with or as part of 
high-frequency transmitters. The need for 
crystals for each assigned frequency of 
operation is eliminated without the at-
tendant complexity and difficulties of 
heterodyne mixer, synthesizer, IGO, and 
other known systems. 
The exciter covers a tuning range of 1 

to 32 Mc and provides a choice of on-off 
telegraph (A-1); frequency shift teletype 
(F-1); phase-modulation telephony (F-3); 
or dc frequency shift facsimile or radio-
photo (F-4) emission. 
Automatic-frequency-control techniques 

utilizing a novel modulation cancellation 
method permit stabilization of output fre-
quency at all points in the modulation 
cycle. 

25. WIDE-RANGE DIRECT-READ-
ING  PRECISION  FREQUENCY 
METER AND SIGNAL SOURCE 

B. PARZEN 
(Federal Telecommunication Laboratories, 

Inc., Nutley, N. J.) 

This paper describes a compact instru-
ment for rapid and precise frequency meas-
urements between 50 cps and 1,000 Mc. 
It consists of a signal source capable of being 
set to any frequency between 0 to 30 Mc, 
two beat detectors for comparing the un-
known frequency with the frequency of the 
signal source, and the necessary power sup-
plies for mains operation. The 2-volt output 
of the signal source is also available as a 
jack for use as a precision frequency genera-
tor. 
The frequency of the signal generator is 

directly indicated on 8 dials arranged on a 
decade basis. The desired frequency is ob-
tained by merely setting the dials by means 
of the associated knobs in a manner strictly 
analogous to setting up a desired resistance 
on an 8-place decade resistance box. The 
frequency is dependent only on a single 100-
kc crystal and a 10-kc range interpolation 
oscillator. An over-all accuracy of better 
than 1 part in a million plus 3 cps is ob-
tained. 

26. CRYSTAL CONTROL OF A 
4-KW, 1,036-MC TRANSMITTER 

J. W. CLARK, R. W. KANE, W. G. 
ABRAHAM, N. P. H1ESTAND, AND 

S. F. VARIAN 

(Varian Associates, San Carlos, Calif.) 

This talk will describe a transmitter 
which was designed and built by Varian As-
sociates for Central Radio Propagation 
Laboratory in connection with their study 
of the propagation characteristics of micro-
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wave radiation. The transmitter radiates a 
continuous power of 4-kw at 1,036.8 Mc 
with a frequency stability of one part in 107. 
Ninety-nine per cent of this energy is con-
tained within a band 20 cycles wide. The 
output tube in the transmitter is a Varian 
Associates X-25 klystron, a three-cavity 
amplifier tube. This tube is driven by a fre-
quency multiplier chain which in turn is 
excited by a General Radio 100-kc frequency 
standard. The layout of the transmitter will 
be described and the design of the klystron 
tube will be discussed in detail. 

27. FREQUENCY STABILIZATION SYS-
TEM FOR MEASUREMENT OF 
MICROWAVE REFRACTION 

OF GASES 

XV. F. GABRIEL 

(Naval Research Laboratory, 
Washington, D. C.) 

The method is based upon a double-
loop frequency-stabilized klystron oscillator 
system in which a high-Q resonant cavity 
(into which the gases are introduced) is the 
controlling element. One frequency control 
loop is a fast-acting all-electronic servo 
which corrects the oscillator against rapid 
fluctuations from the cavity resonance fre-
quency. The other frequency control loop is 
a slow-acting motor servo which integrates 
out the small, steady-state frequency error 
left by the electronic loop. Frequency con-
trol to better than one part in 10$ has been 
obtained and used in making accurate index 
of refraction measurements. 

Communication 
Systems 

A. G. CLAVIER, Chairman 
(Federal Telecommunications Laboratories, 

Inc., Nutley, N. J.) 

28. AM—FM ANALOGY 

H. C. HARRIS 
(Sylvania Electric Products Inc., 

Bayside, L. I., N. Y.) 

In order to simplify some types of fre-
quency-modulation calculations, this paper 
presents the "amplitude equivalent" of a 
FM wave. This concept is applied to the cal-
culation of spectral distribution and to the 
solution of the network response to FM 
signals. Both aperiodic and periodic signals 
are considered and special emphasis is placed 
upon the steady-state analysis of periodic 
FM systems. The "amplitude equivalent" is 
found to be most helpful when the modula-
tion of the signal is characterized by rec-
tangular shapes. In these cases the method 
outlined is exact; however, in general, the 
method is approximate to any desired ac-
curacy. 

29. SURVEY OF ELECTRONIC 
COMMUTATION METHODS 

ROBERT S. BUTTS 

(Melpar, Inc., Alexandria, Va.) 

Several time-division systems of multi-
channel radio communication and tele-
metering have been described in recent 
papers.  In this paper, a comparative 
analysis is made of several methods of elec-

tronic commutation of the signal sources. 
The analysis is intended to provide a sum-
mary of methods to aid the system designer 
in selecting the most applicable method for 
a particular system. The analysis includes 
such factors as speed, sensitivity, cross talk, 
input power, size, and reliability. Methods 
included are: thyratron and multivibrator 
rings, binary-counter-driven matrices, de-
lay lines, polyphase transformers, Scott 
"T" transformers, and rotary beam tubes. 

30. HIGH-FREQUENCY RADIO COM-
MUNICATION SYSTEM UTILIZING 
PHASE-MODULATION  TRANS-
MISSION AND SINGLE-SIDE-

BAND RECEPTION 

H. F. MEYER AND H. Y. LITTLEFIELD 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

A high-frequency radio system is de-
scribed wherein a conventional continuous-
wave transmitter is phase modulated and 
single-sideband reception is accomplished 
by detection of the first-order sideband com-
ponents of the transmitted signals. Multi-
channel frequency-division telegraph signals 
were transmitted over the system and tests 
were made to determine the optimum values 
of modulation index for four-, eight-, 
twelve-, and sixteen-channel operation. The 
system provides freedom from amplitude 
distortion produced by multipath transmis-
sion and offers the feature of frequency 
diversity without increased bandwidth. 
Theoretical and experimental compari-

sons are made between this system and a 
system of single-sideband transmission and 
reception. 

31. ECHO DISTORTION IN THE FM 
TRANSMISSION OF FREQUENCY-

DIVISION MULTIPLEX 

W. J. ALBERSHEIM AND J. P. SCHAFER 

(Bell Telephone Laboratories, Inc., 
Deal, N. J.) • 

The composite multiplex signals gen-
erated by frequency-division methods long 
standard in telephone communication can 
be transmitted by the new transcontinental 
broad-band FM radio relays. Signal inter-
modulation by echoes must be minimized. 
It is investigated in this paper experi-
mentally and analytically. 
Two types of echoes are considered: 
(1) weak echoes with delays exceeding 

0.1 microsecond, caused mainly by 
mismatched long lines, and 

(2) powerful echoes with delays shorter 
than 0.01 microsecond, caused by 
multipath transmission and leading 
to selective fading. Using  ran dom  
noise signals, the distortion is evalu-
ated as function of various param-
eters of the echo, the base band 
and the radio-frequency modulation. 

32. MANAGEMENT ASPECTS OF ELEC-
TRONIC SYSTEMS ENGINEERING 

R. I. COLE 
(Watson Laboratories, AMC, 

Red Bank, N. J.) 

This paper cites that in the rapid growth 
of electronics engineering, management has 
not always appreciated the full magnitude 

of the "systems engineering" problem. In 
setting forth what alert management should 
attempt to accomplish, the systems engi-
neering influence in research and develop-
ment is discussed in some detail. In this re-
gard particularly is it significant that more 
care must be given to the planning of fea-
tures that make for simpler maintenance in 
large  complicated systems. Installation 
problems are dealt with briefly and par-
ticular emphasis is given to the noise reduc-
tion problem within the systems in order 
that the best optimum repeatable results are 
obtained. Lastly. the engineering manage-
ment phases are treated from the stand-
point of management assuming greater 
responsibility to see that proper engineering 
emphasis is given to proper maintenance of 
installed systems. 

OSIUM 

Amplification of DC 
Signals ••• 

(Organized by Professional Group on 
Instrumentation) 

I. G. EASTON, Chairman 

(General Radio Company, 
Cambridge, Mass.) 

33. THE SERVOMODITLATOR: A 
LOW-LEVEL DC INSTRUMENT 

G. M. ALTURA 
(Industrial Control Co., Nev York, N. Y.) 

This paper describes a modification of 
the chopper-type modulator which has re-
sulted in two commercial instruments for 
very low-level dc measurements. Their basic 
action is to convert the unknown dc voltage 
into an ac signal, whose value is then 
metered by an ac vacuum-tube voltmeter, 
or displayed on a cathode-ray oscilloscope. 
To be acceptable as general-purpose 

laboratory instruments, the following fea-
tures must be engineered into their design: 
internal noise level approaching the limiting 
thermal noise, gain stability with changes in 
amplifier gain and chopping cycle, some in-
sensitivity to power line pickup in the input 
leads, and a high input resistance. The 
methods by which this is accomplished are 
described. 
Due to the very low level of dc attain-

able, some precautions must be observed by 
the user: input circuit shielding, location 
away from strong magnetic fields, low noise 
power mains, and single ground system. 

34. TRANSIENT RESPONSE OF SELF- - 
SATURATING MAGNETIC 

AMPLIFIERS 
E. J. SMITH 

(Polytechnic Institute of Brooklyn, 
Brooklyn, N. Y.) 

There is no natural definition for. 
"transient response" of a magnetic ampli-
fier. From an applications point of view, th 
transient response of the cyclic average o z 
rms load current, following a step change in 
control circuit voltage, is the most signifi- [-
cant description of the transient behavior. 
An approximate analysis of the full-wave r 
and double circuits, based upon "cyclic 
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rilicable to transients of relatively long 
luration, is shown to give satisfactory m-
utts when compared with test data ob-
ained with a brush recording oscillograph 
nd a special electronic "cyclic integrating" 
levice. In particular, the important effects 
if ac voltage, and of load, rectifier, and con-
rol circuit resistances are brought out. As 
.xpected, the computed results are less ac-
urate in the range of fast time response 
several cycles of the supply frequency), but 
ire nevertheless useful, even in this range. 

35. DIRECT-CURRENT AMPLI-
FIERS EMPLOYING 
MAGNETTORS 

E. P. PELCH, V. E. LEGG, 
AND F. G. N1ERRILL 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

The behavior of magnetic modulators 
has been well known for many years. Their 
practical application for the amplification of 
low-level direct currents, however, has 
awaited the development of satisfactory 
techniques for reducing their noise level 
and improving their stability. As an out-
growth of wartime progress toward im-
proved magnetometers for submarine de-
tection from aircraft, a device called a mag-
nettor has been produced which represents 
a significant improvement in these respects 
over previously available magnetic modula-
tors. Direct current amplifiers have been 
build employing magnettors as dc to ac 
converters. These amplifiers exhibit low 
noise levels and high stability in the micro-
volt region and are linear over a range of 
greater than 50 db. 
In this paper the design and operation 

of magnettors are discussed and a typical 
application is described. 

36. SOME ASPECTS OF MAGNETIC 
AMPLIFIER TECHNIQUE 

R. WILLHEIM AND F. E. BUTCHER 

(Electro Methods, Ltd., London, England) 

An evaluation of several aspects of mag-
, netic amplifier design practice in Great 
. Britain is presented. Items discussed include I 
, the use of U and E laminations, the calcula-

, ptiuoini Coifrepero uit farrinaran ngcearrangeem fernotms,  Eth- charts, eI calcu  pus iation hof-

time constants of single and two-stage am-
. plifiers, and conditions for nonoscillatory 
behavior. 
The author will describe performance 

aspects of specific circuit design, and will 
include a list of successful applications to 
instrumentation and control problems. 

37. DRIFT COMPENSATION IN DC AM-
PLIFIERS FOR ANALOGUE 

COMPUTERS 
W. E. INGERSON 

(Bell Telephone Laboratories, Inc., 
Whippany, N. J.) 

, The use of dc rather than ac amplifiers in 
ranalogue computers has many advantages. 
The only serious disadvantage has been 
drift. 
Rather than try to eliminate drift at the 

source, it is simpler to compensate for it. A 
method of drift compensation is described 
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which substantially eliminates drift in a 
number of dc amplifiers simultaneously. 
This method consists of sampling the volt-
age at the first grid of the dc amplifier with 
a mechanical switch, amplifying the error 
signal in a pulse amplifier, and distributing 
an amplified compensating voltage to an 
appropriate point in the dc amplifier, so as 
to reduce the input grid voltage to zero. 

SYMPOSIUM 

New Extensions of 
Network Theory 
(Organized by Professional Group on 

Circuit Theory) 

W. H. HUGGINS, Chairman 
(Air Force Research Laboratory, 

Cambridge, Mass.) 

38. SIGNAL FLOW GRAPHS 

S. J. MASON 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

The functional relationships entering a 
linear or nonlinear analysis problem may be 
expressed in the form of a signal flow graph. 
The graph aids visualization of the charac-
ter of a given set of equations and sys-
tematizes their solution. For linear problems 
the graph itself, as contrasted with the 
original equations, may be manipulated to 
obtain the desired solution. 
In addition to its use in practical prob 

lems, the flow graph approach provides the 
base for a unified body of feedback theory 
In particular, the statements and proofs of a 
variety of feedback theorems become very 
simple and direct when carried out in the 
language of flow graphs. 

39. SOME BIOLOGICAL APPLICA-
TIONS OF RANDOM NETS 

A. RAPOPORT 

(Committee on Mathematical Biology, 
The University of Chicago, Chicago, Ill.) 

A random net is defined as an aggregate 
of points connected by directed line seg-
ments where, in general, several lines may 
issue from each point, such that only the 
probabilities of specific connections are 
known. If all connections are equi-probable, 
the "connectivity" of a random net may be 
defined and computed. This is the probabil-
ity that a "path" exists between an arbi-
trary pair of points. The concept of con-
nectivity can be applied to neural nets (in 
the  mathematical biology of learning 
phenomena); to epidemiology (in the mathe-
matical theory of contagion) or its social 
analogue (the spread of rumors); to genetics 
(in the probabilistic theories of ancestral 
trees); and so forth. 

40. SOME EFFECTS OF COMMUNICA-
TION PATTERNS ON THE PER-

FORMANCE OF SMALL 
TASK-GROUPS 

A. BAVELAS 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

Experiments have been made with 
groups of five persons who have a specific 
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task to perform and are constrained to use 
certain channels of communication. The 
effects of different patterns on speed and ac-
curacy of performance, and on leadership 
and morale are shown to be significant. An 
attempt is made to explain these results in 
terms of the probability that information 
present at one point will be at some other 
point at a specified time. 

41. ELECTRIC NETWORK MOD-
ELS FOR PROBLEMS OF 

PROBABILITY 

W. E. BRADLEY 

(Philco Corporation, Philadelphia, Pa.) 

It is shown that the equations of state 
transitions with constant mean probability 
(Markov Processes) are analogous to those 
describing certain electrical networks and 
that physical comprehension of such prob-
lems and their method of solution is some-
times facilitated by the use of such a model. 
Particularly useful are the methods of 
transient analysis commonly used in electric 
circuit theory for the prediction of future 
states of a Markov system when the initial 
state is known. As an example of the method, 
it is applied to the simple statistical problem 
of the probability distribution of the count 
of particles arriving with constant mean 
probability. 

SYMPOSIUM 

Panel Discussion on 
Tube Reliabilty 

(Organized by Professional Group on 
Quality Control) 

E. D. Coox, Chairman 

(General Electric Company, 
Schenectady, N. Y.) 

42. Representatives  from  industrial 
users, government services, and tube manu-
facturers will present their viewpoints in 
regard to this important subject. 

PANEL MEMBERS 

a. M. A. ACHESON (Sylvania Electric 
Products Inc., Kew Gardens, L. I., N. Y.) 
b. C. R. BANKS (Aeronautical Radio, 

Inc., Washington, D. C.) 
c. R. J. FRAMME (Wright Field, Dayton, 

Ohio) 
d. J. E. GORHAM (Signal Corps Engi-

neering Laboratories, Belmar, N. J.) 
e. N. H. GREEN (Radio Corporation of 

America, Harrison, N. J.) 
f. J. W. GREER (Bureau of Ships, Navy 

Department, Washington, D. C.) 
g. F. D. LANGSTROTH (Philco Corpora-

tion, Lansdale, Pa.) 
h. H. E. MAY (Motorola, Inc., Chicago, 

Ill.) 
i. R. E. MOE (General Electric Com-

pany, Owensboro, Ky.) 
j. A. L. SAMUEL (International Business 

Machines, Poughkeepsie, N. Y.) 

Power Tubes II— 
Development 

I. E. MOUROMTSEFF, Chairman 
(Upsala College, East Orange, N. J.) 
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43. A COAXIAL POWER TRIODE 
FOR 50-KW OUTPUT UP TO 

110 MC 

R. H. RHEAUME 

(Machlett Laboratories, Inc., 
Springdale, Conn.) 

Use of a novel tube assembling and 
vacuum sealing technique, a thoriated 
cathode, and a reentrant anode in an integral 
water jacket have made possible the de-
velopment of a coaxial ring seal power triode 
giving 50-kw rf output up to 110 Mc. The 
frequency bandwidth obtainable with this 
tube is suitable for television transmission. 
Increased power output ratings are avail-
able for lower frequencies. 
Design requirements are examined for 

optimum electrode geometry, minimum 
capacitance and inductance of electrode 
terminal leads with maximum rf current 
carrying capacity, high rates of heat dissipa-
tion, high rf conductivity of the vacuum 
seals, and other desiderata. Mechanical 
features are discussed, and the circuit per-
formance of the tube is analyzed for various 
applications. 

44. A HIGH-POWER TETRODE 
CLAYTON E. MURDOCK 

(Eitel McCullough, Inc., San Bruno, Calif.) 

Described is a high-power tetrode of 
unioue design particularly well adapted for 
television transmission in the vhf region up 
to 216 Mc. The tube uses a new unipotential, 
thoriated tungsten cathode which is heated 
by electron bombardment. The coaxial 
terminal arrangement of the tube is ideally 
suited for use in cavity circuits. Improve-
ments in tetrode geometry and tube design 
for high power are described. The paper 
gives the general electrical characteristics 
and operating conditions for TV service. 

45. THE REFLEX RESNATRON 
GLENN E. SHEPPARD, M. GARBUNY, 

AND J. R. HANSEN 

(Westinghouse Research Laboratories, 
East Pittsburgh, Pa.) 

The design, construction, and  per-
formance of a new device known as a "reflex 
resnatron" is discussed. Structurally this 
device is a tetrode consisting of two op-
posed nosed-in cavities. The electrodes of 
the tube are so arranged that good electron 
beam focussing is obtained. The electron 
flow is axial with respect to the cavities. As 
an amplifier this device produces outputs in 
excess of a kilowatt at a frequency of 560 
Mc. The bandwidth of this device is suitable 
for television. Modulation is obtained in a 
unique manner. 

46. TRANSMITTING TUBE SUIT-
ABLE FOR UHF TELEVISION 

WAYNE G. ABRAHAM, F. L. SALISBURY 
AND S. F. VARIAN 

(Varian Associates, San Carlos, Calif.) 

AND 
IVIARYIN CHODOROW 

(Stanford University, Stanford, Calif.) 

This talk will describe a newly developed 
sealed-off klystron amplifier tube suitable for 
use in the final amplifier stage of a uhf tele-
vision transmitter. The tube is capable of a 

continuous power output of 5 kilowatts. It 
has a bandwidth of 6 Mc and a power gain 
of 200 times. The tube is conservatively de-
signed; the service life expected is several 
thousand hours. The tube is so made that 
the entire cathode structure can be replaced 
In the event of a failure. 

47. FREQUENCY-MODULATED 
HIGH-EFFICIENCY KLYSTRON 

TRANSMITTER 
NiARYIN CHODOROW AND S. P. FAN 

(Microwave Laboratory, Stanford Univer-
sity, Stanford, Calif.) 

Theory and measurements of a 2-gap, 
single-cavity klystron intended for use in 
microwave relay links is described. This 
tube has most of the useful characteristics 
of a reflex klystron as a frequency-modu-
lated oscillator, but has many advantages 
not possessed by the reflex tube. Multiple 
transit hysteresis, as well as other types, is 
entirely absent; the mode is much smoother 
than on reflex tubes; and the efficiencies and 
power obtainable are much greater. Fre-
quency modulation is obtained by modulat-
ing the drift tube voltage which controls the 
transit time between the two gaps. A power 
of 18 watts has been obtained at 10 cm with 
an efficiency of about 22 per cent. 

Propagation 
A. E. CuLLum, JR., Chairman 

(Consulting Radio Engineer, Dallas, Tex.) 

48. SELECTIVE FADING OF 
MICROWAVES 

A. B. CRAWFORD AND W . C. JAKES, JR. 

(Bell Telephone Laboratories, Inc., 
Holmdel,.N. J.) 

Observations of selective fading in a 450-
Mc band centered at 3,950 Mc have been 
made as part of a study of microwave 
propagation over two line of sight paths in 
New Jersey. Much of the observed fading 
can be explained in terms of multiple path 
transmission in which path differences up to 
7 feet were evident. These measurements 
were supplemented by angle of arrival ob-
servations at 1.25-cm wavelength. 
A computer of the analogue type was 

built for simulating the more complicated 
selective fading patterns. 
Movie films will be presented to illus-

trate selective fading and angle of arrival 
data. 

49. PROPAGATION STUDIES AT MI-
CROWAVE FREQUENCIES BY MEANS 

OF VERY SHORT PULSES 

0. E. DE LANGE 
(Bell Telephone Laboratories, Inc., 

Deal, N. J.) 

Microwave pulses with a duration of 
about 0.003 microsecond were transmitted 
over a 22-mile path from Murray Hill, N. J., 
to Holmdel, N. J., in order to determine the 
effects of the transmission medium upon 
such pulses. During "fading" periods multi-
path transmission effects with path differ-
ences as great as 7 feet were observed, as 
well as some other effects. A microwave fre-
quency of 4,000 Mc was employed. 
This experiment was suggested as an ad-

junct to one in which propagation studies 
were being made by the frequency sweep 
method. Results obtained by the two 
methods are generally in agreement. 

50. LO W-FREQUENCY IONOSPHERIC 
SOUNDINGS WITH 
ATMOSPHERICS 

WILLIAM J. KESSLER AND WALLACE 
ZETROUER, II 

(University of Florida, Gainesville, Fla. 

The use of atmospherics pulses, produ(1 
by remote and local lightning discharges, fur 
ionospheric measurements below 100 kc is 
described. A discussion on the character-
istics of lightning discharges as pulse radia-
tors and the spectrum of the radiated fiell I is 
included. 
Oblique-incidence measurements made 

during the night with sounding pulses pro-  
duced by lightning discharges originating inl i 
remote thunderstorms over a wide range of! 
distances yield reflection heights in the 
vicinity of 85 kilometers. A limited number 
of vertical-incidence soundings with pul 
obtained from overhead thunderstorms gives 
a mean reflection height of about 90 km 
over Gainesville, Fla. 

51. THE EFFECT ON PROPAGATION 
OF AN ELEVATED ATMOSPHERIC 

LAYER OF NONSTANDARD 
REFRACTIVE INDEX 

L. H. DOHERTY 

(Cornell University, Ithaca, N. V.) 

It is shown by the method of geometrical 
optics that elevated layers whose gradient 
of refractive index differs from standard may 
radically affect the field of a transmitter 
placed above the layer. Departures from 
the standard atmosphere which are so slight 
that they are often present may result in 
serious difficulty in communication between 
aircraft when both are flying above the 
layer. A tri-linear refractive index model 
of the atmosphere is treated in some detail. 
It is shown that above the layer this results, 
within a certain range of distances, in a de-
crease of field strength. Following this 
"radio hole" there is a region of interfering 
rays and the resulting interference pattern 
is shown. The effect of some nonlinear re-
fractive index models is indicated. Compari-
sons are made with experimental results. 

SY MPOSIU M 

Broadcast Trans-
mission Systems 

(Organized by Professional Group on 
Broadcast Transmission Systems) 

R. W. HODGKINS, Chairman 

(Station WGAN, Portland, Me.) 

52. MASTER CONTROL FACILITIES 
FOR A LARGE STUDIO CENTER 

R. H. TANNER 

(Northern Electric Company, Ltd., 
Belleville, Ont., Canada) 

A study of the Master Control require-
ments of a 21-studio center in Montreal, 
capable of feeding eight outgoing network 
lines and five transmitters, and the methods 
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ed to fulfill them. A preset switching 
stem, using an unusually small number of 
lays, is employed in conjunction with an 
Censive visual and aural monitoring sys-
m, based on the "crossbar" switch first 
.signed for automatic telephony. The same 
pe of switch is used in a system which 
lows each recording operator to select 
stantly any one of fifty program sources. 
addition, a dialling system extends a 

milar choice to fifty executive offices 
-ound the building. 

L ELECTRONIC INSTRUMENTATION 
4 AM, FM, AND TV BROADCASTING 
HROUGH USE OF THE CATHODE-

RAY OSCILLOGRAPH 
P. S. CHRISTALDI 

(DuNlont Laboratories, Clifton, N. J.) 

The cathode-ray oscillograph is the most 
nportant single tool at the disposal of the 
roadcast engineer. It is useful in the con-
uct of routine measurements at the broad-
asting station, for signal monitoring pur-
soses, and is indispensable in the making of 
roof-of-performance tests on installations, 
s required by the Federal Communications 
:ommission. 
This paper will describe some of the 

roadcast station measurement techniques 
mploying the modern cathode-ray oscillo-
raph. Methods for making use of the 
athode-ray oscillograph  in conducting 
outine equipment tests, in making actual 
aeasurements, and in satisfying the meas-
rement requirements as promulgated by 
he FCC will be discussed. 
It is felt that the cathode-ray oscillo-

raph is not as widely applied in broadcast-
ng as it might be, and an attempt will be 
nade to show the broadcast engineer how 
imply and effectively it can be employed. 

54. PERFORMANCE OF SECTIONAL-
IZED BROADCASTING TOWERS 

CARL E. SMITH 

(United Broadcasting Company, Cleve-
land, Ohio) 

• With a sectionalized tower, high-angle 
'adiation can be minimized and ground-
wave radiation can be maximized. For ex-
'smple, with a two-section tower the top 
- Section can be fed by a conductor shielded 
within the lower section. This terminal plus 
s connection to the ground and the lower 
section gives a three-terminal network which 
an be properly fed at the base. 
Theoretical and experimental results 

show an equivalent power increase over a 
quarter-wave antenna of 113 per cent and 
69 per cent, respectively, for a 213° tower. 
This affords an inexpensive way of effec-
tively increasing the power of a radio broad-
casting station. 

55. INCREASED ECONOMY AND OPER-
ATING EFFICIENCY OF TELEVISION 
BROADCAST STATIONS THROUGH 

SYSTEMIC DESIGN 

R. A. ISBERG 
(Electronic Systems Consultant, KRON-

TV, San Francisco, Calif.) 
The operating efficiency of a television 

station is largely dependent upon its initial 
planning with respect to floor plans and 
equipment layout. The number of operating 
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personnel is directly affected by these fac-
tors along with the program structure. 
Independent television stations operat-

ing in small markets must face one or more 
years of red ink operation before their in-
come will pay operating expenses. During 
this initial phase of operation it is especially 
desirable to concentrate all operating ac-
tivities in one location for maximum utiliza-
tion of man power. 
A number of innovations in system en-

gineering were instituted at KRON-TV. 
Studio and film facilities are provided at the 
transmitter building and all control equip-
ment including transmitter control panels 
are grouped into a U-shaped console. This 
console affords an efficient working area for 
two men who have all the equipment re-
quiring adjustment within an arm's reach. 

56. TECHNICAL CONSIDERATIONS OF 
TELEVISION RECORDING 

G. EDWARD HAMILTON 
(American Broadcasting Company, 

New York, N. Y.) 

Television Recording presents the prob-
lem of integrating two complex variables: 
the sciences of motion picture and television 
techniques. The prime problem is to weigh 
the merits and limitations of both processes 
in order to realize the optimum results from 
the sublimation of the two. 
Television recording is required to repro-

duce into the input of the television trans-
mitter a replica of the original signal 
scheduled for this type of transmission. 
Factors affecting this requirement include 
system resolution, brightness range, film 
and film development characteristics, sys-
tem gamma, and others. System element 
transfer characteristics must be weighed in-
dividually and collectively in order that cor-
rective measures ma.yibe.introduced where 
required. 

JWLPOSIUM 
().) 
Panel Discussion on 
Performance of DC 

Amplifiers 
(Organized by Professional Group on 

Instrumentation) 

ERNST WEBER, Chairman 

(Polytechnic Institute of Brooklyn, 
Brooklyn, N. Y.) 

57. A panel qualified to discuss design, 
performance, and application aspects of dc 
amplifiers of many types will present brief 
prepared remarks. Following this the au-
dience will be invited to participate with 
questions and comments aimed at bringing 
out the capabilities of existing designs and 
the problems still requiring solution. 

SYMPOSIUM 

Matching Schools and 
Industry 

(Organized by Education Committee) 
E. L. BowLEs, Chairman 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 
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58.  EDUCATIONAL REQUIREMENTS 
FOR DEVELOPMENT ENGINEERS IN 
ELECTRONIC AND COMMUNICATION 

TECHNOLOGY 
M. J. KELLY 

(Bell Telephone Laboratories, Inc., 
New York, N. Y.) 

The expansion of research in the physical 
sciences has provided new knowledge which 
is having a profound effect on electronic and 
communication technology. This new situa-
tion has shifted the emphasis in scientific 
training from practice to fundamentals. The 
need for graduate programs in schools, and 
training programs on the graduate level in 
development laboratories is therefore em-
phasized. 
The problems facing universities, tech-

nical schools and development laboratories 
will be discussed, and the Bell Telephone 
Laboratories' training program described. 

59. MAKING ENGINEERING EDUCA-
TION PROFESSIONAL 

B. R. TEARE, JR. 
(Carnegie Institute of Technology, 

Pittsburgh, Pa.) 

Engineering education, like engineering 
practice, may be either professional or sub-
professional. Engineering education is made 
professional through developing in the stu-
dent the capacity for the orderly, analytical 
treatment of problems that are new to him 
and by preparing him to continue to learn 
after he leaves college, iather than by choice 
of subject matter and distribution of hours 
among different courses. Professional situa-
tion problems and problems to teach the art 
of learning from experience are powerful 
tools for these purposes. Examples are given. 

60. USING TESTS TO SELECT 
ENGINEERS 

WARREN G. FINDLEY 

(Educational Testing Service, 
Princeton, N. J.) 

Undergraduate colleges of engineering 
find tests of mathematical aptitude or 
achievement, comprehension of scientific 
materials, and spatial visualization, in that 
order, most helpful in selective admissions. 
Best selection is obtained when test results 
are used in conjunction with previous school 
records. 
Testing for admission to graduate study 

in engineering presents the added problem of 
adapting procedures to the specialized 
branches. New tests stress ability to apply 
knowledge, creative talent, biographical in-
formation. 
In selecting engineering graduates for in-

dustrial positions, tests are most useful as 
supplements to other types of evidence and 
in proportion as previous testing data are 
lacking. 

61. ORIENTING THE ENGINEER 
IN INDUSTRY, 
E. W. BUTLER 

(Federal Telephone and Radio Corporation, 
Clifton, N. J.) 

Our industrial civilization is becoming 
more complex each year in its economic and 
social as well as its technical aspects. At the 
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same time greater concentration on the 
technical curriculum is required in engineer-
ing schools. 
As a result, there is a tendency to 

severely restrict or eliminate the time avail-
able to acquaint the student with the non-
technical aspects of industry. He, therefore, 
enters industry unprepared to solve the 
nontechnical problems. 
The author feels that both the technical 

schools and industry must give wider recog-
nition to this situation. The paper discusses 
the writer's observations of engineers' prob-
lems outside the scope of their technical 
training and offers suggestions as to how the 
university and industry may work together 
to better the situation. 

Circuits I—Synthesis 
and Analysis 
J. G. BRAINERD, Chairman 
(University of Pennsylvania, 

Philadelphia, Pa.) 

62. NETWORK SYNTHESIS APPLIED 
TO FEEDBACK CONTROL 

JOHN G. TRUXAL 

(Purdue University, Lafayette, Ind.) 

The principles of network synthesis are 
applied to the synthesis of servomechanisms. 
From the specifications, the poles and zeros 
of a suitable over-all system function are 
determined. The second step involves the 
determination of the poles and zeros of the 
open-loop transfer function by simple 
analytical and graphical relationships. Fi-
nally, the compensation networks are found. 
The synthesis procedure, in addition to per-
mitting the designer control over both the 
time-domain and the frequency-domain 
behavior of the system—either considered as 
a filter or as a system subjected to multiple 
disturbances—is based on several relation-
ships between pole and zero positions and 
system performance which clarify certain 
aspects of the general servomechanism syn-
thesis problem. 

63. NETWORK SYNTHESIS BY 
THE USE OF POTENTIAL 

ANALOGUES 
R. E. SCOTT 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

The synthesis of lumped-parameter pas-
sive networks is greatly facilitated by the use 
of the two-dimensional potential analogue. 
Two devices utilizing this principle will be 
described. The first machine plots gain and 
phase functions continuously on the face of 
a cathode-ray tube. It is useful for obtaining 
experimentally the locations of poles and 
zeros to give a desired gain and phase re-
sponse. The second machine yields the real 
and imaginary parts of the network func-
tion. Properly processed these functions give 
the transient response of the network, and 
the device can be used in the problem of 
synthesis for a prescribed transient response. 

64. TRANSFER RATIO SYNTHESIS 
BY R-C NETWORKS 
JOHN T. FLECK 

(Cornell Aeronautical Laboratory, 
Buffalo, N. Y.) 

AND 

PHILIP F. ORDUNG 
(Yale University, New Haven, Conn.) 

The problem considered in this paper is 
that of the realization of a transfer ratio, 
Eoutput/ Einput, which is restricted to have 
only real negative zeros and poles, with a 
ladder type of network that contains only 
resistors and capacitors. The relationship 
of the driving point and transfer admittance 
to the elements of a ladder network are re-
viewed. Then a method is advanced whereby 
the driving-point and transfer admittances 
of the ladder may be determined from the 
transfer ratio. Finally, the method of syn-
thesis of the driving-point admittance as a 
ladder network that realizes the desired 
transfer ratio is developed. 

65. ELECTRICAL-MECHANICAL EQUIV-
ALENT NETWORK SYNTHESIS 

ALBERT A. GERLACH 

Armour Research Foundation, Illinois 
(Institute of Technology, Chicago, Ill.) 

The problem of forward loop compensa-
tion in linear servomechanisms is considered 
with particular emphasis on position con-
trol systems. The open loop transfer function 
of the necessary physical components of the 
system is reduced to linear and quadratic 
factors, and the synthesis of network com-
plements for the individual factors is pro-
posed. It is shown that the parallel network 
configuration is well suited for complement-
ing a pair of complex poles. An example of 
the use of linear and quadratic compensa-
tion to reshape the transfer locus of a typical 
position control servomechanism is given. 
The conclusions are that any linear, luinped 
parameter, minimum phase system may be 
compensated to any degree desired; the 
limiting factor being the noise susceptibility 
of the compensating networks. Nonmini-
mum phase systems may be compensated 
up to an all-pass function. 

66. LINEAR NETWORK NEIGHBOR-
HOOD EQUIVALENCE 

D. R. CROSBY 
(RCA-Victor Division, Camden, N. J.) 

This is a mathematical study of the sense 
in which electrical nets may be equivalent. 
Three particular kinds of equivalence are 
discussed. 
It is shown that the classical theorems 

concerning linear nets frequently hold for a 
single frequency, and thus only establish 
point equivalence. 
Neighborhood equivalence is the more 

significant equivalence when the net be-
havior over a narrow band of frequencies 
is of interest. To assume that two nets have 
neighborhood equivalence when they only 
have point equivalence may lead to serious 
error. Some theorems and applications of 
neighborhood equivalence to transmission 
lines and simple lumped circuits are shown. 

V. CONSTANT-RESISTANCE VARIN fol 
PARAMETER NETWORKS  r 

L. A. ZADEH 

(Columbia University, New York, N. Y.) . 

The input impedance of a linear varying. 
parameter (variable) network is in general a 
function of time and frequency. A constant. 
resistance network of this type is defined as 
one whose input impedance is independent 
of both time and frequency, i.e., is a con. 
stant. A general theory of constant-resist. 
ance networks of the linear varying-para-
meter type is outlined. In particular, it is 
shown that any self-dual variable network 
is a constant-resistance network. Several 
variable  constant-resistance  structures, 
among them the lattice and the bridged-tee, 
are analyzed and the possibility of using 
these networks as constant-resistanse modu-
lators is indicated. 

Electron Tubes I— 
Tubes Employing - 
Electron Beams 
B. E. SHACKELFORD, Chairman 

(Radio Corporation of America, 
New York, N. Y.) 

68. THE DESIGN OF 90°-DEFLECTION 
PICTURE TUBES 

H. GROSSBOHLIN 
(Allen B. Du Mont Laboratories, Inc., 

Clifton, N. J.) 

The desirability of higher deflection , 
angle picture tubes is evident from the re-
duction in tube cost and cabinet size which 
can be effected. 
High deflection angle means greater de-

flection and focus power requirements and a 
tendency to greater spot distortion. Careful 
design of the tube body and of the wall con-
tour permits more efficient yoke design, 
minimizing deflection power requirements. 
It is shown that the short tube length per-
mits redesign of the electron gun in such a 
way as to reduce spot distortions to the 
point where picture quality is comparable 
to present tube types. A description of a 90° 
deflection tube-so designed is given. 

69. THE ROTATING BEAM METHOD 
FOR INVESTIGATING 
ELECTRON LENSES 

D. E. GEORGE, R. G. E. HUTTER, AND 
M. COOPERSTEIN 

(Sylvania Electric Products Inc., 
Bayside, L. I., N. Y.) 

A technique is described whereby elec-
tron lenses, either magnetic or electrostatic, 
can be investigated regarding their optical 
properties. The method uses a circularly 
rotating electron beam. This rotation can be 
accomplished by either electromagnetic or 
electrostatic deflection. This method mini-
mizes space charge effects and alignment 
problems. 
Applications of the method to magnetic 

lenses are given. These include the measure-
ment of spherical aberration, location of the 
magnetic axis, and qualitative evaluation 
of the symmetry of a magnetic lens. A de-

fr 



Iription of the apparatus is given and rcuit diagrams of the sweep generators 
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). A MINIATURE TRAVELING-WAVE 
TUBE FOR THE LO WER 

UHF BAND 
ROBERT ADLER 

Zenith Radio Corporation, Chicago, Ill.) 

The traveling-wave tube described is a 
ide-band, low-noise exponential amplifier 
ir frequencies between 100 and 1,000 Mc. 
: combines principles of conventional grid-
)ntrolled tubes and traveling-wave tubes. 
.s helix, wound like a control grid, is 
aralleled by a long cathode. Each incre-
iental part of the helix controls a corre-
aonding part of the electron stream, which 
-averses the helix diametrically and de-
vers energy to the other side by space-
harge coupling. A weak magnet field 
!nders the tube directional, giving it gain in 
ne direction and loss in the other. 
Gains of 10 db per inch have been meas-

°red and more should be obtainable. Noise 
gures are promising. Bandwidth is about 
5 per cent of center frequency. 
Construction and performance of ex-

erimental models are given and alternative 
>rms, as well as their applications, reviewed. 

1. GENERATION OF SIDEBANDS DUE 
'0 GAIN AND PHASE SHIFT MODULA-
TIONS IN A TRAVELING WAVE 

TUBE AMPLIFIER 
M. ARDITI, A. G. CLAVIER, AND 

P. PARZEN 
Federal Telecommunication Laboratories, 

Inc., Nutley, N. J. 

It has been proposed to use the traveling-
rave tube amplifier (TWTA) in wide-band 
adio relay systems. The TWTA, when de-
igned for a low noise figure could be used in 
traight through radio-frequency repeaters. 
t could also be used as a buffer amplifier 
etween the transmitter and the antenna 
rovided a sufficiently high output signal to 
oise ratio is obtained. An evaluation of this 
atio for AM and FM signals is given taking 
ccount of the generation of side-bands due 
o gain and phase-shift modulations. Similar 
onsiderations are applied to the use of the 
1VTA as a wide-band converter of high 
sin and large output powers. 

72. BEAM ANALYZER 
L. R. BLoom, D. F. HoLsHousEa, 
H. S. Wu, AND W. W. CANNON 

(University of Illinois, Urbana, Ill.) 

Recent developments in millimeter waves 
iave stressed the importance of tightly 
iunched beams. It has become necessary to 
tudy the bunching effects in general. A 
team analyzer" is suggested which meas-
tres velocity and density distribution along 
he beam. 
Velocity distribution is obtained by pro-
ting the beam through a chromatic 
lindrical lens. Density spread is obtained 
)5, injecting the electrons through a strong 
Jectric field which is varying with the same 
requency as that of the pulsed beam. 
From the pattern on the cathode-ray 

creen, one can then determine the density 
ipread. Thus, the modulation of the beam 
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with respect to velocity and density modu-
lation is completely defined. 

Microwaves I— Wave-
guides A 
R. Bowx, Chairman 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

73. DEVELOPMENT OF WAVEGUIDE 
SWITCHES FOR COMMERCIAL AND 

MILITARY APPLICATIONS 
T. N. ANDERSON 

(Airtron, Inc., Linden, N. J.) 

This paper gives a discussion of the vari-
ous means for accomplishing switching in 
waveguide circuits. A discussion is given of 
the advantages of the various types of con-
struction and the electrical performance 
which may be achieved using these. The de-
velopment of waveguide switches which have 
reflections equivalent to ordinary trans-
mission line components and are capable of 
broad band operation at power levels equiv-
alent to that of rigid waveguide is given. 
Both military and civilian applications for 
waveguide switches are discussed along with 
technique employed for obtaining the re-
quired mechanical and electrical perform-
ance. The various drive mechanisms which 
have been developed for use with these 
switches are also discussed. A discussion of a 
commercial application of a waveguide 
switch for extremely stringent electrical re-
quirements is discussed (broadband VSWR 
less than 1.02 and crosstalk in excess of 90 
db) and the mechanism employed in its 
construction is described. 

74. LOW-LOSS WAVEGUIDE 
TRANSMISSION 

S. E. MILLER AND A. C. BECK 

(Holmdel Radio Research Laboratory, 
Bell Telephone Labotatories, Inc., 

Red Bank, N. J.) 

Above 5,000 Mc, the use of circular elec-
tric waves in round waveguides is attractive 
for low-loss transmission from the stand-
point of minimizing guide size and delay dis-
tortion, but is subject to the restrictions in-
herent in a multimode medium. Experi-
ments conducted on a 500-foot 4.732 inch 
inside-diameter line indicate that the small 
attenuations theoretically attainable using 
circular electric waves can be approximated 
in practice. Observed losses are somewhat 
above the theoretical values due to mode 
conversion and roughness of the waveguide 
wall. Under certain conditions, mode con-
version can also result in signal distortion. 

75. DOMINANT WAVE TRANSMISSION 
CHARACTERISTICS OF A MULTI-
MODE ROUND WAVEGUIDE 

A. P. KING 

(Holmdel Radio Research Laboratories, 
Bell Telephone Laboratories, Inc., 

Red Bank, N. J.) 

This paper presents some dominant wave 
transmission characteristics of multimode 
round waveguide lines in the 4 kMc range 
of frequencies. The use of such waveguide 
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lines offers the advantages: (I) lower trans-
mission losses than obtainable with single 
mode rectangular waveguide, and (2) the 
relative ease of making good joints. 
Possible mode conversion effects, includ-

ing dominant mode elliptical polarization, 
have been examined and found to be in-
nocuous. As a result, cross-polarized dom-
inant waves can be used to provide two 
reasonably independent signalling channels 
at the same frequency in one pipe. 
The experimental results obtained with 

a straight line 2.812 inches inside diameter 
and 150 feet long is given. 

76. RADIAL PROBE MEASUREMENTS 
OF MODE CONVERSION IN LARGE 
ROUND WAVEGUIDE WITH TEst 

MODE EXCITATION 

M. ARONOFF 

(Holmdel Radio Research Laboratory, 
Bell Telephone Laboratories, Inc., 

Red Bank, N. J.) 

Measurements of mode conversion in 
2-inch inside diameter and 4.736-inch inside 
diameter round waveguide excited with 
TE01 energy were made at 9,000 Mc. A 
short probe sampled the radial electric field 
around the inner periphery of the waveguide 
_ wall and the resultant response indicated the 
presence of the undesired modes. Mode 
conversion caused by waveguide ellipticity, 
surface imperfections (scratches, bumps 
and holes), and imperfect joints was meas-
ured and found to agree well with available 
theory. 
The technique described has been found 

useful in electrically testing the worth of 
individual sections of commercially drawn 
waveguide for use in transmitting the cir-
cular electric wave. 

77. A BROADBAND MICROWAVE 
QUARTER-WAVE PLATE 

A. J. SIMMONS 
(Naval Research Laboratory, 
Washington 25, D. C.) 

Differential phase shift between two 
orthogonal TEli waves in circular hollow 
waveguide is achieved with a reflectionless 
array of capacitive pins. Using transmis-
sion-line theory, an analysis of such a struc-
ture is made and, under the assumption 
that the pin susceptance varies with fre-
quency as jcaC, a broad-band 3-pin array 
acting as a quarter-wave plate may be de-
signed. Such an array, which is only one inch 
long at X band has been tested. A voltage 
ellipticity ratio of less than 1.1 and VSWR 
less than 1.2 is maintained over a 12 per 
cent band. 

78. THE PRECISION MEASUREMENT 
OF THE EQUIVALENT CIRCUIT 
PARAMETERS OF DISSIPATIVE 
MICROWAVE STRUCTURES 

A. A. OLINER AND H. KURSS 

(Microwave Research Institute, Poly-
technic Institute of Brooklyn, 

Brooklyn, N. Y.) 

The precision method to be described 
analyzes a general dissipative terminal struc-
ture into a simplified equivalent circuit con-
sisting of two resistive and two reactive pa-
rameters between specified reference planes. 
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The network parameters are determined 
independently of any absolute distance 
measurements, which generally involve the 
greatest source of error. The method is 
based on A. Weissfloch's idea of utilizing a 
network with separated lossy and lossless 
parts. 
The input data obtained for different 

settings of a variable short-circuiting plunger 
at the output side are plotted in the reflec-
tion coefficient plane and fitted analytically 
by the best possible circle. From the location 
of the center and the radius of this circle, 
two resistive network . parameters and an 
input reference plane shift are determined. 
The remaining lossless portion of the net-
work is analyzed precisely by the tangent 
relation method yielding a shunt network. 

SYMPOSIUM 

Panel Discussion on 
the "Empire State 

Story" 
(Organized by Professional Group on 
Broadcast Transmission Systems) 

F. MARX, Chairman 

(American Broadcasting Company, 
New York, N. Y.) 

70. A detailed discussion of the elec-
tronic, electrical, architectural, and me-
chanical constructional features of the Em-
pire State broadcasting facilities by a group 
of specialists who are specifically involved in 
the activity. 

PANEL MEMBERS 

a. 0. B. HANSON (National Broadcasting 
Company, New York, N. Y.) 

b. F. G.  KFAR  (Kear  and Kennedy, 
Washington, D. C.) 

c. W. F. LAMB (Shrieve, Lamb and Har-
mon, New York, N. Y.) 

d. B. H. RICHARDSON (Starrett Bros. and 
Ekin, New York, N. Y.) 

e. H. GIHRING (Radio  Corporation of 
America, Camden, N. J.) 

f. T. E. HOWARD (Station WPIX, New 
York, N. Y.) 
R. D. Cu m> (DuMont Television Net-
work, New York, N. Y.) 
F. MARX (American Broadcasting Com-
pany, New York, N. Y.) 

g. 

h. 

SYMPOSIUM 

Recent Advances in 
Color Television 
A. G. JENsEN, Chairman 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

80. The subject will be covered in a 
co-ordinated series of papers by a panel of 
several leading engineers from companies 
currently engaged in color television re-
search. The speakers and their topics will be: 

A. PRINCIPLES OF ADDING COLOR 
TO TELEVISION 

W. T. WINTRINGHAM 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

B. COLOR TELEVISION AS A 
MULTIPLEX PROBLEM 

D. B. SMITH 

(Philco Corporation, Philadelphia, Pa.) 

C. SPECTRUM UTILIZATION IN 
COLOR TELEVISION 

R. B. DOME 

(General Electric Company, Syracuse, N. Y.) 

D. SOME LABORATORY EXPERIENCES 
WITH A COLOR TELEVISION 

SYSTEM 

A. V. LOUGHREN 

çl lazeltine Electronics Corporation, 
Little Neck, L. I., N. Y.) 

tif SYMPOSIUM 

Industrial Instrumen-
tation 

(Organized by Professional Group on 
Instrumentation) 

H. L. BYERLAY, Chairman 

(Detroit Tank Arsenal, Center Line, 
Mich.) 

81. FOUR-GUN OSCILLOSCOPE 
M. A. ZINIUK 

(Holley Carburetor Company, 
Detroit, Mich.) 

The "four-gun oscilloscope" was devel-
oped to present four separate tune variables 
on one screen. The unit consists of DuMont 
K1027 four-gun cathode-ray tube mounted 
in a six-foot steel cabinet. In this cabinet 
are four separate deflection amplifiers (ver-
tical), preapplifiers, high voltage supplies, a 
patch panel, and a common horizontal tune 
base. A mechanical timing-pip device super-
imposes on one trace timing-pips at 1/20, 
1/10, 1/5, 1/2, or 1-second intervals. 
A 4 X5-inch camera is mounted on. the 

face of the tube, with an automatically op-
erated shutter which is actuated at the be-
ginning and terminating ends of the sweep 
signal. Sweep frequencies available are 10 
seconds to 100 cps. 

82. AUTOMOTIVE ELECTRONIC 
TEST EQUIPMENT 

R. J. L. BUTTEkER AND T. S. BOLTON 

(Hastings Manufacturing Company, 
Hastings, Mich.) 

Electronic test equipment is being de-
veloped for diagnosing and locating faults 
in internal combustion engines. Using a 
cathode-ray tube as an indicator, only two 
connections to the engine's ignition system 
are required, one to a single high-tension 
lead and another to the breaker points of 
the primary circuit. The latter circuit is con-
nected to the vertical deflection plates of the 
cathode-ray tube and variation in the dis-
play are associated with specific troubles. 
The device, an ignition monitor, is suitable 
for both magneto and battery ignition sys-
tems without auxiliary equipment. Pat-
terns representing types of ignition troubles 
will be presented. 

83. THE VIBROTRON—A NEW 
TRANSDUCER 

JOHN ORMAN AND PAUL M. EIRLANDSON 
(Southwest Research Institute, 

San Antonio, Tex.) 

The basic principles of the vibrati 
string have been used to develop a new ty 
of transducer with an extremely wide vani 
ety of applications in the measurement 
pressures, temperatures, and other physica 
quantities. The Vibrotron uses a wire te 
sioned in a magnetic field and forced 
vibrate by passing a current through t 
wire. Variations in quantities measured a 
translated into changes in output frequency 
providing convenience for telemetering uses 
Many physical forms of vibrating strin 
transducers have been tested. Methods 
compensation for variations in ambient con 
ditions have been found, so that secondary 
frequency standards may be provided. 

84. ELECTRONIC RELAYS IN AUTO 
MATIC PROCESS CONTROL 

SYSTEMS 

R. W . GREENWOOD 

(Minneapolis-Honeywell Regulator 
Company, Philadelphia, Pa.) 

Electronic devices have gained prefer-
ence over mechanical devices in the opera-
tion of automatic control systems because 
they are faster, more precise and simpler 
to maintain. Typical devices such as the 
electronic continuous self-balancing po-
tentrometer, vane-type controller and elec-
tronic relay are described. Their application 
to various control systems used in the elec-
tronics industry itself in connection with the 
annealing of television tubes, control of lac-
quer drying ovens, and control of high-fre-
quency inductance heating furnaces for out-
gassing vacuum tubes are discussed. 

85. NEW TECHNIQUES IN 
IMPULSE TESTING 

WILLIAM G. FOCKLER 

(Allen B. DuMont Laboratories, 
Passaic, N. J.) 

For several years now the impulse-
testing laboratories have used the cold-
cathode oscillograph. Although it has been 
more than adequate, its many disadvantages 
have discouraged more widespread use of 
impulse-testing  techniques  in industry. 
With the development of the hot cathode 
permanently sealed type of tube several 
years ago, it was possible to achieve writing 
rates equivalent to those obtained with the 
cold-cathode oscillograph. The Type 5RP 
cathode-ray tube, a sealed off, high-voltage 
type, has the brightness and definition re-
quired for recording the impulse wave 
shapes. The development of this tube has 
been followed by the development of the 
necessary circuits to operate the tube and 
also meet the rigid standards of the impulse-
testing field. A discussion of these standards, 
the problems in meeting them, and descrip-
tions of circuits for operating the Type 5RP 
will be presented in this paper. 

Computers I 
E. R. PIORE, Chairman 

(Office of Naval Research, 
Washington, D. C.) 
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I 86. THE RAYTHEON SELECTION 
MATRIX FOR COMPUTER AND 

. . SWITCHING APPLICATIONS 

KENNETH M. REHLER 

(Raytheon Manufacturing Company, 
Waltham 54, Mass.) 

This paper outlines the design require-
ems for the three selection matrices used 
the Raytheon computer, discusses circuit 
tails, presents the procedure for self-
ecking the selections as made, and lists 
rtain advantages of the design. Photo-
aphs ife used to clarify circuit details, 
id to illustrate the constructional and 
Lckaging techniques. 
Previous types of selection matrix input 
ivers employing bi-stable elements such as 
p-flops inherently produce a selection when 
ey should be non-selecting or "reset." To 
,ercome this difficulty a new simple type 
matrix input-column driver has been de-
gaped which is tri-stable. It can be fully 
set on both sides. 

'. SATURABLE REACTORS AS SUBSTI-
TUTES FOR ELECTRON TUBES 
IN HIGH-SPEED DIGITAL 

COMPUTERS 

JAMES G. MILES 

(Engineering Research Associates, Inc., 
St. Paul, Minn.) 

Saturable reactors offer prospects as reli-
31e, permanent, low power, active circuit 
ements for drastically reducing the num-
of electron tubes required in high-speed 

,gital computers. Magnetic-amplifier type 
ip-flops are described which are operated by 
igger pulses of less than one microsecond 
uration and at repetition rates up to 400,-
)0- pulses per second. Illustrations show 
pplications  of  magnetic  flip-flops  as 
)unters and registers for binary-coded 
umbers, and as magnetically controlled 
sting devices. Core configurations are de-
:ribed and core material characteristics are 
-itically compared. Desiderata of integrally 
ssociated magnetic amplifier circuit corn-
orients such as rectifiers are set forth. 

88. FERROMAGNETIC CORES FOR 
THREE-DIMENSIONAL DIGITAL 

STORAGE ARRAYS 
WILLIAM N. PAPIAN 

(Servomechanisms Laboratory, Massa-
chusetts Institute of Technology, 

Cambridge, Mass.) 

Recently developed "rectangular" hys-
resis-loop  magnetic  materials  permit 
ompact  information-storage  assemblies 
here the selected storage cell is located by 
he intersection of three space-co-ordinate 
planes. The selection switching is inherent 
n the array based on each core's ability to 
istinguish between several values of excit-
g current. 
Quantitative data, and the dependence 
performance on hysteresis-loop shapes, 

re given in terms of "information-reten-
ion" and "signal" ratios. A metallic core 
with excellent signal ratios and a 20-micro-
ond response time, and a ferritic core 
ith fair signal ratios and a i-microsecond 
ponse time bracket the results to date. 

89. DEPENDABLE SMALL-SCALE 
DIGITAL COMPUTER 

J. J. CONNOLLY 
(Teleregister Corporation, 
New York, N. Y.) 

The manipulation of large amounts of 
stored data, with relatively simple arith-
metical operations, at reasonable speeds and 
with the utmost dependability, is the prob-
lem presented in inventory accounting sys-
tems applicable to department stores, mail 
order houses, railroads, airlines and all com-
mon carriers as well as government services 
wherever large inventory records are re-
quired. 
A system having the above characteris-

tics has been constructed and proven itself 
in dependability. 
The system employs a magnetic drum 

with storage capacity in the millions of bi-
nary digits, and input, selection or transla-
tion, programming, arithmetical and output 
functions. 
Plug-in subassembly construction, the use 

of the magnetic drum for translation, cate-
gory storing as well as programming, and 
circuit design based on weighted variations 
in operating conditions and rate of compo-
nent deterioration, are factors which con-
tribute to dependability with minimum 
maintenance. 

90. AN ASYNCHRONOUS CONTROL 
FOR A DIGITAL COMPUTER 

D. II. GRIDLEY 

(Naval Research Laboratories, 
Washington, D. C.) 

The sequential control circuits of the 
Naval  Research  Laboratory  Electronic 
Digital Computer have been designed for 
asynchronous operation under the surveil-
lance of checking circuits. A given electronic 
control element within a sequence transmits 
an action-initiating signal to the operation 
circuits, and an operation-complete signal 
must be received from the activated circuits 
before the advance to the next control ele-
ment of the sequence is made. If the opera-
tion-complete signal is not received, the 
computer is stopped and the status of most 
operational elements may be displayed by 
indicators. A general discussion of the se-
quence-control and checking circuits will be 
given to indicate the method of detecting 
errors in high-speed computer operation. 

Circuits II—Filters 
W. E. BRADLEY, Chairman 

(I'hilco Corporation, Philadelphia, Pa.) 

91. TIME DOMAIN FILTERS 

JAMES SNYDER 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

In the study of gunfire, there arises the 
problem of discriminating between muzzle 
blast and the shock wave generated by the 
bullet. Solutions based on frequency dis-
crimination are not feasible because of the 
well known shock excitation of filters; 
neither are simple amplitudes methods ap-
plicable. The problem and methods of deal-
ing with it are discussed and consideration 

given to the extension of the methods to 
the general problem of discrimination be-
tween dissimilar transients. 

92. PULSE RECEPTION FILTERS 
D. L. WAIDELICH 

(University of Missouri, Columbia, Mo.) 

Filters used in the reception of pulses 
Must as nearly as possible maximize the 
signal to noise ratio, as well as fulfill other 
less important requirements. An RC filter 
was chosen for compactness, and an analysis 
of its response to pulses was made. Curves 
of gain, signal-to-noise ratio and shift of 
the response peak were obtained in such a 
form that they are suitable for design use. 
With the aid of these curves circuit parame-
ters for the best signal-to-noise ratio may be 
determined.  Experimental  results  were 
found to agree closely with the predicted 
results. 

93. OPTIMUM NONLINEAR FILTERS 

HENRY E. SINGLETON 

(General Electric Research Laboratory, 
Schenectady, N. Y.) 

Standard forms for synthesizing arbi-
trary invariant finite state transducers con-
sist of storage elements combined with sets 
of comparison and coincidence devices. The 
system transfer function of an arbitrary non-
linear system maybe characterized by certain 
higher order autocorrelation functions of the 
input and crosscorrelation functions between 
the input and output. The optimum mean-
square filter, when based on a multi-
dimensional series expansion of the system 
function, is expressed in terms of higher-
order correlation functions. Only if the 
probability distributions of the signal and 
noise are Gaussian, does the filter reduce to 
a linear device. For finite state filters the 
criterion of minimum probability of error is 
employed, and the design equations repre-
sent surfaces in a hyperspace. 

94. NONLINEAR SAMPLING FILTERS 

WARREN D. WHITE 
(Airborne Instruments Laboratory, 

Mineola, L. I., N. Y.) 

H. E. Singleton, of MIT, has shown 
that, for the case of a filter operating from 
sampled input data, it is possible to obtain 
an optimum system operator in the form of 
a multi-dimensional Taylors series. Follow-
ing this lead, the author shows that the 
optimum system operator can be expressed 
in closed form and that special relations 
exist when the input can be expressed in 
terms of Markoff processes. It is shown that, 
in general, the ideal filter requires an infinite 
memory capacity. Practical approximations 
are possible, however, in which only a finite 
memory capacity is required. One such prac-
tical filter is considered in detail and com-
pared with the optimum linear filter. 

95. STATISTICAL FILTER THEORY FOR 
FEEDBACK SYSTEMS SUBJECT TO 

SATURATION 
GEORGE C. NEWTON, JR. 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

A theory for the design of compensating 
networks for feedback-control systems and 
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filters is developed herein. The novel feature 
of this theory is its consideration of satura-
tion and transient performance in addition 
to the usual steady-state behavior. This 
theory is essentially an extension of the re-
searches of Wiener and Lee in statistical 
methods for filter design. Saturation is 
handled by limiting the rms signal levels at 
critical points in the linear model used as 
the design basis for the physical system. 
Transient performance is handled by limit-
ing the integral-square errors to a set of 
transient signals. 

96. ELECTRONIC FILTER 
HOWARD T. STERLING 

(The Electronic Workshop, Inc., 
New York, N. Y.) 

A new electronic filter circuit is de-
scribed, with response characteristics sub-
stantially identical to those of a conven-
tional constant-k filter. Simple resistance-
capacitance networks are used as the 
frequency-determining elements. Such a 
filter with a slope of 18 db/octave beyond 
cutoff (equivalent to a conventional full-
section constant-k filter) can be constructed 
with only three ganged elements. Cutoff 
frequency is variable over a wide range, and 
damping is independent of frequency. Toler-
ance of circuit elements and tracking toler-
ance on the ganged elements is relatively 
uncritical. The circuit has the further advan-
tage of high input impedance and low out-
put impedance. 

Electron Tubes II— 
Special Tubes and 
Techniques 
G. D. O'NEILL, Chairman 

(Sylvania Electric Products Inc., 
Bayside, L. I., N. Y.) 

97. THE PLASMATRON, A CON-
TINUOUSLY CONTROLLABLE 

GAS TUBE 

E. 0. JOHNSON AND W. M. WEBS1ER 

(RCA Laboratories Division, 
Princeton, N. J.) 

The "plasmatron," a new type of low-
impedance electron tube, is described. This 
tube utilizes an independently produced gas 
discharge plasma as a conductor between a 
hot cathode and an anode. Continuous 
modulation of the anode current can be af-
fected by varying either the conductivity or 
the effective cross-section areas of this plas-
ma. The first method is accomplished by 
the modulation of an electron ionizing beam 
which changes the plasma density and hence 
its conductivity. The second method makes 
use of the gating action of positive ion 
sheaths which surround the wires of a grid 
located between the anode and cathode. 
The plasmatron appears to have consider-
able promise for such applications as motor 
drive, loudspeaker drive, and the many 
other uses which require the high current 
and low voltage operation that the high-
impedance vacuum tube cannot supply. 

PROCEEDINGS OF THE I.R.E. 

98. SWITCHING TIME LIMITATIONS 
IN HYDROGEN THYRATRONS 

J. B. WOODFORD, JR., AND E. M. WILLIAMS 

(Carnegie Institute of Technology, 
Pittsburgh, Pa.) 

The switching time in thyratrons is 
shown to be described by 

1  b(1 —a) L 1 —a 
_b 

Atab=  aEo lc45 a(1-6) ±  R loge  

in which Ala, is time of transition between 
the fractions a and b of total change in load 
voltage, a a tube parameter, Eo, anode sup-
ply voltage, and L and R load parameters. 
The tube parameter a must be experi-
mentally determined; however, examples of 
its variation between tubes and depend-
ence on pressure are given. Cavity enclosures 
are necessary to minimize circuit induct-
ances and with such enclosures commercial 
hydrogen thyratrons have switching times 
of two to six milli-microseconds. 

99. A NEW TYPE HEATER CATHODE 
TUBE FOR PORTABLE BATTERY-

OPERATED EQUIPMENT 

GEORGE \V. BAKER 

(Kip Electronics Corporation, 
New York, N. Y.) 

The heater of this new heater cathode-
type tube operates at 1.25 volts and at a 
current equivalent to that required by fila-
ment-type tubes used in battery operated 
equipment. This tube permits the use of cir-
cuits requiring separately insulated cathodes 
in dry battery-operated equipment. The first 
tube made in pilot plant quantity is Kip 
type KP53, a double diode in a subminiature 
T2 envelope. Samples of these tubes will be 
shown. 

100. NEW VACUUM-TUBE MATERIALS 

E. B. FEHR AND A. P. HAASE 

(General Electric Company, 
Owensboro, Ky.) 

A new spacer material which shows great 
promise as an effective substitute for mica in 
vacuum tube applications has been devel-
oped. This material when treated chemically 
and thermally, possesses mechanical and 
electrical properties similar, and in some 
cases superior, to mica. This paper treats 
the development and application of this new 
material and reports experience obtained 
with it in a number of tube types. 
A new anode material for use in vacuum 

tubes has been investigated. This material 
is compared with those presently used, and 
application experience and life test informa-
tion are presented. 

101. PROPERTIES OF INTERFACES IN 
METAL TO CERAMIC SEALS 
W. A. CHRISTOFFERS AND 

R. P. WELLINGER 

(University of Illinois, Urbana, Ill.) 

The thickness of the interface resulting 
from the bonding of metals to ceramics has 
been increased by ionic diffusion, which is 
intensified by passing a current through the 
interface. This has made it possible to deter-
mine the mechanical and electrical proper-
ties of this critical layer. Appreciable 
changes in tensile strength of the seal and 

Ma 

interface material have been observed. 
electrical  conductivity  stays  appr 
mately the same as that of the ceramic. 
process, in addition to enlarging the in 
face so that its properties can be studi 
provides a new means of making metal 
ceramic seals. It also shows the limitati 
of ceramics used in tube construction un 
extreme conditions of temperature and e 
tric field. 

Microwaves II— 
Waveguides 1;1 
H. A. WHEELER, Chairman 

(Wheeler Laboratories, Great Neck, 
L. I., N. Y.) 

102. ON THE EXCITATION OF 
SURFACE WAVES 

GEORG GouBAU 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

The total field excited on any wavegui 
consists of the regular wave and a suppl 
mentary field which provides for the co 
tinuity of the total field at the point of ex 
tation. In the case of open waveguides t 
supplementary field is a radiating fiel 
which, however, shows an orthogonality 
the field of the regular wave similar to th 
which occurs in closed waveguides. Thus 
amplitude of a surface wave which is excit 
by a dipole or any other power source can 
determined easily by means of the r 
iprocity theorem. The method is demon. 
strated in several examples. 

103. INTERACTION BET WEEN SUR-
FACE WAVE TRANSMISSION 

LINES 

ALLAN A. MEYERHOFF 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

An important question in connectior 
with surface wave transmission lines is th( 
interaction between them or with other 
wires which may act like surface waveguides 
This question is treated for two parallel line: 
with the provision that the coupling is small 
The problem is related to the problem o 
coupled circuits; the space variable for the 
currents in the lines corresponds to the 
time variable for the currents in the circuits 
When the two lines are identical there ir 
maximum interaction as is the case for idem 
tical circuits. The theoretical treatment h 
supplemented by the consideration of severai 
typical examples. 

104. A NEW DIRECTIONAL COUPLED 
PERMITTING FULL PO WER 

TRANSFER 

K. TOMIYASU AND S. B. COHN 

(Sperry Gyroscope Company, Great Neck, 
L. I., N. Y.) 

A new directional coupler capable ol 
transferring up to the total power from ont 
waveguide to another is described and ang 
alyzed. This coupler which can carry nearly 
the maximum power of the waveguide has 
been used as a high-power divider as well a. 
in a high-power attenuator. The couplinr 
element is a long slot containing a grid 
wires in the common narrow wall of the twi 

Sri] 



1951 IRE National Convention Program  305 

veguides. The power transfer is propor-
aal to sine-squared of the normalized 
gth of the coupling region. The quantita-
e theory developed for this coupler agrees 
aely with the results. 

• '5. MULTI-ELEMENT DIRECTIONAL 
COUPLERS 

S. E. MILLER AND VV. W. NIUMFORD 

(olmdel Radio Research Laboratory, Bell 
Telephone Laboratories, Inc., 

Red Bank, N. J.) 

Directional couplers using coupling de-
, nts spaced a quarter wavelength and 
oered in accordance with the coefficients 
c the binomial expansion produce maxi-
m  directivity in the vicinity of the design 
quency. By departing from these ideal 
oditions, somewhat less directivity can 
. achieved over a broader frequency band. 
Igh directivities over very broad bands 
o be achieved by using many coupling 
tments. Experimental results indicate that 
v. theoretical possibilities are readily 

There is presented a simple theory ac-
tinting for the performance when a signifi-
ot amount of power is extracted from the 
iiin line, and some experimental results are 
(ote(i. 

6. THE EFFECT OF RADIATION ON 
'IE Q OF RESONANT SECTIONS OF 
UNSHIELDED PARALLEL-WIRE 

TRANSMISSION LINE 

R. A. CHIPMAN, 

(McGill University, Montreal, Que., 
Canada) 

E. F. CARR, 

(General Electric Co., Syracuse, N. Y.) 
AND 

N. A. HOY 

(General Electric Co., Syracuse, N. Y.) 

Using a parallel-wire line extending ver-
;ally above a metal "ground" plane, Q 
.lues have been measured for both open-
id short-circuit terminations at the top of 
e line, with and without a large copper 
be surrounding the line. Resonant line-
ngths up to several wavelengths were used, 1• frequencies between 300 and 1,200 Mc. 
Radiation losses greatly exceeded ohmic 
sistance losses in every case. Representing 
tem by a "radiation resistance" at a cur-
nt loop, this resistance varied roughly as 
ie square of the line spacing in wavelengths, 
, at only slightly with line length. 
! Some agreement with theory has been 
i iund. 

SYMPOSIUM 

Some Systems Prob-
lems of Air Traffic 

Control 
DONALD G. FINK, Chairman 

(Ekcironics Magazine, McGraw-Hill 
; Publishing Company, 

New York, N. Y.) 

107. WEATHER 

N. A. LIEURANCE 
(U. S. Weather Bureau, 
Washington, D. C.) 

This paper will discuss the effects of 
meteorological phenomena—wind, icing, re-
duced visibility, etc.—on the operation of 
aircraft and on the minimum interval 
between successive aircraft arrivals or de-
partures. The need for more accurate and 
reliable localized forecasts, especially short 
term ones, will be indicated and the results 
of a study of short term forecasting at Wash-
ington National Airport will be summarized. 
Requirements for better weather measuring 
instruments and possible measuring tech-
niques will be discussed. 

108. AIRCRAFT AND AIRPORT 
CHARACTERISTICS 

L. P. TABOR 

(The Franklin Institute, Philadelphia, Pa.) 

The dispatch with which aircraft can 
land at any airport depends on a number of 
variables: among them are runway-taxiway 
configuration, flight and taxi characteristics 
of aircraft, minimum safe separation dis-
tance between aircraft and type of control 
exercised. The Franklin Institute has de-
signed a simulator capable of analyzing 
various proposed traffic control systems 
taking these variables into account. The re-
sults of an analysis of several systems will be 
presented. Also to be discussed is a program 
for the measurement, at several airports, 
of the important aircraft flight and taxi 
characteristics. The outline of this experi-
mental program will be presented along with 
results to date. 

109. ECONOMIC DEMAND 
F. B. LEE 

(Civil Aeronautics Administration, 
Washington, D. C.) 

From economic studies there emerges a 
pattern which clarifies the dependence of 
the amount of air traffic on the size, location, 
and economic character of communities. 
From this pattern it is possible to predict 
the demand (passenger, mail, and cargo) 
which will be placed on individual air-
ports and air routes in the future. These 
predictions set the requirements of volume 
and distribution of air traffic which an elec-
tronic control system must satisfy. 
This paper will also discuss the traffic 

delays experienced at major U. S. air ter-
minals and the effect which surveillance 
radar has had in reducing the number of 
aircraft delayed and the magnitude of de-
lay. The expected effect of new aids such as 
airborne transponders and automatic radar 
displays will be presented. 

110. HUMAN ENGINEERING 
P. M. FI ffS 

(Ohio State University, Columbus, Ohio) 

Although there is a persistent trend 
toward automaticity, part of the task of air 
navigation and traffic control will un-
doubtedly be performed by human opera-
tors. This fact imposes certain requirements 
on the design of mechanical and electronic 
components for the system. The present 
paper discusses the implications of three 
general requirements based on human 
capacities and limitations: those based on 
the capacity of a human operator in 
handling information and making decisions; 

those based on the capacity of a human 
operator in responding quickly to directional 
and spatial information and in manipulating 
controls; and those based on the capacity of 
men and machines to function as a system. 
Much information is already available 

about how human beings perform air naviga-
tion and traffic control tasks, and much re-
mains to be found out by research. Princi-
ples governing the design of information dis-
plays and communication equipment will be 
reviewed briefly in order to illustrate the 
state of present knowledge. 

111. TRAFFIC CONTROL THEORY 
D. H. EwiNG 

(Air Navigation Development Board, 
Washington, D. C.) 

This paper will summarize the results of 
several study projects on this subject spon-
sored by the Air Navigation Development 
Board. Included will be a discussion of the 
amount and type of control to be exerted at 
the various stages of aircraft flight in order 
to minimize delays en route and in terminal 
areas. ttonic In-

strumentation 
F. HAMBURGER, JR., Chairman 

(The Johns Hopkins University, 
Baltimore, Md.) 

112. MICROWAVE METHODS IN 
GAS ANALYSIS 
JOSEPH WEBER 

(U. S. Naval Ordnance Laboratory, White 
Oak, Md., and University of Maryland, 

College Park, Md.) 

The composition of certain gas mixtures 
can be determined by microwave measure-
ments on single resolved collision broadened 
spectral lines. The mole fraction of an ab-
sorbing gas in a mixture is uniquely deter-
mined by a measurement of the area under-
neath an absorption line. The limitations im-
posed by adsorption and presently available 
klystrons are discussed. 
The composition of binary gas mixtures 

can be determined by measurement of the 
peak absorption coefficients if the collision 
cross sections are known. A microwave spec-
troscope is also effective in the analysis of 
isotopic gas mixtures because isotopic sub-
stitution shifts the absorption lines by rela-
tively large amounts. 
Apparatus for utilizing microwave spec-

troscopy as an analytical tool is described, 
experimental results are presented, and com-
pared with those obtainable by a mass spec-
trograph. 

113. SPARK-OVER OF AIR AT 
RADIO FREQUENCIES 

W. CAYWOOD, JR. 

(Carnegie Institute of Technology, 
Pittsburgh, Pa.) 

Radio-frequency sparkover characteris-
tics of air at atmospheric pressure are of 
great importance to radio engineers dealing 
with problems of air insulation. It is well 
known that breakdown strength of air is less 
at radio frequencies than at power frequen-
cies. There has been considerable disagree-
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ment in the literature, even for relatively 
simple, nearly uniform field configurations 
of the amount of the difference. 
This paper contains: 
(a) A brief review of the theory of ac 

breakdown, showing the reason for a depend-
ence on frequency. 
(b) New, accurate experimental values 

of breakdown at up to two megacycles. 
These provide reliable data for high-
frequency power transmission lines and 
similar applications. 
(c) A new, experimentally derived rela-

tionship between gap length and frequency. 
It is shown that if a 'plot is made of (spark-
over voltage)  (air density) as a function of 
(frequency) X (gap length) qi; all data taken 
lie on one single curve. 

114. X-RAY LIQUID LEVEL GAGE 

JOHN E. JACOBS AND ROBERT F. WILSON 

(Coolidge Laboratory, General Electric 
X-Ray Corporation, Milwaukee, Wis.) 

A liquid level gage has been developed 
using semi-conductors as X-ray detectors 
that is capable of gaging the level of a liquid 
in thick-walled steel vessels to a close preci-
sion. The gage may be used for inspection of 
filled containers or as a control element 
for the filling process. By virtue of the 
natural amplification of the semi-conductor 
detector the required instrumentation is 
greatly simplified. 

115. NOISE FIGURE STANDARDS 
M. SOLOW, I. W. HAMMER, AND 

P. H. HAAS 

(The National Bureau of Standards, 
Washington, D. C.) 

Noise figure standards to 30 Mc are now 
available at the National Bureau of Stand-
ards. Establishing these standards required 
generalizing the theory of noise figures and 
determining the uniqueness and accuracy of 
noise figure measurements. 
The technique used to verify the theory 

was to show the invariance of the equivalent 
noise resistance of a special four-terminal 
network from measurements of its noise 
figure with a temperature limite -I diode. 
This was done at 4.3, 12, and 30 Mc. The 
limits of error for noise figure measurements 
with the present equipment is ±0.2 decibel. 
This theory and technique have other 

applications; one is the impedance measure-
ment of two-terminal networks. 

116. NEW LIMITS FOR LOW-LEVEL RP 
ENERGY MEASUREMENTS 

W . K. VOLKERS 

(Millivac Instruments, New Haven, 
Conn.) 

At low voltage or energy levels rf crystal 
diode detection follows a square law. By 
combining a large unmodulated "excitation" 
signal identical in frequency and phase with 
a small modulated signal the limit for low 
level rf energy measurements can be dras-
tically lowered. The method described em-
ploys a special crystal diode probe having 
an excitation terminal and a dual signal gen-
erator producing both the unmodulated ex-
citation signal and the modulated signal for 
measurements. Small fractions of a billionth 
of a watt can thus be measured over prac-
tically all high- and low-frequency ranges. 
The method improves the already excellent 
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voltage measuring sensitivity of the well 
known probe-and-tuned-amplifier-combina-
tion by more than twenty decibels. 

Computers II 
J. W. FORRESTER, Chairman 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

117. A SAMPLING ANALOGUE 
COMPUTER 

JOHN BROOMALL AND LEON RIE MAN 
(Moore School of Electrical Engineering, 

University of l'ennsylvania, 
Philadelphia, Pa.) 

The sampling analogue computer has al-
ready found a number of applications and 
conceivably can be used in many other cases 
where the accuracy of the result need not 
exceed 0.1 per cent of "full scale." The 
theory of operation has been covered else-
where. This paper discusses the use of the 
sampling computer in determining IV from 
W=KYZ/X where K is a system constant, 
X, Y, and Z are independent input variables 
and IV is the computed result or answer. 
A particular mechanization of the com-

puter is given together with a review of 
sources of error and suggestions for further 
improvements. 
A pulse-to-dc converter is described to 

permit use of any number of these com-
puters in tandem. 

118. A TIME DIVISION MULTIPLIER 
FOR  A GENERAL-PURPOSE 
ELECTRONIC DIFFERENTIAL 

ANALYZER 

R. V. BAUM AND C. D. NIORRILL 

(Goodyear Aircraft Corporation, 
Akron, Ohio) 

An electronic device for producing the 
products of two variable voltages is de-
scribed. Sources of systematic errqr are 
briefly analyzed and the methods used to 
reduce such errors are discussed. The char-
acteristics of the multiplier are summarized 
and compared with those of the servo-
multiplier usuallyemployed in analogue com-
puters. Finally, the use of this multiplier in 
a high speed differential analyzer to solve 
nonlinear ordinary differential equations is 
illustrated. 

119. A HIGH-SPEED PRODUCT 
INTEGRATOR 
ALAN B. NIAcNEE 

(University of Michigan, Ann Arbor, 
Mich.) 

A high-speed product integrator has been 
developed. A one-hundred point solution is 
obtained on a cathode-ray tube screen every 
1.67 seconds. The product integrator em-
ploys components of an electronic differen-
tial analyzer together with a set of motor 
driven potentiometers. This product in-
tegrator has been used for the evaluation of 
solutions of the Fourier, Schlomilch, and 
superposition integral equations. An ac-
curacy of the order of 2 per cent is achieved. 

120. PLUG-IN UNITS FOR DIGITAL 
COMPUTATION 

G. GLINSKI AND S. LAZECKI 
(Computing Devices of Canada, Ltd., 

Ottawa, Ont., Canada) 

Mar 

To widen the scope of application 
high-speed electronic digital data handl' 
systems, the development of individual co 
puter "units" has been undertaken. Th 
units may be assembled into various s 
tems of varying degree of complexity. 
The "S" series of units, some of whi 

are described in this paper, provides b 
units for a serial digital computer. This " 
series consists of such basic units as: am 
fiers, binary scalers, buffers, cathode f 
lowers, decoders, delay lines, flip-flops, ga 
half-adders, matrices, memory, oscillato 
etc. 
As an example of simplification intro 

duced by unitized construction, it was pus 
sible to build a relatively complex dati 
handling system (4,000 units) out of 5( 
basic functional units. 

121. A FIVE-DIGIT PARALLEL 
CODER TUBE 

J. V. HARRINGTON AND K. N. W ULFSBE 

(Air Force Cambridge Research 
Laboratories, Cambridge, Mass.) 

AND 

G. R. SPENCER 

(Philco Tube Laboratory, Cambridge, /-
Mass.) 

A cathode-ray type coder tube which wi 
convert a signal voltage into a five-digi 
parallel binary code is described. The coding 
pattern is obtained by printing a material a 
low secondary emission ratio on metal targe 
segments having a high secondary emissior 
ratio. The pattern is segmented "digitwise 
so that the code signals may be obtained i 
parallel, and the coding pattern is derive,: - 
from the so-called "cyclic" system, which if 
self-quantizing. 

Circuits III—General I 
R. L. DIETZOLD, Chairman 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

122. A LINEAR OPERATIONAL CALCIN 
LUS OF EMPIRICAL FUNCTIONS 

R. G. PIETY 

(Phillips Petroleum Corporation, 
Inrtlesville, Okla.) 

An operational calculus (based on tht 
generating functions of DeMoivre and La. 
place) is derived to evaluate the convolutior 
and also its inversion, between empiricall 
obtained functions. The operations are car. 
ried out by the ordinary algorithms for mul-
tiplication and division of polynomials. Tilt 
cross and auto correlations of time series art 
similarly computed. A time series is repre 
sented by a polynomial in x where the co-
efficients of the successive powers of x art 
equal to the values of the time series at suo 
cessive equal intervals of time. The develop. 
ment of a function in terms of the translatec 
values of another (obtainable with generating 
functions) is applied to network synthes-

123. PULSE TRANSFORMER CON-
SIDERED AS A WIDE-BAND 

NETWORK 

M. GUNTHER RUDENBERG 
(Raytheon Manufacturing Company, 

Waltham, Mass.) 

The method of distribution, already sue 



7 

1951 IRE National Convention Program 307 

ful for amplifiers, is applied to the analy-
ind design of an improved pulse trans-
feat!. having a resolution of only a few 
mimicroseconds. There is no stray ca-
piitance limit, and with proper matching 
naignificant resonances exist. The matrix 
ailysis applied to two practical examples, 
linverting pulse transformer and a 75-300 
tali uhf network. Design involves matching iedances and traveling-wave velocities in 
windings. Bandwidths up to 500 Mc 
e  measured, but the method also applies 
ihudio frequencies. Ultra-thin iron lamina-
its are not required to achieve the excel-
*: high-frequency  response.  Practical 
Sits set by skin effect losses occur at micro-
i re frequencies. 

124. SINGLE-TAPPED COIL 
DELAY LINE 
S. G. LUTZ 

el ew York University, New York, N. Y.) 

Sonar lag lines and radar delay lines are 
iffttical in theory but exacting sonar re-
-irements justify more complex structures. 
flowing a survey of desirable lag line prop-
eies, those configurations involving not 
ire than one singly tapped coil per section 
a listed and compared, showing that they 
ai all special cases of a section, termed 
4, including all distributed capacitances of 
&enter tapped coil plus two capacitances to 
pund. This section is a low-pass-band-pass 
fer which sometimes can be made confin-
e:, or whose low-pass delay characteristic 
ci be compensated by adjusting the loca-
t ns of the band-pass cutoff frequencies. A 
rve matching technique is presented for 
sing this. 

I 125. NICKEL ACOUSTIC DELAY 
LINE 

T. F. ROGERS 
Air Force Cambridge Research Labora-

tories, Cambridge, Mass.) 
AND 

S. J. JOHNSON 
Anderson-Shaw Laboratories, Hartford, 

Conn.) 
The effect of a magnetic field upon a 
ckel acoustic delay line has been studied 
an attempt to affect a nonmechanical 
ethod of changing its delay time. Changes 
delay of up to 3 per cent at 1,000 oersteds 
we been noted and can be explained on the 
ibis of a change in the velocity of propaga-
m of the 1 Mc transverse (shear) sonic 
ayes used. Accompanying the change in 
:locity is a profound change in the trans-
ittivity throughout the nickel line; at high 
.1d strengths output signals have been 
ted over 100 times in amplitude of those 
'lied at H-0. 

126. AMPLIFIER SYNTHESIS ON 
EQUAL-RIPPLE BASIS 

DEFOREST L. TRAUTMAN AND 
J. A. ASELT1NE 

(University of California, Los Angeles, 
Calif.) 

This paper describes a method of design-
bandpass amplifiers with equal-ripple 

Chebyshev) response yielding design data 
terms of pole and zero locations in the 
mplex-frequency plane. No restriction is 
ced on the type of coupling between 
es, and bandwidth may be as large as 

desired with no approximations necessary in 
the design. 
The method consists of mapping the 

bandpass frequency plane onto a transform 
plane where the pass bands appear as a 
circle. The poles placed symmetrically on 
another circle whose radius is a function of 
the ripple desired provide the required 
equal-ripple response. The inverse mapping 
yields their locations in the bandpass fre-
quency plane, and is distorted by the correct 
amount to accommodate the zeros required 
by the various interstage coupling networks. 

Broadcast and TV 
Receivers 
J. D. REID, Chairman 

(American Radio and Television, Inc., 
North Little Rock, Ark.) 

127. WIDE-ANGLE DEFLECTION 
YOKE DESIGN 

H. THOMAS 

(Allen B. DuMont Laboratories, Inc., 
East Paterson, N. J.) 

In order to describe the variable and 
interdependent factors bearing on deflection 
yoke design, the first part of this paper dis-
cusses the main yoke performance charac-
teristics; e.g., sensitivity, spot and pattern 
distortion, neck shadow, and linearity. The 
electrical features and mechanical dimen-
sions bearing on these characteristics are 
then correlated to the normal operating 
conditions, to heating, shrinkage, cross cou-
pling, and manufacturing cost. The com-
promises necessary to obtain a balance 
between sensitivity and neck shadow and 
between spot and pattern distortion are 
developed in detail, with a final suggestion 
toward some means to standardize yoke 
performance measurements. 

128. SEMI-AUTOMATIC FABRICATION 
OF AUDIO AND VIDEO 

EQUIPMENT 
W. H. HANNAHS, R. BAHR, JR., 

AND J. CAFFIAUX 
(Sylvania Electric Products Inc., 

Bayside, N. Y.) 
Design principles are given for arriving 

at functional structures for electronic sub-
assemblies and complete equipment, the 
objectives of the designs being a reduction 
of labor in the fabrication of mass produced 
items. In three examples—an AM radio, a 
television IF strip and an interphone ampli-
fier—application is made of modern etching, 
stamping, and other printed-circuit tech-
niques. 

129. UHF CONVERTER 

B. F. TYSON 

(Sylvania Electric Products Inc., 
Flushing, L. I., N. Y.) 

During the introductory period of uhf 
television broadcasting, converters will be 
required for reception of uhf stations on 
existing vhf receivers. A uhf converter is 
described which features simplicity of op-
eration and low cost. The converter is de-
signed so that at the time of installation its 
local oscillator is preset to a fixed frequency 
and uhf stations are selected with the regu-
lar vhf receiver controls. 

Performance characteristics are given 
including conversion efficiency, noise figure, 
and local oscillator stability. The possibilities 
of interference from harmonics of the vhf 
receiver local oscillator are examined and 
other limitations in the operation of the 
converter are explained. 

130. POWER SUPPLIES FOR TELE-
VISION RECEIVERS 

A. M. LEVINE AND S. MOSKOWITZ 

(Federal Telecommunication Laboratories, 
Inc., Nutley, N. J.) 

The characteristics of voltage doublers 
and triplers using selenium rectifiers and 
having load currents from 100 to 500 milli-
amperes are discussed. These characteristics 
include output voltage regulation and ripple 
factor. 
Since the voltage-doubler type of power 

supply is more economical, the receiver de-
signer should attempt to reduce the direct-
current-circuit voltage requirements to a 
maximum of 285 volts. Methods of meeting 
this condition include the use of high-
efficiency deflection components such as 
Ferrite core transformers and deflection 
yokes and the elimination of negative bias 
yoltages. 
Several examples of receiver design are 

described in which the direct-voltage re-
quirements have been reduced, yet allowing 
full 70-degree deflection. 

131. RADIO RECEIVER SUBMINIA-
TURIZATION TECHNIQUES 

GUSTAVE SHAPIRO 

(National Bureau of Standards, 
Washington, D. C.) 

A subminiature radio receiver, tuning 
from 190 to 550 kc, has been developed. 
Total volume of this twelve-tube unit is 55 
cubic inches. This compactness is made pos-
sible by fourteen new components, including 
rf inductors and IF transformers using high 
temperature litz, glass dielectric capacitors, 
tantalum electrolytic capacitors, and audio 
inductors wound with ceramic insulated 
wire. Linearity of permeability tuning is ac-
complished through the use of a nonlinear 
screw drive. Design and fabrication tech-
niques, which make this receiver adaptable 
to quantity production, will be discussed. 

Microwaves III—An-
tennas and Artificial 

Dielectrics A 
A. G. HILL, Chairman 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

132. THE STUDY OF ARTIFICIAL DI-
ELECTRICS OF THE OBSTACLE 

TYPE 
CHARLES SUSSKIND 

(Yale University, New Haven, Conn.) 

The analysis of artificial dielectrics con-
sisting of arrays of small metallic elements 
has been considerably extended by several 
workers, both in this country and abroad. 
In determining the "bulk" properties (such 
as permittivity, permeability, and refractive 
index) of these media analytically, various 
methods of attack can be employed; in addi-
tion, experimental measurements on a small 
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sample can be frequently utilized to predict 
the performance of microwave prisms, lens 
antennas, etc. This paper presents a survey 
of the analytical and practical techniques 
now used in the design of artificial dialec-
tries, as well as an outline of further prob-
lems and possible methods of solution. 

133. ISOTROPIC ARTIFICIAL 
DIELECTRIC 

RUSSELL W. CORKUM 

(Air Force Cambridge Research Labora-
tories, Cambridge, Mass.) 

Isotropic artificial dielectric media com-
posed of a three-dimensional cubic array of 
metal or dielectric spheres have been inves-
tigated. 
Theoretical expressions using the Clau-

sius-Mosotti relation have been derived for 
the index of refraction, dielectric constant, 
and magnetic permeability of this type of 
dielectric. These quantities are independent 
of frequency, so long as the size of the 
spheres and the spacing between spheres are 
small compared to the wavelength within 
the resulting dielectric media. 
Samples using steel and fuzed-quartz 

spheres have been fabricated and the dielec-
tric properties measured in rectangular 
waveguide at a frequency of 5,000 Mc. 
Standard waveguide techniques are readily 
adaptable to this type of dielectric. 
Experimentally determined values of the 

dielectric properties are in good agreement 
with theoretical values, and the theoretical 
expressions are assumed valid. 

134. A VIRTUAL SOURCE IN 
MICROWAVE OPTICS 

KENNETH S. KELLEHER 
(Naval Research Laboratory, 

Washington, D. C.) 

Many principles from optics can be car-
ried over directly into the microwave field. 
One of these, the concept of a virtual source, 
is discussed in this paper. An electromag-
netic horn, used as a real source, is placed 
in the neighborhood of an imaging reflector 
to produce a virtual source. The imaging re-
flector is so designed that as the horn 
moves at a uniform rate on a circular path, 
the virtual source moves at approximately 
the same rate on a nearly linear path. 
The reflector design is investigated by geo-
metrical optics methods, as well as by an 
experimental arrangement utilizing parallel 
plates and a focusing objective. 

135. EXPERIMENTAL PROTOTYPE OF 
THE RINEHART-LUNEBERG LENS 

ELL.EN C. FINE 
(Air Force Cambridge Research 
Laboratories, Cambridge, Mass.) 

Propagation of electro-magnetic waves 
in the TEM mode between parallel conduct-
ing surfaces is along geodesics on the mean 
surface. The application of this principle by 
R. F. Rinehart to the derivation of the geo-
desic analogue to the Luneberg dielectric 
disk is reviewed. 
The theoretical surface of revolution may 

be used in the design of a metal plate an-
tenna, by the addition of a toroidal bend or 
conical skirt termination. 

Experimental results are presented for a 
thirty-six inch diameter model at 9,100 and 
2,800 Mc. The radiation patterns exhibited 
uniformly good characteristics for all posi-
tions of the feed on the periphery. 

136. PROPAGATION OF MICROWAVES 
BETWEEN PARALLEL CONDUCTING 

SURFACES 

K. S. Kura 

(Case Institute of Technology, 
Cleveland, Ohio) 

The propagation of microwaves in the 
TEM mode between parallel conducting sur-
faces filled with a medium of varying index 
of refraction, n, is along rays that minimize 
the optical path length along the mean 
surface. Since the optical path length is de-
termined both by the index n and the curva-
ture of the mean surface, there is always a 
family of surfaces with equivalent focussing 
properties. Two important cases are: (1) a 
flat surface with variable n; (2) a curved 
surface with n=1 everywhere. The latter 
permits one to construct practical analogs 
of devices requiring a variable index of re-
fraction. 

137. PHASE SHIFT OF MICROWAVES 
IN PASSAGE THROUGH 
PARALLEL-PLATE 

ARRAYS 

I). J. EPSIEIN 
(Laboratory for Insulation Research, 
Massachusetts Institute of Technology, 

Cambridge, Mass.) 

The phase shift experienced by a nor-
mally incident wave in its passage through a 
parallel-plate slab has been measured for 
slabs of various thickness and plate-spacing. 
A range of thickness X/4 to 4X has been 
covered, and the plate spacing has been 
varied from 0.66X to 0.96X. Measurements 
were carried out at various frequencies in 
the K-band range using an interferometer 
technique. The experimental results exhibit 
general agreement with the theory of Carl-
son and Heins. The slight discrepancy 
which does exist appears due to the finite 
thickness (0.020 inch) of the plates used. 

Radar and Radio 
Navigation 
J. A. PIERCE, Chairman 

(Harvard University, Cambridge, Mass.) 

138. ON THE MEASUREMENT OF THE 
RADAR ECHOING AREAS OF 
CONDUCTING BODIES 

J. R. MENTzER 
(Ohio State University Research 
Foundation, Columbus, Ohio) 

In this paper, various aspects of the tech-
nique of measurement of radar areas by 
means of models are discussed. These include 
the following: (1) Means of measuring the 
absolute sensitivity of a continuous-wave 
reflection measuring system, and (2) a dis-
cussion of a theoretical and experimental 
determination of the scattering properties of 
finite cylinders of infinite conductivity in an 
incident plane-wave field. 

139. POLARIZATION PROPERTIES ( 
TARGET REFLECTIONS 

E. M. KENNAUGH 

(Ohio State University Research 
Foundation, Columbus, Ohio) 

The dependence of radar echoing ar 
upon antenna polarization may be utilized 
three ways: (1) to improve target echo 
sponse, through increased echo area and t 
duction of echo area fluctuations; (2) to d 
criminate against undesired targets I 
proper choice of polarization; and (3) 
identify classes of targets by their polariz 
tion characteristics. A method of represen • 
ing the polarization transforming properti 
of radar targets by use of a polarizatii 
sphere is discussed. Echo areas become pr 
portional to chord lengths, and polarizati( 
transformations are defined by geometric 
operations. Applications to specific proliler 
are made, using this simplified method 
analysis. 

140. THE USE OF CIRCULAR POLAR 
ZATION AS A MEANS OF REDUC-
ING RADAR PRECIPITATION 

RETURN 

WARREN D. WHITE 

(Airborne Instruments Laboratory, 
Mineola, L. I., N. Y.) 

Under the sponsorship of Watson La 
oratories, Air Materiel Command, a series 
experiments has been performed to evalua 
the effectiveness of circular polarization as 
means of reducing or eliminating precipit 
tion return from air search radar display 
Incidental to the experiments, considerab 
development was necessary on means 1( 
producing a radar beam which was circi 
larly polarized throughout. 
Results of the experiments are present( 

in some detail. Precipitation returns hav 
been reduced by as much as 30 db with onl 
6- to 8-db loss on aircraft signals. Considen 
tion of the effect of ground reflections anit 
other matters, however, limits the practicit 
gain in aircraft to precipitation ratio t 
about 15 db. 

141. AN ICW SYSTEM FOR DISTANC* 
MEASUREMENT 

J. LYMAN, G. B. LITCHFORD, AND k 
C. GRUNSKY 

(Sperry Gyroscope Company, 
Great Neck, L. 1., N. Y.) 

The initial development of a method fc 
aircraft distance measurement using inte: 
mittent continuous-wave phase compariso 
technique will be described. With this tech 
nique, a short (1/60th second) transmissio 
is made with a duty cycle of 1/3 per cent 
During this transmission, two low and hie 
(1.2 and 18.6 kc) tone modulations are sen • 
to a co-operating station from which dist; 
tance is to be measured. The loop phas.;,, 
change which takes place on each modula 
tion is a coarse and fine measurement of dig' 
time of flight of the radio wave and hence te 
direct measurement of distance. By variabIllt, 
frequency telemetering, distance informa 
tion is obtained at both co-operating sta 
tions, during the 1/60-second transmissiot 
period. The experimental system at 5,01 V 
Mc requires 150 kc of spectrum for eac.ba 
group of aircraft. 
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Apparatus will be described and prob-
es concerning instrumentation and dis-
t), will be discussed. 

12. EFFECTS OF VERTICAL RADIA-
TION PATTERN ON OMNIRANGE-
BEACON CHARACTERISTICS 

S. PICKLES 

Iederal Telecommunication Laboratories, 
Inc., Nutley, N. J.) 

A counterpoise was used with an omni-
oge-beacon vertical antenna to reduce Iopagation toward the imperfect ground 
d nearby reflecting objects and to tilt the 
iiation pattern upward to favor transmis-
m to aircraft. Ground and flight measure-
ants over a site that was not particularly 
od showed substantial improvement with 
; counterpoise ten wavelengths in radius Id little advantage with a shorter counter-
ise of one wavelength. This indicated that 
. antenna and counterpose located at a ili 

.'gh elevation will provide greater useful 
ge than the antenna alone near the 
ound in a region free of trees as was previ-
., sly con r ed kst. 

Vre\\I \  ' Science 
F. J. GAFFNEY, Chairman 

(Polytechnic Research and Develop-
ment Company, Brooklyn, N. Y.) 

1 143. A DELAYED COINCIDENCE 
SCINTILLATION SPECTROMETER 

F. K. NIcGowAN 
(Oak Ridge National Laboratory, 

Oak Ridge, Tenn.) 

1 A delayed coincidence scintillation spec-°meter is an instrument which measures 
e -lifetime of metastable states of nuclei in 
., the time region 5 X10-" to 10-' sec., the liergy and type of radiation announcing the 
rmation of the metastable state, and the 
, iergy of the radiation resulting from its de-
.y. An instrument employing anthracene 
tosphor, 5,819 photomultipliers, wide-band 
,nplifiers, fast coincidence circuits, linear 
nplifiers, and differential pulse-height se-
ctors will be described in detail. Typical 
frwrimental results from an investigation of 
*tastable states of nuclei decaying with 
illimicrosecond half-lives will be presented. 

144. TIMING UNIT AND PULSE 
DEFLECTOR GENERATOR FOR 
FOR 145-INCH SYNCHRO-

CYCLOTRON 
E. M. WILLIAMS, C. H. GRACE, AND 

L. W. JOHNSON 
(Carnegie Institute of Technology, 

Pittsburgh, Pa.) 

The 145-inch Carnegie Institute of Tech-
logy Synchrocyclotron employs an elec. 
vstatic beam deflector. This deflection sys-
m requires a pulse of approximately 60 kv, 
megawatts peak power, and 0.036 micro-
nd duration. The pulse is timed to a 
tion of a cycle of the radio-frequency ac-
lerating voltage or with an accuracy of 
out 0.01 microsecond. Details of the tim-
g circuits, a novel cascade cavity-enclosed 
ydrogen-thyratron pulser and test results 
e described. Factors affecting timing ac-
uracy are discussed in detail. 
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145. DESIGN AND CONSTRUCTION 
OF A BILLION-VOLT LINEAR 
ELECTRON ACCELERATOR 

MARVIN CHODOROW, E. L. GINZTON, 
JOHN JASBERG, ROBERT KYIIL, 

RICHARD NEAL, AND 
PAUL PEARSON 

(Microwave Laboratory, Stanford 
University, Stanford, Calif.) 

This papea concerns the design and con-
struction of ihe first 80 feet of a 220-foot 
linear electron accelerator to produce bil-
lion-volt electrons. The accelerator operates 
at a frequency of 3,000 Mc, and the power is 
supplied by klystrons, each delivering 10 
megawatts of pulse power, fed into the ac-
celerator at intervals of ten feet. The kly-
strons are run as amplifiers to insure proper 
phase relations in the separate operating 
sections. Various components of the ac-
celerator, and preliminary results will be 
described. 

146. PRECISE MEASUREMENT AND 
REGULATION OF MAGNETIC 
FIELDS WITH RADIO-FRE-
QUENCY TECHNIQUES US-
ING NUCLEAR RESONANCE 

A. THOMAS 

(National Bureau of Standards, 
Washington, D. C.) 

Protons in a water sample placed in a 
magnetic field H will absorb energy from a 
small radio-frequency coil surrounding the 
sample if the coil is excited at the resonance 
frequency, fo-=-yHI2r where is a known 
constant. This resonance phenomenon may 
be used to measure magnetic field strengths 
to an accuracy of one part in forty thousand 
and to regulate magnetic fields to within a 
few parts per million with relatively simple 
radio-frequency apparatus. This paper in-
cludes a brief discussion of the phenomenon 
and the radio-frequency techniques involved. 

147. A HIGH-PRECISION MAG-
NETIC-FIELD MEASURING 

INSTRUMENT 
R. W. KANE, E. C. LLVINTHAL, AND 

E. H. RODGERS 

(Varian Associates, San Carlos, Calif.) 

This paper will be concerned with the 
description of an instrument using the prin-
ciples of nuclear induction designed to 
measure and control magnetic fields with a 
precision much greater than heretofore 
available. Essentially the technique reduces 
the problem of measuring magnetic fields to 
one of measuring frequencies. 
Using these principles, fields have been 

controlled to 0.0002 per cent. Relative 
measurements of the field are possible to the 
same accuracy and the absolute value of a 
field in gauss can be determined to Bureau of 
Standards precision. The instrument can in-
dicate field inhomogeneities as small as 0.003 
gauss per cm and thus permits rapid shim-
ming of magnetic fields to achieve large very 
homogeneous regions. 
The design of the instrument will be de-

scribed, and practical problems encountered 
and solved in its application will be discussed. 
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Television II 
R. M. BOWIE, Chairman 

(Sylvania Electric Products Inc., 
Bayside, L. I., N. Y.) 

148. PARALLEL OPERATION OF 
VACUUM TUBES AT UHF TO 
OBTAIN HIGH TRANSMIT-

TER POWER 

W. H. SAYER, JR., AND ELLIOTT MEHRBACH 
(Allen B. DuMont Laboratories, Inc., 

Passaic, N. J.) 

In order to obtain a transmitter power 
output of 1 kw in the uhf television band 
(475-890 Mc) it has been found necessary to 
use multiple operation of low power tubes at 
this time. This paper describes methods of 
multiplexing triodes and tetrodes in co-
axial-type cavities at these frequencies. A 
discussion of the design of these circuits 
mechanically and electrically will show the 
feasibility and simplicity of using multiple 
low-power tubes. Performance data of a 
transmitter operating at a 1-kw power level 
at 600 Mc are included. Slides showing de-
tails of mechanical construction of ampli-
fiers and frequency multipliers will be 
shown. 

149. AN ULTRA PORTABLE TELE-
VISION PICKUP EQUIPMENT 

L. E. FLORY, W. S. PIKE, J. E. DILLEY, 
AND J. M. MORGAN 

(RCA Laboratories, Inc., 
Princeton, N. J.) 

A completely portable industrial televi-
sion pickup equipment will be described. 
Utilizing the Vidicon photoconductive pick-
up tube, the equipment is completely self-
contained, battery operated, and can be 
carried as a back pack with a hand-held or 
tripod-mounted camera, cable connected to 
the pack. An ultra-high-frequency transmit-
ter serves to link the unit with its base over 
short distances. A sound channel is provided 
by pulse modulation at line frequency. A ra-
dio link in the opposite direction serves for 
issuing instructions and provides a means of 
transmitting a reference frequency for con-
trol of the synchronizing generator. The 
equipment will be demonstrated as a part of 
the paper. 

150. THE TECHNIQUE OF DOT 
ARRESTING FOR TELEVISION 

TRANSMISSION USING 
DOT INTERLACE 
K. SCHLESINGER 

(Motorola, Inc., Chicago, Ill.) 

The improvement of horizontal detail by 
dot interlace may be realized by applying 
synchronous sweep-velocity modulation to 
the line scan in both terminals. This dot-ar-
resting technique may be assisted by some 
additional intensity modulation of the scan-
ning beams. 
The dot-arresting method is highly com-

patible in that it requires no modifications 
of equipment beyond the addition of syn-
chronized dot-deflection. 
The paper presents the theory of dot ar-

resting and shows practical circuits for its 
application. A monoscope picture generator 
is used to test the performance of dot arrest-
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ing as compared to straight horizontal inter-
lace and conventional scanning. Several 
photographs are presented to report the 
results of these tests. 
In conclusion, the application of dot ar-

resting to color TV reception is discussed. 

151. A SWEEP FREQUENCY METHOD 
FOR MEASURING THE TRANS-
MISSION-AMPLITUDE CHARAC-
TERISTIC OF A TELEVISION 

TRANSMITTER 

J. RUSTON 
(Allen B. DuMont Laboratories, Inc., 

Passaic, N. J.) 

The method of measurement described 
enables the complete transmission-ampli-
tude characteristic to be displayed on the 
screen of a cathode-ray oscillograph when 
the transmitter is operating under normal 
conditions of modulation. The relative re-
sponse at any sideband frequency, above or 
below the carrier, can be measured directly 
on the oscillograph screen. 
The equipment is relatively simple and 

can be conveniently assembled in a compact 
unit for routine transmitter testing or built 
into the transmitter as an aid in tuning. 

Circuits IV—Amplifiers 
J. R. RAGAZZINI, Chairman 

(Columbia University, 
New York, N. Y.) 

152. RF AMPLIFIER DESIGN FOR 
LOW NOISE FIGURE 

R. GUENTHER 
(Signal Corps Engineering Laboratories, 

Fort Monmouth, N. J.) 

Based on matrix algebra, a general am-
plifier theory is developed which permits the 
treatment of all types of amplifiers. Single-
stage amplifiers, as well as cascade arrange-
ments, are described. Impedance gain and 
noise figure are derived for the most common 
radio-frequency amplifier circuits. The noise 
figure is considered with emphasis on mini-
mizing it and on comparison of different cir-
cuits. Graphs are given for determining the 
optimum noise figure and the associated am-
plifier characteristics for numerical calcula-
tions. The treatment includes the tube ca-
pacities which are not tuned out by the 
tuned circuits. Numerical examples demon-
strate the use of the graphs for design pur-
poses and in determining the absolute 
minimum of the noise figure of a particular 
tube and circuit. 

153. HF AMPLIFIERS WITH 
DIRECT COUPLING 

E. L. CROSBY, JR., AND K. F. UMPLEBY 

(Bendix Aviation Corporation, 
Baltimore, Md.) 

This paper proposes the use of a type of 
direct coupling in order to further the pres-
ently important objectives of compactness, 
simplicity, and reliability in high-frequency 
amplifiers. This has been accomplished sim-
ply by the "removal" of a considerable 
number of components. The high-frequency 
intermediate-frequency amplifier and the 
radar video amplifier have been used in the 
study of this technique. An example of the 

design for a unit of each type is given in de-
tail. It appears that circuits of these types 
are suitable for use in television receivers. 
Also described is a unit comprising an inter-
mediate-frequency amplifier, detector and 
video amplifier having an over-all gain of 
130 db, bandwidth of 3.2 Mc, and measuring 
A' X24' X41'. It is believed that a new or-
der of compactness and reliability has been 
achieved in these amplifiers. The paper dis-
cusses the advantages and limitations of the 
method and an appendix treats of the effect 
of series reactance in the by-pass capacitors. 

154. DISTRIBUTED AMPLIFICA-
TION: ADDITIONAL 
CONSIDERATIONS 

J. WEBER 

(U. S. Naval Ordnance Laboratory, White 
Oak, Silver Spring, Md., and 
University of Maryland, 
College Park, Md.) 

It is known that the input conductance 
resulting from transit time and cathode lead 
inductance often limits the gain-bandwidth 
product obtainable with distributed ampli-
fiers. Several methods have been investi-
gated for neutralizing this input conductance 
and their range of usefulness is discussed. 
These methods have been successfully em-
ployed in the design of an amplifier employ-
ing 6AK5 tubes. This amplifier has a 400-Mc 
bandwidth and is described. The neutraliza-
tion affected the gain only slightly. 
An investigation of power-distributed 

amplifiers has been made, and some of the 
results are summarized. It is convenient to 
employ long single-stage amplifiers as power 
amplifiers. Phase characteristic inequality 
imposes limits on the maximum realizable 
gain-bandwidth product, and relations are 
deduced for the allowable tolerances. The 
"power paradox" is discussed and explained 
with reference to plate dissipation require-
ments. 

155. DISTRIBUTED AMPLIFICA-
TION FOR PULSES 

G. F. N1YERS 
(Naval Research Laboratory, 

Washington, D. C.) 

This is a discussion of broad-band dis-
tributed-line amplification as applied to the 
construction of a low-gain 100-Mc amplifier 
capable of producing a 100-volt video driv-
ing signal for a fast-sweep oscilloscope. Pulse 
amplification is the primary considera-
tion and methods of saving power and 
simplifying the circuit will be discussed. Im-
portance of tube selection and importance 
of selection of type of filter to be used will 
be illustrated. The underlying idea is sim-
plicity and dependability in an amplifier 
that can readily be duplicated. 

156. CATHODE-COUPLED 
CLIPPER RESPONSE 

P. F. ORDUNG AND H. L. KRAUSS 

(Yale University, New Haven, Conn.) 

This paper discusses the factors affecting 
the speed of response of the cathode-coupled 
clipper circuit when it is driven by essen-
tially rectangular pulses. The effect of vari-
ous circuit capacitances on the output wave 
form is demonstrated. The transient build-

up time for the circuit tested is shown to I 
approximately 50 millimicroseconds, inc 
cating that sine waves with frequencies 
high as 10 Mc could be clipped with ft 
wave form. Oscillograms of the various vol 
ages present in the clipper circuit are give 

SYMPOSIUM 

Telemetering System 
(Organized by Professional Group on 
Telemetry and Remote Control) 

W. J. MAYO-WELLS, Chairman 
(Applied Physics Laboratory, The Johi 
Hopkins University, Silver Spring, Md. 

157, TELEMETRY AND THE 
GUIDED-MISSILE PROGRAM 

C. H. HOEPPNER 

(Raytheon Manufacturing Company, 
Waltham, Mass.) 

The use of mobile telemetry in the guide.. 
missile program is presented in its gener 
aspects. Methods by which data are gene 
ated, transmitted, received, recorded, ar 
reduced are discussed. The progress ma( 
during the last decade, the diversity of d 
velopments, and the standardization pro 
ress of the Research and Developmei 
Board are presented as historical backgrour 
to present-day test-range procedures. Ti 
problems encountered in present telemetel 
ing developments and general principles it 
operation which must be applied are out 
lined. A number of the newly develope 
equipments together with their salient fes 
tures are discussed. 

158. FM/FM TELEMETRY 
M. V. KIEBERT, JR. 

(Ramond Rosen Engineering Products, Inci. 
Philadelphia, Pa.) 

FM/FM telemetering systems are di 
scribed with general circuit details of bot 
the transmitting and receiving ends of tit 
link outlined. Both high-speed and lo 
speed sampling with associated data prese 
vation are delivered and described as 
analysis techniques. Magnetic data storag 
and associated problems are briefly out 
lined. General design criteria for system 
linearity and signal-to-noise requirement 
for a given accuracy under a given conditia 
are outlined. The basic design of critia 
transmitting and receiving system element 
such as subcarrier oscillators and discrim 
nators are outlined along with some of tb 
design problems associated with each elc 
ment. 

159. TECHNIQUES AND APPLICA-
TIONS OF FM/FM TELEMETRY 

W. J. MAYO-WELLS 
(Applied Physics Laboratory, The John 
Hopkins University, Silver Spring, Md.) 

Realizing the impossibility of doin 
justice to any one technique or applicati 
of the FM/FM system to radio telemetr 
programs, it has been thought better to prc 
vide a guide to the present trends in thi 
field. 
Such problems as commutation and de 

commutation, magnetic recording, and au 

tr 
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matic data analysis will be discussed and 
ogress noted. 
.A second paper, by another user, will 
ovide a description of the subassemblies 
d some of the presently used receiving sta-
in equipment, so only techniques for es-
blishing a near 100 per cent reliability of 
lemetering airborne subassemblies will be 
scribed in this paper. 

160. THE CASE FOR PWM/FM 
TELEMETRY 
J. R. KAUKE 

(Douglas Aircraft Corporation, 
Santa Monica, Calif.) 

A versatile telemetering system employ-
; time-division multiplexing is described. 
This system has not been employed 
dely in the past, but as a result of its suc-
ssful use it is growing in popularity and 
ay be adopted as an alternative to the 
DB standard FM/FM system. 
The method of operation is described in 

;tail and its capabilities are stated. 
The signals may be recorded at the re-
iving station either on magnetic tape or 
m, and monitored visually on an oscillo-
ope. The system, though limited to a mod-
ate data rate, offers advantages of opera-
mai simplicity, low cost, and small size. It 
is the further unique advantage of efficient 
itomatic data reduction. 

161. PTM TELEMETRY 
A. H. NELSON 

(General Electronics Laboratories, 
Inc., Boston, Mass.) 

". The properties of various types of pulse-
me modulation are discussed and corn-
tired. The advantages of PTM for high-ca-
hy telemetering applications are out-

' led. An historical review of the develop-
ent of PTM telemetering for missile ap-
ications is presented. Various PTM sys-
ms are briefly described with special em-
lasis on system techniques. Results of 
ght tests on some equipments are noted. 
he limitations of PTM are discussed and 
e potentialities of this type of modulation 
r future development in telemetering ap-
ications are assessed. 

Microwaves IV—An-
tennas and Artificial 

Dielectrics B 
H. A. ZAHL, Chairman 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

R. THE HALF SPACE AS A SPHERI-
CAL TRANSMISSION LINE 
L. FELSEN AND N. MARCUVITZ 

(Polytechnic Institute of Brooklyn, 
Brooklyn, N. Y.) 

The virtue of a spherical mode analysis of 
ige far electromagnetic field in a half space 
-r-ccited by a small slot in an infinite plane is 
-*Sscussed. If the slot is rectangular and fed 
ky a rectangular wave guide propagating the 
Arlo mode, it is shown that the far field in the 
alt space can be closely approximated by 
4iiree spherical modes. Since the dominant 

(dipole) mode carries practically all the ra-
diated power, the half space is considered as 
a single-mode transmission line, and the 
equivalent circuit for the slot coupling the 
rectangular guide to the spherical guide is 
computed analytically and measured ex-
perimentally. Results are compared. The 
equivalent circuit can be utilized to deter-
mine the impedance properties of obstacles 
in the half space. 

163. THE CALCULATION OF PRO-
GRESSIVE-PHASE SHAPED-

BEAM ANTENNAS 

ALLEN S. DUNBAR 

(Stanford Research Institute, 
Stanford, Calif.) 

The critical examination of the diffrac-
tion integral for the progressive-phase an-
tenna having both nonuniform phase and 
amplitude distributions leads to certain 
conclusions regarding the shape of the dif-
fraction pattern. A method, which is a gen-
eralization of the energy principle formu-
lated by Chu, is described for the calculation 
of a progressive-phase antenna to produce a 
specified shaped pattern from an assumed 
amplitude distribution. Specialization of the 
diffraction integral shows that beam shaping 
may be achieved by controlled variation of 
the amplitude alone, and several trial func-
tions are examined. Some conclusions re-
garding curved progressive-phase antennas 
are given. Experimental data in support of 
these results are presented. 

164. PHYSICAL LIMITATIONS ON 
MINIMUM SIDE LOBES IN 
BROADSIDE ARRAYS 

J. RUZE 
(Air Force Cambridge Research 
Laboratories, Cambridge, Mass.) 

The side-lobe radiation of antenna arrays 
may be reduced by properly tapering the 
current distribution. It is possible to choose 
the side-lobe level as low as desired and 
great side-lobe suppression is obtained with-
out an excessive loss of antenna gain. How-
ever, as the permitted side-lobe level is de-
creased the antenna currents must be main-
tained ever more precisely to realize this low 
radiation. 
A theory will be presented relating the 

distribution of side-lobe magnitude as a 
function of current precision, and of the size 
of the array. Further laboriously computed 
pattern data will be compared with the sim-
pler statistical predictions. 

165. THE BEHAVIOR OF MICRO-
WAVES IN FOCAL REGIONS 

FRANCIS J. ZUCKER 

(Air Force Cambridge Research Laborato-
ries, Cambridge, Mass.) 

While geometric optics is of great use-
fulness in the design of microwave radiating 
systems, it is well known that it does not 
suffice for the description of phenomena on 
the border of the geometric shadow and in 
the neighborhood of foci and caustics. 
The present discussion extends the work 

of Debye, Picht, and others in describing 
diffraction effects in focal regions. A fairly 
complete description is given of amplitude, 
phase, and energy relations near a geometri-

cal focus. The exact transition from the geo-
metric to the wave picture is exhibited for 
microwave systems with and without aber-
ration. 

166. A MICROWAVE SCHMIDT 
SYSTEM 

H. N. CHAIT 

(Naval Research Laboratory, 
Washington, D. C.) 

A novel antenna system having good 
wide-angle characteristics has been devel-
oped using the techniques of Schmidt optics. 
The far-field radiation patterns of this an-
tenna system indicate that it is possible to 
sweep a 3° beam through plus or minus 10 
beamwidths with a side-lobe level of 19 db 
or less, and a maximum loss of 2 db in an-
tenna gain. The antenna consists of a horn 
feed, a circular reflector, and a Schmidt-type 
lens to correct for the aberrations of the re-
flector. The off-axis performance of this sys-
tem has been studied both experimentally 
and theoretically. The conformance of the 
Schmidt with the Abbe sine law and the la 
cation of the minimum circle of confusion 
are also discussed. 

Audio 
B. B. BAUER, Chairman 

(Shure Brothers, Inc., Chicago, Ill.) 

167. A SINGLE-ENDED PUSH-
PULL AUDIO AMPLIFIER 

ARNOLD PETERSON AND D. B. SirtcLAIR 

(General Radio Company, 
Cambridge, Mass.) 

An audio amplifier circuit for push-pull 
operation of two output tubes that provides 
a direct output to a grounded load is de-
scribed. This circuit preserves the distortion 
cancelling features of push-pull operation 
but avoids any necessity for close magnetic 
coupling between halves of a split primary 
of an output transformer, and it simplifies 
the application of feedback from the output 
stage to preceding single-ended stages. 
Methods for using this circuit with triode 
and beam-power output tubes are given, and 
the ultimate possibility of eliminating the 
output transformer for driving a loudspeaker 
is discussed. 

168. THE APPLICATION OF DAMP-
ING TO PHONOGRAPH RE-

PRODUCER ARMS 

WILLIAM S. BACIIMAN 
(Columbia Records Company, Inc., 

New York, N. Y.) 

Large forces are developed at the stylus 
tip of a conventional phonograph repro-
ducer arm due to excitation of the resonance 
of the arm mass with the suspension compli-
ance. This paper presents an analysis of the 
problem and describes a reproducer arm de-
sign in which mechanical resistance is intra 
duced in the pivots. By this means, control 
of the arm resonance is obtained without in-
creasing the stylus tip impedance of the 
reproducer. 
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169. TRANSIENT TESTING OF 
LOUDSPEAKERS 

0. K. MAWARDI 
(Harvard University, Cambridge, Mass.) 

A transient technique for the testing of 
loudspeakers is presented. It is shown that a 
study of the response to a unit impulse func-
tion may reveal significant characteristics of 
loudspeakers. The results obtained by the 
present technique are shown to be in sub-
stantial agreement with the steady-state 
methods of measurements. 

170. A PRACTICAL SPEECH 
SILENCER FOR RADIO 

RECEIVERS 

R. C. JONES 

(Polaroid Corporation, Cambridge, Mass.) 

An automatic device will be described 
which sets a relay one way when the input 
is speech and the other way when the input 
is music. The device, termed an "automatic 
music-speech discriminator," may be used to 
silence the radio when the program material 
is speech, and not otherwise. ‘Vhen ,o em-
ployed, the device silences speech after one 
or two syllables and reactivates the speaker 
on the radio about one second after the last 
syllable of speech. The device will be demon-
strated on speech, orchestral music, operatic 
music, and ",si  

Y 
ing commercials." LE 
POsIum 

Nuclear Reactors 
(Organized by Professional Group on 

Nuclear Science) 
M. M. HUBBARD, Chairman 

(Massachusetts Institute of Technol-
ogy, Cambridge, Mass.) 

171. WHAT IS NUCLEAR 
ENGINEERING? 

ALVIN M. WEINBERG 

(Oak Ridge National Laboratory, 
Oak Ridge, Tenn.) 

Since the discovery of nuclear fission, no 
useful mechanical energy has been extracted 
from uranium principally because of the 
many technological difficulties encountered, 
the lack of motivation, and the enormous 
economic backing necessary for such a de-
velopment. The deteriorating post-war po-
litical situation has now supplied the moti-
vation and the necessary economic aid. Con-
sequently, the investigation of military re-
quirements for atomic powered vehicles, 
more nuclear fuel, and more powerful 
bombs, is being expedited. 
The situation is not hopeless. The world 

may regain its senses and return to peaceful 
ways when nuclear technology can be ap-
plied solely for peaceful uses. 

172. THE REACTOR AS A RE-
SEARCH TOOL 
D. J. HUGHES 

(Brookhaven National Laboratory, 
Upton, L. I., N. Y.) 

The chain reacting pile is extremely use-
ful as a research tool because it produces 
high intensities of neutrons of a wide range 
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of energies. The neutron flux (number of 
neutrons per cm per second) available in re-
search reactors is as high as 10". Many 
methods are used to select neutrons of par-
ticular velocities for specific measurements, 
such as mechanical shutters, crystal diffrac-
tion, and mirrors. The highest energy neu-
trons (about 10 million electron volts) are 
those emitted in the uranium fission and 
lower energies are produced by collisions of 
the fission neutrons with moderator nuclei 
(graphite or heavy water). 

173. BACKGROUND RADIATION MON-
ITORING FOR CONTROL OF AN 

AIR-COOLED PILE 

FREDERICK P. COWAN 
(Brookhaven National Laboratory, 

Upton, L. I., N. Y.) 

Since small concentrations of radioactive 
argon are discharged from an air-cooled pile, 
radiation monitoring stations are desirable 
in the vicinity. Operation of the pile is based 
on the records of such stations and on me-
teorological predictions of atmospheric dilu-
tion. Detection devices utilized in the Brook-
haven stations include several G-M count-
ers, an ionization chamber with associated 
electrometer and a continuous dust monitor. 
Data is recorded photographically and on 
charts. Normal background amounts to 
about mr per day on the ion chamber, 30 
c/m on a thin glass-walled G-M tube 10 
inches long and 15 c/m on a similar tube 
with 1} inches lead shield. Peaks due to rain-
fall and the effect of snow cover are clearly 
apparent. Sizable peaks in natural dust ac-
tivity are caused by temperature inversions. 
The apparatus has been in service for 2 years 
and has a data collection efficiency of 85 to 
90 per cent. Only small increases in the av-
erage background beyond the BNL site 
boundary result from operation of the pile. 

174. INSTRUMENTATION IN THE 
BROOKHAVEN NUCLEAR 

REACTOR 

J. E. BINNS 
(Brookhaven National Laboratory, 

Upton, L. I , N. 1".) 

The useful product of the nuclear re-
actor is neutrons; the unwanted byproducts 
are heat, dangerous radiations, and danger-
ous radioactive substances. Instrumentation 
has been provided for the measurement and 
control of these products and byproducts, as 
well as for the measurement of certain 
parameters used in the experimental study 
of the pile. Considerations of safety have re-
ceived special attention. 

Television III— 
Receivers 

A. V. BEDFORD, Chairman 
(RCA Laboratories Division, 

Princeton, N. J.) 

175. SYNCHROFLECTION: A HORIZON-
TAL DEFLECTION SYSTEM POS-
SESSING INHERENT NOISE 

IMMUNITY 

W . K. SQUIRES AND Iti. R. WENDT 
(Sylvania Electric Products Inc., 

Flushing, L. I., N. V.) 

March 

Contemporary television deflection out, , 
put circuits require accurately timed driving 
wave shapes. Noise alters this timing, dis-
placing the scanning lines. Factors con-
tributing to this noise susceptibility and 
contemporary solutions are described. "Die 
noise susceptibility is largely dependent on 
the method of supplying energy to the de-
flection coils. The energy may be supplied so 
as to attain noise immunity. A simple circuit 
is described which does this. Advantages and 
limitations of experimental synchroflection 
circuits are evaluated. A practical system is 
described. Several circuit configurations are 
considered and measurements of their noise 
immunity given. Practical design formulas 
are developed. The use of a thyratron output 
tube is considered and a gas tube circuit hav 
ing good performance and extreme simplic-
ity is described. 

176. INTERNAL TELEVISION RE-
CEIVER INTERFERENCE 

BERNARD AMOS AND WILLIAM HEISER 

(Allen B. DuMont Laboratories, Inc., 
East Paterson, N. J.) 

Interference resulting from harmonics of 
the video and sound intermediate frequen• 
cies will be described, and an analysis mad( 
of the video detector to show the approxi, 
mate magnitude of these harmonics for rep., 
resentative television signals. An examina, 
tion of intermediate frequencies in the 26. 
Mc region will be made to show the locatiot 
of these harmonics, and to determine an op. 
timum frequency to minimize the number ol 
interfering signals. The reduction in the num• 
ber of interfering harmonics when an inter-
mediate frequency in the 41-Mc region is. 
used, will be shown and an optimum fre-
quency selected. Finally other means 01 
eliminating any remaining harmonics will be; 
described. 

UHF TELEVISION BAND 

B. F. TYSON AND J. G. WEissmAN 

(Physics Laboratories, Sylvania Elec-
tric Products Inc., Bayside, 

L. I., N. V. 

In the design of uhf television ttri ,r- i 
may be necesktry to include an rf 
stage for improvement of noise figure arn 
reduction of local oscillator radiation. Thi: 
paper describes an experimental rf ampline: 
employing a Sylvania type 5768 disk-sea 
planar triode in a grounded-grid circuit. Tit( 
amplifier is continuously tunable over the 
475- to 890-Mc band and has a power gain o 
15 times. When used ahead of a crystal mixe - 
it improves the over-all noise figure by 3 to 4 
db and substantially reduces the local oscil 
lator radiation. 

177. AN RF AMPLIFIER FOR THE 

178. TELEVISION LINE SELECTOR 
WITH AUTOMATIC IDENTIFIER 

JOSEPH FISHER 
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y be chosen for presentation. A circuit 
tch automatically tracks the selector con-
[identifies the signal being observed by 
ans of a horizontal line on a built in pic-
e tube. Special gating circuits have been 
torporated to eliminate jitter. For the ac-
c ate measurement of transient response 
al sync signals a dot generator is incor-
vated for intensity modulation of the 
t ce. Dots spaced as close as 0.05-kisec apart 
a available (30 dots per front porch inter-

In addition to its use in video analysis, 
s equipment has found application in the 
asurement of the frequency response of 
tevision cameras as affected by aperture 
tortion. 

179. DEVELOPMENT OF A HIGH 
STABILITY UHF TELEVISION 

TUNER 

M. W. SLATE, J. P. VAN DUYNE, AND 
E. G. MANNERBERG 

(Allen B. DuMont Laboratories, Inc., 
East Paterson, N. J.) 

A tuner for the uhf television channels 
s been designed, using for both oscillator 
rf tuned elements a modified type of 

•Ttibutterfly circuit. For reasons both of 
thility and producibility both rotor and 
'tor of these units have been fabricated of 
glass-bonded mica material, with silvered 
nducting surfaces. 
A developmental 7-pin miniature version 
the 6F4 has been used as an oscillator 
be, covering the required range with good 
learity and thermal drift characteristic. 
he mixer used has been a uhf germanium 
ystal diode, which has given reasonably 
w noise figures. 
1 Over-all design considerations are re-
1.ewed, with particular reference to an-
gina, mixer and oscillator coupling, track-
ig, dial drive design, and shielding require-

- lents. 
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Ircuits V—Oscillators 
W. N. TUTTLE, Chairman 

(General Radio Company, 
Cambridge, Mass.) 

180. OSCILLATOR FREQUENCY 
INDETERMINANCY 
LEON RIEBMAN 

(University of Pennsylvania, 
Philadelphia, Pa.) 

This paper extends the theory of oscil-
ators to include the effects of random noise. 
he oscillator is considered as a highly re-
nerative amplifier of the tube and circuit 
toise. A striking result is that no practical 
• illator can produce a pure sinusoid, but 
• ther an output over a continuous fre-
luency spectrum. 
This analysis shows the close relationship 

)etween lock-in range, local oscillator noise, 
md multifrequency operation. 

181. SIMULTANEOUS OSCILLA-
TIONS IN OSCILLATORS 

HANS SCHAFFNER 
(University of Illinois, 

Urbana, Ill.) 

An oscillator with two degrees of free-

dom can under certain conditions oscillate 
simultaneously at two different frequencies. 
The ratio of the two frequencies may be ra-
tional or irrational. For both cases, the con-
ditions necessary for the existence of simul-
taneous oscillations will be discussed. 
Such simultaneous oscillations may oc-

cur in high-frequency oscillators. In most 
cases, they are undesired and their suppres-
sion is, for example, one of the major prob-
lems in the construction of tunable klystrons. 
They may, however, also be used for the 
generation of very high frequencies through 
harmonic loading. 

182. AMPLITUDE STABILIZATION 
OF OSCILLATORS BY NON-

LINEAR NETWORKS 
LOUIS ROSENTHAL 

(Rutgers University, New Brunswick, 
N. J.) 

The amplitude of oscillators can be sta-
bilized by means of networks that are non-
linear to the root-mean-square value of ap-
plied voltage. These networks consist of 
elements such as thermistors and lamps. An 
oscillating system can be broken down into 
an amplifier and feedback network forming 
a closed loop. The system statically adjusts 
itself so that 

Aft = 1 

where A is the gain and 13 is the static feed-
back factor. The amplitude stability can be 
described as 

dE   1  dA 

E  1+ AS A 

where dE/E is the per-unit change in ampli-
tude corresponding to the per unit change in 
gain (dA1A). The factor S is the dynamic 
feedback factor or the slope of the nonlinear 
feedback characteristic at the operating 
point. 
The nonlinear bridge and potentiometer 

as stabilizing networks are considered in de-
tail, together with experimental observation. 

183. STABILITY OF OSCILLATIONS 
IN A NONLINEAR SYSTEM 

NORMAN R. Scorr 

(University of Connecticut, 
Storrs, Conn.) 

Methods of nonlinear-mechanics, par-
ticularly those developed by Kryloff and 
Bogoliuboff, are used to investigate ampli-
tude stability and frequency stability of 
generalized oscillator circuits. Analysis of an 
equivalent single-loop oscillator circuit con-
taining a nonlinear negative resistance closed 
upon a resonant circuit permits determina-
tion of amplitude and amplitude stability. 
Criteria are developed for stability of simul-
taneous oscillations in multiply-resonant cir-
cuits. The method of Kryloff and Bogoliu-
boff yields no quantitative information 
about frequency stability, due to failure of 
convergence of the series representing fre-
quency change, but it is shown qualitatively 
that reducing the second-order curvature 
improves frequency stability. 

184. TUNED COUPLED CIRCUIT FOR 
OSCILLATOR APPLICATION 

ROY A. MARTIN AND R. D. TEASDALE 

(Georgia Institute of Technology, 
Atlanta, Ga.) 

A steady-state analysis is given of an im-
portant double-tuned coupled circuit to de-
termine the input admittance when the 
primary Q is high and the secondary Q is 
low. Particular emphasis is placed on the 
phase variation of the admittance with fre-
quency. Dimensionless curves of magnitude 
and phase illustrate the effect of varying the 
coefficient of coupling and the secondary Q. 
Mathematical expressions are obtained for 
the points where the phase passes through 
zero and are used in a discussion of band-
width. 

• 
SYMPOSIUM 

Simulation as an Aid 
to Design of Remote 
Control Systems 

(Organized by Professional Group on 
Telemetry and Remote Control) 

C. H. DOERSAM, JR., Chairman 

(Special Services Center, Port 
Washington, L. I., N. Y.) 

185. SIMULATION—ITS PLACE 
IN SYSTEM DESIGN 

H. H. GOODE 

(Aeronautical Research Center, 
University of Michigan, 
Ypsilanti, Mich.) 

The place of simulation in system design 
is developed in relation to all other steps in 
the design process. From this, the relation of 
simulation to both the analytical attack on 
the one hand and to a final operational sys-
tem on the other is developed. The facilities 
for simulation are then broadly reviewed 
with a description of presently available 
analog and digital facilities. This leads nat-
urally to the program to be followed in a 
simulation setup. In this discussion the pit-
falls to be avoided are emphasized. Then 
simulation of a human link in a system is 
discussed. Finally, a critique of simulation 
is given with relation to cost, time, difficulty 
of execution, treatment of nonlinearities, 
and noisy inputs. 

186. DETAILED SIMULATION OF A 
THREE-AXIS GUIDED MISSILE 

SYSTEM (TYPHOON) 

A. W. VANCE 
(RCA Laboratories Division, 

Princeton, N. J.) 

1. General description of the over-all 
system in block diagram form, including: 

a. The characteristics and limitations 
of Typhoon in computing the mo-
tion of a rigid body. 

b. Aerodynamic function generation 
characteristics of Typhoon. 

c. The characteristics and limitations 
of the guidance simulation equip-
ment of Typhoon. 

2. The results of the solution of a partic-
ular problem are given, with a discussion of 
the various data. 
3. Methods used to avoid and evaluate 

errors are outlined as follows: 
a. Tests of components. 
b. Search for time lag errors by exten-
sion of the time scale. 

c. Comparison with test problems. 
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187. THE APPLICATION OF THE 
SIMULATOR TO THE DESIGN 
OF AUTOMATIC CONTROL 

SYSTEMS 

LEO BOTWIN 

(Sperry Gyroscope Company, 
Great Neck, L. I., N. Y.) 

The use of the simulator for both theo-
retical analysis and design evaluation is il-
lustrated by synthesizing a simplified auto-
matic heading system that includes a ship 
and associated steering apparatus. After a 
frequency analysis of the system is made, it 
is placed on the simulator where setting up 
problems are considered. Responses for vari-
ous ship configurations can be run off easily 
and rapidly. The design is evaluated by 
studying the actual controller together with 
the ship dynamics on the simulator. The 
system frequency response and controller 
linearity characteristic can be obtained us-
ing computer elements. The simulator can 
be used to determine the ship hydrodynamic 
coefficients from data obtained during actual 
field operation of the system. 

188. REAL TIME SIMULATION 
OF FEEDBACK CONTROL 

SYSTEMS 

ALBERT C. HALL 

(Bendix Aviation Corporation, 
Detroit, M ic h.) 

The increasing complexity of automatic 
control systems is discussed and the need for 
augmenting presently available analysis 
techniques is pointed out. 
The effective use of computing machines 

(simulators) to determine the performance 
of proposed designs, and methods of appli-
cation are discussed. However, a more sig-
nificant application of computing machines 
is in the development of design techniques. 
Here the computing machine is used to help 
the engineer evolve a philosophy of design 
which will lead to an optimum system. Meth-
ods of simplification in the study of complex 
systems are important, and computing ma-
chines are particularly useful here. The solu-
tion time of the simulator is significant in 
determining its scope. The dynamic proper-
ties of computing machines are discussed. 

189. DIGITAL COMPUTERS IN 
SIMULATED CONTROL 

SYSTEMS 
JAY W. FORRESTER 

(Servomechanisms Laboratory, Mas-
sachusetts Institute of Technology, 

Cambridge, Mass.) 

Digital computers should be especially 
useful in simulating control systems where 
"logical complexity" excludes use of more 
conventional equipment. "Logically com-
plex" systems have multiple courses of ac-
tion which may result from human partici-
pation and decisions or from important non-
linearities and double-valued functions in 
physical equipment. Such circumstances 
may arise in training of personnel teams, 
developing military tactics, and studying 
systems such as air traffic flow which involve 
a number of relatively free but interdepend-
ent participants. 
At the other extreme, the digital com-

puter should be useful where generality of 
the machine and simplicity of setup readily 
permit simulation studies which would not 

justify constructing simpler, custom-made, 
special-purpose equipment. 

Microwaves V—Gener-
ators and Amplifiers 

E. W . HEROLD, Chairman 

(RCA Laboratories Division, 
Princeton, N. J.) 

190. LOW-DISTORTION FRE-
QUENCY-MODULATION 

MODULATORS 

A. R. VALLARINO AND C. GREENWALD 
(Federal Telecommunication Labora-

tories, Inc., Nutley, N. J.) 

The problem of generation of very-low-
distortion frequency-modulated signals us-
ing high modulating frequencies has been 
solved by the use of microwave klystron 
modulators in conjunction with recently de-
veloped linearity indicators. 
The solution centers on determining the 

most linear portion of the klystron charac-
teristic by the use of the linearity indicator, 
as the klystrons are inherently very linear 
over certain ranges of their characteristics. 
Throughout the microwave frequency 

range, distortions of better than 70 decibels 
with deviations of +1 Mc have been ob-
tained. By the use of the heterodyne meth-
od, the carrier-frequency range has been ex-
tended downwards to 1 Mc with the same 
distortions. 

191. 1,700- TO 2,400-MEGACYCLE 
TRIODE AMPLIFIER 

E. M. OSTLUND AND H. G. MILLER 

(Federal Telecommunication Labora-
tories, Inc., Nutley, N. J.) 

This is a neutralized buffer amplifier with 
grounded-grid 2C39A triode, intended nor-
mally for isolating a mismatched antenna 
and long cable from a driving klystron. Wide 
tuning range and long-time stability are 
featured. Bandwidth is 20 Mc, power gain 
about unity. Power level 10 to 15 watts, 
plate efficiency about 22 per cent. 
Neutralizing is accomplished by a varia-

ble loop coupling directly between input and 
output cavities, with series stub at one end. 
Neutralizing is adjusted for linearity of kly-
stron frequency modulation in the presence 
of a frequency-sensitive load. 
Input and output matching are accom-

plished by two slug coaxial tuners in con-
junction with input cap and output fixed 
loop. The input cavity is a wave coaxial 
line, tuned by sliding short. The output cav-
ity is a quarter-wave radial line tuned by 
radial slugs. 

192. A K-BAND AMPLIFIER 
KLYSTRON 

WAYNE G. ABRAHAM, JOHN W. CLARK, D. L. 
SNOW, AND S. F. VARIAN 
(Varian Associates, 
San Carlos, Calif.) 

Varian Associates type X-I5 klystron 
amplifier tube will be described. This tube 
is a three-cavity K-band amplifier klystron 
with waveguide input and output which 
operates at a nominal frequency of 23,000 
Mc. It has a power gain of 5 db and a power 
output of 50 milliwatts. The mechanical 
structure of the tube will be described and 
performance curves shown. 

193. MODE INTERACTIONS IN 
MAGNETRON OSCILLATORS 

R. R. MOATS 

(Sylvania Electric Products Inc., 
Flushing, L. I., N. Y.) 

The magnetron is described in terms o 
its properties as a feedback oscillator, ti 
show that nonlinear circuit theory may bi 
applied in discussing mode interactions. Thi 
interaction of modes in a nonlinear feedbacl 
oscillator with two resonances is considered 
and it is shown that when large amplitudi 
oscillation associated with one mode of reso 
nance is present, this oscillation tends ti 
suppress oscillation associated with thi 
other mode. These theoretical observation 
are supported directly by measurement o 
the loading effect of an oscillating mode in ; 
magnetron upon small amplitude externall 
supplied oscillations in another mode. They 
are supported also indirectly by observatiot 
of the performance of several different type 
of magnetrons. 

194. GUIDING PRINCIPLES IN 
PRODUCTION OF SUBMILLI-

METER WAVES 

H. VON FOORSTER AND J. S. SCHAFFNI R 

(University of Illinois, Urbana, Ill.) 

is oscillators operating with frequency-de 
fining resonators where each one obeys thi 
wave-f unction 

F;(1) = AN cos (22r,,l — 

can produce a radiation power of 

7 1 2 
P = [ E Fi . 

This formula breaks up into two terms: 
PI 

P = + P2 = E F.& + E FsFk. 
sk tOk 

The first term Pi is always existent and re 
duces to nPo, where Po is the power pro 
duced by a single oscillator. The second tern 
P2 describes an amount of coherency ant 
vanishes by complete incoherency. The 
study of the region between complete inco• 
herency (P2=0) and complete coherenc) 
P2 = (n2 —n)Po leads to the discussion of ar 
expression of be form 

E A,A k cos (Cfresi Oekk) • 
rk 

Certain correlations between the phase. 
functions and the amplitude-functions define 
finally the value of P2. 
The application of these considerations 

to mass-radiators and a theory of high den-
sity electron bunches is discussed. 

SYMPOSIUM 
Loudspeakers 

(Organized by Professional Group on Audio) 

J. K. HILLIARD, Chairman 

(Altec-Lansing Corporation, 
Hollywood, Calif.) 

195. AMPLITUDE AND PHASE 
MEASUREMENTS ON LOUD-

SPEAKER CONES 

M. CORRINGTON 

(Radio Corporation of America, 
Camden, N. J.) 
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Amplitude and phase measurements 
we been made of the mechanical motion at 
.fferent points on the cone diaphragm for 
trious critical frequencies. From these the 
ruse of various peaks and dips in the sound 
-essure curve can be determined. Such in-
ormation is helpful when making changes to 
aprove the cone design. 

196. DESIGN ELEMENTS FOR IM-
PROVED BASS RESPONSE IN 
LOUDSPEAKER SYSTEMS 

HOWARD T. SOUTHER 
(Electro-Voice, Inc., Buchanan, Mich.) 

The history of the art is reviewed and a 
sort discussion of the current status en-
iged in. Ideals are posed, principally those 
eating with range and distortion require-
tents. 
Subjective requirements are suggested as 

elated to range response, power and distor-
on limits. Objective limits of driver units 
nil space are considered. 
. Comparative responses of flat baffles, 

GENERAL COMMITTEE 
G. W. Bailey, Chairman 

Austin Bailey, Vice-Chairman 
I. S. Coggeshall, Ex Officio 
Emily Sirjane, Secretary 

ohn J. Buckley 
Villiam C. Copp 
G. Cumming 
;eorge NIcElrath 
K. Gannett 

Ars. R. F. Guy 
F. R. Woodworth 

solid enclosures, reflex boxes, horns, and es-
pecially folded corner horns are shown. The 
benefits of acoustic low-pass filters in con-
nection with the last are exposed and equiv-
alent circuits are disclosed. 
The economics of low-frequency repro-

duction are discussed accompanied by con-
struction hints and design data for the ex-
perimenter. 

197. DIRECT RADIATOR LOUD-
SPEAKER MOUNTING 

HARRY F. OLSON 
(RCA Laboratories Division, 

Princeton, N. J.) 

Variations in the response frequency 
characteristic of a direct radiator loud-
speaker are produced by the resonance and 
diffraction effects introduced by the mount-
ing arrangement. Variations in the response 
are also produced by the diffraction effects 
introduced by the outside configuration of 
the cabinet. Grills, screens, and cloths used 

as coverings for loudspeakers introduce vari-
ations in the response frequency characteris-
tic due to the lumped acoustical impedance 
presented by these systems. Experimental 
data will be given to show the effect of these 
elements upon the response of direct ra-
diator loudspeakers. Demonstrations will be 
arranged to show the effect of the mounting 
arrangement, cabinet and grill upon the re-
sponse frequency characteristic of a loud-
speaker. 

198. PHYSICAL AND ELECTRICAL 
CONSTANTS OF DIRECT-RA-
DIATOR LOUDSPEAKERS 

L. L. BERANEK 

(Acoustics Laboratory, Massachu-
setts Institute of Technology, 

Cambridge, Mass.) 

This paper presents physical and electri-
cal constants of direct-radiator type loud-
speakers of a number of manufacturers. The 
application of these constants in the design 
of loudspeaker baffles will be discussed. 

1951 IRE Convention Committee 

R. J. Iversen 
W. A. Knoop 
J. Harold Moore 
T. H. Phelan 
C. W. P. Walter 
Ernst Weber 

BANQUET COMMITTEE 
T. H. Phelan, Chairman 

:. D. Gilbert C. D. Samuelson 
- F.. M. Johnson  W. E. Stewart 
L W. Keen  William Trevarthen 

COCKTAIL PARTY COMMITTEE 
George McElrath, Chairman 

:. P. Houston  C. M. Lewis 

EXHIBIT MANAGER 
W. C. Copp 

FACILITIES COMMITTEE 
C. W. P. Walter, Chairman 

Nillard Baldwin 
R. H. Barnaby 
'Whitney M. Baston 
R. Brown 
cordon Burroughs 
E. L. Chatterton 
Richard Cornwell 
Arthur Davis 
' Arthur Deneke f 
H. F. Dienel 
W. W. Dlouhy 
B. A. Fairweather 
L. W. Franklin 
R. Greenquist 
J. Hobbs 
D. B. Holmes 
i Robert Jeans 
R. C. Kennedy  Ben Warriner 

Eugene Vehslage 

J. P. Kinzer 
Cedris Maasik 
A. E. Nlichon 
W. D. NIischler 
C. R. Muller 
S. R. Patremio 
L. A. Pulley 
R. F. Ricca 
Saul Rosenthal 
D. M. Ruggles 
T. Rystedt 
C. 11. Singer 
W. M. Smith 
Miss B. Steinman 
H. E. Stinehelfer 
J. E. Troutman 
A. W. Warner 

FINANCE COMMITTEE 
J. J. Buckley, Chairman 

HOSPITALITY COMMITTEE 
R. J. Iversen, Chairman 

G. C. Connor, Vice-Chairman 

Horace Atwood, Jr. 
A. W. Barber 
LeRoy Bremmer 
F. R. Brick 
J. N. Caswell 
R. W. Comes 
E. W. Dannals 
C. E. Dean 
H. M. Dowds 
H. C. Gawler 
J. A. Goetz 
W. T. Granger 
E. L. Hansen 
S. S. Krinsky 

R. C. Larson 
0. I. Lewis 
Donald McNicol 
H. B. Merrill, Jr. 
D. M. Miller 
0. J. Morelock 
J. F. Neary 
II. V. Nielsen 
L. C. Pacent 
A. W. Parkes, Jr. 
S. E. Petrillo 
Herbert Sherman 
W. C. Simon 
E. H. Ulm 

HOTEL ARRANGEMENTS 
COMMITTEE 

W. A. Knoop, Chairman 
Paul Brown  A. W. Janes 

INSTITUTE ACTIVITIES 
COMMITTEE 

L. G. Cumming, Chairman 

R R. Batcher W. H. Doherty 
A. G. Jensen 

PRESIDENT'S LUNCHEON 
COMMITTEE 

J. H. Moore, Chairman 
E. W. Bemis  D. B. Harris 
R. Bright R. E. Johnson 

R. S. O'Brien 

PUBLICITY COMMITTEE 
E. K. Gannett, Chairman 

Lewis Winner, Vice-Chairman 

J. H. Battison 
W. C. Copp 
H. E. Fry 
T. R. Kennedy 
A. C. Lescarboura 
H. C. I,ikel 

Ted Lucas 
W. MacDonald 
Bruce Robertson 
Crump Smith 
E. C. Thompson 
Vincent Ulrich 

REGISTRATION COMMITTEE 
F. B. Woodworth, Chairman 

R. B. Beetham  E. D. Goodale 
J. L. Callahan  Devereaux Martin 
W. C. Copp  C. A. Mills, Jr. 

A. C. Peterson, Jr. 

TECHNICAL PROGRAM 
COMMITTEE 

Ernst Weber, Chairman 
A. B. Giordano, Vice-Chairman 
H. J. Carlin, Secretary 

L. L. Beranek  Scott Helt 
J. G. Brainerd D. D. Israel 

A. G. Jensen 
R. R. Law 
N. Marchand 
W. W. Mumford 
G. D. O'Neill 
J. R. Ragazzini 
Newbern Smith 
J. R. Steen 
M. M. Weiss 
Lewis Winner 

G. M. Brown 
H. Busignies 
II. L. Byerlay 
C. H. Doersam, Jr. 
W. H. Doherty 
D. H. Ewing 
J. W. Forrester 
Eugene Fubini 
F. J. Gaffney 
Herbert Harris 

WOMEN'S ACTIVITIES 
COMMITTEE 

Mrs. R. F. Guy, Chairman 
Mrs. I'. B. Harkins, Vice-Chairman 

and Treasurer 
Mrs. S. L. Bailey  Mrs.F.B.LIewellyn 
Mrs. I .S.Coggeshall  Mrs. Frank Mansur 
Mrs. R. V. Gould  Mrs. J. D. Parker 
Miss Beatrice A.  Mrs. Ogden Prest-

icks  holdt 
Mrs. F. R. Lack  Mrs. Carl Scholz 

Mrs. J. L. Seibert 



31 (.) PROCEEDINGS OF THE I.R.E. March 

Institute News and Radio Notes 

TECHNICAL COMMITTEE NOTES 
The Standards Committee, under the 

Chairmanship of J. G. Brainerd, held a meet-
ing on January 18. A proposed Standards on 
Graphical Symbols for Single (one) Line 
Electrical Engineering Diagrams, prepared 
by the IRE Symbols Committee in co-opera-
tion with RTMA and ASA, was presented to 
the Standards Committee. This Committee 
instructed its representatives on ASA Com-
mittees to vote for approval of the proposal. 
In two months, the Standards Committee 
will reconsider the proposal with additional 
material which will have become available. 
It will then be possible to standardize the use 
of symbols for publication by the IRE.. . . 
Arthur F. Van Dyck, the IRE Representa-
tive on ASA Sectional Committee Z17, "Pre-
ferred Numbers," has written an article on 
this subject which was published in the Feb-
ruary PROCEEDINGS. . . . J. R. Ragazzini will 
represent the IRE on the ASA Sectional 
Subcommittee Z10.14, "Nomenclature for 
Feedback Control Systems." ... A meeting 
of the Committee on Electron Tubes and 
Solid-State Devices was held on December 8, 
under the Chairmanship of L. S. Nergaard. 
This Committee is again making preparation 
for the 1951 Electron Devices Conference, 
to be held at the University of New Hamp-
shire at Durham. H. J. Reich was appointed 
Chairman of the Conference for 1951. Com-
plete details will be published as they are 
formulated. The Committee on Electron 
Tubes and Solid-State Devices is giving seri-
ous consideration to the formation of a Pro-
fessional Group.. .. The Circuits Commit-
tee held a meeting on December 13. C. H. 
Page, Vice-Chairman, presided in the ab-
sence of the Chairman, W. N. Tuttle. Com-
prehensive reports on the activities of the 
various subcommittees were given by their 
respective Chairmen.. . . A meeting of the 
Antennas and Waveguides Committee was 
held on December 28, A. G. Fox, Chairman, 
presiding. The Committee has been con-
cerned with examining the proposed Stand-
ards on Receivers: Definition of Terms, and 
has given particular attention to waveguide 
terms. 

PROGRAM ANNOUNCED FOR 
IRE NATIONAL CONVENTION 
The complete program of the 1951 

IRE National Convention (March 
19-22), together with 100-word ab-
stracts of the technical papers, ap-
pears on pages 292-315 of this issue. 
The program consists of: 210 papers 
presented at 43 sessions; the Radio 
Engineering Show comprising 267 ex-
hibits; the Annual Banquet that this 
year is different from menu to pro-
gram; the President's Luncheon with 
special tables for Professional Group 
members; and a "get-together" Cock-
tail Party in the world-famous Star-
light Roof of the Waldorf. 

The Joint Technical Advisory Committee 
held a meeting on January 9 under the Chair-
manship of J. V. L. Hogan. The Committee 
approved the reprinting of a limited number 
of copies of JTAC, Vol. IV, and also the pub-
lication of a supplement to Vol. IV, copies of 
which have been sent to the Federal Com-
munications Commission. Another volume, 
Vol. VI, has been prepared by the JTAC, 
and will be available within a short time. 

PROFESSIONAL GROUP NOTES 

The Institute's Professional Groups are 
busy with plans for the 1951 National Con-
vention, as reported in these notes in the 
February issue. In addition to the symposia 
and technical meetings being arranged for 
the Convention, the following Group ac-
tivities deserve notice in this column: 
The Committee on Professional Groups 

held a joint meeting with the Policy De-
velopment Committee on January 11. The 
meeting was called at the instigation of the 
Policy Development Committee in order to 
discuss the broad question of publication 
policy as related to Professional Group 
activity, so that whatever recommendations 
might be worked out through such a co-
operative meeting might be given to the 
Board of Directors. The members present 
adopted several suggestions which will be 
reported to the Executive Committee of the 
Board of Directors at its next meeting. 
On January 9 the IRE approved a peti-

tion to form a Professional Group on Air-
borne Electronics, and appointed the initial 
Administrative Committee. Joseph General, 
John E. Keto, George Rappaport, and R. J. 
Shank will serve on the Committee for a 
three-year term; J. F. Byrne, Ludlow B. 
Hallman, Charles J. Marshall, and Paul G. 
Weigert will serve for a two-year term; and 
G. H. Arenstein, A. S. Brown, J. W. Heyd, 
and H. Krutter will serve for a one-year 
term. John E. Keto is the Group's Acting 
Chairman. 
The IRE Professional Group on An-

tennas and Propagation is soliciting papers 
from its members for the regular joint 
spring meeting of the United States National 
Committee of the International Scientific 
Radio Union (URSI) and the Professional 
Group. The meeting will be held on April 
16, 17, and 18, at the National Bureau of 
Standards in Washington, D. C., and will 
celebrate the semicentennial of the found-
ing of the Bureau. Subjects of the technical 
sessions at this spring's meeting will be: 
radio propagation, noise, and antennas. Ad-
vance registration fee for the meeting will 
be $2.00 and will include the cost of the 
program and of the smoker on April 17. 
The Audio Professional Group is cur-

rently conducting a Group-wide election for 
new officers and new members of the Group's 
Administrative Committee. Those elected 
will assume office on July 1, the officers for 
a one-year term and the new members for a 
three-year term. 

Six hundred and thirty-five new mem-
bers have been enrolled in the Professional 
Group on Broadcast and Television Re-
ceivers, which now has a total membership 
in excess of 900. 
The IRE Professional Group on Broad-

cast and Transmission Systems has added 
more than 200 new members to its roster, 
as a result of a recent letter mailed to chief 
engineers of broadcast stations and of 
manufacturers of broadcast equipment. 
This brings the Group's membership to over. 
1,000. 
As a result of the recent organization o 

the Professional Group on Circuit Theory, 
applications for membership in the Group 
have been accepted and the membership 
totals more than 1,200. 
A highly successful Conference on Hi•.; 

Frequency Measurements, sponsored by the 
IRE Professional Group on Instrumentation 
in co-operation with the AIEE and the 
National Bureau of Standards, was held on 
January 10, 11, and 12 in Washington, D. C. 
Five hundred and forty-nine people at-
tended the Conference and 315 people went 
on guided tours of four Government institu-
tions. At the luncheon held in conjunction 
with the Conference, T. G. LeClair, Pre,i-
dent of the AIEE, and I. S. Coggeshall, Pre,-
ident of the IRE, presented a scroll to E. 1. 
Condon in commemoration of the fiftieth an-
niversary of the National Bureau of Stand-
ards. Abstracts of papers presented at the 
Conference appeared in the February issue 
of the PROCEEDINGS OF THE I.R.E. 
The card announcing formation of the 

IRE Professional Group on Radio Telem-
etry and Remote  Control which %% as 
mailed to members of the IRE in eight 
Sections has resulted in 125 applications for 
membership in the new Group to date, and 
more are being received each day. 
Headquarters has received a petition for 

formation of a new Group in the field of 
Industrial Electronics. It is hoped that the 
Institute's Executive Committee may take 
action on the ..betition early in February. 
Eugene Nlittelmann of Chicago is the 
Group's promoter. 

VOICE OF AMERICA ANNOUNCES 
CALL FOR RADIO PERSONNEL 

The Voice of America has an-
nounced continual vacancies now ex-
isting in New York City and overseas 
for experienced radio men, including 
studio, recording, field (remote pick-
ups), maintenance and transmitter 
technicians. 
Applications (Standard Form 57) 

should be sent to: U. S. Department 
of State, Personnel Branch, 250 West 
57 Street, New York 19, N. Y. 
Applicants are urged not to tele-

phone, since the office is not equipped 
to supply data in answer to such calls. 
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'ELEVISION PRIZE AWARD 
)0NATED BY ZWORYKIN 

An IRE award has been donated by Dr. 
ladimir K. Zworykin to be made annually 
u- twenty times beginning in 1952, "to that 
tember of the Institute, who in the opinion 
f the Board or its appointed Committee, 
ither shall have made the most important 
!chnical contribution to electronic televi-
ion during the preceding calendar year or 
he importance of whose contribution to 
lectronic television shall have been realized 
uring the preceding calendar year." 

AS FEATURES AVIATION 
F,LECTRONICS CONFERENCE 

A conference on electronics in aviation, 
ponsored jointly by IRE, IAS, and the 
nstitute of Navigation, was held at the 19th 
knnual Meeting of the Institute of Aero-
"tautical Sciences on February 1, at the Hotel 
kstor in New York, N. Y. The program in-
luded the following sessions: 

AIRBORNE ELECTRONICS 

D. S. Little, Chairman, American 
Airlines, Inc. 

"Problems of Standardization of Elec-
tronic  Equipment for Aircraf t"— 
Charles R. Banks, Aeronautical Radio, 
Inc. 

"Packaging  of  Airborne Electronic 
Equipment" —Orville M.  Dunning, 
Hazeltine Electronics Corp. 

"Frequency  Allocation for  Aviation 
Electronics"—Edwin Lee  White, 
Federal Communications Commission 

- ELECTRONICS AND ALL-WEATHER 
FLYING 

(A Symposium) 

Col. J. Francis Taylor, Jr., Chairman, 
Wright-Patterson Air Force Base 

Panel Members 

Col. A. E. Key, U.S.A.F. Working 
Group No. 5 Air Co-ordinating Com-
mittee 

D. S. Little, American Airlines, Inc. 
B. R. Moore, Civil Aeronautical Ad-
ministration 

S. P. Saint, Air Transport Association 
B. A. Denicke, Air Navigation Devel-
opment Board 

E. A. Cutrell, Air Line Pilots' Associa-
tion 

R. E. Laub, USN, Naval Air Test 
Facility 

J. F. Gill, Air Transport Association 

ECPD REPORT Now AVAILABLE 

Copies of the 18th Annual ECPD Report 
can now be obtained from the office of En-
gineers' Council for Professional Develop-
ent, in the Engineering Societies Building, 
29-33 West 39 Street, New York, N. Y., at 
50 cents each. One of the most important 
items in this report is a list of 656 accredited 
engineering curricula in 142 engineering 
schools of the country, prepared by the 
ECPD Committee on Engineering Schools. 

IEE SCHEDULES ELECTRICAL 
INSTRUMENT DESIGN CONFERENCE 

The Committee of the Measurements 
Section of The Institution of Electrical En-
gineers has arranged a Conference on Elec-
trical Instrument Design, to be held in The 
Institution Building in London from May 28 
to May 30, 1951. The following topics will 
be discussed: "Trends in Modern Instru-
ment Design and Construction," "The 
Limits of Measurement Present and Fu-
ture," "Materials and Components," and 
"Techniques in the Field of Radiation." 

Calendar of 

COMING EVENTS 

1951 IRE National Convention, Wal-
dorf-Astoria Hotel and Grand 
Central Palace, New York, N. Y., 
March 19-22 

Joint Meeting of the Association for 
Computing Machinery and the In-
dustrial  Mathematics  Society, 
Wayne  University,  Detroit, 
Mich., March 27, 28 

URSI Spring Meeting, Washington, 
D. C., April 16-18 

IRE Southwestern Conference, Dal-
las, Texas, April 20-21 

1951 New England Radio Engineering 
Meeting, Sponsored by North 
Atlantic  IRE  Region,  Copley 
Plaza  Hotel,  Boston,  Mass., 
April 21 

1951 Convention of SMPTE, April 
30-May 4, Hotel Statler, N. Y. 

1951 Annual Meeting of the Engineer-
ing Institute of Canada, Mount 
Royal Hotel, Montreal, May 9-11 

1951 IRE Technical Conference on 
Airborne Electronics, Biltmore 
Hotel, Dayton, Ohio, May 23-25 

IRE 7th Regional Conference, Seat-
tle, Wash., June 20-22 

1951 Summer General Meeting of 
AIEE, Royal York Hotel, To-
ronto, Canada, June 25-29 

1951 IRE West Coast Convention, 
San Francisco, Calif., August 22-
24 

IRE BOARD OF DIRECTORS 
MAKE 1951 APPOINTMENTS 

The IRE Board of Directors, at its meet-
ing on January 10, 1951, made the following 
appointments to the Board for 1951: Secre-
tary—Haraden Pratt; Treasurer— W. R. G. 
Baker; Editor—Alfred N. Goldsmith; Di-
rectors—Donald B. Sinclair, J. A. Stratton, 
and E. R. Piore. 

URSI-IRE SPRING MEETING 
TO BE HELD IN WASHINGTON 

The IRE Professional Group on Anten-
nas and Wave Propagation and the United 
States National Committee of the Inter-
national Scientific Radio Union (URSI) 
have scheduled their regular Spring Meeting 
for April 16, 17, and 18 in Washington, D. C. 
The sessions will take place at the National 
Bureau of Standards in recognition of the 
Bureau's semicentennial. 
Administrative meetings will be held on 

Monday, April 16, and the technical sessions 
will be held on the following days. An in-
spection trip of the National Bureau of 
Standards is being arranged for the after-
noon of April 16; an informal social evening 
will take place on April 17, when a summary 
of the Zurich General Assembly of the URSI 
will be presented. 
Technical sessions, sponsored by the fol-

lowing four URSI Commissions, will be held 
on radio propagation, noise, and antennas: 
Commission 2: Tropospheric Radio Prop-

agation, Chairman, C. R. Burrows, Director 
of the School of Electrical Engineering, Cor-
nell University, Ithaca, N. Y.; Commission 
3: Ionospheric Radio Propagation, Chair-
man, Newbern Smith, Chief, Central Radio 
Propagation Laboratory, National Bureau 
of Standards, Washington, D. C.; Commis-
sion 4: Terrestrial Radio Noise, Chairman, 
J. C. Schelleng, Bell Telephone Laboratories, 
Deal, N. J.; and Commission 6: Radio 
Waves and Circuits, including General The-
ory and Antennas, Chairman, L. C. Van 
Atta, Research and Development Labs., 
Hughes Aircraft Co., Culver City, Calif. 
Advance registration cards may be ob-

tained from the Secretary, Newbern Smith, 
National Bureau of Standards, after March 
1. The registration fee is $2.00 in advance or 
$2.50 at the time of the meeting. 

OPENINGS ANNOUNCED FOR 
ENGINEERS IN CALIFORNIA 

Scientific and engineering posi-
tions in the field of electronics are now 
available in the following California 
laboratories: U. S. Navy Electronics 
Laboratory, San Diego; U. S. Naval 
Ordnance Test Station, Inyokern, 
China Lake; U. S. Naval Ordnance 
Test Station, Pasadena Annex, Pasa-
dena; U. S. Naval Air Missile Test 
Center, Point Mugu; U. S. Naval 
Civil Engineering Research and Eval-
uation Laboratory, Port Hueneme; 
Institute of Numerical Analysis, Na-
tional Bureau of Standards, Los An-
geles. 
Further general information may 

be obtained by writing to the Board of 
U. S. Civil Service Examiners for Sci-• 
entists and Engineers, Navy Depart-
ment, 1030 East Green Street, Pasa-
dena 1, Calif. 
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L. C. F. HORLE 

JOHN B. MERRILL 

IRE People 

John B. Merrill (S'48—A'50) has been ap-
pointed a general manager of the tungsten 
and chemical division of the Sylvania Elec-

tric Products Inc. 
Mr. Merrill has 

been with Sylvania 
since  1941,  when 
the company pur-
chased the fluores-
cent powder division 
of  the  Patterson 
Screen Company. In 
1943,  Mr.  Merrill 
was appointed plant 
manager at Towanda 
and the activity was 
expanded to include 

the manufacture of tungsten in many forms. 
He was named general manager of the 

tungsten and chemical division when it was 
created in October, 1945. 

Lawrence C. F. Horle (A'14— 
M'23—F'25), a former president of the 
Institute, died after a brief illness on 

October  28, 
1950, at the 
Barnabas Hos-
pital in New-
ark, N.J. 
A native of 

that city, Mr. 
Hone received 
his degree in 
mechanical en-
gineering from 
the  Stevens 
Institute  of 
Technology in 

1914, where he stayed on as an in-
structor until 1916. During World 
War I he served as an expert radio aid 
for the Navy. His subsequent career 
included the following positions: chief 
engineer of the de Forest Radio Tele-
phone and Telegraph Company, New 
York; consultant, Department of 
Commerce Radio Laboratory, Bureau 
of Standards, Washington; chief en-
gineer, Federal Telephone and Tele-
graph Company, New York; and 
vice-president,  Federal  Telephone 
Manufacturing Company, Buffalo. 
His most important contributions to 
radio were in the field of standardiza-
tion of terminology and ratings. 
In addition to his long-standing af-

filiation with the IRE, Mr. Horle was 
chief engineer of the Radio and Tele-
vision Manufacturers' Association. 
In 1948 he received the IRE Medal 
of Honor for his "contributions to 
standardization work, both in peace 
and war."  • 

Donald L. Herr (SM'46), recently ap-
pointed head of the guided missile research 
and development section of the Hughes 
Aircraft Company, received one of the 
A. Cressy Morrison prizes for 1950, awarded 
to him by the New York Academy of 
Sciences for his paper on electromagnetics, 
and for his remarkable work in the field of 
engineering. 
The winner of numerous prizes and 

awards as a student at the Moore School of 
Electrical Engineering, Mr. Herr maintained 
an exceptionally high standing in his gradu-
ate work as National Tau Beta Pi Fellow 
and MIT Scholar at the Massachusetts In-
stitute of Technology. He is to receive the 
doctorate this spring from the Polytechnic 
Institute of Brooklyn, where he has been an 
adjunct professor in electrical engineering. 
He has been associated with the Bell 

Telephone Laboratories, the RCA Manu-
facturing Company, and the General Elec-
tric Company in Schenectady, N. Y. Having 
served for two and one-half years in the 
Navy as Officer-in-Charge of the Electrical 
Minesweeping Section of the Bureau of 
Ships, he received two commendations for 
his outstanding work, and was named Prize 
Essayist of the American Society of Naval 
Engineers in 1945. After World War II Mr. 
Herr held a prominent position in the Con-
trol Instrument Company in Brooklyn, 
N. Y., and then became a senior engineer of 
the Reeves Instrument Company in New 
York, N. Y., where he was responsible for 
the development of two .new analogue com-
puters and the development, design, and 
large-scale production of new, high-preci-
sion analogue computer components. He is 
the author of more than twenty-five articles, 
which have appeared in all the principal 
technological publications. 
Mr. Herr is a Fellow of the New York 

Academy of Sciences, Honorary Member of 
the American Society of Naval Engineers, 
member of the American Institute of Elec-
trical Engineers, American Society of Me-
chanical Engineers, American Ordnance 
Association, and American Association for 
the Advancement of Science. He is a past 
member of the Institute of Aeronautical 
Sciences, American Mathematics Society, 
and the American Physical Society. Mr. 
Herr is also a member of Sigma Xi, Tau 
Beta Pi, Sigma Tau, Eta Kappa Nu, Pi 
Mu Epsilon, Delta Phi Alpha and Hexagon 
Honor Societies, and he appears in Ameri-
can Men of Science. 

David R. Hull (A'36—F'47) has been 
elected by the directors of the Raytheon 
Manufacturing Company as a vice-presi-
dent. Captain Hull, U.S.N. (retired), has 
been assistant manager of the equipment 
divisions of the company. 

ISAAC L. AUERBACH 

Donald B. Harris (SM'45) has been ap-
pointed technical assistant to the president 
of Airborne Instruments Laboratory, Inc., 

Mineola, L. I., N. Y. 
Formerly he was ex-
ecutive assistant to 
the director of re-
search  of  Collifls 
Radio  Co.,  Cedar 
Rapids, Iowa. 
Mr. Harris, who 

is the new assistant 
to Hector R. Skifter 
(A'31—M '36—SM '43), 
was graduated from 
Yale University with 
the B.A. degree in 

1922. He was associated with Northwestern 
Bell Telephone Co. for 23 years, with time_ 
out for war assigned duties. 
As a member of the National Defense 

Research Committee, Division 15, Mr. 
Harris was the principal technical aide at 
Harvard University's Radio Research Lab-
oratory. During the war he was also a mem-
ber of three Joint Chiefs of Staff committees 
where, as at Harvard, he was closely associ-
ated with ALL personnel. He concluded his 
affiliation with Northwestern Bell Telephone 
as transmission and protection engineer in 
the Iowa area. 
Mr. Harris, who was formerly Chairman 

of the Cedar Rapids Section of the Insti-
tute, has published five papers, and holds or 
has pending 12 patents. He is a member of 
the IRE Board of Editors. He belongs also 
to the American Physical Society, and the 
American Association for the Advancement 
of Science. 

DONALD B. HARRIS 

Isaac L. Auerbach (S'46—M '49) has joined 
the staff of the Research Division of Bur-
roughs Adding Machine Company in Phila-

delphia as a research 
engineer. 
He received the 

degree of B.S. in elec-
trical engineering from 
the Drexel Institute 
of  Technology  in 
1943. Following his 
graduation he served 
in the Navy with the 
Naval Research Lab-
oratory as a radio en-
gineer. He received 
the degree of M.S. in 

applied physics from Harvard University. 
Prior to joining Burroughs he was senior 

engineer of design, development, and pro-
duction at the Eckert-Mauchly Computer 
Corporation, and engineer in charge of the 
tube division of the Electronic Tube Corpo-
ration. He published a paper recently on 
the packaging of electronic systems. 
He is a member of the Association for 

Computing Machinery, Eta Kappa Nu, and 
an associate member of the American Insti-
tute of Electrical Engineers. 
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The National Production Authority is-
led an order recently establishing a ceiling 
n the number of defense rated orders that 
sanufacturers are required to accept for cer-
sin electronic components and parts. Its 
urpose, NPA explained, "is to prevent un-
ecessary disruption of distribution to civil-
in users by equalizing the distribution of 
efense orders among the electrical corn-
onent and parts manufacturers." ... NPA 
idministrator William H. Harrison stated 
ecently that his agency planned no direct 
ction affecting color television. Mr. Harri-
on was replying to a week-end telegram 
rom Frank Stanton, CBS president, who 
tas asked for a conference with NPA officials 
o discuss a resolution in which a group of 
yholesalers urged NPA to prevent color 
elevision production... . Complete alloca-
ion of cobalt, effective February 1, was or-
lered by the NPA, and the over-all provi-
Ion of cobalt for civilian uses in January 
vas limited to one third the amount of co-
)alt consumed in January, 1950. This is a 
harp cut under the 50 per cent allowed in 
December. Beginning February 1, every 
surchase of more than 25 pounds of the 
.trategic material requires NPA approval. 
Defense and essential civilian production 
will require almost the total available sup-
)Iy of cobalt, NPA said in issuing an order 
which places cobalt under allocation, pro-
dbits certain uses, and limits inventories. 
This order is designed both to meet defense 
-equirements and to distribute equitably the 
-eFnaining supply through normal channels 
to essential civilian uses. Provision is made 
to this connection, NPA added, for the needs 
1 new and small businesses.... NPA is-
sued an order designed to conserve cadmium 
for defense and highly essential civilian 
needs, but listed certain electronic com-
ponents for which cadmium may be used 
under specific limitations. Included in the 
list of cadmium-containing items which 
may be produced under the new order are: 
copper-base alloys containing not more 
than 1} per cent cadmium for parts inside 
electronic tubes, resistance welding elec-
trodes, multistrand railroad signal bond 
wire, and shunt wire leads for motors and 
generators; low melting point alloys for dry-
type rectifier elements, fire protective sys-
tems, safety devices, electrical fuzes, dental 
use, and inspection gauges. 

TV PICTURE TUBE PRODUCTION 
CONTINUES AT PEAK IN NOVEMBER 

Production of television tubes in Novem-
ber continued at its peak fall rate, running 
slightly above October. A total of 851,872 
cathode-ray tubes were sold to equipment 
nufacturers in November, and 914,804 

were produced for all purposes. Approxi-
mately 98 per cent of the tubes sold to set 

1 The data on which these NOTES are based were 
selected, by permission, from bit/wiry Reports. Issues 
of December I. December 21, December 29, January 
5. and January 12, published by the Radio-Television 
Manufacturers Association, whose helpful attitude is 
gladly acknowledged. 

makers were 16 inches or larger, and more 
than 60 per cent were of the rectangular 
type. 

NEW MICA, ASBESTOS INSULATION 
DEVELOPED BY NAVAL LABORATORY 

The Naval Research Laboratory has an-
nounced development of two improved elec-
trical insulating materials: a mica paper, and 
domestic asbestos from which impurities are 
removed by new methods. 
The mica paper, the Navy said, is ex-

pected to find its greatest application in 
electrical condensers. The new product 
"will stand intense heat and is stronger and 
has greater capacitance than kraft papers," 
according to a Navy report. 
In the asbestos development, the Navy 

moved to reduce the dependance upon for-
eign fibers and developed a procedure in-
volving wetting of asbestos fibers instead of 
the conventional air-fluffing or screening 
method of cleaning. 

INDUSTRY STATISTICS 

Television manufacturers shipped 5,661,-
000 television sets to dealers in 36 states and 
the District of Columbia during the first 
ten months of 1950, according to RTMA 
reports. RTMA's estimates represent ship-
ments by nonmembers as well as Associ-
ation members. Sales to dealers in October, 
1950, are estimated at 781,000, compared 
with 928,000 sets shipped in the preceding 
month. 

FCC ACTIONS 

The FCC recently adopted its rule-
making proposal to permit remote control 
operation of low-power noncommercial FM 
broadcast stations under certain conditions. 
The FCC ruling became effective on Janu-
ary 25, 1951. This should be helpful to non-
profit educational stations which work on 
small budgets and cannot employ licensed 
operators for remote control operation, the 
FCC said. 

MOBILIZATION 

Secretary of Defense George Marshall 
recently directed the Secretaries of the 
Army, Navy, and Air Force to spread con-
tracts across industry as widely as possible. 
This action is intended to broaden the scope 
of the military procurement program, and 
to take up the slack in industries now facing 
cut-backs because of material shortages. 
Officials believe that the new policy, in-

cluding more extended use of negotiation in 
contract letting, will result in military busi-
ness for a greater number of electronic manu-
facturers. This can include television set 
producers who have not been able to obtain 
military contracts. 
Possible changes in military electronic 

specifications to conserve critical mate-
rials were discussed during a three-hour 
formal conference between officials of the 
NPA Electronics Products Division and 
Captain Henry E. Bernstein, Director of 
the Armed Services Electro Standards 
Agency. 
The meeting, which was also attended 

by a representative of the Electronics Pro-

duction Resources Agency and a Signal 
Corps officer, was called with the view of 
exploring possible methods of changing 
JAN specifications to conserve scarce metals. 
A survey will be conducted among the 
military agencies on possible changes. 
At the same time, NPA officials empha-

sized to RTMA that the agency will assist 
industry engineers in obtaining scarce metals 
to be used in substitution for other metals, 
which are more scarce, as the result of new 
developments in their conservation pro-
grams. 

DEFENSE DEPARTMENT REQUESTS LAW 
To CONTROL MAGNETIC RADIATIONS 

The Department of Defense has asked 
Congress to enact a law which would enable 
the President to control all types of electro-
magnetic radiations, including radio and 
TV stations, which might be used to guide 
an enemy plane or missile in an attack on 
the United States. A suggested draft of the 
proposed bill was submitted to the Armed 
Services Committees of Congress. 
The purpose of the proposed legislation, 

the Department said, is "to provide the 
necessary Executive authority to control 
electromagnetic radiations, not only during 
hostilities or a proclaimed emergency, but 
also during time of strained international 
relationships when a surprise attack on the 
United States is a possibility." This control 
would extend to anything "capable of 
emitting electromagnetic radiations between 
ten thousandths and one hundred thousand 
(0.010-100,000) megacycles per second" to 
the extent he deems such control necessary 
to safeguard the country. 
Current concepts of warfare and recent 

experience, Defense officials said, demon-
strate the necessity to control electromag-
netic radiations in the United States, its 
territories and possessions, during periods 
of critical international relationships, for 
the purpose of denying their use to a poten-
tial enemy for navigation of piloted or pilot-
less aircraft or missiles directed towards 
targets in the United States. 

SIGNAL CORPS ANNOUNCES NEW 
RADIOS ARE UNDER PRODUCTION 

The Signal Corps has announced that 
"more flexible" and "faster" communication 
will be brought to the battlefield by a new 
series of radio sets now in production which 
are expected to be issued to troops early this 
year. 
The new sets, when connected together 

in various combinations, produce a variety 
of completed sets, the Signals Corps said. 
Thirty different radio sets can be obtained 
by varying the combinations in the manner 
of "building blocks." 
Applications of this "building block" 

principle not only makes for flexible com-
munications, the Signal Corps explained, but 
also for economy in procurement. The blocks 
are manufactured separately, and are de-
signed primarily for vehicular use, but may 
be readily modified with a field kit and used 
on the ground. 
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RADIO PIONEERS —ATTENTION! 

This notice is for the information of 
members of the Institute who are qualified 
and wish to join the Radio Pioneers but who 
lack information concerning it. Originally 
formed in 1942 as the Twenty Year Club, 
the purposes of the organization are: 

"To establish a membership or-
ganization of persons who by their long 
years of service in the field of Radio 
desire to become associated for the 
purposes of friendship and education. 
the Club shall be a central clearing 
house for the exchange of information 
and historical data about the radio in-
dustry and shall record in form to be 
determined facts and data about the 
history of the radio industry and its 
traditions for use by this and future 
generations. It is felt that this organi-
zation with the resultant exchange of 
information would make a valuable con-
tribution to the public interest." 

As outlined in the constitution, the pur-
poses are broad enough to enable the Radio 
Pioneers to undertake almost any task which 
the Club may desire for the furtherance of 
the radio industry. 
Nineteen hundred and fifty marked the 

establishment of a Radio Hall of Fame in 
which the memories of men and women 
whose contribution have placed them among 
the immortals will be perpetuated. The first 

Books 

of such awards went to Thomas Alvah 
Edison. All members are entitled to submit 
their choice will be voted upon by the com-
mittee. 
In 1950 the Radio Pioneers inaugurated 

the radio oral history project which has 
been undertaken by Columbia University's 
oral history project, under the direction of 
Allen Nevins. This vast project will set up a 
source of material which will be available to 
all future historians of the industry, or to 
those writing books which dwell on some 
phases of radio. The plan is to obtain re-
corded interviews of outstanding men and 
women who have pioneered in radio, engi-
neers as well as those in other branches. It is 
felt that soon many of these will no longer be 
available for first-hand information. All 
members are encouraged to send in early an-
ecdotes and "firsts" with which they were 
connected or concerned. 
The requirements for membership are 

that a prospective member be in good stand-
ing, and have served the radio industry for 
20 consecutive years or more at the time of 
making application for membership. 
H. V. Kaltenborn, noted commentator 

and author, is the founder of the Pioneers; 
this came about when NBC gave him a din-
ner on April 4, 1942, to commemorate his 
20th year in radio. The small original group 
has grown to more than 600 during the 
past eight years, particularly during the 
two years just passed. Officers include: 
Frank E. Mullen, board chairman of Jerry 

Fairbanks (TV) Productions, Hollyw 
President; Honorary Presidents, David 
noff and Lee De Forest; 1st Vice-Presiden 
Orestes H. Caldwell; 2nd Vice-President, 
Arthur B. Church (KMBC, Kansas City); 
Vice-President and Secretary, Paul W. 
Morency (WTIC, Hartford); Vice-Presi-
dent and Treasurer, Carl Haverlin (MI). 
Plans are in process to form local chap-

ters in other cities to promote friendship 
and social intercourse among the pioneer 
radio fraternity. New members have an op-
portunity to participate actively in the for-
mation of their local chapters. 
Radio Pioneers issues a bulletin peri-

odically, and whenever feasible, an annual 
membership roster including short biograph-
ical sketches of each member. 
The Club holds an annual election of of-

ficers at a meeting and banquet each April 
in New York, and during the past year four 
luncheon meetings have been held by the 
membership. Membership meetings have 
been addressed by such men as Herbert 
Hoover,  David Sarnoff, FCC corn:I:is:. 
sioners, Charles F. Kettering, and others 
Membership dues in the Pioneers are $10 

annually. The initial cost is $15 of whi( h 
$10 is for dues and $5 for silver lapel pin of 
Pioneers insignia. On this occasion the S10 
initiation fee is being waived. 
If you are eligible, and wish to join, 

please send for an application blank to 
Carl Haverlin, Broadcast Music Inc., 580 
Fifth Avenue, New York, N. Y. 

Essentials of Electricity for Radio and Tele-
vision by Morris Slurzberg and William 
Osterheld 

Published (1950) by Whittlesey House, McGraw-
Hill Book Co.. Inc., 330 W. 42 St.. New York, N. Y. 
475 pages+16-page index +xi pages +354 figures 
6 X9. $5.00. 

This text presents elementary back-
ground material on the essentials of electric-
ity as will be required by radio amateurs or 
students in high school or trade school. It 
should also prove useful to laboratory as-
sistants and technicians employed in the 
power or communications industry. It is not 
suitable, nor is it intended for use by the 
professional engineer. It is not particularly 
slanted towards radio, most of the material 
being common to all electrical engineering, 
and electron-tube material being very 
sca rce. 
Introductory comments are presented on 

communications during which the need for 
knowledge of electricity is pointed out. The 
text follows with some elementary physics of 
static electricity and discussions of batteries; 
simplicity often requires that the true situa-
tion, too complex for discussion, be greatly 
compromised. Typical are such statements as 
"a second factor that affects the capacitance 
is the thickness of the dielectric, because if 
its thickness is reduced, fewer distorted elec-
tron orbits will oppose the electrostatic field. 
This results in a greater number of electrons 

being stored in the conductor, which in-
creases the capacitance" (page 310). Also, 
the pass-characteristic diagrams of Article 
12.2 present an interesting idea which prob-
ably is at once helpful to the nondiscerning 
reader, and confusing to the discerning one. 
These diagrams show the usual amplitude-
versus-frequency curve; however, the area 
of the diagram below the curve is differently 
shaded from the remaining area. The area 
is entitled "frequency band passed," the 
latter area is entitled "frequencies elim-
inated." 

SIMON RAMO 
Hughes Aircraft Co. 
Culver City, Calif. 

Operational Calculus by B. Van der Pol and 
R. Bremmer 

Published (1950) by Cambridge University Press. 
51 Madison Ave.. New York 10. N. Y. 409 pages +3-
page index +xiii pages. 97 pages. 97 figures. 6 X10. 
$10.00. 

The use of the Laplace Integral for the 
solution of problems rests upon the advan-
tage that discontinuous functions of a real 
variable are transformed to functions of a 
complex variable which are analytic and 
may be readily handled. The final solution 
of the problem depends upon a table of func-
tions and their transforms for the recogni-
tion of the original function to which the 
transformed function arrived at corresponds. 

In this book the operational calculus is 
based on the two-sided or, more usually ex-
pressed, bilateral Laplace Integral (taken 
between minus infinity and plus infinity), 
contrary to the usual practice where the 
lower limit is taken as zero. The authors 
claim for this choice that thereby the class of 
functions suited to an operational treatment 
is larger, the transformation rules are simpli-
fied, and the whole treatment may be made 
more rigorous. Multiplication of the given 
function by the unit function reduces the 
bilateral integral to the type of problem 
where a driving force is applied suddenly or 
a switch is closed. Here, the lower limit be-
comes zero. 
The first half of the book deals with fun-

damental principles and the establishment of 
general rules, and the second half, with a 
variety of applications. An unusual chapter 
deals with the application to Bessel func-
tions and Legendre functions and develop-
ments, not only familiar fundamental rela-
tions, but others which are less well known. 
The book was written with the pure 

mathematician especially in mind. The en-
deavor has been to give the operational cal-
culus a rigorous mathematical basis. Il-
lustrative examples are, for the most part, 
taken from pure mathematical, rather than 
technical fields. 
The authors have indicated sections of 

the book which, taken together, form an al-

.111 

a.: 
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ost complete course for the "practical" 
an. However, in the opinion of this 'v-
iewer, the engineer may more profitably 1)tain a first course from a more elementary 
3ok in order to appreciate the wealth of 
iaterial in this advanced and scholarly 
ork. 
Attention should be directed especially 

) the compendious list of original and 
-ansforms pairs in the "dictionary" at the 
id of the book. 

FREDERICK W. GROVER 
Union College 

Schenectady, N. Y. 

he Anatomy of Mathematics by R. B. 
:ershner and L. R. Wilcox 
published (1950) by The Ronald Press Co., Inc.. 

5 E. 26 St. New York 10. N. Y. 364 pages +44-page 
ppendix +6-page index +xi pages. $6. 

This reviewer has found this a truly de-
ghtful text. It deals with the axiomatic 
tethod in mathematics. Much of the subject 
iaterial is that dealt with in treatises on 
iodern algebra, e.g., the theory of sets, 
'roups, and fields is developed from the 
tandpoint of illustrating the logical struc-
ure of mathematics. The development is 
loch less terse than that customarily en-
ountered in algebraic treatises, a considera-
4e amount of time and effort being devoted 
o discussion of the logical context of the ma-
erial presented. The authors have chosen 
eal number theory as a medium for illus-
• rating the concepts and methods developed. 
n a manner consistent with the philosophy 
if the axiomatic method, each new mathe-
natical theory is introduced with a concise 
abulation of the basis consisting of the 
t unctions, relations, operations, and the like, 
rvhich remain unchanged. In addition to the 
1)asis, the axioms or postulates are clearly 
dated in each new development. The authors 

„ iave demonstrated the method of induction 
is a powerful tool in proving many theorems Iliroughout the text.  . 
The book is written in such a manner 

hat it does not appear to require any mathe-
natical prerequisites on the part of its read-
:rs. Definitions are collected and summa-
-ized at convenient intervals throughout the 
book. The concepts are illustrated by appli-
cation to many instances in real number sys-
tems. An excellent selection of problems is 
introduced as projects to enable the reader 
to test his grasp of the subject matter as well 
as to develop the theories further. 
Recognizing the topic limitations im-

posed by the care and thoroughness with 
which the authors have developed their sub-
ject, this reviewer would like to see this work 
followed by a companion volume in which 
the theories are applied to instances chosen 
from geometry and the physical sciences. 
The authors are to be congratulated on their 
excellent work. 

; 

LLOYD T. DEVORE 
General Electric Co. 

Syracuse. N. Y. 

Static and Dynamic Electricity (Second Edi-
tion) by W. R. Smythe 
Published (1950) by McGraw-Hill Book Co.. Inc., 

New York. N. Y. 553 pages +24-vage index +7-page 
appendix +xxl pages. 9 X6. $1.50. 

This book was first published in 1939. 
The new edition offers substantial improve-
ments of old material and important addi-
tions of new material. The changeover to 

rationalized mks units, in particular, should 
make this a more generally useful reference 
than was the earlier edition. 
The author applies basic principles of 

electricity and magnetism to the solution of 
a wide variety of challenging problems. The 
material includes electrostatics, potential 
distributions, magnetism, induction, net-
work transients, ac circuits, eddy currents, 
electromagnetic waves and radiation, wave-
guides and resonators, and relativistic mo-
tion of charged particles. The presentation is 
extremely thorough and many original re-
sults are presented. The material is not de-
signed for the neophyte, but it should appeal 
to research men and to capable graduate 
students in mathematics, physics, and elec-
trical engineering. 
The excellent problems given with every 

chapter must be considered an integral part 
of the text, for they frequently contain 
valuable results. References to useful prob-
lems are included in the unusually complete 
index. Many questions are from the Cam-
bridge University examinations as reprinted 
by Jean' with the possible exception of 
Weber's recent book.2 
The application given here of conformal 

mapping and inversion methods to potential 
problems is the best treatment known to 
this reviewer. Two completely new chapters 
dealing with electromagnetic waves include 
a complete discussion of boundary condi-
tions in microwave systems. A constant 
notation is adopted to distinguish phasor, 
scalar, and vector quantities. 
The type setting and proof reading for 

this book must have been a difficult task. 
The author and the publishers deserve con-
gratulations on the fine appearance and the 
freedom from errors. The only slips noted 
were an incorrect negative sign on page 128 
and a misleading, if not incorrect, use of a 
and b in Fig. 8.06. 
Some of the "modernized' nomenclature 

appears to be of dubious value. "Electro-
motance" for electromotive force and 
"capacitivity" for dielectric constant are un-
inspired terms at best and will probably find 
new converts. 
Although many books are listed, refer-

ence is seldom made to periodic literature, 
even when classic papers appear apropos. 
The material on transients and ac cir-

cuits, while interesting, seems rather out of 
place. The ommission of Chapters 9, 10, and 
parts of 6 would have left a better integrated 
treatment and should have permitted a 
more attractive selling price. 
These few objections are relatively 

minor. This valuable work should prove an 
authoritative text and reference for many 
years to come. It warrants careful study by 
the serious student and research man. 

R. S. TEASDALE 
Georgia institute of Technology 

Atlanta. Ga. 

1 'Mathematical Theory of Electricity and Mag-
netism,' Cambridge University Press' 1925. 
1 'Electromagnetic Fields," Vol. I. John Wiley and 

Sons, Inc. New York, N Y.; 1950. 

Response of Physical Systems by John D. 
Trimmer 
Published (1950) by John Wiley and Sons. Inc. 

440 Fourth Ave.. New York 16, N. Y. 240 pages +6. 
page index  is pages. 91 figures. Si X511. $5.00. 

In this unusual book, the author has 

made a generally successful attempt to stress 
the broad concepts of system, 'forcing' (a 
new term coined to avoid force as too closely 
linked to mechanical systems) of the system, 
system response, and the interrelation of 
these concepts as expressed by a "law." The 
value or usefulness of a system is then judged 
by response criteria. One of these is the "er-
ror," defined as the instantaneous differences 
between the desired and the reference quan-
tities, and applying to indicating instru-
ments, servomechanisms, and automatic 
controls; the other is the "distortion," pri-
marily applying to amplifiers. With the sys-
tematic use of this terminology, a very good 
and detailed treatment by means of classical 
differential equations is given of first- and 
second-order systems; higher-order systems 
are reduced to approximate combinations of 
independent first and second considerations. 
The further chapters on feedback and dis-
tributed systems, on systems with time-
varying parameters, and nonlinear systems 
can be considered only as brief expositions 
with special examples. In the appendix a 
brief treatment of the Laplace transform is 
given. 
The most attractive feature of this book 

is the emphasis on the point of view and the 
selection of the examples from widely sepa-

" rated fields such as nuclear reactors, elec-
tronics, mechanics, and so forth, unified by 
the consistent terminology. Though the 
mathematical treatment is generally good, 
it is not uniform and occasionally lacking in 
clarity. Disturbing is the inadvertent mix-
ture of real and complex notation, particu-
larly on page 30, where this makes an equa-
tion manifestly incorrect. It is doubtful that 
students in economics or in sociology will 
find much of direct use for them, because of 
the lack of illustrative examples in these 
fields. For anyone interested in physical 
systems, this volume should prove very 
stimulating reading. 

ERNST WEBER 
Polytechnic Institute of Brooklyn 

Brooklyn 2. N. V. 

Wave Guides by H. R. L. Lamont 
Published (1950) by John Wiley and Sons. Inc.. 

440 Fourth Ave., New York 16, N. Y. 109 pages+2-
page index+6-page bibliography +vii pages. 37 fig-
ures. 41X61.  $1.50. 

This third edition of a book, intended 
to supply a compact statement on wave-
guides for individuals of average scientific 
attainment, has been expanded over pre-
vious editions appearing in 1942 and 1946. 
Basic theory and the more useful expressions 
are given in a manner to present a perspec-
tive view of the subject. Frequently correla-
tions are given between theories or results as 
appearing in published articles by different 
authors in various publications. 
The bibliography includes publications 

from all over the world so that further de-
tails can be found if the reader should re-
quire them. In spite of the book's small size 
and brevity, it is quite readable and the de-
velopment of the various chapters follows in 
logical order. This book fills a need much the 
same as does a vest pocket book on funda-
mentals of higher mathematics, which gives 
the most useful expressions and tables. 

Awls W. GRAF 
135 So. La Salle St. 

Clokago 3. III. 
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ACOUSTICS AND AUDIO 
FREQUENCIES 

534.2:551.553  267 
The Fine Structure of Atmospheric Turbu-

lence in Relation to the Propagation of Sound 
over the Ground—E. G. Richardson. (Proc. 
Roy. Soc. A, vol. 203, pp. 149-164; September 
22, 1950.) Simultaneous measurements of the 
fluctuations in sound intensity at a distance 
from a steady source, and of the atmospheric 
turbulence at points along the sound path, are 
used to discuss the relation between sound 
scattering and intensity of turbulence. The 
effect of the latter on the phase relations be-
tween signals received at two points is demon-
strated. 

534.212  268 
The Propagation of a Sound Pulse in the 

Presence of a Semi-infinite,  Open-ended 
Channel: Part 2—W. Chester. (Proc. Roy. 
Soc. A, vol. 203, pp. 33-42; September 7, 1950.) 
The asymptotic behavior of the disturbance at 
great distances from the wave front is dis-
cussed. For an incident Heaviside unit pulse, 
the wave inside the channel also tends to 
behave like a unit pulse, the correction term 
being a function of the distance from the wave-
front. The case of an arbitrary pulse is also 
considered. The results are used to estimate the 
proportion of energy which returns along the 
channel when the incident pulse is of finite 
duration. Part 1: 2683 of 1950. See also 1560 
of 1950. 

534.321.2:621.3.018.7flt  269 
The Effect of Nonlinear Distortion on the 

Perception of Mistuning of Musical Intervals — 
W. Weitbrecht. (Fernmeldetech. Z., vol. 3, 
pp. 336-345; September, 1950.) An experi-
mental method is described in which pairs of 
electrically generated tones selected from the 
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common chord of C in the octave 523.25-
1046.50 cps, on the tempered and again on the 
just scale, are presented to listeners after pas-
sage through a pentode circuit of known ad-
justable nonlinear-distortion factor. The pres-
entation of the properly tuned combination is 
alternated with the same combination mis-
tuned, the listener stating whether or not he 
can hear a difference. Results are shown in 
charts. The harmonics and combination tones 
in the audio output are also observed objec-
tively. The response of the ear to extraneous 
sounds is discussed. Characteristic differences 
are noted for different musical intervals. 

534.321.9:621.315.616  270 
Propagation of Low Frequency Ultrasonic 

Waves in Rubbers and Rubber-like Polymers 
—P. Hatfield. (Brit. Jour. App!. Phys., vol. 1, 
pp. 252-256; October, 1950.) Experiments 
covering a frequency range 50-350 kc and 
temperature range 0-60° are described. The 
velocity of low-amplitude ultrasonic waves 
varies from 1.1 X 10, to 1./3X 10' cm in different 
rubbers at room temperature; absorption varies 
from <0.1 to 2 db per cm at 50 kc and from 
0.7 to 11 db per cm at 350 kc. Applications of 
these materials as acoustic lenses and as ultra-
sonic transmission media are discussed. 

534.782.07  271 
The Phonetic Steno-sonograph —J. Drey-

fus-Graf. (Onde elect., vol. 30, pp. 356-361; 
August and September, 1950.) See 1330 of 1950. 

534.845  272 
Absorption of Sound by Porous Materials — 

C. Zwikket. (Research (London), vol. 3, pp. 
400-407; September, 1950.) The control of 
reverberation by pure porosity effects is ex-
amined theoretically for normal incidence of 
the sound waves on a wall of infinite extent. 
The coefficient of sound absorption can be 
determined in terms of the wave impedance 
and propagation constant, which can be meas-
ured by interferometer methods. They may 
also be deduced if the porosity, specific flow 
resistance, thickness and structure factor (a 
factor depending upon the angle between the 
cell axes and the normal to the front surface) 
are known. See also 1569 of 1949 (Zwikker, van 
den Eijk, and Kosten) and back reference. 

621.395.61  273 
The  Tube  Microphone —H. J.  Griese. 

(Arch. elekgrotech. Obertragung, vol. 4, pp. 259-
266; July, 1950.) Description and analysis of 
operation of a microphone in which the sound 
pickup member, of spherical or exponential. 
horn shape, is connected to the transducer by a 
slender tube. Directional diagrams and fre-
quency-response curves are shown and dis-
cussed, and various constructions are illus-
trated. 

621.395.61:621.396.645  2 
The Brief-Case Field Amplifier—I lathaw 

and Kennedy. (See 312). 

621.395.623.7  2 
Sensitivity, Directivity and Linearity 

Direct-Radiator Loudspeakers —H. F. Olso 
udio Eng., vol. 34, pp. 13-17; October, 1950 

Discussion of the characteristic curves 
direct-radiator dynamic loudspeakers sho 
that rigid large-angle cones with suspensions 
high mechanical resistance produce more uni 
form frequency response and directional char 
acteristics than loudspeakers with light vibra 
ing systems which, though possessing greatej 
sensitivity and giving greater intensity directl 
in front of the cone,  have considerably 
greater nonlinear distortion. The heavier typt 
also handles much greater power withou 
overloading. 

621.395.623.7  276 
A New Loudspeaker of Advanced Design — 

D. J. Hach and P. B. Williams. (Audio Eng., 
vol. 34, pp. 22-23, 65; October, 1950.) The 
loudspeaker comprises three independently 
driven reproducers, covering the whole audio 
range to above 18 kc, with crossover at 600 
cps and 4 kc. In the low-frequency unit a 3-
inch voice coil drives a 15-inch plastic diaphragm 
shaped like the mouth of a horn, into the 
thloat of which the mid-frequency unit is in-
serted. This uses a dished plastic diaphragm 
driving through an annular gap into a horn 
formed by part of the magnet system of the 
low-frequency unit. The flare of this horn 
passes smoothly into that of the low-frequency 
diaphragm, which thus acts as an extension 
of the mid-frequency horn and provides good 
loading, resulting in smooth response at 
high efficiency down to and below the cross-
over at 600 cps. The high-frequency unit 
is independently mounted in the front of 
the assembly. It also has a flared horn, the 
diameter of the mouth being 1.5 inches. Tests 
indicate the high quality of the reproduction 
of all types of broadcasting material. 

621.395.623.7.001.4  277 
Transient Testing of Loudspeakers—M. S. 

Corrington. (Audio Eng., vol. 34, pp. 9-13; 
August, 1950.) A theoretical discussion of the 
relation between the sound-pressure curve of 
a loudspeaker and its transient response to 
a suddenly applied unit sine wave is illustrated 
by experimental results on a I2-inch loud-
speaker. It is concluded that the unit sine 
wave is preferable to the unit impulse as a test, 
the former being more selective and easier to 
interpret, since it emphasizes the ringing of 
peaks of nearly the same frequency as its own. 

1 , 
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ANTENNAS AND TRANSMISSION 
LINES 

1.315.21:621.397.5  278 
High Frequency Cables in Television—R.C. 
ildner. (Jour. Tekv. Soc., vol. 6, pp. 65-
; April-June, 1950.) A survey of the proper-
s of balanced and unbalanced transmission 
les. 

1.315.61  279 
Conductance of Insulators for Aerial Lines 
Carrier Frequencies —Gregoretti. (See .379.) 

1.392: (621.3.015.71': 621.314.2  280 
Pulse Transients in Exponential Trans-
ission Lines —E. R. Schatz. (Paoc. I.R.E., 
.1. 38, pp. 1208-1212; October, 1950.) The 
Lige response of exponential transmission lines 
analyzed and it is suggested that such lines 
ry be used advantageously as pulse trans-
rmers for short, rapidly rising pulses, par-
:ularly where high power is involved. A 
bsequent paper will discuss design problems 
Ld L:xperimental results. 

1.392.09  281 
Surface- Wave Transmission Line —G. Gou-

..u. (Radio & l'elev. News, Radio-Electronic 
n.g. suppi., vol. 14, pp. 10-11, 30; May, 1950.) 
paper published by Sommerfeld in 1899 
scribes a surface wave guided by a cylindrical 
nductor of finite conductivity. The field of 
ch a wave extends very far from the conduc-
r hut can be concentrated closer to the con-
ictor by reducing the phase velocity. Such 
reduction can be achieved by applying a 
electric coating to the conductor, or by 
adifying its surface by cutting a screw 
read throughout its length. Under such 
nditions the wave mode differs from Som-
erteld's wave both in the extent and structure 
the field, and finite conductivity is no longer 
L essential condition for the existence of the 
'Irradiating wave mode. Experiments show 
at this mode can be easily excited on dielec-
, Lc-coated or threaded wires, with an efficiency 
.1) to 90 per cent. For excitation, a metal horn 
• connected to the outer conductor of the 
axial feeder and the wire to the inner con-1tctor. At the receiving end an identical  
rangement is used. Losses in such a system 
e discussed; there is an optimum thickness 
the dielectric coating for which the insertion 
ss is a minimum. Experiments at 2.0 kMc 
:th a Cu wire 2.6 mm in diameter and of 
,agth about 38 m verified this conclusion. 11rther experiments at 1.6 kMc on an enam-

led wire 3.2 mm in diameter and 183  m long, 
4rported  at points about 24 m apart, gave a 
' ensured loss of 5 db, which is in good agree-
ent with the calculated value of 4.5 db. The 
pports, and the bends in the wire due to the 
pports, had no measurable effect on the 
tenuation. The corresponding attenuation 
✓ RG-8/U cable is 70 db. The horns used 
!re the same in all the experiments and had 
L aperture of 33 cm. The greatest observed 
crease of attenuation due to raindrops col-
-:ting on the wire was <1.5 db. 

. :1.396.67  282 
i An Antenna Analyzer —A. C. Todd. (Elec-
I welts, vol. 23, pp. 82-87; September, 1950.) 
ne polar diagram in the horizontal plane of an 
ray of vertical grounded antennas is eaten-
ted by an electronic computer and presented 
rectangular or polar co-ordinates on the 
reen of a cr tube. Results are in good agree-
ent with those obtained by ordinary calcula-
sin methods, which take a much longer time. 

1.396.67:621.317  283 
Short-Wave Installations with Controllable 
irectional Characteristics and their Applica-
na to the Measurement of Angles of Inci-
mce--Kotowski,  Schlittloffel,  and  Vogt. 
'ee 432.) 

621.396.67:621.397.6  284 
Designing the Bridgeport U.H.F. Antenna — 

R. M. Scudder. (Electronics, vol. 23, pp. 76-80; 
November, 1950.) The development and con-
struction are described of a television antenna 
sensibly omnidirectional in the horizontal plane 
with a voltage SWR <1.15 in the band 529-535 
Mc. The antenna consists of a linear array of 
vertical X/2 slots in a tube of diameter 101 
inches, with coaxial feed, and has an over-all 
height of 40 ft. Its power gain is 17 and vertical 
beam width 3°. See also 2425 of 1950. 

621.396.671  285 
The transmission and Reception of Ellip-

tically Polarized Waves —G. Sinclair. (Pnoc. 
I.R.E., vol. 38, p. 1216; October, 1950.) 
Correction to paper abstracted in 1341 of 1950. 

621.396.671  286 
Asymmetrically Driven Antennas and the 

Sleeve Dipole —R. King. (Paoc. I.R.E., vol. 
38, pp. 1154-1164; October, 1950.) General 
expressions for impedance and current distri-
bution of asymmetrically driven, cylindrical 
antennas are derived from an integral equation, 
which is solved by the method of successive 
approximations. An approximation for the 
impedance is obtained which involves a series 
combination of the known impedances of sym-
metrically driven antennas. Impedance and 
current distribution of a cylindrical 3X/4 
antenna, driven X/4 from one end, are evalu-
ated and its wide-band properties are discussed. 

Expressions for the impedance and current 
distribution of a sleeve dipole are readily ob-
tained from the foregoing, since the sleeve 
dipole with its image is equivalent to two asym-
metrically driven antennas. Impedance and cur-
rent distribution are determined for a 3X/4 
sleeve dipole above a conducting plane, when 
it is driven X/4 from the plane; its wide-band 
properties are much superior to those of a 
simple dipole. 

621.396.677  287 
Dielectric Directive Radiators —P. Mallach. 

(Fernnseldetech. Z., vol. 3, pp. 325-328; Sep-
tember, 1950.) A discussion of end-on radiators, 
particularly the tubular type. Radiators made 
of materials with dielectric constants ranging 
from 2.5 to 64 were investigated. An experi-
mental setup for obtaining the radiation pat-
tern is described, and the effect of variation of 
dimensions and form is shown in graphs. The 
tubular dielectric radiator is smaller than the 
equivalent horn; the dielectric-rod radiator 
even smaller. See also 1604 of 1949. 

621.396.679.4:621.315.212  288 
Coaxial Feed System for Antennas —J. F. 

Clemens. (Electronics, vol. 23, pp. 154, 182; 
October, 1950.) A variation of the "delta 
match" method enables any unbalanced co-
axial cable to be used to feed balanced hori-
zontal antennas. Formulas are given for cal-
culating the total inductive reactance between 
feed points and the length of shorted cable re-
quired for resonance. Results obtained with 
experimental antennas at 300 Mc and 29 Mc 
are described. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.314.2  289 
Optimum Use of Nickel Alloy Steels in 

Low-Level Transformers—L. W.  Howard. 
(Audio Eng., vol. 34, pp. 20-21, 50; October, 
1950.) Discussion of the design and manu-
facturing problems involved in the production 
of small transformers for various low-level 
applications. The transformers are as small 
as possible and are hermetically sealed. For 
the lowest levels three nickel-steel magnetic 
shields interleaved with copper shading rings 
are used. Owing to their low saturation point, 
these steels are not suitable for high-level ap-
plications, for which silicon steels are preferred. 

621.314.2.018.424t  290 
Design of Broad-Band Transformers for 

Linear  Electronic  Circuits—H.  W.  Lord. 
(Elec. Eng., vol. 69, pp. 1020-1025; November, 
1950.) Paper presented at the AIEE Summer 
and Pacific General Meeting, Pasadena, Calif., 
June, 1950. Analysis and design data are given 
for modulation transformers intended to op-
erate with negligible variation of gain and 
phase and with low distortion. Generalized 
frequency-response curves are given for a range 
of relevant circuit parameters. The perform-
ance of a typical 3-w transformer is in close 
agreement with theory over the frequency 
range 20,000-30,000 cps. 

621.314.3t  291 
A Review of Transductor Principles and 

Applications —R. Feinberg. (Proc. SEE (Lon-
don), Part II, vol. 97, pp. 628-644; October, 
1950.) 

621.316.8: 621.396.822  292 
A Note on the Identity of Thermal Noise 

and Shot Noise —B. Meltzer. (Phil. Mag., 
vol. 40, pp. 1224-1226; December, 1949.) The 
noise in a given frequency range in an ohmic 
conductor, originally calculated by Nyquist, 
can be rigorously treated as pure shot noise. 
A new expression kT/Re is obtained for the 
average direct current in either direction in a 
circuit of resistance R in temperature equilib-
rium, the current being carried by elementary 
charges of magnitude e. 

621.316.8:621.396.822  293 
The Statistical Analysis of Electrical Noise 

— D. K. C. MacDonald. (Phil. Mag., vol. 41, 
pp. 814-818; August, 1950.) Recent papers by 
Meltzer on electrical noise (see 2141 of 1950 
and 292 above) are criticized. In particular, no 
distinction was made between average and 
mean-square values of the statistical variables. 
The results of a general discussion of the statis-
tics and frequency spectrum of fluctuations are 
applied to determine particle velocity in Brown-
ian motion; agreement with Exner's observa-
tions is satisfactory. 

621.318.572  294 
Speed of Electronic Switching Circuits —E. 

M. Williams, D. F. Aldrich, and J. B. Wood-
ford. (Pitoc. I.R.E., vol. 38, p. 1180; October, 
1950.) Correction to paper abstracted in 1353 
of 1950. 

621.318.572  295 
32-Channel High-Speed Commutator —N. 

Alpert, J. Luongo and W. Wiener. (Electronics, 
vol. 23, pp. 94-97; November, 1950.) An elec-
tronic switching device for information chan-
nels, using a system of binary counters and 
gating tubes to obtain a sampling rate of 1,000 
per second. , 

621.319.45:546.883  296 
Tantalum  Electrolytic  Capacitors —M. 

Whitehead. (Bell Lab. Rec., vol. 28, pp. 448-
452; October, 1950.) Capacitors of the conven-
tional foil type using tantalum Instead of 
aluminium, and a new type in which the anode 
is a highly porous cylinder of sintered tantalum 
are described. The advantages of the tantalum 
capacitors are brought out in a general discus-
sion of their properties, including their rela-
tively small size, low permissible operating 
temperature and high leakage resistance. 

621.392  297 
Note on a Useful Extension of Thevenin's 

Theorem —L. Taany-Tschiassny. (Proc. SEE 
(London), Part I, vol. 97, p. 234; September, 
1950.) "Theorem: If an Impedance Z be con-
nected between two terminals of a network, 
the potential difference between any second 
pair of terminals will be equal to that between 
the terminals of two generators, operating in 
parallel and having internal electromotive 
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forces equal to the voltages across the second 
pair of terminals when  00 and when 2=0, 
and internal impedances, equal to the Thevinin 
impedance of the network measured between 
the first pair of terminals, and to Z, respec-
tively. 
"Corollary: The current in any branch of the 

network, any Thevinen impedance, an equiva-
lent Y impedance, or an equivalent A imped-
ance in the network will, for any value of Z, 
be numerically equal to the terminal voltage 
of the two generators, if their internal electro-
motive forces are made numerically equal to 
the currents, or impedances concerned, when 

ce and when 2= 0, respectively." 

621.392.4: 621.316.727  298 
A Study of the Cathode-Degeneration 

Phase Inverter—S.  Malatesta.  (Alta Fre-
quenza, vol. 19, pp. 145-148; June, 1950.) 
Calculation of this circuit, in which anode and 
cathode voltages vary in phase opposition, is 
simplified by considering the anode current as 
a function of a voltage which is the difference 
between the grid voltage and the mean of the 
anode and cathode voltages. 

621.392.4: 621.316.727  299 
Wide-Range Phase Control with Constant 

Attenuation by Adjustable Impedance in a 
Resistance-Loaded Bridged-Tee Network — 
M. G. Pawley. (Bur. Stand. Jour. Res., vol. 
45, pp. 193-200; September, 1950.) Equations 
are developed and the necessary relations be-
tween circuit constants are deduced for phase 
control by means of an adjustable resistor, 
inductor, or capacitor connected in a selected 
branch of a bridged-T network. Various appli-
cations of such phase-shifting networks are 
mentioned. 

621.392.43  300 
The Design of Frequency-Compensating 

Matching Sections —V. H. Runisey. (Paoc. 
IRE., vol. 38, pp. 1191-1196; October, 1950.) 
The general problem of transforming an im-
pedance which changes with frequency into r: 
resistance nearly independent of frequency is 
considered. A simple procedure for the general 
solution is evolved and design formulas for 
the appropriate matching section are derived. 
The formulas give the parameters of the match-
ing section in terms of the loads at selected 
frequencies. The technique is mainly-applicable 
to cases where the half-bandwidth is small 
compared with the center frequency; it can be 
applied to any type of transmission line whose 
characteristic impedance is known. 

621.392.5  301 
The Parameters of a Passive Four-Pole 

that May Violate the Reciprocity Relation — 
B. D. H. Tellegen and E. KI.:uss. (Philips Res. 
Rep., vol. .5, pp. 81-86; April, 1950.) The 
properties of these quadripoles at a given fre-
quency are investigated theoretically and the 
conditions are determined for a quadripole to 
be passive. See also 980 and 2745 of 1949 and 
1879 of 1950 (Tellegen). 

621.392.5.018.1  302 
Design of Single-Frequency Phase-Shifting 

Networks—L. G. Fischer. (Elec. Commun. 
(London), vol. 27, pp. 227-230; September, 
1950.) A series of design curves is given from 
which the necessary data may be obtained for 
designing the most suitable network to meet 
any specific requirement. Full allowance is 
made for the loading effect due to the shunting 
of each section by the succeeding one. 

621.392.52:621.397.61  303 
Linear-Phase-Shift Video Filters—G. L. 

Fredendall and R. C. Kennedy. (RCA Rev., 
vol. 11, pp. 418-430; September, 1950.) A 
paper intended primarily to guide designers 
through the necessary steps in the calculation 

of the values of capacitors and inductors in 
the Bode linear-phase-shift filter which satisfies 
approximately the specified attenuation condi-
tions through the cutoff region and within the 
pass band. Application of linear-phase-shift 
filters in the production of °mixed highs" in the 
dot-sequential system of color television is de-
scribed. Band-pass and band-stop filters with 
linear phase shifts are also considered briefly. 

621.392.53:621.396.645.2  304 
Anode-Load Compensation Network —C. 

Chalkoub. (Gales & Trans. (Paris), vol. 4, 
pp. 325-335; October, 1950.) In wide-band 
amplifiers the inductor often added in series 
with the load resistor to eliminate the effect 
of stray tube capacitances may be supple-
mented by a series capacitor and parallel in-
ductor to extend the useful frequency range of 
the amplifier further. The relation between the 
two types of circuit is established, so that the 
equations for one may be derived from those 
for the other. Sets of curves to facilitate design 
of the compensating network are given, with 
numerical examples. In fixed-frequency ampli-
fiers the use of the single inductor may be 
satisfactory when the phase change to be 
coracted is less than about 35°. In the case of 
an oscillator comprising two or more resonant 
circuits used at their resonance frequency, 
only one of these should have a high Q value, 
all the others being suitably damped. 

621.392.6:621.395  305 
Theory of 2n-Terminal Networks with 

Applications to  Conference  Telephony —V. 
Belevitch. (Elec. Commun. (London), vol. 27, 
pp. 231-244; September,  1950.) Networks 
composed of resistors and ideal transformers, 
simultaneously matched at all their terminal 
pairs to a given set of resistors and with pre-
scribed losses between the various pairs of 
terminals, are treated. A method of design 
based on the efficiency matrix is applied to 
6-terminal and some important classes of 8-
terminal networks. Results in the theory of 
transformer networks are applied to the design 
of new networks of practical importance for 
conference telephony. Matched nondissipative 
networks interconnecting n telephone circuits 
and giving a loss of 10 logio (n-1) db between 
all their terminal pairs are constructed for 
various values of n. Transformer networks 
suitable for interconnecting 4-wire circuits are 
also discussed. 

621.395.665.1  306 
Compressor/Expander Units of l'Admini-

stration Frangaise des P.T.T. —M. Lagarde, 
P. Ilerreng, and A. Gauvenet. (Cates fr Trans. 
(Paris), vol. 4, pp. 308-318; October, 1950.) 
The conditions which such devices should 
satisfy are examined, and systems using (a) 
Cu2O rectifiers, (b) tube rectifiers are discussed 
with reference to stability, degree of compres-
sion and distortion. The discussion justifies the 
selection of the Cu2O type, and a technical 
description is given of the units actually used, 
which have a compression factor of about 1.8 
and input and output impedances of 80012. 

621.396.6  307 
New Techniques for Electronic Miniaturi-

zation—R. L. Henry, R. K. F. Seal, and G. 
Shapiro. (Paoc. IRE., vol. 38, pp. 1139-1145; 
October, 1950.) Problems arising from mini-
aturization are considered, with special empha-
sis on those due to high operating temperatures, 
which necessitate special types of resistor and 
the use of a solder with a high melting point. 
General  techniques  for conventional  and 
printed circuits are discussed and three types 
of miniature wide-band high-gain intermediate-
frequency amplifiers, suitable for radar appli-
cations, are described in detail. Methods and 
techniques of production are also outlined. 

621.396.611.4:621.314.222 
The Transmission Properties of the Ca 

Resonator  as  Interstage  Transformer 
Kiich. (Arch. elekt. Obertragung, vol. 4, 
301-308; August, 1950.) A detailed analy 
emphasizing the importance of inherent lo 
in the cavity. The equivalent quadripole c 
stants are derived, the resonator with its inp 
and output couplings being regarded as 
three-winding  transformer.  Conditions 
termining resonance, attenuation, matchi 
and bandwidth are examined. Optimum 
crating conditions can be attained merely 
varying the degree of coupling. The theory 
confirmed by measurements on the input cif 
cult of a microwave receiver, using a freque 
of 2 kMc. 

621.396.615 
A New RC Oscillator Circuit—M. H 

Crothers.  (Radio  er Telev. News,  Radio: 
Electronic Eng. Suppl., vol. 14, pp. 12-14, 25 
May, 1950.) Description and theory of ch. 
operation of a 2-stage "r-coupled" amplifie. 
with a RC feedback network. The circuit re 
quires fewer components than the norma. 
type of cathode-coupled feedback amplifie. 
and greater stability is claimed for it. 

621.396.619.23 ±62i.396.645.029.64  311 
A New Microwave Triode: Its Performanc 

as a Modulator and as an Amplifier—A. E 
Bowen and W. W. Mumford. (Bell Sys. Tech 
Jour., vol. 29, pp. 531-552; October, 19 0. 
Details are given of equipment using tli 
Type-I553-416A triode (510 below) in  a 
wave links operated at 4 kMc. Using the tub 
as a modulator, 10-20 mw output power .,nr 
a bandwidth of 20 Mc were obtained. As al 
amplifier, average figures are: gain 9 db, 
width 103 Mc between half-power points, n,,is 
figure 18 db, power output (for 3-db gin 
455 mw. A 10-stage cascade amplifier gave. 90 
db gain, I6-db noise factor and 44-Mc band, 
width between the 0.1-db points. 

621.396.645  31 
"Williamson" Type Amplifier Using OAS's--; 

J. H. Beaumont. (Audio Eng., vol. 34, pp 
24-26; October, 1950.) Description, with cir 
cult diagram and components list, of a high, 
fidelity audio amplifier using miniature tube , 
in direct-coupled pairs, driving a push-pul 
output stage giving a nominal output of 6 w,r 

621.396.645: 621.395.61  31: 
The Brief-Case Field Amplifier —J. L 

Hathaway and R. C. Kennedy. (RCA Rev. 
vol. 11, pp. 411-417; September, 1950.) De 
tailed description of miniature equipment fo, 
sound-broadcasting pickup. 

621.396.645.29:518.3  31. 
Cathode-Follower Response —R. H. Baer 

(Electronics, vol. 23, p. 114; October, 1950. 
A chart shows the permissible video-frequenc: 
pulsed input voltage in terms of that calcu 
lated for low-frequency sinusoidal input. 

621.396.645.018.424f  31. 
A Distributed Power Amplifier —A.  P 

Copson. (Elec. Eng., vol. 69, pp. 893-898 
October, 1950.) The basic theory of the typr 
of transmission line used in distributed-ampli 
fication units is presented and a descriptiot 
is given of voltage and power amplifiers usint 
Type-807 beam tetrodes. The response curvi 
is flat to within 1 db from 20 cps to 30 Mc 
but the upper limit can be extended whet 
tubes with short anode and grid leads at op 
posite ends of the envelope are available; high 
transconductance and low shunt capacitan 
are also required. 

621.396.654.018.42 0:621.317.755  311 
Wide-Band  Amplifier  for Cathode-Ray 

Oscilloscope Observation of Transient Ph 
nomena—P. Schmid and E. Baldinger. (Hels 
Phys Ado, vol. 23, pp. 478-481; September I. 
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9. In German.) A 12-stage RC amplifier 
6 a rise time of 1.3 X 10-8  sec (from 10 per 
c; to 90 per cent output voltage) and amplifi-
a .11 factor 360. 

2196.645.37  316 
;raphical Solution for Feedback Ampli-
e —L. D. Barter. (Electronics, vol. 23, pp. 
0 214; November, 1950.) Derivation of 
h equation for the variation of the gain 
f feedback amplifier with frequency, and 
;application to typical one- and two-stage 
nlifiers, with graphical solution for the latter 
a 

.:196.662  317 
;ascade-Connected Attenuators —R.  NV. 
)4.ty. (Bur. Stand. Jour. Res., vol. 45, pp. 
.3.235; September, 1950.) When two or more 
atrated attenuators are connected in series, 
h.otal attenuation will not, in general, be the 
ii of the attenuations of the individual units, 
. rg to mismatch at the junctions. An abac 
3 yen from which the limits of the error due 
mismatch can be determined from reflection 
nficients found by means of voltage SWR 
11sUrements at the junctions. Summary of 
le. IRE., vol. 38, p. 1190; October, 1950. 

2396.665  318 
- tutomatic Audio Gain Controls —J. L. 
ihaway. (Audio Eng., vol. 34, pp. 27-29; 
)ober, 1950.) A discussion of the devel-
q,ent of control apparatus for broadcasting 
r =litters. Two RC circuits with appro-
Ite time constants are used in series to 
rate a single program-controlled stage. A 
nil capacitor is charged by single peaks 
wthe control rectifier voltage and gives 
a dly acting limiting, while a much larger 
a icitor is slowly charged and controls 
rage level. An additional refinement pro-
'I'S for the momentary suspension of control, 
r.ichieving certain sound effects. 

il 397.645.018.424t  319 
Video Amplifier Design —R. C. Moses. 
ldio er Telev. News, Radio-Electronic Eng. 
; pr., vol. 14, pp. 15-18, 28; May, 1950.) 
,:ussion of compensation circuits enabling 
inlitude and phase characteristics essentially 
i. over the whole video band to be obtained. 

E.392  320 
Electric Circuit Theory (Book Review) — 
F Trooper. Publishers: Longmans Green & 
- , London, England, 164 pp., 15s. (Elec. 
l ses, vol. 118, p. 426; September 14, 1950.) ireview of fundamental aspects, valuable 
advanced engineering students and en-
.ters. No knowledge of mathematics beyond 
nentary differential calculus is assumed. 

5.392:517.432.1  321 
Heaviside's Electric Circuit Theory. (Book 
Prievd—li. J. Josephs. Publishers: Methuen 
12.0, London, England; J. Wiley & Sons, 
I., New York, N. Y., 2nd ed. 113 pp., 1950, 
$25. (Electronics, vol. 23, pp. 146, 150; No-
v Ther, 1950.) "A concise and clear treatment 
0 lie various fundamental methods as worked 
0 by Heaviside and extended by Carson, 
Einwich, and others." See also 2535 of 1946 
ti 63 of 1947. 

i GENERAL PHYSICS 
1 
i 1:181±621.3.081  322 
1 Symposium of Papers on the M.K.S. 
Stem of Units—( Proc.  I EE  (London), 
4 rt I, vol. 97, pp. 235-258; September, 1950. 
Alikusaion, pp. 258-272.) The full text is given 
the following papers read before the I nsti-
lon of Electrical Engineers on March 30, 

110: The M.K.S. or Giorgi System of Units: 
Ai Case for its Adoption —L. H. A. Carr; 
0 le Rationalization of Electrical Units and 
Effect on the M.K.S. System —G. H. Raw-

'. e; The Rationalization of Electrical Theory 

and Units—H. Marriott and A. L. Cullen; 
Rationalized  M.K.S.  Units  in  Electrical 
Engineering Education —E. Bradshaw. 

534.26 ± [535.42:538.56  323 
On the Theory of Diffraction— W. Franz. 

(Proc. Phys. Soc. (London), vol. 63, pp. 925-
935; September 7, 1950.) "A new method is 
described for calculating the diffraction of an 
acoustical or electromagnetic wave by suc-
cessive approximations. Kirchhoff's theory is 
a special case of the first step in the new method 
which, unlike Kirchhoff's, is not restricted to 
black screens, and applies to long waves as 
well as short ones." 

535.22  324 
A Determination of the Velocity of Light — 

E. Bergstrand. (Ark. Fys., vol. 2, pp. 119-150; 
October 10, 1950. In English.) The principle of 
Fizeau's toothed-wheel method was used but 
modern refinements included a Kerr cell be-
tween crossed nicols switched by an 8.2-Mc 
oscillator. The path distance was usually about 
8 km. A detailed description is given of the 
equipment and measurements. The final value 
deduced for the velocity in vacuo is 299,793.1 
± 0.25 km per sec. This is well within the 
limits of Essen's value of 299,792.5 ± 3 km 
per sec. for radio waves (1751 of 1950) and 
also of Aslakson's value, derived from shoran 
measurements, of 299,792.4±2 km per sec 
(2610 of 1950). 

535.42:538.566  325 
Diffraction from an Irregular Screen with 

Applications to Ionosphere Problems —Booker, 
Ratcliffe, and Shinn. (See 428.) 

537.214  326 
Energy in Electrostatics —W. B. Smith-

White. (Nature (London), vol. 166, pp. 689-
690; October 21, 1950.) Confusion existing in 
the literature between the notion of energy as 
a physical entity and as a mechanical poten-
tial-energy function is considered, and a 
formula derived by Guggenheim for an electro-
static system containing dielectrics is modified 
to make it true generally. 

537.311.31  327 
The Theory of the Transport Phenomena 

in Metals —E. H. Sondheimer. (Proc. Roy. Soc. 
A, vol. 203, pp. 75-98; September 7, 1950.) 
Exact expressions are obtained for electrical 
conductivity and other transport magnitudes 
of monovalent metals, assuming the electrons 
to be quasi-free, and these and other formulas 
are critically discussed. 

537.311.31  328 
Size Effect Variation of the Electrical Con-

ductivity of Metals—D. K. C. MacDonald and 
K. Sarginson. (Proc. Roy. Soc. A, vol. 203, pp. 
223-240; September 22, 1950.) Results of 
conductivity measurements on thin wires of 
pure Na of varying diameter in the absence and 
presence of magnetic fields are compared with 
(a) values calculated, using the general statis-
tical theory of metals, for the case of wires 
with square cross section, (b) results of a 
theoretical investigation of the alteration in 
conductivity produced in metal films by the 
application of transverse magnetic fields. 

537.312.62  329 
The Surface Impedance of Superconduc-

tors and Normal Metals at High Frequencies: 
Parts 4 and 5—A. B. Pippard. (Proc. Roy. 
Soc. A, vol. 203, pp. 98-118 and 195-210; 
September 7 and September 22, 1950.) Meas-
urements on single crystals of tin described in 
parts 1-3 (1014 of 1948) are extended to 9.4 
kMc and results analyzed. 

537.312.62:538.6  330 
Field Variation of the Superconductivg 

Penetration Depth—A. B. Pippard. (Proc. 

Roy. Soc. A, vol. 203, pp. 210-223; September 
22, 1950.) Experimental investigations on 
superconducting tin and interpretation of re-
sults. 

537.312.8:539.23  331 
The Influence of a Transverse Magnetic 

Field on the Conductivity of Thin Metallic 
Films —E. H. Sondheimer. (Phys. Rev., vol. 
80, pp. 401-406; November 1, 1950.) 

537.525.029.64  332 
Microwave Gas Discharges —M. A. Biondi. 

(Elec. Eng., vol. 69, pp. 806-809; Septem-
ber, 1950.) AIEE Winter General Meeting 
paper, 1950. The discharge in a gas excited 
at microwave frequencies is discussed from a 
purely physical viewpoint. Some results of ex-
perimental investigation are given and a for-
mula for the complex conductivity is devel-
oped from the known properties of electrons 

and ions. 

537.527.4  333 
Positive Point-to-Plane Spark Breakdown 

of Compressed Gases —T. R. Foord. (Nature 
(London), vol. 166, pp. 688-689; October 21, 
1950.) Account of an experimental investiga-
tion of anomalous decrease of spark breakdown 
potential with increase of pressure in air, N. 
(oxygen-free), "freon 12" and SF.. The oc-
currence of the phenomenon appears to depend 
on the presence of (a) a divergent field and 
(b) a gas which forms negative ions. 

5-37.56:538.56  334 
The Refractive Index and Classical Radi-

ative Processes in an Ionized Gas —K. C. 
Westfold. (Phil. Mag., vol. 41, pp. 509-516; 
June, 1950.) Hartree's classical methods are 
used to find the effect of the refractive index 
on the emission and absorption of radio waves 
in an ionized medium with no magnetic field, 
and to confirm the results of Smerd and West-
fold (95 of February). A quantum theory 
interpretation is also given. 

537.562:537.311  335 
The Electrical Conductivity of an Ionized 

Gas —R. S. Cohen, L. Spitzer, Jr., and P. M, 
Routly. (Phys. Rev., vol. 80, pp. 230-238; 
October 15, 1950.) "The interaction term in 
the Boltzmann equation for an ionized gas is 
expressed as the sum of two terms: a term of 
the usual form for close encounters and a dif-
fusion term for distant encounters. Since dis-
tant encounters, producing small deflections, 
are more important than close encounters, 
consideration of only the diffusion term gives 
a reasonably good approximation in most 
cases and approaches exactness as the tem-
perature increases or the density decreases. It 
is shown that in evaluating the coefficients in 
this diffusion term, the integral must be cut 
off at the Debye shielding distance, not at the 
mean interionic distance. The integro-differen-
tial equation obtained with the use of this 
diffusion term permits a more precise solution 
of the Boltzmann equation than is feasible 
with the Chapman-Cowling theory. While one 
pair of coefficients in this equation has been 
neglected, the remaining coefficients have all 
been evaluated, and the resultant equation 
solved numerically for the velocity distribution 
function in a gas of electrons and singly 
ionized atoms subject to a weak electrical 
field. Special techniques were required for 
this numerical integration, since solutions of 
the differential equation proved to be unstable 
in both directions. For high temperatures and 
low densities the computed electrical conduc-
tivity is about 60 per cent of the value given 
by Cowling's second approximation." 

538.114  336 
Ferromagnetic Domains —H. J. Williams. 

(Elec. Eng., vol. 69, pp. 817-822; September, 
1950.) A résumé of existing knowledge. Do-
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main sizes and shapes are due to the tendency 
of the ferromagnetic system towards a state 
of minimum energy. 

538.221  337 
Ferromagnetism at Very High Frequencies. 

Part 3—Two Mechanisms of Dispersion in a 
Ferrite —G. T. Rado, R. W. Wright, and W. 11. 
Emerson. (Phys. Rev., vol. 80, pp. 273-280; 
October  15,  1950.)  "The magnetic spec-
trum of a ferrite is shown to contain two 
regions of pronounced dispersion. One occurs 
at radio frequencies, resembles a resonance, 
and is proved to be due to domain-wall dis-
placements; the other occurs in the microwave 
range, exhibits typical resonance characteris-
tics, and is attributed to domain rotations" 
Part 2: 1994 of 1949 (Johnson and Rado). 

538.52/.53  338 
Calculation of Currents Induced in a Solid 

Sphere: Self Inductance and Mutual Induct-
ance with an Endless Solenoid —A. Colom-
bani. (Compt. Rend. Acad. Sci. (Paris), vol. 
231, pp. 570-572; September 18, 1950.) Cor-
responding formulas to those previously given 
for a spherical shell (2766 of 1950) are derived 
for a solid sphere within an endless solenoid. 

GEOPHYSICAL AND EXTRATERRESTRIAL 
PHENOMENA 

523.53:551.510.535  339 
The Influence of High-Altitude Winds on 

Meteor-Trail Ionization—C. D. Ellyett. (Phil. 
Mug., vol. 41, pp. 694-700; July,  1950. 
Mechanisms whereby winds can cause changes 
in meteor-trail positions are discussed in the 
light of observations from different sources. 
Assuming that fluctuation rate depends on 
frequency, short- and medium-period fluctua-
tions of meteor trail echoes can be correlated 
with phase and amplitude variations of waves 
reflected from the ionosphere. A causal con-
nection is suggested. See also 359 below. 

621.396.9:523.53  340 
The Fluctuation and Fading of Radio 

Echoes from Meteor Trails —Greenhow. (See 
359.) 

523.72 + 523.74); 621.396.822  341 
The Solar Atmosphere and the Origin of 

Radiofrequency Radiation—S. A. Korff and 
Y. Beers. (Phys. Rev., vol. 80, pp. 489-490; 
November 1, 1950.) Short discussion of the 
physical conditions prevailing in the sun's 
atmosphere. The tendency in some recent 
papers to attach too much physical significance 
to the "equivalent noise temperature" T is 
deprecated, since T is only a measure of the 
available power of a noise source and gives no 
information regarding the mechanism of the 
source. 

523.72:621.396.822  342 
Solar Radiation of Wavelength 1.25 Centi-

metres—J. H. Piddington and H. C. Minnett. 
(Aust. Jour. Sci. Res., Ser. A, vol. 2, pp. 539-
549; December, 1949.) Observations covering 
a period of about six months are described. 
The observed average intensity corresponded 
to a black-body temperature of 104° K, with 
a maximum error of about ± 5 per cent. Day-
to-day variations were < ± 3 per cent, which 
was the limit of observational accuracy. Short-
period fluctuations were < ± 5 per cent, even 
during intense solar activity. The distribution 
of intensity over the solar disk, measured by 
a method analogous to the Michelson inter-
ferometer technique, was consistent with 84 
per cent of the radiation coming from a uni-
form disk and 16 per cent from a narrow an-
nulus surrounding it. 

523.72 : 621.396.822  343 
Solar Radiation at a Wavelength of 3.18 

Centimetres —H. C. N1innett and N. R. La-
brum. (Aust. Jour. Sci. Res., Ser. A, vol. 3, 
pp. 60-71; March, 1950.) Observations were 

made daily from November 24, 1948, to March 
I, 1949. An accurate measurement of received 
intensity was made by one technique, and a 
continuous record over several hours was made 
by a less accurate method. The estimated equi-
valent black-body temperature was 19,300° K 
± 7 per cent for the quiet sun; temperature 
increments per unit increase of sunspot area 
were less than for longer microwaves. Observa-
tions were also made during the eclipse on 
November 1, 1948, to investigate the distribu-
tion across the disk. Results were consistent 
with either 74 per cent of the radiation coming 
from the visible disk and the remainder from 
a bright ring round the circumference, or the 
whole of the radiation coming from a uniform 
disk of diameter 1.1 times that of the visible 
disk. 

523.72.029.6:621.396.822  344 
Radio-Frequency Radiation from the Quiet 

Sun —S. F. Smerd. (Aust. Jour. Sci. Res., 
Ser. A, vol. 3, pp. 34-59; March, 1950.) The 
chromosphere and the corona are considered 
as two regions of uniform temperature with a 
discontinuity at the boundary; because of 
uncertainty regarding these temperatures, a 
range of values is considered. The intensity 
distribution across the emitting disk is derived 
for frequencies from 60 to 30,000 Mc, and the 
size of the radio-frequency disk is estimated 
from that of the optical disk. The apparent 
temperature (an equivalent measure of the 
flux density at the earth) has a maximum as 
a function of frequency for each coronal tem-
perature, and as a function of coronal tem-
perature for each frequency. All observed ap-
parent temperatures correspond to chromo-
sphere temperatures from 104 to 3 X104 °K 
and corona temperatures from 2.5 X104 to 
3X10' °K. The effects of a possible general 
solar magnetic field are small in relation to 
those due to uncertainties regarding tempera-
ture. 

523.752:621.396.822  345 
The Derivation of a. Model Solar Chromo-

sphere from Radio Data —J. H. Piddington. 
(Proc. Roy. Soc. A, vol. 203, pp. 417-434; 
October 10, 1950.) The basic data used are 
recent radio measurements of disk temperature 
at frequencies between 600 and 24,000 Mc. 
The coronal contribution to this is caltulated 
and subtracted to give the chromospheric 
component. Finally an expression is derived 
giving separately the two components as 
functions of frequency and position on the 
disk; the values obtained are in reasonable 
agreement with experimental observations. 
The radio results are combined with data 

on the intensities of spectrum lines at various 
levels in the chromosphere to obtain the 
distribution of electron density and tempera-
ture. A marked departure from conditions 
of hydrostatic equilibrium is indicated. 

523.78 "1948.11.1" : 621.396.822  346 
Measurements of Solar Radiation at a 

Wavelength of 50 Centimetres during the 
Eclipse of November 1, 1948 — W. N. Christian-
sen, D. E. Y-absley, and B. Y. Mills. (Aust. 
Jour. Sci. Res., Ser. A, vol. 2, pp. 506-523; 
December, 1949.) Measurements were made 
at three well-separated places in Australasia. 
Abrupt changes in the slope of the flux-density 
curves were correlated with the covering and 
uncovering of small areas of great radio 
brightness, viz., sunspots past and present, 
and one prominence; these areas contributed 
about one-fifth of the total received power. 
Of the remaining four-fifths, about 40 per cent 
originated outside the visible disk. No effects 
of any general solar magnetic field were de-
tected. 

523.78 "1948.11.1" : 621.396.822  347 
Solar Radiation at a Wavelength of 10 

Centimetres, including Eclipse Observations— 
J. H. Piddington and J. V. Hindman. (A ust. 

Jour. Sci. Res., Ser. A, vol. 2, pp. 524-
December, 1949.) Observations were ma 
Sydney both before and after the ecli 
November 1, 1948, and conditions during 
eclipse were related to the varying day-t 
level of radiation intensity. The distribu 
over the solar disk was determined, the 
intense radiation coming from near the II 
and some radiation from beyond the limb 
least one small high-intensity area was local 
The excess of circularly polarized componi 
either right- or left-hand, observed at ccli 
maximum was smaller than the value to 
expected for a general solar magnetic field 
50 gauss at the poles. 

523.854 : 621.396.822 
Galactic Radiation at Radio Frequen 

Part 1-100 Mc/s Survey —J. G. Bolton II' 
K. C. Westfold. (Aust. Jour. Sci. Res., Ser. 
vol. 3, pp. 19-33; March, 1950.) "An ante 
array with a 17° beamwidth, on an equat 
mounting, was used to plot the distributio 
intensity over the section of the cele 
sphere between declination +30° and — 
The method of eliminating the effect of 
antenna polar diagram from the observati 
is described and the final distribution, expre 
in terms of equivalent black-body tempurat 
is presented in galactic co-ordinates on 
series of equal-area charts." 

537.562:537.311 
The Electrical Conductivity of an loni 

Gas —Cohen, Spitzer, and Routly. (See 33 

550.381  SE 
The Origin of the Earth's Magnetic FieldiF 

E. C. Bullard. (Observatory, vol. 70, pp. 1 
143; August, 1950.) The Halley Lecture tf 
1950. Halley's work is outlined and var . 
mechanisms are considered which might 
sibly account for the existence of the eartlil 
magnetic field and its secular variation. 
preferred hypothesis assumes a mecha 
resembling that of a self-excited dyna 
the motion of the earth's fluid conduct 
core producing effects similar to those due 
the motion of the dynamo rotor. Elec 
currents would thus be generated in the 
and these could account for the main fiel 
their variations due to the effects of irregul4 
whirls and eddies near the surface of the col , 
could also explain the secular variations of ti 
field. The nature of the field within the col 
to be expected on such a hypothesis is discu 
and the possible value of solar observations 
this connection is pointed out. 

550.381  31 
The Experimental Determination of di 

Geomagnetic Radial Variation —S. K. Runcon 
A. C. Benson, A. F. Moore, and D. H. Gri 
fiths. (Phil. Mug., vol. 41, pp. 783-791; Angus 
1950.) "Theories of the origin of the dipo 
components of the earth's main magnet 
field are of two types: distributed theorii 
attribute it to a fundamental property 
rotating matter, core theories to current s 
tems within the core. The variation with dep 
below the surface of the horizontal field inte 
sity is different for the two theories. Expe 
mental values are given for this variation, o 
tam ed by measurements in coal mines, whi 
are near to the values predicted by a co 
theory, and significantly different from th 
predicted by a distributed theory. The ma s 
netic effects of the sedimentary rocks ar 
magnetic anomalies due to the basement rodl 
are shown to have negligible effects on t 
measurements." 

550.384  3: 
"Sudden Commencements" in Geoma, 

netism —W. Jackson. (Nature (London), vc 
166, pp. 691-692; October 21, 1950.) Ta 
types of normal sudden commencement a 
recognized, according as the main movemei 
is not, or is, preceded by a smaller movernei 
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the opposite direction. To investigate 
raro and Parkinson's suggestion (1142 of 
(t) that the frequency of occurrence of the 
md type may be a function of geomagnetic 
ritude, this frequency was computed from 
liable magnetograms for 1946-1948 for 
ca. The result did not confirm the above 
gestion, but is not regarded by the author 
•ompletely decisive. 

5 .384.4  353 
Lunar Diurnal Variation of the Vertical 
Cnponent of the Earth's Magnetic Field at 
V -Joyeux—P.  Rougerie.  (Comps.  Rend. 

Sci. (Paris), vol. 231, pp. 787-788; 
Cober 16, 1950.) 

p.510.535  354 • 
Offethods for the Determination of the 
ibization Distribution beyond the Maximum 
Ithe E Layer—K. Bibl. (Naturwiss., vol. 37, 
b 373-374; August, 1950.) Information re-
eding the ionization distribution in the 
nion between the E and F layers can be 
oained from a knowledge of the variation 
uh frequency of the delay of the F-layer 
nection with reference to the E-layer limiting 
inuency. For a given ionization distribution, 
delay depends only on the ratio filcE 

at on the thickness of the E layer, hence the 
her can be found from delay-frequency Ives. Using hourly records for the first half 
949, a value of 35 km is found for the mean 
hf-thickness of the E layer, whereas reflection 
nssurements give a value of about 25 km for 
ti thickness of the lower half. This indicates 
a lore gradual decrease of electron density 
nvards from the middle layer than in the 
ker half. The theory is developed to enable 
ti true height to be assigned to any reflection. 

; .57: 621.317.318fi  355 
A Method of Measurement of the Charges 
tried by Small Electrified Particles—L. 
(lard and C. Lafarque. (comps. Rend. Acad. 
S. (Paris), vol. 231, pp. 786-787; October 16, 
I. 0.) An absolute method for charges on 
pticles of fog, mist, or rain. 

LOCATION AND AIDS TO 
NAVIGATION 

I.396.9+621.396.6 356 
S.B.A.C., Farnborough —(See 447.) 

..396.9+621.396.933  357 
A New Basis for the Analysis of Radio 
ligation and Detection Systems —N. L. 
rvey. (Sylvania Technologist, vol. 3, pp. 
-18; October, 1950.) Certain developments 
the theory of information transmission are 
)lied to radiolocation systems. A brief ex-
nation is given of the basic principles that 
the transmission and receiver bandwidths 
mutually independent system parameters, 
the system resolution is the Fourier trans-
in of the power spectrum, and (c) the type 
modulation used to generate the spectrum 
unimportant. 

L.396.9  358 
The Use of Dummy Reflecting Objects in 
•ar Technique —C. Stfiber. (Arch. elekt. 
tragung, vol. 4, pp. 275-279; July, 1950.) 

• account of devices such as Al-foil dipoles 
I corner reflectors used by the Germans in 
second World War for antiradar camou-
ge purposes. 

1.396.9 : 523.53  359 
: The Fluctuation and Fading of Radio 
hoes from Meteor Trafls—J. S. Greenhow. 
hil. Mag., vol. 41, pp. 682-693; July, 1950.) 
IC fora uations of meteor echoes were investi-
ed simultaneously on frequencies of 36 and 
Mc. The flutter period for short-period 
ctuations varies inversely with frequency 
• is independent of the type or velocity of 
! meteor. This is consistent with distortion 
the trail due to winds in the ionosphere. A 
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few cases of longer-period fluctuations have 
been observed on 36 Mc only. 

621.396.9: 621.396.828  360 
Integration-Noise Reducer for Radar— 

W. J. Cunningham, J. C. May, and J. G. Skalnik. 
(Electronics, vol. 23, pp. 76-78; September, 
1950.) The video output of a radar receiver is 
fed through a gating circuit and integrated. 
A radar echo appears as an increase in the 
integrated signal. The duration, pulse-recur-
rence frequency, and time delay of the grating 
wave form are adjustable. Improvements in 
signal-to-noise ratio of between 5 and 17 db 
are obtained. 

621.396.932  361 
An Improved Marine Radar Equipment — 

(Engineer (London), vol. 190, p. 160; August 
11, 1950.) Short general description of the 
Marconi "Radiolocator IV," an instrument for 
detecting suitable targets up to a range of 40 
miles. In switching from shorter to longer 
ranges the pulse length is automatically 
lengthened, giving higher definition on the 
shorter ranges and brighter illumination of 
targets on the longer. Two self-contained re-
mote-display units may be added. 

621.396.933  362 
Pulse Navigation Systems —W. L. Barrow. 

(Jour. Brit. 1.R.E., vol. 10, pp. 313-321; 
October, 1950.) Reprint. See 648 of 1950. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

533.583:621.385  363 
Getter Materials for Electron Tubes — 

Espe, Knoll, and Wilder. (See 499.) 

535.215.1  364 
The  Photoeffect  in  Alkali/Germanium 

Compounds —N. Schaetti and W. Baumgart-
ner. (Hely. Phys. Ada, vol. 23, pp. 524-528; 
September 1, 1950. In German.) 

535.215.1  365 
Photoelectric Changes Induced in Sr0 and 

BaO by Ultraviolet Irradiation —J. E. Dickey 
and E. A. Taft. (Phi's. Rev., vol. 80, p. 308; 
October 15, 1950.) The observed photoemission 
of Sr0 is plotted against time, for an irradiation 
hi, =5.80 ev. There was rapid initial rise, with 
saturation after some minutes. The mechanism 
involved is discussed briefly. 

535.37  366 
Luminescence Spectra of Different Types 

of Phosphor under X Rays and Cathode Rays, 
specially at Low Temperatures—H. N. Bose. 
(Proc. Nat. Inst. Sci. (India), vol. 16, pp. 365-
366; September-October, 1950.) Luminescence 
spectra of various alkali halides and some 
simple organic compounds, under cathode-ray 
and X-ray excitation, have been studied at 
ordinary and low temperatures. With impurity-
activated alkali halides the luminescence spec-
trum of the parent lattice is not much affected 
by the presence of the characteristic band of 
the impurity. The results indicate that emitting 
centers are created by the irradiation, and also 
by the presence of impurities. With the organic 
compounds, interesting variants of ultraviolet 
luminescence have been observed. 

535.37: 546.47.284  367 
On the Fluorescence and Phosphorescence 

Emission Spectra of Manganese-Activated 
Zinc Silicate—J. H. Schulman and C. C. Klick. 
(Jour. Opt. Soc. Amer., vol. 40, pp. 622-623; 
September, 1950.) Observations are reported 
which indicate that the fluorescence and phos-
phorescence emission spectra of Zn2SiO4-Mn 
are identical. This result contradicts conclu-
sions by Nagy (ibid., vol. 40, p. 407; 1950). 

538.221  368 
Ferromagnetic Spinels for Radio Frequen-

Ciell—R. L. Harvey, I. J. liegyi, and II. W. 

Leverenz. (RCA Rev., vol. 11, pp. 321-363; 
September, 1950.) An account of the structure, 
synthesis, properties, and uses of ferrites. 

538.221  369 
Theory of Magnetic Anisotropy in Alnico 

V—J. E. Goldman and R. Smoluchowski. 
(Phys. Rev., vol. 80, pp. 302-303; October 15, 
1950.) 

538.221:538.652  370 
The Magnetostriction of Fe/Pt Alloys — 

N. S. Akulov, Z. I. Alizade, and K. P. Belov. 
(Comp!. Rend. Acad. Sci. (URSS), vol. 65, pp. 
815-818; April 21, 1949. In Russian.) Curves 
are shown for various alloys, the highest value 
of magnetostriction being found for the system 
46 per cent Fe/54 per cent Pt. The effect of dif-
ferent treatments on this alloy is studied. 

538.221:538.652  371 
Single-Crystal Magnetostriction Constants 

of an Iron/Cobalt Alloy —J. E. Goldman. 
(Phys. Rev., vol. 80, pp. 301-302; October 15, 
1950.) 

538.221:621.317.4.042.15  372 
Study of Magnetic Powders at Radio Fre-

quencies—P. Abadie, I. t pelboim, and B. 
Pistoulet. (comps. Rend. Acad. Sci. (Paris), 
vol. 231, pp. 762-764; October 16, 1950.) Re-
sults of various measurements using a reso-
nance technique at frequencies up to 24 kMc 
indicate the normal and anomalous properties 
of composite powders of dielectric and mag-
netic materials under conditions of gyromag-
netic relaxation. 

538.632:546.87  373 
The Electrical Conductivity of Bismuth 

Fibres: Part 2—Anomalies in the Magneto-
Resistance —B. Donovan and G. K. T. Conn. 
(Phil. Mag., vol. 41, pp. 770-782; August, 
1950.) Experimental results are reported which 
are considered to constitute the first unequivo-
cal evidence of the existence of a longitudinal 
Hall coefficient. 

621.314.6:537.311.33  374 
On the Back Current in Blocking-Layer 

Rectifiers—J. H. Gisolf. (Phil. Mag., vol. 41, 
pp. 754-769; August, 1950.) The theories of 
Davidov and Schottky are not applicable to the 
case of large back currents. Mathematical 
analysis is given which permits the calculation 
of the resistance to back currents, with allow-
ance for the influence of the field on the thresh-
old energy. The current-voltage characteristic 
can be obtained in particular cases by numeri-
cal integration. Examples given include com-
parisons between Se rectifiers and crystal de-
tectors. The effect of artificial barrier layers 
such as a thin film of lacquer, on the electrical 
properties of rectifiers is briefly discussed. The 
rectifier effect is strongly favored by an in-
crease of the current density. 

621.315.5921 4621.315.61  375 
Modern Theories on Dielectrics and Semi-

conductors—S. Teazner. (Bull. Soc. franc. 
elect., vol. 10, pp. 367-378; August, 1950.) Dis-
cussion of the theory by which such materials 
may be classified according to their Internal 
structure, and qualitative study of the mecha-
nism of conduction in crystalline solids, the 
effect of impurities on conductivity, and 
orbital, ionic, and molecular polarization and 
their connection with dielectric constant. See 
3445 of 1950. 

621.315.592:537.311.33  376 
Theory of Relation between Hole Concen-

tration and Characteristics of Germanium 
Point Contacts—J. Bardeen. (Bell Sys. Tech. 
Jour., vol. 29, pp. 469-495; October, 1950.) 
"The theory of the relation between the cur-
rent-voltage characteristic of a metal-point 
contact to n-type germanium and the concen-
tration of holes in the vicinity of the contact Is 
discussed. It is supposed that the hole concen-

• 
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tration has been changed from the value corre-
sponding to thermal equilibrium by hole injec-
tion from a neighboring contact (as in the 
transistor), by absorption of light, or by appli-
cation of a magnetic field (SuIII effect). The 
method of calculation is based on treating 
separately the characteristics of the barrier 
layer of the contact and the flow of holes in the 
body of the germanium. A linear relation be-
tween the low-voltage conductance of the con-
tact and the hole concentration is derived and 
compared with data of Pearson and Su111. 
Under conditions of no current flow, the con-
tact floats at a potential which bears a simple 
relation, previously found empirically, with the 
conductance. When h large reverse voltage is 
applied the current flow is linearly related to 
the hole concentration, as has been shown em-
pirically by Haynes. The intrinsic current 
multiplication factor a of the contact can be 
derived from a knowledge of this relation." 

621.315.592:537.311.33  377 
Theory of the Flow of Electrons and Holes 

in Germanium and Other Semiconductors - 
W. van Roosbroeck. (Bell Sys. Tech. Jour., vol. 
29, pp. 560-607; October, 1950.) "A theoretical 
analysis of the flow of added current cai riers in 
homogeneous semiconductors is given. The 
simplifying assumption is made at the outset 
that trapping effects may be neglected, and the 
subsequent treatment is intended particularly 
for application to germanium. In a general 
formulation, differential equations and bound-
ary-condition relation in suitable reduced vari-
ables and parameters are derived from funda-
mental equations which take into account the 
phenomena of drift, diffusion, and recombina-
tion. This formulation is specialized so as to 
apply to the steady state of constant total 
current in a single cartesian distance co-ordi-
nate, and the properties of solutions which give 
the electrostatic field and the concentrations 
and flow densities of the added carriers are dis-
cussed. The ratio of hole to electron concert ra-
tion at thermal equilibrium occurs as param ,!-
ter. General solutions are given analytically in 
closed form for the intrinsic semiconductor, for 
which the ratio is unity, and for some limiting 
cases as well. Families of numerically obtained 
solutions dependent on a parameter propor-
tional to total current are given for n-type 
germanium for the ratio equal to zero. The solu-
tions are utilized in a consideration of simple 
boundary-value problems concerning a single 
plane source in an infinite filament." 

621.315.592:621.314.6  378 
P-N Junctions prepared by Impurity Dif-

fusion—R. N. Hal: and W. C. Dunlap. (Phys. 
Rev., vol. 80, pp. 467-468; November 1, 1950.) 
By providing a nonlinear distribution of im-
purities with distance from the barrier, recti-
fiers can be constructed combining the good 
forward characteristic corresponding to a large 
impurity gradient with the high reverse break-
down voltage corresponding to a small impurity 
gradient. 

621.315.61  379 
Conductance of Insulators for Aerial Lines 

at Carrier Frequencies —G. Gregoretti. (Alta 
Frequenza, vol. 19, pp. 137-144; June, 1950.) 
Conductance measurements were made on 
various types of insulator, after exposure to 
bad weather, at 50, 100, and 150 kc; results are 
recorded. Partial metallization of a pyrex in-
sulator considerably reduced the variation of 
its leakage conductance with atmospheric con-
ditions. 

621.315.612  380 
The Dielectric Constant of Inhomogeneous 

Dielectrics—G. M. Jonker. (Chem. Weekbl., 
vol. 46, pp. 266-268; April 22, 1950.) A simple 
discussion of the dependence of the dielectric 
constant of ceramic materials on the porosity. 
The pore formation depends on the heat treat-
ment; during sintering, the initially irregularly 

shaped pores run together to form rounded 
cavities. Measured values of the dielectric con-
stant for material sintered at different tem-
peratures are compared with values given by 
Matcher's formula. 

666.1.037.5  381 
High-Temperature-Lamp Seals —E. J. G. 

Beeson. (Elec. Times, vol. 118, pp. 605-608; 
October 19, 1950.) A description is given of the 
molybdenum-foil seal, which is in common use 
but is inconveniently large and costly when 
large currents (150 amp or more) have to be 
carried. The construction of a quartz/molyb-
denum-thimble seal of the Houskeeper type is 
described, which has been developed for very-
high-wattage  mercury-  and  gas-discharge 
lamps. 

MATHE MATICS 
517.564  382 

On the Characteristic Values of Spheroidal 
Wave Functions —C. J. Bouwkamp. (Philips 
Res. Rep., vol. 5, pp. 87-90; April, 1950.) The 
first five terms of a power series expansion are 
given for the characteristic values of such func-
tions of which both order m and degree n are 
integral and n <In. Numerical values are given 
for the case where ;n = 1. 

517.942.82  383 
Note on the Inversion of the Laplace Trans-

form—B. Gross. (Phil. Mag., vol. 41, pp. 543-
544; June, 1950.) The "pair property" of the 
Fourier transform is shown to exist also for the 
Laplace transform for particular classes of 
functions. 

519.21:621.396.822  384 
Some Statistical Functions useful for the 

Study of Background Noise —A. Blanc-La-
pierre. (Compt. Rend. Acad. Sci. (Paris), vol. 
231, pp. 566-567; September 18, 1950.) Starting 
from a random time series with a Poisson dis-
tribution, three theorems are established relat-
ing to nonstationary aleatory functions which 
occur in the theoretical treatment of back-
ground noise. 

681.142  385 
SEAC. The National Bureau of Standards 

Eastern Automatic Computer —(Tech. 
Nat. But. Stand., vol. 34, pp. 121-137; Sep-
tember, 1950.) A general description of the 
computer is given, with examples of its applica-
tion in optical-lens design and on the solution of 
a partial differential equation representing the 
flow of heat through a chemically reactive ma-
terial. The present input-output unit uses a 
manual keyboard for direct input and a tele-
type printer for direct output, with a hexa-
decimal system (base 16) for both numbers and 
instructions. For indirect operation punched 
paper tape is used, with an input and output 
rate of 30 words per min., which can be in-
creased to 10,000 words per min. by the use of 
magnetic wire or tape. The present memory 
unit is a serial type consisting of 64 acoustic 
delay lines. The addition of a parallel system of 
45 electrostatic tubes with a greatly reduced 
access time is in progress. 

681.142  386 
The N. B. S. Computer Program —Tech. 

Bull. Nat. But. Stand., vol. 34, pp. 128-129; 
September, 1950.) An outline of the various 
phases of the program on digital computers, 
including fundamental research, engineering 
development, design and construction, and 
technical services. In addition to SEAC, a 
second machine, the NBS Western Automatic 
Computer (SWAC) has been completed in the 
NBS laboratories at Los Angeles. Five other 
large-scale computers are under construction 
by industrial firms for various government 
services. 

SI:1621.396/.397  387 
Radio and Television Mathematics (Book 

Reviewl —B. Fischer. Publishers: Macmillan, 

New York, N. Y., 440 pp., 1949, $6.00. ( 
I.R.E., vol. 38, p. 1230; October, 1950.) 

512.9 
Grundzilge der Tensorrechnung in 

lytischer Darstellung —Teil 1: Tensoralgs 
(Analytical Presentation of the Fundame 
of Tensor Calculus. Part 1: Tensor Alge 
[Book Reviewl —A. Duschek and A. H 
rainer. Publishers: Springer Verlag, Vie 
129 pp., 1948 (Elektrotechnik Berlin, vo 
p. 264; July, 1950.) Second impression 
useful practical textbook. 

517.43 
Calcul  Operationel  [Book  Review 

Labin. Publishers: Masson et Cie, P 
145 pp., 1949, 780 fr. (Proc. Phys. Soc. ( 
don), vol. 63, p. 1046; September 1, 19 
"This work may be regarded as a list of ge 
rules of the operational calculus  . The 
ject is treated from the viewpoint of Lap 
transform and complex variable . . . (It 
recommended to those who have an adeq 
knowledge of the underlying mat hema 
theory." 

517.93:534.014.1/.2 
Non-Linear Vibrations in Mechanical 

Electrical  Systems  [Book  Reviewl — J. 
Stoker. Publishers: Interscience Publis 
273 pp., 40s. (Phil. Mag., vol. 41, p. 731; J 
1950.) Deals with the free and forced osc 
tions corresponding to solutions of the d 
ential equations of Duffing and van der Po 

MEASURE MENTS AND TEST GEA 

621.3.082 
British Developments in Instrumentatio 

J. H. Jupe. (Electronics, vol. 23, pp. 182, 2 
October, 1950.) Brief descriptions of a 
range of instruments, including a photocell 
vice for measuring the size of carbon parti 
in flames, a direct-reading midget magneto 
ter using the Hall effect in Ge and with t 
ranges covering 0-25,000 gauss, electr 
gauges of many types, new photocells, incl 
ing one modulated by an alternating field 
15-channel cathode-ray camera with fif 
1i-inch cathode-ray tubes as an integral 
of the unit, and a low-frequency analyzer. 
echo-free room' is also noted. 

621.3.083.4: 621.396.611.21.012.8 
Measurement of the Electrical Charac 

istics of Quartz Crystal Units by Use o 
Bridged-Tee Network—C. H. Rothauge 
F. Hamburger, Jr. (PRoc. I. R. E., vol. 38, 
1213-1216; October, 1950.) The simpli 
equivalent ci'kuit of a crystal with a capacit 
load is an effective inductance and an effect 
resistance in series; this, in parallel with 
network of two equal capacitors and a resis 
forms a network with a zero transmission 
quency. Screening of such a system is relati 
simple, as the source and the detector ha 
common earthed terminal. Stray capacita 
are included in the calibration of the net 
capacitors. The accuracy of measurement 
about 5 Mc was estimated to be within 0.3 
cent for the equivalent series reactance, a 
within 2.3 per cent for the equivalent ser 
resistance. 

621.317.3:621.396.611.3  3 
Principles of Measurements on Coup) 

Circuits —W. F. Dil. (Philips Res. Rep., vol. 
pp. 91-115; April, 1950.) Analysis is given o 
circuit consisting of a tube feeding two tu 
circuits with capacitive and resistive as wel 
inductive coupling; universal resonance cu 
are presented. The conditions for symmetri 
resonance curves are investigated. Methods 
measuring circuit Q values and coupling c 
dents are reviewed. Techniques are sugge 
for measuring the parameters of coupled 
cults without loss of accuracy due to distu 
ance of the normal operating conditions. 
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a 117.332  394 
.onductivity Measurements at Microwave 

4‘r.uencies— A. C. Beck and R. W. Dawaon. 
P 4. I.R.E., vol. 38, pp. 1181-1189; October, 
9.) An investigation of skin effect at 9 kMc. 
Ct half-power bandwidth of the resonance 
u e of an open-circuited coaxial line having 
h..vire sample as the center conductor was 
at iured and the loaded Q derived. By meas-
ir lent of the transmission loss in the speci-
III holder, a correction factor was obtained, 
:n.ling the Q of the sample alone to be calcu-
agl. Numerical results are tabulated for vari-
*pure metals and alloys showing the effects 
,f•fferent surface treatments on the resistivity Iequencies for which the current penetration 
h is small. The results emphasize the im-
ance of a high polish. Electroplated copper 
silver deposits, even when polished, were 
d to have considerably higher resistivities 
h L the solid metals. 

.317.332  395 
:onductivity Measurements at Microwave 
Piluencies—A. C. Beck. (Bell Lab. Rec., vol. 
gig). 433-437; October, 1950.) See 394 above. 

12317.335.2t :621.396.619.13  396 
tiome Experiments on the Use of Frequency 
4littlation in  Electrical  Measurements -
314. Tombs and J. F. Ward. (Proc. I EE, Part 
ivol. 97, pp. 645-650; October, 1950.) Ca-
"stance changes are measured by the varia-
i4 produced in the frequency or phase of a 
lal from an oscillator normally of high fre-
icy stability. A full description is given of 
. ratory apparatus used in studying the 
e algae. The results obtained confirmed its 
1 e, particularly in respect of stability and 
e itivity. Capacitance changes of 5 X 10-4pF 
c d be measured with a possible error of 
Lit SO per cent. The principal limitation 
yes from phase fluctuations in the oscillator. 

/317.384  397 Microwave  Power  Measurements—R. 
zi. (Alta Frequenza, vol. 19, pp. 115-136; 
e,1950.) Discussion of methods based on the 
3tance variations of heat-sensitive elements, 
./1 as thermistors, introduced into wave-Iles or coaxial lines. An apparatus con-
.cted at the Research Centre for Microwave 
'vice at Florence and using thermistors is 
;ribed; results obtained are reported. The 
rer range of this instrument is 5-10 mw, the 
timum error being 5-8 per cent. 

1
.317.71621.385.3621.315.59  398 
Production Tester for Transistors—L. P. 
nter and R. E. Brown. (Electronics, vol. 23, 
96-99; October, 1950.) Alternating-current 
: apparatus for rapid determination of 
asistor voltage gain, current gain, and input 
tedancP under different bias and load condi-
is. 

I.317.714.085.414  399 
Design of Log-Scale D.C. Meters —A. 
anion and C. F. Taylor. (Elec. Eng., vol. 69, 
877-882; October, 1950.) The mathemati-
background and underlying principles in-
ved in the design of log-scale dc indicating 
auments are given. The characteristics of 
flux distribution in the magnet system and 
ans for adjusting it are discussed. Applica-
a is made to a photographic exposure meter, 
ere the logarithmic scale is used as a slide 
e to give direct indications of exposure times. 

.317.725  400 
Valve-Voltmeter  Circuit—R.  Kitai. 

clronic Eng., vol. 22, pp. 420-422; October, 
0.) Description of apparatus designed for 
use of students. Special features are rugged 
truction, overload protection, and low cost. 

1.317.725:621.383.5  401 
A High-Impedance Voltmeter—T. A. Led. 
d. (Electrician, vol. 145, pp. 467-469; 
gust 25, 1950.) Design and use of Sc barrier-

layer photocells for amplification of the move-
ment of the pointer of a moving-coil instru-
ment. A light Al vane attached to the pointer 
moves over a pair of differentially connected 
Se cells, so that a deflection amplification of 20 
to 1 is obtained. The light source and reflector 
are mounted above the vane, outside the in-
strument. Low amplification is used for reasons 
of stability and reliability. Ranges of 10 my, 
100 my, 1 v, 10 v and 100 v at 1 Mil per volt 
are available, and also a 1,000-v range at 
0.1 MU per volt. 

621.317.726.087  402 
Chart Recording of Microsecond Pulse 

Amplitudes —J. T. Dewan and K. W. Allen. 
(Rev. Sri. Instr., vol. 21, pp. 823-826; October, 
1950.) Description of a peak-voltmeter re-
corder suitable for use in counter circuits. 

621.317.733  403 
Wien-Bridge Network Modifications—R. 

Zuidhof. (Electronics, vol. 23, pp. 192, 198; 
September, 1950.) When the network is used as 
an RC oscillator circuit, stray capacitance 
across the series resistor produces undesirable 
effects. These can be counteracted by the addi-
tion of a trimmer across the series capacitor. 
This modification results in a more constant 
output and an extended frequency range. 

621.317.755  404 
A Fast Sweep Circuit—N. I,. Davis and 

R. E. White. (Electronics, vol. 23, pp. 107-109; 
October, 1950.) Two methods for obtaining an 
oscilloscope sweep of 100 inches per is were in-
vestigated, one using a modified raster scan and 
the other using a hydrogen thyratron. The 
circuits and methods of calibration are de-
scribed and typical applications of the equip-
ment are illustrated. 

621.317.755  405 
Automatic Beam Blanker for  Oscillo-

scopes—A. L. Dunn, A. R. McIntyre, and A. L. 
Bennett. (Electronics, vol. 23, pp. 94-95; 
September, 1950.) A circuit is described in 
which the sweep itself is used to release the 
beam and to blank it when the trace is com-
pleted. This eliminates background fogging 
caused by scattered electrons. 

621.317.755:621.385.029.63/.64 406 
The Travelling-Wave Cathode-Ray Tube — 

Owaki, Terahata, Hada, and Nakamura. (See 
50.3.) 

621.317.755: 621.396.645.018.424t  407 
Wide-Band Amplifier for Cathode-Ray-

Oscilloscope Observation of Transient Phe-
nomena—Schmid and Baldinger. (See 315.) 

621.317.755.029.63  408 
An Oscillograph for Decimetre Waves— 

H. G. Moller. (Elekirotechnik Berlin, vol. 4, pp. 
246-249; July, 1950.) By introducing a dielec-
tric covering on the deflector plates the full 
sensitivity of a cathode-ray tube can be re-
tained at higher frequencies. A formula is de-
rived connecting phase velocity with the di-
mensions of the dielectric for the Lo mode of 
operation. Numerical examples are calculated. 

621.317.772  409 
Precision Phasemeter for Audio Frequen-

cies —J. Kritz. (Electronics, vol. 23, pp. 102-
106; October, 1950.) The design of the instru-
ment is based on the method of Ragazzini and 
ZatIoli (1724 of 1950). To obtain an accuracy to 
within 0.1° when measuring the phase differ-
ence between two sinusoidal voltages it was 
necessary to design each section, including the 
ring-modulator phase-detector bridge, so as to 
reduce each component error to below 0.01°. 
Methods are described for self-calibration of the 
Instrument. 

621.317.784:621.317.733  410 
A Bolometer Bridge for the Measurement 

of Power at High Frequencies—R. A. Soder-

man. (Gen. Radio Exper., vol. 25, pp. 1-8;July, 
1950.) Description of Type 1651-A bridge. 
Measurements of power up to 500 mw may be 
made at frequencies from 5 Mc to over 1 kMc 
by substitution or direct-reading methods to 
within ± 10 per cent or ± 20 per cent, respec-
tively. Thermistor or barretter bolometere with 
resistances In the range 25-400 fl may be used. 

621.396.615  411 
Signal-Generator  Output  Systems—H. 

Molinari. (Bull. schweiz. elektrotech. Ver., vol. 
41, pp. 798-801; October 14, 1950. In German.) 
The calibration of the attenuators usually 
fitted to signal generators is only valid for a 
particular load impedance. The factors affect-
ing the voltage at the output terminals of a 
generator are  investigated.  For  accurate 
knowledge of the terminal voltage, the load 
impedance, the no-load voltage V, and the in-
ternal impedance Z of the generator must be 
known. Formulas giving V and Z in terms of 
measured impedances are derived. 

621.396.615 : 621.396.619.13  412 
Design for a Wobbulator—M. G. Scroggie. 

(Wireless World, vol. 56, pp. 369-372; October, 
1950.) Design and construction details are 
given of an instrument for use with the simple 
cro previously described (1458 of 1950). The 
circuit used is adapted from that of Johnson 
(1898 of 1949) which has the advantages of 
giving FM up to 30 per cent and of requiring 
only one 'tube. 

6.21.396.615.14  413 
A Wide Range Microwave Sweeping Oscil-

lator—M. E. Hines. (Bell Sys. Tech. Jour., vol. 
29, pp. 553-559; October, 1950.) Description of 
a test oscillator using the BTL 1553-416A 
triode (510 below). A mechanical tuning device 
varies the frequency continuously at a low 
audio-frequency rate over the frequency band 
3.6-4.5 kMc. 

621.396.615.14  414 
Microwave Sweep Generator—L. C. Elsa-

man. (Electronics, vol. 23, pp. 101-103; No-
vember, 1950.) A Type-6BL6 reflex klystron 
feeds a resonant cavity tuned by a motor-
driven plunger. Frequency sweep is 2.6-3.4 
kMc; sweep rate, 8-10 cps. 

621.396.826.029.51:535.568.1  415 
Polarimeter for the Study of Low-Fre-

quency Radio Echoes —A. H. Benner and H. J. 
Nearhoof. (Rev. Sci. Instr., vol. 21, pp. 830-
834; October, 1950.) A description of the equip-
ment, with a brief note of typical experimen-
tal results. A pulse signal at a carrier frequency 
of 150 kc is received, after reflection from the 
ionosphere, on crossed loop antennas which 
separate the two components of the elliptically 
polarized down-coming wave. By arranging 
that the cathode-ray tube, to which the loops 
are connected through balanced amplifying 
chains, is illuminated only for the desired 
epoch, a direct picture of the polarization 
ellipse is obtained. Arrangements are included 
to enable the sense of rotation to be deter-
mined. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

534.321.9.001.8  416 
Measuring Water Velocity by an Ultra-

sonic Method—W. B. Hess, R. C. Swengel, and 
S. K. Waldorf. (Elec. Eng., vol. 69, p. 983; 
November, 1950.) Description of a method still 
in the experimental stage. Two 500-kc trans-
ducers are mounted at a fixed distance apart 
downstream. Measurements of the phase angle 
between the transmitted and received signals 
are made in quick succession using (a) the up-
stream, (b) the downstream transducer for 
transmission and the other for reception. From 
the two measured phase angles the water ve-
locity is deduced. Average error in tests of the 
equipment was about 1 per cent. 
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621.315.212:621.317.39  417 
Measuring  Cable  Eccentricity —(Nlec. 

Times, vol. 118, p. 430; September 14, 1950.) 
Continuous control in the manufacture of 
cables with extruded insulation is provided by 
an instrument which indicates any core ec-
centricity. Operation depends on comparison of 
the electromotive forces induced in the various 
coils mounted in a gauge head through which 
the cable, fed with constant ac, passes. 

621.316.718  418 
An Electronic Speed Control for the Tow-

ing Carriage of a Ship-Model Testing Tank— 
R. H. Tizard and B. G. V. Harrington. (Proc. 
IRE, Part II, vol. ?7, pp. 651-662; October, 
1950.) A description of equipment fitted to the 
carriage of one of the tanks at the National 
Physical Laboratory. To meet close require-
ments on the constancy and setting of carriage 
speed, a closed-loop automatic control system 
was developed. Details of its original features 
are given. Mathematical analysis of the system 
shows that by incorporating a special feedback 
network the stability is little affected by large 
variations of gain. Test results after six months' 
operation show great improvement compared 
with the manually controlled Ward-Leonard 
system previously used. 

621.317.39: 531.717.1  419 
The Electronic Measurement of Sliver, 

Roving, and Yarn Irregularity, with Special 
Reference to the Use of the Fielden Bridge 
Circuit —P. H. Walker. (Jour. Textile Inst., 
vol. 41, pp. 446-466; July, 1950.) Irregularities 
are determined from measurements of the 
change of capacitance caused by passing the 
material through the air gap of a fixed capaci-
tor forming one arm of a bridge, the other arms 
being provided by a specially wound trans-
former and a variable balancing capacitor. A 
selective pentode amplifier is used to increase 
the sensitivity. 

621.38.001.8  420 
Symposium on Electronics, London, Sep-

tember 5-8, 1950—Elec. Times, vol. 118, pp. 
411-417; September 14, 1950.) Summarized ac-
counts of the lectures at the opening ceremony 
of the conference arranged by the Electronics 
Group of the Scientific Instrument Manu-
facturers' Association and of the papers pre-
sented at the various sessions, with a review of 
some of the instruments exhibited. 

621.384.6  421 
Electronics and the Electrostatic Genera-

tor —B. Jennings. (Piton. I.R.E., vol. 38, pp. 
1126-1138; October, 1950.) Discussion of the 
construction and operation of particle accelera-
tors using Van de Graaff electrostatic gen-
erators to give the required high voltage. 

621.384.612.2 t  422 
The Synchrocyclotron at Amsterdam —C. J. 

Bakker. (Onde elect., vol. 30, pp. 347-350; 
August-September, 1950.) General descrip-
tion, with sectional diagrams and photographs 
of equipment capable of accelerating protons 
to 60 Mev. 

621.387.4t  423 
On the Temperature Variations in Alco-

hol/Argon-Filled G-M Counters —O. Parkash. 
(Phys. Rev., vol. 80, p. 303; October, 15 1950. 

621.387. 0: 549.211  424 
Some Properties of Diamond as a Crystal 

Counter—H. Ess and J. Rossel. (Helv. Phys. 
Ada, vol. 23, pp. 484-487; September I, 1950. 
In French.) 

621.398+621.317.083.71:621.395.44: 621.311.1 
425 

Multistation Control, Telemetering, and 
Communication on Single-Frequency Carrier — 
W. Derr, T. C. Wren, and J. V. Kresser. 
(Elec. Eng., vol. 69, pp. 862-867; October, 
1950.) Three of the stations of the Sierra Pa-

cific Power Company are controlled from a 
central station by a power-line carrier system 
which also provides communication and selec-
tive-telemetry facilities. 

621.38.001.8  426 
Electronics in Engineering [Book Review1 — 

W. R. Hill. Publishers: McGraw-Hill Book Co., 
New York, N. Y. 274 pp., 1949. (Electronic 
Eng., vol. 22, p. 445; October, 1950.) "An ele-
mentary book of wide scope." 

PROPAGATION OF WAVES 

535.42:538.561+534.26  427 
On the Theory of Diffraction—Franz. (See 

323.) 

535.42:538.566  428 
Diffraction from an Irregular Screen with 

Applications to Ionosphere Problems—H. G. 
Booker, J. A. Ratcliffe, and D. H. Shinn. 
(Phil. Trans. vol. 242, pp. 579-607; September 
12, 1950.)"An analysis is made of the diffrac-
tion effects produced when a plane wave is in-
cident upon an irregular diffracting screen, and 
the results are applied to the problem of the 
reflexion of radio waves from an ionosphere 
which is irregular in the horizontal plane. The 
nature of the irregular screen is assumed to be 
given in terms of the variation of electric wave-
field in a plane just beyond the screen, and it is 
assumed that variations occur over the plane 
in one direction only. It is further assumed that 
the screen is 'random' in the sense that it is one 
of an assembly all of which differ from each 
other, but have statistical properties in com-
mon, and deductions are made about the dif-
fraction patterns averaged over the assembly. 
It is shown that many aspects of the problem 
can be investigated by use of the theory of 
'random' electrical noise as developed by Rice 
and Uhlenbeck. The angular spectrum (Fraun-
hofer diffraction pattern) and the Fresnel dif-
fraction pattern are described in terms of their 
spatial autocorrelation functions, and there is 
some discussion of a related method of dealing 
with Fresnel diffraction problems from com-
pletely determined screens. 

"In Part II of the paper the irregular 'fad-
ing' exhibited by a radio wave returned from the 
ionosphere is discussed in terms of two models 
in which the facing is assumed to be produced 
by movements of the diffracting centers in the 
ionosphere.  The  temporal  autocorrelation 
function of the amplitude of the irregularly 
fading signal is related to the velocity of the 
ionospheric diffracting centers." 

538.566  429 
On Sommerfeld's Surface Wave —C. J. 

Bouwkamp. (Phys. Rev., vol. 80, p. 294; Oc-
tober 15, 1950.) Papers on this problem by vari-
ous workers are very briefly reviewed; in par-
ticular the discussion by Kahan and Eckart 
(2892 of 1949) is criticized and their uniqueness 
theorem is analyzed and pronounced unsound. 

621.396.11  430 
A Determination of the Speed of Light by 

the Resonant-Cavity Method —K. Bol. (Phys. 
Rev., vol. 80, p. 298; October 15, 1950.) Brief 
account of work in progress at Stanford Uni-
versity. A cylindrical cavity 4.5 inches high 
and 9.8 inches in diameter is used and a pro-
visional result of 299.789.3± 0.4 km per second 
has been obtained. There may be a further 
error due to tarnishing of the cavity walls. See 
also 1751 of 1950 (Essen). 

621.396.11.029.62  431 
Propagation of Metric Waves Beyond 

Optical Range —D. W. Heightman. (Jour. 
Brit. I. R. E., vol. 10, pp. 295-311; October, 
1950.) A qualitative survey of tropospheric and 
ionospheric wave propagation in the frequency 
band 30-200 Mc. Theoretical treatment is 
limited to explanations of the basic principles 
involved. A knowledge of the easily recognized 
meteorological  conditions  associated  with 

variations in tropospheric propagation Is 
in short-term prediction of radio condi 
Extended ranges are, in general, of little 
tical value owing to interference from d 
transmitters. A selection of long-term obi 
tions over various land and sea paths, 
tropospheric and ionospheric, is present 
graphical form and results are discussed. 

621.396.11.029.62:531.74  4 
Measurement of Small Angles of Elevati 

of Incoming Electromagnetic Metre Way, • 
Part 2: The Comparison Method Using T, 
Arrays with Different Directional Characti 
istics —L. Pungs and H. Fricke. (Arch. de 
bertragung, vol. 4, pp. 309-315; A ugu 

1950.) The theory of the method was given 
Part 1 (3130 of 1950 (Stenzel)]. The vofiai 
from the two comparison antennas are appll 
respectively to the two fixed systems of 
goniometer, the orientation of the resul 
field providing a measure of their ratio, 
hence of the angle of elevation of the reed 
wave. Design details are given for antenna 
tems for measurements with 2.4-m waves. 
range of angles measurable with different 
tenna arrangements is discussed. The effe 
uneven terrain on the calibration can be el 
nated by providing a horizontal artificial e 
or a series of vertical screens of wire mesh. 

621.396.11.029.62:531.74 
Measurement of Small Angles of Elev 

of Incoming Electromagnetic Metre Wa 
Part 3: The Frequency Dependence of 
Comparison Method —H. Fricke. (Arch. e 
Obertragung, vol. 4, pp. 315-320; Au 
1950.) Part 2: 432 above. To avoid interfe 
transmissions it is necessary to be able 
operate over a range of frequencies. A,naly 
given of the effect on the goniometer calibra 
of varying the frequency, which results 
change of (a) the ratio of wavelength to I 
tenna dimensions, (b) the radiation couphij 
and (c) the effects due to feeder-cable ineq 
ties. The theory is confirmed by measuremef 
made at a mean wavelength of 1.5 in 
± 16-per cent variation. 

621.396.11.029.62:531.74:621.396.67 
Short- Wave Installations with Control! 

Directional Characteristics and their ApplI 
tion to the Measurement of Angles of 
dence —P. Kotowski, E. Schilttloffel, and 
Vogt. (Arch. elekt. Obertragung, vol. 4, pp. 2 
254, 325-330; July and August, 1950.) The 
vantages of electrical over mechanical meth 
of controlling antenna directional chara 
istics are indicated and the technique of el 
cal control is discussed. A description is gi 
of an installftion at Br-Lick-am-Main for m 
uring angles of incidence; this uses th 
rhombic antennas. Measurements on Ameni 
and British short-wave broadcast transmissi t 
are reported; the vertical angles lie betweer 
and 41°, the angle of incidence increasing 
wavelength. Deviations from great-circle p 
are also investigated; for the British tran 
ter the dispersion of these deviations is sig 
cantly greater than for the more distant Am 
can transmitters. 

621.396.11.029.63/.64 
Propagation of Waves of Frequency 3 

10,000 Mc/s —P. Marie; L. de Broglie. ( 
Tech. Dig. (France), vol. 4, pp. 157-176 
195-212. Bibliography, pp. 212-213; June 
August, 1950.) The principles of geomet 
optics are applied to the case of radio pro 
tion over a 200-km sea path between po 
some 500 m above sea level. Regular varia 
of the refractive index of the atmospher 
taken into account by using the factor of 
parent curvature of the earth. Examples of t. 
daily and seasonal variation of this factor t - 
shown graphically. Expressions are den y 
for minimum height and radiation angle of  . • 
direct ray. Focusing effect and multiple re 
tions at the surface of the sea are discussed 
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/
tart is derived indicating the conditions 
tr which these effects may occur. The 
3od of calculating diffraction losses ib de-
ed and two abacs due to Bullington (802 of 
.) are reproduced. An illustrative numerical 
ilation is made of the received intensity of 

1.,'M signal under given conditions. 
,. de Broglie comments in a general way on 

it application of geometrical optics in the 
.iiry of the propagation of radio waves. 

52396.11.029.64  436 
, 2ropagation of U.H.F. and S.H.F. Waves 
iiind the Horizon —K. Bullington. (Paoc. 
.1E., vol. 38, pp. 1221-1222; October, 1950.) 
ot.md-wave field intensities calculated for the 
lis of plane earth, diffraction over a smooth ih and over a knife edge, are plotted against 
rameter defined as the ratio of the clearance 
re the obstacle to the height of the first 

Panel zone. Good agreement is obtained with 
nurimental results at 4-4.6 kI% I c over both 
iaoth and rough paths. The presentation 
Avs the importance of the clearance and the 
pt range of values of field intensity that may 
xtr beyond the horizon. 

5S 396.826.029.51: 535.568.1  437 
-Polarimeter for the Study of Low Fre-
acy Radio Echoes —Benner and Nearhoof. 
., 415.) 

RECEPTION 

! 594.6: 621.317.7.087  438 
fhe Measurement of Atmospheric Radio 
, ie in South Africa in the Low Frequency 
lid —D. Hogg. (Trans. S. Afr. Inst. Elec. 
3 ., vol. 41, pp. 209-225; discussion, pp. 225-
S; July, 1950.) Full details are given of an 
.t)natic recorder in which a vertical anten-
it eeds a superheterodyne receiver tuned to 
I kc and having a bandwidth of 6 kc. The 1voltage is eventually applied to a cro whose  
; is photographed for 2 minutes every 20 
utes.  Calibration voltages are applied 
y. For the recording site near Johannesburg 
average noise level is 1 or 2 ay per m during 
day, rising to 20 ay per m and 100 pev per m 
ing winter and summer nights, respectively. 
al summer thunder may raise the level to 
v per m in the afternoon. Graphs are given 
he median and 95-per cent noise levels for 
ter, summer, and the equinoxes and also of 
frequency of occurrence of various noise 
!Is at different times of day. The correlation 
;he observed data with thunderstorm ac-
ty is discuswd. Agreement of the measured 
ds with those predicted from data in Report 
5 of the U. S. Army Signal Corps is usually 
d. 

.396.621  439 
An Advanced Amateur Receiver —R. P. 
viland. (CQ, vol. 6, pp. 12-18, 66; October, 
0.) A receiver providing good reception for 
AM, FM, PM, and ssb with carrier sup-
salon. Proper use of the phasing system of 
nodulation makes possible the selection of 
ter sideband at will, thus enabling unwanted 
late to be cut out more easily. Application of 
exalted-carrier principle prevents loss of 
dulation of the desired signal owing to strong 
!Hering signals. To avoid the complexities 
:oil switching, a series of converters is used 
h wide-band fixed-tuned  high-frequency 
ges. The oscillator is crystal-controlled and 
Ling is accomplished by a tuner which covers 
lowest frequency band and becomes a tuned 
rmediate-frequency system on the higher 
ids. 

..396.621  440 
Design, Construction and Final Adjusment 
an Up-to-Date, High-Fidelity Receiver us-
Modern Valves: Part 1—The Low-Fre-

, ncy Amplifier —J. Rousseau. (TSF pour 
s, vol. 26, pp. 342-346; October, 1950.) An 
put of 8 w is obtained from the 3-stage am-

plifier, which comprises a Type-6AU6 pentode 
amplifier, Type-EL41 driver, and two Type-
6AQ5 output tubes in push-pull. This choice of 
tubes is discussed and the selective feedback 
and coupling circuits are calculated. Circuit 
diagrams showing component values and de-
tails of the baffle mounting of the two loud-
speakers are given. 

621.396.621:621.317.35  441 
On the Energy Spectrum of an Almost 

Periodic Succession of Pulses—G. G. Macfar-
lane. (Paoc. I.R.E , vol. 38, pp. 1212-1213; 
October, 1950.) Discussion on 217 of 1950. 

621.396.621.029.63  442 
Some Design Considerations of Ultra-

High-Frequency  Converters — W.  Y.  Pan. 
(RCA Rev., vol. II, pp. 377-398; September, 
1950.) Two basic converter designs are con-
sidered for use at frequencies between 500 and 
900 Mc, one using a tuned radio-frequency am-
plifier, mixer oscillator and intermediate-fre-
quency amplifier, and the other a crystal mixer 
followed by a grounded-grid intermediate-
frequency amplifier. Measurements indicate 
similar performance characteristics, but the 
second type is preferable for reasons of cost and 
simplicity. The influence of the intermediate 
frequency on the crystal-mixer performance 
characteristics is discussed. From noise-factor 
considerations alone, the optimum value of the 
intermediate frequency is about 40 Mc, but 
owing to other requirements a value of about 
135 Mc is preferable. Some special tuning 
circuits, and the effect of the method of oscil-
lator injection on matching conditions, mixer 
loss, and oscillator radiation, are considered. 
The design and characteristics are described of 
an experimental converter, continuously tuna-
ble through the range 500-700 Mc, developed 
for uhf television investigations at Bridgeport, 
Conn. See also 1792 of 1950 (Murakami). 

621.396.82  443 
Interference Caused by More Than One 

Signal —R. M. Wilmot te. (PROC. I R E., vol. 
38, pp. 1145-1150; October, 1950.) A theoreti-
cal survey of the factors involved in determin-
ing the effect on a wanted signal of several in-
terfering signals, including noise. Suggestions 
are made toward the solution of the problems 
involved, and the related problem of determin-
ing the service area of vhf and uhf broadcasting 
systems is discussed. 

621.396.822:519.21  444 
Some Statistical Functions useful for the 

Study of Background Noise —Blanc-Lapierre. 
(See 384.) 

621.396.828: 621.385.2: 621.315.59  445 
Germanium-Diode Impulse-Noise Limit-

ers—R. C. Muses. (Sylvania Technologist, vol. 
3, pp. 1-5; October, 1950.) Proper use of noise-
limiting circuits results in an improvement of 
the signal-to-noise ratio when certain types of 
external noise are present. Shunt, series, and 
compound limiters including Ge diodes are de-
scribed and their properties compared; the 
choice of the type to be used for any particular 
purpose depends on such factors as the noise 
conditions likely to be met, the range of signal 
levels to be used, and the permissible audio-
frequency distortion. 

STATIONS AND COM MUNICATION 
SYSTEMS 

621.396.3/.5  446 
The  Overseas  Radio  Installations  at 

Frankfurt a. M.—F. Ellrodt. (Fernmeldetech. 
Z., vol. 3, pp. 346-355; September, 1950.) An 
account in some detail of the telegraphy and 
telephony transmitting and receiving equip-
ment affording communication in the first 
place with the U.S.A. Similar 20-kw power 
amplifiers are provided for all transmitters, 
with grounded-grid air-cooled Type-RS-720 
tubes. Part of the telegraphy traffic is on the 

frequency-shift system, the special quartz-
crystal frequency-control arrangement being 
described. Multichannel ssia transmission is 
used, with transmitter frequency range 3.75-
23 Mc in three bands. Receivers are of the 
double-diversity type. See also 2893 of 1950 
(ICronjager). 

621.396.6+621.396.9  447 
S.B.A.C., Farnborough —(Electrician, vol. 

145, pp. 580-582; September 15, 1950.) Brief 
details of some electrical exhibits at the exhibi-
tion arranged by the Society of British Aircraft 
Constructors at the RAE Aerodrome, Sep-
tember, 1950. 

621.396.619.13: 621.3.018.78 t  448 
Nonlinear Distortion in Frequency Modula-

tion—L. J. Libois. (Cdbles ere Trans. (Paris), 
vol. 4, pp. 297-307; October, 1950.) The as-
sumption of a quasistationary condition is 
justified when the modulation frequency is rela-
tively low, provided that the rate of variation 
of the instantaneous frequency remains within 
certain limits. Under these conditions the non-
linear distortion introduced by the following is 
calculated: (a) nonlinearity of static character-
istics of the system; (b) variation of propaga-
tion time with frequency within the modulation 
band; (c) insufficient amplitude limitation be-
fore the discriminator; (d) reflections in feeders 
and multiple transmission paths. While elimi-
nation of the effects due to the first three causes 
imposes severe limiting conditions of operation, 
feeder reflections and multipath transmission 
are probably the most troublesome, since they 
can only be reduced by shortening feeders as 
much as possible and by using highly directive 
antennas and well-isolated transmission paths. 

621.396.619.14:621.3.018.78 t  449 
Distortion: Band-Pass Considerationz in 

Angular Modulation —A. A. Gerlach. (Paoc. 
IRE., vol. 38, pp. 1203-1207; October, 1950.) 
An exact open-form solution of the equation for 
the output signal from a network is derived, the 
input being an angle-modulated signal. By 
using transfer functions which are linear ex-
ponential functions of frequency a solution in 
closed form is obtained. Particular examples 
are examined to determine the effects of the 
transfer function characteristics on the output 
signal. The analysis supports the conclusion 
that linear phase characteristics are more im-
portant than flat amplitude characteristics for 
the reduction of distortion. 

621.396.65  450 
The TD-2 Radio Relay System —C. E. 

Clutts. (Bell Lab. Rec., vol. 28, pp. 442-447; 
October, 1950.) A skeleton description of a 
relay system with 33 repeater stations, provid-
ing two-way communication facilities between 
New York and Chicago and operating in the 
band 3.7-4.2 kMc. Each of the six channels 
available in each direction is 10 Mc wide. An 
alarm system indicates failure at unattended 
repeater stations. Automatic arrangements 
switch on emergency supplies in the event of 
power failure. 

621.396.65:621.397.26  451 
Television for Scotland—(See 462.) 

621.396.7  452 
Burnham Radio Station —F. G. Balcombe 

and D. E. Watt-Carter. (P.O. Elec. Eng. Jour., 
vol. 43, Part 3, pp. 117-124; October, 1950.) 
The system for routine communication between 
ships at sea and London is described: the oceans 
of the world are divided into arras, each with 
its own station provided with multiple sending 
and receiving facilities and linked to London 
by high-speed point-to-point circuits. Burn-
ham is the area station for the east and middle 
Atlantic and the Mediterranean, and is linked 
by land line to London. 
All ships report to their local area station and 

the information is logged at Burnham; out-
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going traffic from London is routed accordingly, 
being sent by transmitters at Portishead and 
Criggion (or Rugby) under control from Burn-
ham. Incoming traffic is handled at Burnham 
by 32 receivers on the high-frequency band (4-
22 Mc) using any antenna selected from a fan-
shaped array of high-gain rhombic antennas, 
supplemented by omnidirectional antennas. On 
low frequencies four receivers are used with 
Bellini Tosi crossed loops or a nonresonant 
T-antenna. There are also available vertical 
X/4 antennas resonant at 1.3 and 3 Mc, and 
a nonresonant inverted L-antenna for the 500-
kc frequency band. By an elaborate switching 
system the amplified signals from any of the 
antennas may be distributed to any desired 
combination of the receivers. Ease of working is 
secured by a comprehensive telephonic inter-
communication system. 

621.396.712:621.396.619.13  453 
Low-Frequency  Technique  in  U.S. W. 

Broadcasting —E. Menzer and H. Voelkel. 
(Z. Ver. Dtsch. Jag., vol. 92, pp. 653-657; 
August 21, 1950.) The basic principles of de-
sign for an FM broadcasting station are con-
sidered and the precautions necessary in ob-
taining suitable bandwidth, low distortion and 
noise level throughout the transmission chain 
are discussed. 

621.39  454 
Electrical Communication [Book Review)--

A. L. Albert. Publishers: John Wiley and Sons, 
Inc., New York, N. Y., 3rd ed., 593 pp., 1950, 
$6.50. (Electronics, vol. 23, pp. 133-134; Oc-
tober, 1950.) "... a concise picture of all as-
pects of modern communication systems... 
nut only useful as a text but as a reference 
book." 

621.39.001.11  455 
The Mathematical Theory of Communica-

tion [Book Reviewj —C. E. Shannon and W. 
Weaver.  Publishers:  University of  Illinois 
Press, Urbana, III., 117 pp., $2.50. (Brit. Jour. 
App!. Phys., vol. 1, pp. 270-271; October, 
1950.) The book is in two parts. The first part 
contains a mathematical analysis, leading to 
twenty-three theorems, and some detailed ex-
pansions and proofs. Part 2 surveys the broad 
field of the transmission of information. "This 
book cannot be ignored by anyone with direct 
professional  concern  with  these  applica-
tions  ." 

SUBSIDIARY APPARATUS 

621-526  456 
Magnetic-Powder Clutch Servo —S. Wald. 

(Radio & Telco. News, Radio-Electronic Eng. 
Suppl., 01. 15, pp. 12A-13A, 26A; September, 
1950.) Details are given of the design of a dry-
powder magnetic clutch capable of operating at 
speeds up to 5,000 rpm and transmitting a 
torque of 48 in.-oz. The frictional drag is 2-3 in.. 
oz and independent of speed. A circuit is given 
illustrating its use in automatic tuning of a 
transmitter. 

621-526.001.4  457 
Modern Servomechanism Testers —G. A. 

Korn and T. M. Korn. (Elec. Eng., vol. 69, 
pp. 814-816; September, 1950.) Methods per-
mitting direct reading of amplitude and phase 
are presented and discussed. 

621.3.013.78t  458 
The Performance of Screening Rooms —J. 

Miedzinski and S. F. Pearce. (Electronic Eng. 
(London), vol. 22, pp. 414-419; October, 1950.) 
Experiments have been made by the Electrical 
Research Association on four rotatable rooms, 
each about 6 feet, 6 inches X 6 feet, 6 inchesX 
feet, totally screened with perforated or ex-
panded metal, or wire netting, and enclosing a 
vertical transmitting loop. The range of fre-
quency used was 0.75-24 Mc. Field strengths 
as the room was rotated were measured at an 
external point with a modified Type-R.206 

army receiver. In general, the highest attenua-
tion is obtained with screening materials having 
high conductivity, low permeability, and close 
mesh. Formulas are derived for predicting the 
attenuation produced by a given screen; these 
are, in general, confirmed by the experimental 

results. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.24/.26  459 
Television from France — M. J. L. Pulling. 

(Wireless World, vol. 56, pp. 353-354; October, 
1950.) Successful transmissions from Calais 
used a combination of microwave and meter-

wave radio links in series followed by normal 
telephone-pair and coaxial-cable links to the 
transmitter in London. Line communication 
was used for the sound channel. See also Elec-
trician, vol. 145, pp. 573-574; September 15, 
1950. 

621.397.24:621.396.73  460 
TV on Tour —R. Rogues. ( Television, NO. 7, 

pp. 195-198; October, 1950.) Brief description, 
with circuit diagrams, of a self-contained dem-
onstration unit carried in a 2-ton van. 

621.397.26  461 
High-Speed  F. M.  Facsimile —J.  V.  L. 

Hogan and C. V. Olson. (FM-I V, vol. 10, pp. 
18-20; 40; October, 1950.) The material for 
transmission, on a revolving drum, is scanned 
at a rate of 56.2 square inches per minute. The 
video signal from the scanner modulates the 
amplitude of a 13-kc subcarrier which is then 
converted to a vestigial-sideband AM signal 
and applied to a FM transmitter. At the re-
ceiving end, the subcarrier from the FM re-
ceiver is converted into a video signal and fed 
to a recorder. This uses electrolytic recording 
paper on a revolving drum, mains-synchronized 
with that at the transmitter. Special signals are 
transmitted for a period of about 10 seconds to 
indicate page separation points. 

621.397.26:621.396.65  462 
Television for Scotland —(Llec. Times, vol. 

118, p. 421; September 14, 1950.) A brief note 
on the project for a microwave link to extend 
the television service to Scotland. 

621.397.331.2:778.5  463 
Television  Transmission  of  Images  of 

Variable Transparency by Non-storage Sys-
tems: Present Systems and Proposed New 
System for  High  Definition —R.  Monnot. 
(Chide ilea., vol. 30, pp. 362-381; August-
September, 1950.) Theoretical and practical 
aspects of nonstorage systems in telefilm tech-
nique are discussed. Two particular scanning 
systems are described: (a) the Farnsworth dis-
sector tube and (b) the "flying spot." Their 
operation as high-definition systems is dis-
cussed and their merits are compared. The pro-
posed new system uses a projector with con-

tinuously moving film but without a compen-
sating lens, and combines (a) and (b) for line 
scan and picture analysis, respectively. The 
scanning spot takes the form of a short line and 
the screen is slightly persistent. 

621.397.5: 535.623  464 
An Analysis of the Sampling Principles of 

the Dot-Sequential Color-Television System — 
RCA Laboratories Division. (RCA Rev., vol. 
11, pp. 431-445; September, 1950.) The follow-
ing appendices to the paper abstracted in 2640 
of 1950 are given: (a) reproduction of high. 
frequency detail with a low sampling rate; (b) 
transmission of the dot-sequential color-tele-
vision signal on coaxial 'cables of restricted 
bandwidth; (c) the action of the dot-sequential 
color-television system in the presence of an 
abrupt red-green transition. 

621.397.5:535.623  465 
Analysis of Dot-Sequential Color Tele-

vision —N. Marchand, II. R. Holloway, and M. 
Leifer. (Sylvania Technologist, vol. 3, pp. 9-15; 

October, 1950.) A mathematical analysis is pre. 
sented of the pulse sampling and sorting pr. 
eases. Color distortion and cross talk introduca 
by sideband clipping is examined, and at 
equivalent sampling and sorting method is de. 
scribed which is more economical than pulp 
sampling. The mixed highs are shown to hatt 
negligible effect on the color presentation' 
while providing resolution equivalent to pm.. 
ent monochrome standards. 

621.397.5:535.623  46! 
Frequency-Interlace  Color  Television-

R. B. Dome. (Electronics, vol. 23, pp. 70-75; sep 
[ember, 1950. And FM-TV, vol. 10, pp. 12-
40; October, 1950.) A proposed new systt 
The video frequencies associated with a m 
chrome television signal are bunched aro 
harmonics of the line frequency and a 1 
part of the spectrum is unused. Use of this 
of the spectrum enables two other colors to 
transmitted simultaneously without any 
crease in bandwidth. In spite of the compl 
of the transmitted signal the receiving ci 
is simple; it requires no complicated filters 
only six more tubes, than a conventional m 
chrome circuit; it can also be used to rec 
black and-white transmissions. The system 
not yet been fully tested. 

621.397.5:535.88 
Improvements in Large Screen Televisi 

Projection —T. M. C. Lance. (Jour.  Tel 
Soc., vol. 6, pp. 46-56; April-June, 195 
Paper presented at the International T 
vision Congress, Milan, September, 1949. 
development of a projection system for cine 
use is described. The position of the projec 
is restricted by inherent limitations of 
Schmidt optical system; the projector must 
within 10° of the axis normal to the screen 
its distance from the screen has been stand 
ized at 40 feet. The high luminous flux requ' 
has been obtained by the adoption of a tri 
electrode system with an anode voltage 
50 kv and a beam current of 15 ma. In the 
struction of the cathode-ray tubes, difficul 
were encountered due to the high heat dissi 
tion at the screen and the necessity of avoid 
electrical discharges. The design of a suita 
cathode and electrode system is described 
the development of a special phosphor of 
mixed-silicates type which is little affected 
temperature rise is discussed. 

621.397.5(083.74) 
Transmission Standards in Television 

J. L. Delvaux. (Bull. schweiz. elektrotech. V 
vol. 40, pp. 659-661; August 20, 1949. 
French.) Papek presented at the Internatio 
Conference, Zurich, 1948. Discussion of 
various factors affecting the choice of t 
vision frequency, bandwidth and line standa 
with particular reference to the determinati 
of the optimum structure of the televisi 
channels for the European network. See ai 
2346 of 1949. 

621.397.5(083.74) 
A Comparative Analysis of Certain T 

vision  Standards —J.  II.  Bedford.  (B 
schwelz. elektrotech. Ver., vol. 40, pp. 630-6 
August 20, 1949. In English.) Paper presen 
at the International Television Conferen 
Zurich, 1948. Discussion of British and Am 
can practice, with particular reference to 
polarity of modulation and to the significant; 
of equalizing pulses. 

621.397.5(083.74)(45)  4 
Proposals for the Standardization of Tell 

vision in Italy, and New Electronic Generato 
for Television Synchronization —A. V. Caste 
lani. (Bull. schweiz. eleklrotech. Ver., vol. 4C 
pp. 608-615; August 20, 1949. In Italian. 
Paper presented at the International Televisio 
Conference, Zurich, 1948. Summary abstracte 
in 879 of 1949. 

t. 
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4..397.5(42)  471 
Studio and Outside Broadcasting Tele-

vian  Practice  in  Great  Britain - -T.  II. 
Bigewriter. (Bull. schweis. elektrotech. Ver., 
is 40, pp. 538-545; August 20, 1949. In 
B:lisli.) Paper presented at the International 
Vvision Conference, ZUrich, 1948. A general 
flint of (a) the equipment used, including 

oteras and their mountings, (b) studio design 
a lighting, (c) mobile control room equip-
n t, (d) film transmitters, and (e) studio 
pduction and outside broadcasting opera-
tile. 

.307.5(45)  472 
Television in Italy -A. Banh. (Bull.schweiz. 

e.trotech. Ver., vol. 40, pp. 547-549; August 
2 1949. In Italian.) Paper presented at the 
I ernational Television Conference, Zurich, 
1 8. A short historical account. 

6.307.6  473 
Some Aspects of Television Circuit Tech. 
Due: Phase Correction and Gamma Coffee-
bi--T. C. Nuttall. (Bull. schweis. elektrotech. 
1.., vol. 40, pp. 615-622; August 20, 1949. 
English.) Paper presented at the Inter-
anal Television Conference, Zurich, 1948. 

1e advantages of using phase- and gamma-
erection  methods  are  pointed  out  and 
linable circuits are described.  A gamma 
erector combined with a black-level control 
omit has been found very effective in a 
tIvision film scanner, with standard films 
sung a wide range of contrast. Operation is 
lie automatic. 

8 .397.6: 621.396.67  474 
Designing the Bridgeport U.H.F. Antenna - 
Stdder. (See 284.) 

.397.6.018.424 t  475 
Wide-Band Systems for Television -E. 

(Bull. schweis. clektrolech. Ver., vol. 40, 
t 623-630; August 20, 1949. In English.) 
'per presented at the International Television 
inference, Zurich, 1948. See 2342 of 1949. 

4 .397.61:621.392.52  476 
Linear-Phase-Shift Video Filters  Freden-

41 and Kennedy. (See 303.) 

• .397.61 : 621.396.619.13,'.14  477 
Phase-to-Amplitude  Modulation  for 

Transmitters - W. E. Evans, Jr. 
(ectronics, vol. 23, pp. 102-106; September, 
li0.) The outputs from two phase-modulated 
insmitters driven from the same crystal os-
ator are combined so as to produce an AM 
nal. It is not necessary for the radio-fre-
sncy amplifiers to have linear amplitude 
tracteristics. The system would be especially 
iul for high-power (above 500 w) uhf tubes 
Ich are difficult to modulate by other means. 
experimental television transmitter on a 
quency of 530 Mc with a peak power output 
150 w has been operated successfully. A 
!dolly designed dual phase-modulated tube, 
'clueing a ±45° phase deviation in two 
5-Mc channels, simplifies the equipment. 

1.397.611.2  478 
Development of a Super-Inocoscope: the 
"scope -A. Lallemand. (Bull. schweiz. elek-
tech. Ver., vol. 40, pp. 561-562; August 20, 
49. In French.) Paper presented at the 
ernational Television Conference, Zurich, 
. A short account of the principles and 
ruction of the eriscope. See also 537 of 

49 (France). 

.397.611.2  479 
'(Picture) Analyser' Tubes with Trans-
rent Signal-Plate -P. Tarbes. (Bull. schweiz. 
ktrolech. Ver., vol. 40, pp. 562-564; August 
, 1949. In French.) Paper presented at the 
emotional Television Conference, Zurich, 
8. Different methods of obtaining satisfac-
thin layers of Pt or Pd on mica, by evap-
tion or cathodic deposition, are discussed. 

A process which improves the solidity of the 
deposit and enables it to withstand better the 
heating effects during the mounting of the 
screen in its glass container, consists in de-
positing on the mica by evaporation a thin 
layer of Cr and then applying a top layer of 
Pt or Pd by cathodic deposition. Another 
method of protection is to apply a very thin 
layer of silica over the metal layer. Icon°. 
scopes with transparent screens and sym-
metrical sweep are particularly suitable for 
simple types of equipment where the absorp-
tion in the metal layer and the consequent 
reduced sensitivity are relatively unimportant. 

621.397.611.2  480 
Image-Storage  Problems -F.  Schroter. 

(Bull. schweis. elekirotech. Ver., vol. 40, pp. 
564-566; August 20, 1949. In German.) Paper 
presented  at  the  International  Television 
Conference, arid', 1948. 

621.397.611.2  481 
Light-Transfer Characteristics of Image 

Orthicons -R. B. Janes and A. A. Rotow. 
(RCA Rev , vol. 11, pp. 364-376; September, 
1950.) The signal-output/light-input character-
istics are given for various target voltages and 
target-mesh spacings. The effects of interele-
me m capacitance and electron redistribution 
on the transfer curves are considered. The 
presence of ghost iniages can be minimized by 
defocusing by adjustment of the photocathode 
voltage. Two types of anti-ghost tubes are de-
scribed briefly. 

621.397.611.2:778.5  482 
A Non-Storage  Picture-Analysing  Tube 

for Film Scanning  N Schaetti. (Bull. schuvis. 
elektroiech. Ver., vol. 40, pp. 509-570; August 
20, 1949. In German.) Paper presented at the 
International Television Conference, ZUrich, 
1948. See also 1261 of 1950. 

621.397.611.2.001.8  483 
New Television Camera Tubes and Some 

Applications outside the Broadcasting Field -
V. K. Zworykin. (Jour. Soc. Mot. Pic. Tan. 
Eng., vol. 55, pp. 227-242; September, 1950.) 
The operation and performance characteristics 
of television camera tubes, from the iconoscope 
to the image orthicon and vidicon, are briefly 
described, recent developments being particu-
larly considered. The application of the vidicon 
in industrial television equipment and possible 
uses of television technique in astronomy are 
outlined. 

621.307.62  484 
Permanent- Magnet Lenses for Television 

Tubes -13. R. Overton: D. Hadfield. (Elec-
tronic Eng. (London), vol. 22, pp. 401-402; 
September, 1950.) Comment on 1787 of 1950 
and author's reply. 

621.397.62:535.88  485 
Large-Screen Television Projection by the 

Eidophor  Method -11.  Thiernann.  (Bull. 
schweiz. elektrotech. Ver., vol. 40, pp. 585-595; 
August 20, 1949. In German.) Paper presented 
at the International Television Conference, 
Zurich,  1948.  Detailed  discussion  of  the 
principles of the method and illustrated de-
scription of the equipment used. Summary 
noted in 875 of 1949. See also 296 of 1948, 
which refers to a full account of the method. 

621.397.62:535.88  486 
Problems of Theatre Large-Screen Tele-

vision Projection -A. G.  D.  \Vest.  (Bull. 
schweiz. elektrotech. Ver., vol. 40, pp. 595-603; 
August 20, 1949. In English.) Paper presented 
at the International Television Conference, 
Zurich, 1948. See 1523 of 1949. 

621.397.62:535.88  487 
Philips  Projection  Television -( Wireless 

World, vol. 56, pp. 365-367; October, 1950.) 
Test report on a standard production model 
Type 600A, which uses a 2i-inch cathode-ray 

tube operated at a final-anode voltage of 25 kv. 
A Schmidt optical system projects an image 
on to the back of a built-in screen to give a pic-
ture 13 0(10 inches. The picture is sufficiently 
bright for daylight viewing, but due to the 
screen construction the angle of view is limited 
to about ± 30°. The circuits are conventional, 
except for the cathode-ray-tube supply, which 
is obtained through a voltage-tripler rectifier 

from a 9-kv damped sine wave developed in a 
ringing transformer connected in the anode 
circuit of a pentode. 

621.397.62:621.396.68  488 
Flyback E.H.T. - W. T. Cocking. (Wireless 

World, vol. 56, pp. 279-282 and 313-316; 
August and September, 1950.) The major 
disadvantage of this system lies in its rather 
poor voltage regulation. This causes changes 
in the picture size and defocusing, as the 
over-all brightness of the picture alters. The 
regulation depends upon the scanning circuit 
itself as well as the rectifier system; the effect 
of each of these sections is considered sep-
arately. Graphs are presented showing, for 
any required regulation, the ratio of energy 
in the deflector-coil circuit to the energy 
drawn from the high-voltage system by the 
cathode-ray tube. Changes in the Q value of 
the circuit comprising the deflector coil and 
transformer have little effect on the regulation, 
but the available high-voltage for the same 
circuit capacitance increases with higher Q 
values. Because of the high source impedance, 
the regulation with a voltage-doubling rectifier 
is only slightly poorer than with a half-wave 

rectifier. 

621.397.621.2  489 
New Scanning Circuit -P. R. J. Court. 

(Wireless World, vol. 56, pp. 287-290; August, 
1950.) A self-driven line-scanning output stage 
for use in conjunction with an "efficiency 
diode." The frequency and amplitude controls 
arc not appreciably interdependent, and the 
output linearity is not affected unduly by 
the impedance of the output tube, thus 
permitting the use of almost any type of output 
pentode or tetrode. The performance is at least 
equal to that of an equivalent separately 
driven circuit. 

621.397.621.2  490 
A Self-Oscillating Line-Deflection Circuit -

). Haantjes. (Bull. schweiz. elektrotech. Ver., 
vol. 40, pp. 633-635; August 20, 1949. In 
English.) Paper presented at the International 
Television Conference, Zurich, 1948. A circuit 
with good linearity and short flyback time 
which is easily synchronized and requires 
relatively little power. See also 2934 of 1949 
(Haantjes and Kerkhof). 

621.397.621.2:621.319.55  491 
New Self-Excited Generators for Deflec-

tion  Currents -R.  Crtel.  (Bull.  schweiz. 
elektrotech. 1/cr., vol. 40, pp. 641-644; August 
20, 1949. In German.) Paper presented at the 
International Television Conference, Zurich, 
1948.  Generators of sawtooth waves with 
external excitation are first considered and 
then the necessary modifications for self-excita-
tion. Circuits with automatic switching be-
tween positive and negative feedback are de-
scribed and their action is explained. Wave-
form diagrams are given in all cases. 

621.397.645.018.424 t  492 
Video Amplifier Design - Moses. (See 319.) 

621.397.8  493 
The Influence of Transmission Bandwidth 

on Television Picture Quality -J. Schunack. 
(Arch. elek  Ubertragung, vol. 3, pp. 301-304 
and 323-327, November and December, 1949; 
and vol. 4, pp. 75-81 and 113-120; February 
and March, 1950.) The production of picture 
defects by limitation of transmission band-
width is explained. Experimental results ob-
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tam ed with various illumination patterns con-
firm the theoretical conclusions. For maximum 
picture quality N .• Smr I, where N  is the 
highest transmitted frequency divided by the 
scanning speed, and S is the length of the 
scanning aperture edge; this corresponds to a 
doubling of the usual bandwidth. 

621.397.8.029.63  494 
Television Transmission and Reception on 

480 Mc/s —M. Morgan. (Jour. Telev. Soc., vol. 
6, pp. 57-63; April-June, 1950.) For experi-
mental cinema relay links the frequency band 
470-490 Mc was chosen because suitable tubes 
are available and because of the adoption of 
AM with vestigial-sideband modulation. A 
general description is given of the transmitting 
and receiving equipment, which was used in the 
demonstration following the paper by Lance 
(467 above) at the International Television 
Congress, Milan, 1949. 

621.397.62.004.5/.6  495 
Television Servicing [Book Review) —S. 

Heller and I. Shulman. Publishers: McGraw-
Hill Book Co., New York, N. Y., 434 pp., 1950, 
$5.50. (Elearovics, vol. 23, pp. 136, 138, No-
vember, 1950.) Includes a service analysis on 
each portion of the receiver. "These thorough 

analyses can be used to extremely good ad-
vantage by the beginner who lacks the practi-
cal approach ... the book is well worth hav-
ing." 

TRANS MISSION 

621.396.619.13  496 
Linearization of Modulation Characteristic 

with Relatively Large Frequency Deviation — 
R. gatas. (Arch. elekt.  bertrogigne, vol. 4, pp. 
255-258; July, 1950.) Mathematical analysis is 
given for an FM circuit in which a push-pull ar-
rangement of  two tubes with square-law 
1„/ V, characteristics is connected as a variable 
reactance in parallel with the LC circuit de-
termining oscillator frequency. Experimenta 
results for the particular case of an FM trans-
mitter with carrier frequency 2 Mc and devia-
tion 150 kc gave good support to the theory. 
The highest ratio of frequency deviation to 
carrier frequency attainable with low nonlinear 
distortion was 0.15-0.25, using reactant., tub's 
of specially suitable type. 

621.397.61:621.396.619.13, .14  497 
Phase-to-Amplitude  Modulation  for 

U.R.F.-TV Transmitters -Evans (See 477.) 

621.396.665  498 
Automatic Audio Gain Controls —Hatha-

way. (See 318.) 

TUBES AND THER MIONICS 

533.583:621.385  499 
Getter Materials for Electron Tubes  \V. 

Espe, M. Knoll, and M. P. Wilder. (E-learovics, 
vol. 23, pp. 80 86; October, 1950.) The require-
ments of getter materials for use as bulk, coat-
ing, or flash getters are specified. The suitability 
of various metals for each application is dis-
cussed with reference to the vapor pressure of 
the metal and its efficiency as a getter. Over 70 
references are given. 

537.533:621.385.832  500 
Note on the Image Formation in Cathode-

Ray Tubes —R. Dorrestein. (Philips Res. Rep., 
vol. 5, pp. 128-130; April, 1950.) The theory of 
Gaussian beams is applied to the electron beam 
in a cathode-ray tube with a conventional type 
of gun. Neither the paraxial crossover nor the 
cathode image yields the smallest possible soot, 
but some intermediate point, the location of 
which depends on the relative values of the 
beam radii at crossover and where the cathode 
image is formed. In practical cases this point 
nearly coincides with the crossover point. 

PROCEEDINGS OF THE I.R.E. 

621.385.029.63/.64  501 
Traveling- Wave  Tubes:  Part 4—J.  It 

Pierce. (Ben Sys. Tech. Jour., vol. 29, pp. 608-
671; October, 1950.) Chapters 12-17, conclud-
ing the monograph. Theoretical treatment of 
power output, transverse motion of electrons, 
field  solutions,  magnetron  amplifier,  and 
double-stream amplifier. A brief conclusion and 
a bibliography for 1946-1949 are given. Part 3: 

3203 of 1950. 

621.385.029.63/.64 502 
Travelling- Wave Valves —H. Kleinwachter. 

(Elektrotechnik Berlin, vol. 4, pp. 245-246; 
July, 1950.) Research work abandoned during 
the war was concerned with the development of 
a traveling-wave tube on lines different from 
present designs. Retardation of the wave was 
effected by surrounding the evacuated cylinder 
enclosing the beam ‘iitti a dielectric-filled 
waveguide of external diameter increasing in 
the direction of propagation. Nlethods of using 
the transverse electron energy and of increasing 
the effLiency weft also investigated. 

621.385.029.63 '.64:621.317.755  503 
The Traveling- Wave Cathode-Ray Tube — 

K. Owali, S. Teraliat.., T. 11,1a, and T. 
Nakamura. .Puoc. 1.14- E., vol. 38, pp. 1172-
1180; °cod,. r, 1950  Pairs of repeatedly folded 
parallel wires are us'-d instead of the conven-
tional deflect i rig plates, and t lie phase velocit y 
of the traveling 'a v' and the l•-ctron velocity 
are equaliz•••1, t hu , making tli•• 'I. fleeti,,n sensi-
tivity old.  ire.iut ncy. A theretical 
anal% ,:ts t tl,e  is given, the sensitivity 
may be casdy in, to o I nun  v at 
30 kNIc. Tit, II1V , T,I. ,11-s; ,,,t!Uill method is 
used to  hi_ui  c;"u,ru. nil c• •ntirmation of 
this analysis. Measur. merits oh the degree of 
AM and lAINCr  ,.,ti..ns of uhf ve•Itage eeave form 
are •leser:bedt. i:lustrate the applications of 
the tube. 

621.385.032.213:546.841-3  504 
Thermionic Properties and Activation of 

Thoria  M• •:•.,:.!  •  is',  i  
v.  2  :.;  ,r.,  

16, 1951)  7., .7 ,- • •: .111 , eperi-
ment.•1  iii lv ot t!.• •  •:. 1:••::: t ungsten 
Man,.  ,:t1.  - 777 47 , •  11, .01 till, 

„ ;op,  ..:t• r  t. 
71 ,11  •f I 2  ,,  K1. 
Ti  1•1., tor ••:.,•:1-p• ri- ”! • ii.1.sion eeittan 

a • • : • on temperature range. Emission increases 
••••••1% lY as the activation temperature is 

raised. ‘'alues of A and o in the equation fall 
slightly until an activation temperature of 
ats•ut  K is reaehed, \ellen they increase, 
particularly .-1, in grt-att r proporti..n than the 
current, re., . lung valu• s oh IOU amp per cm' 
and Over 2 5 v,  Large current 
densities at.  .‘b.says obtained, 4-F1K-daily 
when the catli..de has  n tr• ated with col-
lodion to render it less fragile. To ensure a 
long hie, the op,rating temperature should 
not go als•ve 2,000. A suggested explanation 
of the observed effects is the tormation of 
insertion atoms of thorium during the pro-
gressive coastallization product ‘1 by tti, 
heating. 

621.385.032.216:539.167.3.001.8  505 
Use of Radioactive Elements in the Investi-

gation of Oxide Cathodes J. Debiesse. OpiJe 
go, pp. 351-355; August and Sep-

tember, 1950.) More •letailed account of the 
work noted in 3592 ot 1949 .,liey•lon, et al.). 

621.385.2  506 
The Electric Field at a Thermionic Cathode 

as • Function of Space Current --P. L. Cope-
land and D. N. Eggenberger. (Phys. Rev., 
vol. 80, p. 298, October 15, 1950.) The method 
given by Ivey e780 of 1950) for calculating the 
field at the cathode of a diode is examined 
analytically, and it is concluded that the func-
tion expressing the ratio of the field in the 

absence of current to that in the presence 
current does in fact depend on tube geome 

621.385.2.01 
Theory  and  Experiments  on Elec 

Fluctuations and Damping of Double-Ca 
Valves —K. S. Knol and G. Diemer. (Ph' 
Res. Rep., vol. 5, pp. 131-152; April, 19 
The internal resistance and the noise are 

culated for tubes with two hot cathodes 
posite one another. Measurements on 
tubes with indirectly heated cathodes co 
the theoretical calculations and show t 
contrary to Fiirth's theory (2419 of 1948), 
equivalent noise-temperature of such t 
does not exceed the real cathode temperat 
Measurements on tubes with directly h 
cathodes are not in such good agreement 
theory; the slight discrepancies are disc 

621.385.2:621.315.59 
The  p-Germanium Transistor — '. 

Pfann and J. H. Scaff. (Pitoc. I.R.E., vol. 
pp. 1151-1154; October, 1950.) A brief 
scription of some characteristics of it-
p-germanium is given, and also an account 
the  laboratory  preparation  and  obse 
properties of the p-type transistor, which 
a higher cut-off frequency and a lower curre 
multiplication than the is-type. The fon% 
current-voltage characteristic of the emitter 
very highly resistive p-type transistors has 
negative-resistance  region  of  the volta 
maximum type so that, if the 
is low, when the emitter bias es, 
mum a sudden increase in emitter curre 
occurs; this phenomenon has been called t 

"snap effect." 

621.385.3:621.315.59  50i 
The Transistor as a Reversible Amplifier— 

W. G. Piann. (Pgoic. I.R.E., vol  '222; 
October, 1950.) The "forming - • 
has been used on the n-gern , 
to increase the effectiveness 
a collector does not seriously r.  tfi 
ciency as an emitter. If the pt.. • 
both contact points, an int; 
transistor amplifier is obtain.. 

021.385.3.029.64  511 
Design Factors of the Bell  Telephoni 

Laboratories 1553 Triode —J. A NI • • • ns 
R. M. Ryder. (Bell ,Sys. Te,  29 
pp. 496-530; October, 1954) 
planar triode for use at 4 k.Mc 
bandwidth product of 1,100 M 
affecting choice of electrode  ru 
output circuit elements, and  ; 
density are discussed in terms , iii 

width and pottier-bandwidth tient. • ,,.  it 

See also 2964 of 1949 Morton). 

621.385.029.03 .64  51 
Traveling- Wave Tubes [Book Resie 

J. R. Pierce. Publishers: D. Van  ii 

New York, N. Y., 223 pp., 1950, $4'-
IR E., vol.  38, p.  1229; (Sctol •  -O. 

"A most competent treatment 01 
the traveling-wave tube, cont.,,' 
erally accepted basic theory wl, 
as a very useful guide to tube  ii 

some material of more contro% 
which viill inspire many fruittt . 
and will stimulate creative thought. 
501 above and back references. 

MISCELLANEOUS 

621.396 061.4  51 
Radio Exhibition Review- ,Il'ireless 

vol. 56, pp. 432-349; October, 1950.) Rei...11 
by members of the technical staff of Irsie:e 
ll'orIJ on television and broadcasting ret.t.iv. 
developments, sound-reproduction equiptia it 
test and measurement apparatus, and mis-.0 
laneous exhibits at the 17th National R.,.! 
Exhibition, Castle Bromwich. See also .2( 
of February. 1 



• No science has grown faster or gone farther than elec-
tronics since those first amazing crystal receivers picked 
words and music out of the air. And in the development 
of modern radio, TV, communications and other elec-
tronic equipment, one of the prime contributions to de-
pendability, long life and compactness has come from the 
use of ceramic components as perfected by 111-0. 
Though Hi-GI output in four plants is now at the rate 

of several million units a month, there is no variation in 
the quality or high performance characteristics of its 
capacitors, trimmers, choke coils and wire wound resis-
tors. Engineering watchfulness and rigid production con-
trol insure the maintenance of uniform precision stand-
ards well within the limits of minute tolerances. And it 
has become an industry maxim that in the development 
of special components to meet unusual requirements, 
Hi-Q engineers are the most competent and resourceful 
in their field. Their services are available to your organi-
zation in helping solve any problems you may have. 

JOBBERS- --ADDRESS: 740 Belleville Ave., New Bedford, Mass. 

Trade Mark Registered, U. S. Parent 0 Ire 

I V PRECISI ON 

V  UNIFOR MITY 

k r DEPENDABILITY 

MINIATURIZATION 

Eeect,teca Reae,tawee 
OLEAN,•N. Y. 

SALES OFFICES: New York, Philadelphia, 

Detroit, Chicago, Los Angeles 

eov, 
(  

PLANTS: Olean, N. Y., Franklinville, N. Y. 

Jessup, Pa., Myrtle Beach, S. C. 
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WHAT ARE 901/4 
REQUIREMENTS 

IN 

PARABOLIC 

ANTENNAS 

For microwave systems . . . check these 

advantages of ANDREW Parabolic Antennas: 

DEPENDABILITY -An actual record of  100 % dependability There has never 

been a single mechanical or electrical failure on an ANDRE W Parabolic An-

tenna ... anywhere in the world. 

COST- Exceptionolly low: made possible by high production. 

LIGHT WEIGHT -HIGH STRENGTH-Achieved by spun aluminum reflectors 
braced by formed steel struts. 

ADJUSTABLE MOUNTING-Through =-* 10 degrees in azimuth and elevation. 

DEICING KITS - Thermostaticolly controlled, available where required. 

CABLE- Ye - air dielectric Teflon insulated cable. Radiator is pressure tight 
Fittrngs for solid dialectric cables also available. 

SPECIFICATIONS 

Frequency Range ... 890-960 MCS ... ... 1750-2 1 10 MCS ... 

Type Number 1002 1004 1006 1010 2002 2004 2006 2010 

Diameter of Parabola 
feet 2 4 6 10 2 4 6 10 

Gain Over Half Wave 
Dipole Decibels 10 15 20 25 15 20 25 29 

Beam Width, Half Power 
Points, Degrees 36° 22° 16° 11° 18° 10° 7° 5° 

Net Weight, Pounds 10 64 150 380 10 65 150 380 

Thrust Due to Wind Load-
ing at 30 Pounds/FT 
Pounds 127 509 1145 3200 127 509 1145 3200 

Your antenna problems con best be 
solved by ANDREW-the /orgest brew 
of antenna erisr.prnent spec,obsts in 
the world. Wrtte today. 

CORP OR ATI O N 

363 EAST 7 Sth STREET • CHICAGO 19 

WORLD'S LARGEST ANTENNA EQUIPMENT SPECIALISTS 

TRANSMISSION LINES FOR AM-FM-TV • ANTENNAS • DIRECTIONAL ANTENNA EQUIPMENT 

ANTENNA TUNING UNITS  • TOWER LIGHTING EQUIPMENT 

SEC1101 .M,EETINes, 

ATLANTA 

'Tour of Eastern Air Lines Automatic 'Tele-

typewriter Switching Center." by R. M. Milikin, 

Eastern Air Lires; December IS, 1950. 

BUENOS Areas 

'Theory. Design and Measurements on Delay. 
Lines," by C. P. Perez; September I. 1950. 

'Regulated Power Supplies of Tension." by. 

Gerardo Borrego; September 15, 1950. 
'The Theoretical Sources of the Luparn." 

R. P. McLoughlin; October 6, 1950. 
'Carrier Telephony." by Raul Ftago; Octo 

20. 1950. 
"Basical Principles for the Projects of Central , 

Offices," by F. J. Hart; November 3. 1950. 
•Ionosferic  Interferences, • by  Ivo  Renzi; 

December 10. 1950. 

'Five Topics of Television." by A. M. Medina. s 
R. Rego, J. P. Calvelo. J. Weiss. and P. J. Noizeux; 
December 15. 1950. 

CLEVELAND 

"Ceramic Capacitors." by J. C. VartArldell. ' 
Erie Resistor Company; November 8. 1950. 

Social Meeting; December 18. 1930. 

DES MOINES-AMES 

'Two- Way Radio Communications and its Aid 
in Law Enforcement as Used by the State of Iowa,' 

by C. J. Nord, Director, Radio Communication. 
State of Iowa; November 28. 1950. 

DETROIT 

'Experimental High-Power UHF Resnatron 
Amplifier," by W. W. Salisbury, Collins Radio 
Company; May 19, 1950. 

'Radio Communications on the Amazon." by 
Mr. Fox. Radio Station WGAR. Cleveland. Ohio; 
September 15. 1950. 

'Vehicular Noise Suppression," by B. H. Short, 

Delco-Remy Research Laboratory; October 20, 1 

1950. 
"Development and Operation of TV Zoomar 

Lens." by F. G. Back. Television Zoomar Corpora-

tion; November 17. 1950. 
'Industrial Color Television." by J. B. Tharpe, 

Allen B. Dumont Laboratories; December 15. 1950. 
'Color Television." by W. L. Everitt.  Uni-

versity of Illinois; Janury 12. 1951. 

EMPORIUM 

'A Definitioss of Noise Factor." by B. Tyson, 
Sylvania Electric Company, Inc.; Janua ry 9. 1951. 

EVANSVILLE-OWENSBORO 

'A  Tunable  Miniature  Magnetron."  by 
H. %V. A. Chalberg. General Electric Company; 
December 13, 1950. 

HAWAII 

'Modern Trends in Design of Aviation Elec-
tronic  and  Communication  Equipment." by 
J. Hamilton. Collins Radio Company; January :10, 

1951. 
HOUSTON 

'Electronics in Medicine." by L. G. Grimmett. 
University of Texas; November 20. 1950. 

"The Design of Audio Transformers." by 
%V. E. Lehnert. Audio Development Company; 
December 12. 1950. 

INTOKERN 

'Capacitor Characteristics and Construction. 

by L. Poldosky. Sprague Electric Company; Febru-
ary 8. 1950. 

'PA M FM Telemetering System and Data 
Reduction Techniques," by Mr. Chisolm, Massa-
chusetts Institute of Technology; March 22. 1950. 

(Continued on page 76A) 
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ffi5SEPI, 
REG  TRADE MARN 

HERMETICALLY-

SEALED 

ACTUAL 

SIZE 

TUBULAR PAPER CAPACITORS by PYRAMID 

Pyramid Type PG "GLASSEAL" miniature paper capacitors 

are assembled in metal tubes with glass-metal terminals. 

They will fully meet the most exacting demands of high 

vacuum, high pressure, temperature cycling, immersion 

cycling and corrosion tests. 

Your inquiries are invited 

TEMPERATURE 
RANGES: —55° to + 125°C. 

CAPACITANCE 
RANGE:  .001 mfd. to 1.0 mfd. 

VOLTAGE RANGE:  100 to 600 
v.d.c. operating 

PYRAMID Electric Co mpany 
GENERAL OFFICES and PLANT NO. 1 

1445 HUDSON BLVD. • NORTH BERGEN, N. J. 

PLANT NO. 2 

55 OXFORD ST. • PATERSON, N. J. 

Visit Our Booth No. 208 at the I R E Convention 
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1. 

YOU CAN TAKE THE HEADACHES 

OUT OF LOTS OF CONTROL PROBLEMS 

WITH c ir y 

Simply use S.S.White 
remote control shafts to couple 
variable elements to their control 
knobs. Then you can position both 
the elements and the knobs independently 
of each other. You can put the variable elements 
where they best satisfy circuit, 
wiring and assembly requirements. 
And the control knobs can be placed 
for convenient operation and 
orderly panel arrangement. 
As for performance, you can always 
count on smooth, sensitive operation, 
because S.S.White remote 
control flexible shafts are 
specially engineered and built 
for this type orservice. 

FLEXIBLE SHAFTS 

S.S.White engineers are 
ready to cooperate  in 
working out details of any 
flexible shaft application. 
There's  no  obligation. 

WRITE FOR NEW BULLETIN 5008 

It contains the latest inform-
ation and data on flexible 
shafts and their application. 
Write for a copy today. 

THE c d # 
INDUSIIIIAL DIVISNOMI 

DENTAL inrc.co.  Dept.  G  10 East 40th St. 

NE W  YORK  16,  N. Y. 

Instruments Laboratory; April 5, 1950. 
l 

(continued from !we 7,1A) 

"Slot Radiators." by Mr. Jassic, Air lior 

"A New Approach to Filter Network Design, 
by D. L. Trautnian, University of California at 1.6 

\ngeles; May 17. 1950. 

"Low Noise Input Circuits," by G. H. NIIasi 
Canoga Corporation; September 21, 1950. 

"Measurement and  Recording of Phy,ics 
Quantities." by Mr. Robertson, Consolidated En 
gineering Corporation; October IS, 1950. 

"Reeonant Interaction Between Radio Wave 

and Materials," by W. D. Hershberger, Univeisiti 
of California at Los Angeles; December 20. 1950 i 

Los ANGELES 

*Maintenance of Employee Morale." by II, V. 
Harris, Pacific Telephone & Telegraph Company, 

"Governmental  Procurement  Procedure,"  by 

L. Sells, United States Naval Procurement Office, 
"Training of Engineering and Technical Person; 
nej," by 1.. L. Galloway. North American Aviai'an 
Corporation, and "Priorities," by A. E. %Vali 

United States Department of Commerce; Nov. in. 
her 21, 1950. 

'Mechanical Radio Frequency Filters,' by I 
M. Doelz, Collins Radio Company; Deronib— 5, 

1950. 
LOUISVILLE 

"The WSM•TV Microwave Relay System.  I) 
L. Rawls, Radio Station WSM-TV; Deceinbei 29, 
1950. 

"More Waves, More Words, Less Wile.,' 
J. 0. Perrine. American Telephone and Telegrap 
Company; January 3. 1951. 

MILWAUKEE 

"Voltage and Curreat Regulators, Tubes a 
Circuits." by W. Richter. Allis-Chalmers Manula 
turing Company; November 29. 1950. 

"Whatever Goes Up Comes Down," by P. He 
get, Cincinnati Observatory; December 7. 1950. 

MONTREAL 

"The Design of an Automatic Ionosphere Re-
corder. by F. H. Margolick. Canadian Mar...ni 
Company; January 10. 1951. 

NEW YORK 

"The English Economic Background and it 
Influence on the Radio Industry There." b 
H. Moss, Electronics Tubes, Limited; December 6 
1950. 

OMAHA-LINCOLN 

"A Decade Interval Timer." by T. Hunter, 
December 7, 1950. 

PHILADELPHIA 

"The Use of Electronics in Nuclear Physics, 
by W. C. Elmore, Swarthmore College; January 4 

1951. 
PRINCETON 

'Color Television.' by A. G. Jensen. Bell Tele 
phone Laboratories. Inc.; December 12, 1950. 

"The Magnetic Amplifier." by W. C. Johnson 
Princeton University; January 11. 1951. 

ROCHESTER 

"The Hope for World Peace," by Most Rev 
erend J. E. Kearney. Bishop. Rochester Diocese 
Roman Catholic Church; December 20. 1950. 

SALT LAKE 

"Symposium on Color Television,' by J. Bald-
win. Radio Station KDVL. A. Gunderson. Radio 
Station KDVL, C. R. Evans. Radio Station KSL. 
V. Clayton, Radio Station KSL, and E. C. Madsen. 
University of Utah; December 19. 1950. 

(Continued on page 78A) 
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FIRS T 
Available Range 

MMF 

5 to 15 

5 to 15 

5 to 15 

5 to 1 5 

5 to 1 5 

5 to 1 5 

5 to 20 

10 to 25 

15 to 50 

50 to 100 

TC 

NPO 

N33 

N75 

N150 

N220 

N330 

N470 

N750 

N1500 

N2200 

Specifications 

POWER FACTOR: LESS THAN .1% AT I MEGACYCLE 

WORKING VOLTAGE: 600 VDC TEST VOLTAGE 1200 
VDC 

DIELECTRIC CONSTANT: P-100 14K N-750 88K 
N-2200 265K NPO 35K N1500 165K 

CODING: CAPACITY, TOLERANCE AND TC STAMPED 
ON DISC 

INSULATION: DUREZ PHENOLIC—VACUUM WAXED 

MIN. LEAKAGE RESISTANCE: INITIAL 5000 MEGOHMS 

AFTER HUMIDITY 1000 MEGOHMS 

LEADS: 22 TINNED COPPER (.026 DIA.) 

LEAD LENGTH: 1/4 BODY 1, 5/16 BODY 1-1/4 , 
1/2 BODY 1-1/2 

TOLERANCES:2:5% L- 10% +20% 

SEE US -BOOTH 338 -1. R. E. SHOW 

11 ni 7 1111rTe perature Compensatin 

i) and General Purpose D 
Available Range 

MMF IC 

2 to 9  P100 

16 to 3 3  NPO 

16 to 30  N33 

16 to 30  N75 

16 to 30  N150 

16 to 30  N220 

16 to 30  N330 

21 to 40  N470 

26 to 50  N750 

51 to 80  N1500 

100 to 150  N7200 

Designed 

Available Range 

MMF  TC 

10 to 30  P100 

31 to 60  NPO 

31 to 60  N33 

31 to 60  N75 

31 to 60  N150 

31 to 75  N220 

31 to 75  N330 

41 to 100  N470 

RI to 150  N750 

81 to 200  N1500 

150 to 250  N2200 

to Replace Tubular Ceramic 

Available Range 

MMF TC 

61 to 75 

61 to 75 

61 to 75 

61 to 75 

76 to 100 

76 to 100 

101 to 125 

151 to 200 

201 to 250 

250 to 300 

NPO 

N33 

N75 

N150 

N220 

N330 

N470 

N750 

N1500 

N2200 

and Mica Condensers 

at LO WER COST 

RMC Type C DISCAPS conform to the electrical 
specifications of the RMA RC-107 standard for 
Class 1 ceramic capacitors. Their capacity will not 
change under voltage. 
Type C DISCAPS offer for the first time low in-

ductance, disc type temperature compensating cera-
mic condensers which are ideally suited to coupling 

DISCAP 
CERAMIC 

CONDENSERS 

and tuned circuit applications. Because they are 
available in a wide range of capacities and tem-
perature coefficients, their usefulness is practically 
unlimited. 
If you are interested in improving the uniformity 

of your product you will be interested in RMC 
DISCAPS. 

SEND FOR SAMPLES AND TECHNICAL DATA 

RADIO MATERIALS CORPORATION 
GENERAL OFFICE: 1708 Belmont Ave., Chicago 13, III. 

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND. 

Two RMC Plants Devoted Exclusively to Ceramic Condensers 



C.T.C. can get you "out from under!" 
Long experience with the ever-increasing, constantly changing govern-

ment specifications for electronic components has gained C.T.C. nation-
wide acceptance as a supplier to manufacturers handling U. S. contracts 
— especially for the armed forces. 
With complete, up-to-date facilities for manufacturing electronic com-

ponents in production quantities, C.T.C. meets the most exacting gov-
ernment standards for materials, tolerances, finishes, moisture prevention, 
anti-fungus treatment and similar requirements the government demands 
in the units you make. 
Years of designing and manufacturing to government specifications 

enable us to handle your problems and save you time, money and worry! 
So, if "spec" problems are getting you down, why not unload them on 
recognized experts? 

Here's What C.T.C. Can Furnish: 

Terminals 

5. 
e,B•8 

Terminal Board 
Assemblies 

Coil Forms 
Miscellaneous 
Hardware 

Col 
Assemblies 

Insulated 
Terminals 

Have You Seen This C.T.C. 
Combination Terminal? 

With a screw on top and a termi-
nal lug on the bottom, this com-
bination simplifies top and 

bottom wiring. Remove the screw and 
you can mount components directly to 
the screw end. • Or you can adapt 
terminal to provide removable link 
connections at screw end. Unit is plated 
with bright alloy for corrosion resistance 
and easy soldering. Shank heavily knurled 
for secure mounting. Comes in three sizes. 
Send for more information. 

SPECIAL CONSULTING SERVICE 
To aid you in securing exactly the right 

components to meet the requirements of 
your designs, prototypes, etc., C.T.C. 
maintains a staff of thoroughly expe-
rienced component engineers. These ex-
perts will work closely with you for the 
most economical and satisfactory results 
— and where standard parts are not suit-
able will design special units. This service 
is always available to you — without cost! 

CAMBRIDGE THERMIONIC CORPORATION 
4.56 Concord Ave., Cambridge 38, Mass. 

Please send me: 
F ii More information on how C.T.C. can lighten my "spec" load. 
11 More information on C.T.C.'s cooperative engineering service. 

More information on the following C.T.C. products: 

Name  Position   

Firm 

Street   

City   Zone  State   

custom or standard the guaranteed components 

J 

(Continued from page 764) 

SAN ANTONIO 

Nominating Committee Report and Elect& • 
of Officers; January 26. 1950. 

'Radio Astronomy." by C. R. Burrows, Corn I 
University; December 14, 1950. 

SAN DIEGO 

'Millimeter Wave Generation," by L. M 
Stanford University; December 12, 1950. 

SCHENECTADY 

"Single-Sideband Communication." by 
Norgaard. General Electric Company; Janua 
1951. 

SEATTLE 

"Single-Sideband Modulation Methods,* 
M. Swarm, University of Washington; Dece 
19, 1950. 

TOLEDO 

'Strain Gage Instrumentation." by G. 44 
Haglund, V. B. Corey. and J. H. Green of Fr 
Flader, Inc.; December 12, 1950. 

TWIN CITIES 

'The Automatic Control of Flight Path," 
D. L. Markusen, Minneapolis-Honeywell Regul 
Company; December 6, 1950. 

VANCOUVER 

'Conducted Tour of Cedar Automatic 
change," by A. Hardy, B. C. Telephone CompaO 
Ltd; December 18. 1950. 

• 
WASHINGTON 

'The Propagation of Meter Radio Waves B 
yond the Horizon.' by J. A. Saxton, National Phm 
cal Laboratories, England; December 11. 1950. 

Annual Joint AIEE-IRE meeting. De 
stration lectures. "Microwave Spectroscopy ni 
Applications to Chemistry. Nuclear Physics at 
Frequency Standards." by L. J. Rueger, R. 
Nuckolls and H. Lyons; National Bureau of Stan 
ards. 'Recording Atmospheric Index of Refractir 
at Microwaves," by G. Birnbaum. S. J. Krydi 
and R. R. Larson. National Bureau of Standar( 
and 'Measurement of Microwave Field Patter 
Using Photographic Techniques." by W. E. Koc 
Bell Telephone Laboratories. Inc.; January 1 
1951. 

WILLIAMSPORT 

'Color Television Systems," by C. J. Hirsc 
A. V. Loughman. Hazeltine Electronics Compan 
January 10, 1951. 

SUBSECTIONS 

HAMILTON 

'Optical Effects with Radio Microwaves,' 1 
A. B. McLay, McMaster University; December 1 
1950. 

LONG ISLAND 

'New Coupling Circuit for Audio Amplifien 
by F. H. McIntosh. McIntosh Engineering Cot 
pany; December 5, 1950. 

NORTHERN NEW JERSEY 

'Production and Measurement of Ultra-HE 
Vacua." by D. Alpert. Westinghouse Electric a. 
Manufactaring Company; December 13. 1950. 

Procurement Feature 
Four desks to help manufacturers get 
orders, will be staffed by procurement 
personnel from Munitions, Air Force, Navy 
and Signal Corps on the third floor, Radio 
Engineering Show. 

U. S. Armed Forces Exhibit 

PROCEEDINGS OF THE I .R.E.  March, 19 
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improve our producf 

/ 

MYCALEX is a highly developed glass-bonded 

mica insulation backed by a quarter-century of 

continued research and successful performance. 

Both pioneer and leader in low-loss, high fre-

quency insulation, MYCALEX offers designers 

and manufacturers an economical means of attain-

M YCA LEX is efficient, adaptable, 
mechanically  and electrically superior 
to more costly insulating materials 

• PRECISION MOLDS TO 
EXTREMELY CLOSE TOLERANCE 

• READILY MACHINEABLE 
TO CLOSE TOLERANCE 

• CAN BE TAPPED THREADED, 
GROUND, SLOTTED 

• ELECTRODES, METAL INSERTS 
CAN BE MOLDED-IN 

• ADAPTABLE TO PRACTICALLY 
ANY SIZE OR SHAPE 

MYCALEX is available in many grades 
to exactly meet specific requirements 

CHARACTERISTICS OF 
MYCALEX GRADE 410 

Meets  all  the  requirements  for Grade 
1-44, and is fully approved as Grade L-4B 

under Joint Army-Navy Specification 

JAN-1-10 

Power factor, 1 megacycle 
Dielectric constant, 1 megacycle 

Loss factor, 1 megacycle 
Dielectric strength, volts/mil 
Volume resistivity, ohm-cm 
Arc resistance, seconds 
Impact strength, Izod, 
0,lb/in, of notch 

Maximum safe operating 

temperature, °C 
Maximum safe operating 
temperature, °F 

Water absorption 04 in 24 hours 
Coefficient of linear expansion, °C 
Tensile strength, psi 

0.0015 
9.2 
0.014 
400 
1 x 10 16 
250 

0.7 

350 

650 
nil 
II x 10 6 
6000 

MYCALEX is specified by the leading 
manufacturers in almost every electronic 
category 

Ex
THE OUTSTAND/NG ,  LO W LOSS 

HIGH FREQUENCY 

nmsuLArioN 
FoR oVER 

A QUARTER OF 

A CENTURY 

ing new efficiencies, improved perform-

ance. The unique combination of characteristics 

that have made MYCALEX the choice of leading 

electronic manufacturers are typified in the table 

for MYCALEX grade 410 shown below. Complete 

data on all grades will be sent promptly on request. 

• 

TRANSFORMER WITH MYCALEX-METAL 
ASSEMBLIES TO GIVE TIGHT SEAL 

MYCALEX COIL HOLDER AND BASE 

TERMINAL BASE ASSEMBLY 
•  FOR FIRE DETECTION EQUIPMENT 

CONDENSER WITH MYCALEX 
LOW-LOSS END PLATES 

TUBE SOCKET OF MOLDED 
MYCALEX FOR HIGH FREO. USE 

MULTI-POSITION LEVER 
SWITCH WITH MYCALEX SPACERS 

CORPORATION OF A MERICA 
Owners of 'MYCALEX Potent, and Trnde-MorIrs 

Executive Offices. 30 Rockefeller Pluzo, New York 20 • Plant and General Offices: Clifton, New Jersey 

Mar , In, 1951 'OCEEDINGS OF TIIE I.R.F. 
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"71 ail 
1 This 32-head exhaust unit, shown at 

the left, is one of the many specially 

designed machines used by Haydu 

Brothers to insure the high vacuum of 

all small tubes at high production 

rates. Stage-tests at intervals through-

out production guarantee complete 

quality control! 

to meet ever 
requirement of the electronic industry for dependable, 
high-performance vacuum tubes. 

&de to exacting standards of precision using 
the latest production equipment. 

Rao En/Inuring Shoe 

by the name... 

Booth No. 82 Cgot ,o, PsIscr  Ilt•  vork  cay 

HAYDU 
BR O T H E R S 

PLAINFIELD, NE W JERSEY 

• PROCEEDINGS OF TI! E I.R.E.  March, 19 



'TAKE A MICROSECOND LOOK 
AT A PROJECTILE IN FLIGHT 

• 

Fenner Method 

r 
: 

;I,  r.  - • 
• 

4.. - 

Velocity of project le: Approx. 2800 Per second. Duration of spark light: 12 x 10 7 second. 

How Centralab 

in Electronics for 

Engineers solved a problem 

Ultra-High Speed Photography 

CERAMIC TUBULAR DIELECTRIC REPLACES 30' 
OF STANDARD SOLID DIELECTRIC COAXIAL 
CABLE—LIGHT INTENSITY BETTERED 900 TIMES 

Ultra-speed photographs are taken with 
the light of an electric spark. Former 
method used 30 feet of co-axial cable 
transmission line — charged with 10,000 
V. —and discharged across a spark gap. 

To replace the bulky cable, Centralab 
developed a tubular ceramic condenser 
(2"  O.D.  x 61/2 " long)  with  silver 
electrodes fired to the inner and outer 
surfaces. The condenser is charged (to 
10KV) and discharged exactly like the 
cable — however with a gain in fight 
intensity of 900 times! Characteristics of 
the new Centralab ceramic condenser are: 

Dielectric Constant....6000 at 1 megacycle 
Capacity  24,000 mmf. 
Velocity propagation  027 x velocity 

propagation in air. 
Impedance  Approx. 1 Ohm 

Controlob  Decay time, 
Cond   peak to lie peak  2 x 10-7 second 

Rise time. 0 to peak   1 x 10-7 second 
50(4 of peak limits  1 8 x 10-7 second 

CENTRALAII engineers know their electronics and ceramics! 
This single ceramic development greatly advanced the photo-
study of turbulence, ultra-sonic wave structure, and other 
high-speed phenomena. But this is just one of literally thou-
sands of electronic component problems solved by Centralab. 
For Centralab engineers have compounded and tested over 
20,000 different ceramics. So if you have a problem in elec-
tronics — in radio or radar . . . in TV, FM or X-ray — that 
Centralab Ceramics might solve . . . don't hesitate, call us in 
today! 

You won't regret it for Centralab is the industry's pioneer 
in Printed Electronic Circuits and carbon controls — the 
leader in the industry for the widest variety of fine suality 
ceramic capacitors — high voltage, by-pass coupling or tem-
perature compensating types — in flat, tubular, disc or cylin-
drical shapes. 

Photograph and its technical data is gratefully accredited to Dr. 
J. C. Hubbard, Messrs. J. A. Fitzpatrick and W. J. Thaler, Dept. of 
Physics, Catholic U., Washington, D.C. 

For more Cen Wala developments that can help you • 
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Centralab Component 
See them at the I.R.E. SHOW  Booths 232-33 

PRINTED ELECTRONIC CIRCUITS 

— Are complete or partial circuits (including all in-
tegral circuit connections) consisting of pure metallic 
silver and resistance materials fired to CRL's famous 
Steatite or Ceramic-X and brought out to convenient, 
permanently anchored external leads. They provide 
compact miniature units of widely diversified circuits 
— from single resistor plates to complete speech am-
plifiers. No other modern electronic development of-
fers such tremendous time and cost saving advantages 
in low-power applications. 

CERAMIC CAPACITORS 

Centralab ceramic capacitors give you permanence 
never before achieved with old-fashioned paper or 
mica condensers. Ceramics are impervious to moisture, 
and have unmatched ability to withstand any tempera-
tures normally encountered in electrical apparatus. 
Ceramics make possible tremendous space saving; 
many Centralab ceramic capacitors are 1hth the size of 
ordinary capacitors. You can rely on Centralab ceramic 
capacitors for close tolerance, high accuracy, low pow-
er factors, and excellent temperature compensating 
qualities. 

SWITCHES AND CONTROLS 

Look to Centralab tor standard and special purpose 
switches — single or multi-section (phenolic or stea-
tite) — single or multi-pole — rotary, slide or lever 
action — shorting or non-shorting contacts . . . for 
AM-FM-TV as well as for medium duty power appli-
cations. In controls — it's Centralab all the way . . . 
for Centralab introduced Carbon controls to the elec-
tronic industry 25 years ago! New Model 2 Radiohms 
are America's most modern controls for TV-AM-FM. 
Centralab Model I Radiohm is the outstanding truly 
miniature unit—thestandard of the hearingaid industry. 

Ampec is a full 3-stage, 3-tube speech amplifier. Gives you truly 
highly efficient reliable performance. Size: 11/4 " x 11/8" x .340" over 
tube sockets! Widely used in hearing aids, mike preamps and other I 
amplifier applications where small size and outstanding performance 
counts. Bulletin No. 973 in coupon below. 

High voltage ceramic capacitors. Capacitance: 5 to 500 mmf., 5 KV 
to 40 KV D.C. working. Ideal for ptrtable or mobile equipment. 
Primarily designed for high voltage, high frequency gear. For com-
plete information, check Bulletin No. 42-102 in coupon below. 

Medium Duty Power Switch for R.F. or 71/2 amp. 110-115 V. appli-
cation. 1, 2 or 3 poles . . . 18 contact sections . . . up to 20 sections 
per shaft. Contacts, collector rings coin silver mounted on Grade L5 
Steatite. Cat. No. 722. 



for all Electro nic Gear 
New York City, Grand Central Palace. March 19-22 

;entralab Triode Couplates save space and weight. They actually 
eplace 5 components normally used in audio circuits. Triode Cou-
dates are complete assemblies of 3 capacitors and 2 resistors bonded 
a dielectric ceramic plate. Available in a variety of resistor and 

..apacitor values. Bulletin No. 42-6 in coupon below. 

Tubular Ceramic Capacitors — Type TCZ show no ca-
pacitance change over wide range of temperature. Type 
TCN have special ceramic body to vary capacitance 
according to temperature. Bulletin No. 42-18. 

Min-Kaps are very tiny capaci-
tors used where space is at an 
extreme premium. Ask for Bul-
letin No. 42-24. 

amic Disc Hi-Kap Capacitors hold thick-
s to a minimum. Make possible very high 
acity in extremely small size. Use in HF 
ass and coupling. Bulletin No. 42-4R. 

ew high quality Model 2 Ra-
ohms are designed for lower 
use level, longer life. Bulletin 
o. 42-85. 

Model "1" Radiohm control — 
Mo watt — plain or switch type. 
No larger than a dime. For minia-
ture use. Bulletin No. 42-19. 

Centralab Vertical Integrators give you big savings in assembly costs, 
particularly in TV vertical integrator networks. One type consists 
of 4 resistors and 4 capacitors brought out to 3 leads . . . reducing 
the formerly required 16 soldered connection to only 3! There's a 
big saving in the number of parts handled, too! Bulletin No. 42-22. 

Cen ab 
Division of GLOBE-UNION INC. • Milwaukee 

r-  — — —••••  T AR  O U T  C O U P O N 

for the Bulletins you wont 
CENTRALAB 

Division of Globe-Union Inc. 
920 East Keefe Avenue, Milwaukee, Wisconsin 

Yes — I would like to have the CRL bulletins, checked below, for my 
technical library! 
0 973  0 42-6  0 42-22  0 42-102  0 42-4R  0 42-18 
0 42-24  0 722  0 42-85 0 42-19 

Name   

Address   

Cit   State   

000.00•••••• 

•••••••••••••••• 

•••••••••••••I M 



Shown • 
Bliley Type ,,4 
BH-6 046 

ESSENTIAL in EMERGENCIES! 
Emergencies 
demand performance! 

Because of 20 years of engin-
eering skill and proven crafts-
manship,  Bliley  crystals  are 
always "Welcome Aboard" as 
dependable electronic gear in 
communications equipment and 
special electronic devices. 

S fi e C 
CIZYS7ALS 

BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING 
ERIE, PENNSYLVANIA 

STUDENT 

BRA NC H  c: 

MEETINGS 

UNIVERSITY OF ARKANSAS. IRE BRANCH 

"MI Carrier System on Power Lines." J. Ed-
wards. Bell Telephone Company; January 10, 1951. 

POLYTECHNIC INSTITUTE OF BROOKLYN, 
IRE BitANcri (EVENING) 

"Tlw Functions of the IRE and A IEE Socie-

ties," by A. B. Giordano, Polytechnic Institute of 
Brooklyn; December 14, 1950. 

UNIVF.RSITY OF COLORADO, IRE-A IEE BRANCH 

"Phantom Lines," by S. C. Lorens, University 

of Colorado; January 10. 1951. 

UNIVERSITY OF DETROIT, IRE BRANCH 

"What is Facing the Engineer After Gradua-

tion." by Mr. Kufler, Ryan Industries; December 

19, 1950. 

DREXEL INSTITUTE OF TECHNOLOGY, 
IRE-AIEE BRANCH 

Film: "Adventures in Research," "Induction 

Heating." and "The Banshee." Talk by F. C. Powell 
on purpose, scope, and requirements for the Prize 
Paper contest; December 7, 1950. 

FENN COLLEGE. IRE BRANCH 

"N-1 Carrier System." by 0. Henderson. Bell 

Telephone Company. Inc.; December 14. 1950. 

JOHN CARROLL UNIVERSITY, IRE BRANCH 

Business Meeting; October 16, 1950. 
"The Principles of Seismology." by Rev. H. 

Birkenhauer. John Carroll Seismological Observa-

tory; October 31. 1950. 
"Electronic Design Procedure," by H. C. 

Nash. John Carroll University" November 14, 1950. 
"Electronics in Seismology." by E. F. Carome, 

John Carroll University; December 19, 1950. 

LAFAYETTE COLLEGE, IRE-AIEE. BRANCH 

"Elementary Radio Servicing," by A: J. Fe, - 
ron. Student. Lafayette College; December 12, 1950. 

"Electrification of Farm Machinery and Prac-
tical Amateur Photography." by K. Spencer and 

H. Lanan. Students. Lafayette College; January 9, 
1951. 

LEHIGH UNIVERSITY, IRE BRANCH 

Tour through the Magnetic Windings Division 
of the Essex Wire Corporation, Easton. Pa.. by 
A. W. Johnson. Essex Wire Corporation; December 
13, 1951. 

LOUISIANA STATE UNIVERSITY. 
I RE-AIEE BRANCH 

"Lighting and its Application in Stores, Offices. 
and Factories." by J. A. Stelly. Gulf States Utilities 
Company; December 19. 1950. 

MANHATTAN COLLEGE, IRE BRANCH 

Film: "Jet Propulsion"; November 8. 1950. 

MARQUETTE UNIVERSITY, IRE-AIEE BRANCH 

"General Principles of the Television System." 
by L. Hermanson. Student, Marquette University 
December 7, 1950. 

UNIVERSITY OF MARYLAND, IRE-AIEE BRANCH 

"Welding," by C. Titus, Westinghouse Electric 
Corporation; January 9, 1951. 

UNIVERSITY OF MICHIGAN, IRE-AIEE BRANCH 

"Consulting Engineering." by J. R. North. 
Commonwealth Associates; December 18. 1950. 

'Magnetic Recording," by T. E. Lynch, Brush 
Development Company; January 10, 1951. 

(Continued on page 86A) 

POSITIONS OPEN IN RE-

SEARCH AND ADVANCED 

DEVELOPMENT 

PROGRAMS 

TO 

Research Physicists 

Senior Electronic 
Engineers 

Senior Mechanical 
Engineers 

Engineering Physicists 

Circuit Engineers 

Microwave Engineers 

Vacuum Tube Research 
Engineers 

Technical Report 
Writers 

Electronic Technicians 

Experienced or Holding 

Advanced Degrees 

For Research, Design, or 

Development In 

Radar, Servomechanisms, 

Computers, Receivers, Photo 

Emission, Secondary Emis-

sion, Converters, Pulse and 

Timing Techniques, Special 

Test Equipment, Special Pur-

pose Tubes, Circuit Design, 

Solid State Physics, Light and 

Electron Optics, etc. 

We invite interested person-

nel with experience in the 

above fields to submit a com-

plete and detailed resume of 

education  and  experience, 

together with salary require-

ments and availability date. 

to: 

The Employment Department 
CAPEHART-FARNSWORTH 

CORPORATION 
Fort Wayne 1, Indiana 

PROCEEDINGS OF THE IR E. March, I951 



"How can I save, in order to trim 
the price of this set another $2.50?" 

THE answer, Mr. TV-set Designer, is simple: G.E.'s 6BN6 
gated-beam tube. It replaces three tubes and associated 

components, serving as a combined limiter, discriminator, 

and audio-amplifier. 

6BN6 cost is right in line with other receiving types. You 
get three tubes' performance, yet you pay for only one! 

Ask for Bulletin ET-B28, which tells the full story of this 
amazing G-E economy tube, also charts its performance. Or 

if you prefer to discuss the 6BN6 in person, 
an experienced G-E tube engineer gladly 
will call on you. Wire or write Section 12, 
Electronics Department, General Electric 

Company, Schenectadv 5, Neu' York. 

ENERAL ELECTRIC 

GATED-  IATURE 

Typical Operating Conditions, 
TV Application, 4.5 enc 

Plate supply voltage 

Plate load resistance 

Accelerator voltage 

Cathode resistance 

MM signal voltage 
for limiting action 

Audio output voltage 

AM rejection, with 
2-v input signal 

270 v 

.33 megohms 

100 v 

200 to 100 ohms 

1.25 v RMS 

12.5 v RMS 

25 db 

• 
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CHECCP0.10 4 ojpeortm4fteeef 
with these PROVED 1810" PERFORMERS 

For those "proof-of-performance" tests required by the FCC, 

here's a combination that will enable you to comply with the 

least amount of time ... trouble ... and money! 

AUDIO OSCILLATOR 
MODEL 200   $1.38 

Provides a low distortion 
source of audio frequencies be-
tween 30 and 30,000 cycles. 
Self-contained power supply. 
Calibration accuracy ± 3 % of 
scale reading. Stability 1% or 
better. Frequency output flat 
within 1 dh, 30 to 15.000 cycles. 

DISTORTION METER 
MODEL 400   $1.68 

For fundamentals from 30 to 
15,000 cycles measuring har-
monics to 45,000 cycles; as a 
volt and db meter from 30 to 
45,000 cycles. Min. input for 
noise and distortion measure-
ments .3 volts. Calibration: 
distortion measurements +5 
db, voltage measurements 
+5 % of full scale at 1000 
cycles. 

LINEAR DETECTOR 
MODEL 404   $85 

Provides combined RF detect - 
or and bridging transformer 
unit for use with any distor-
tion meter. RF operating 
range: 400 kc to 30 mc. Single 
ended input impedance: 10,000 
ohms. Bridging impedance 
6000 ohms with 1 db insertion 
loss. Frequency is flat from 20 
to 50,000 cycles. 

SINE WAVE CLIPPER 
MODEL 250   $10 

Speeds accurate analysts of 
audio circuits by providing a 
test signal for examining tran-
sient and frequency response 
... at a fraction of the cost of 
a square wave generator. De-
signed to be driven by an 
audio oscillator. 

SEE YO UR  DE ALER  OR W RITE  TO D AY 

FOR COVERING LITERATURE, DEPT. PR-31 

BARKER & WILLIAMSON, Inc. 
237 Fairfield Avenue Upper Darby, Penna. 

"SEE US AT BOOTH N-2, I.R.E. SHO W" 

(Continued tram page 844) 

UNIVERSITY OF MINNESOTA, IRE-AIEE BRANCH 

'Corona Discharge Interference," by M. New 
man, Research Institute Laboratory; Novembe 
29, 1950. 

'Electrifying the Paper Industry.' by R. D 
Borgsdeth. Westinghouse Electric Corporation 
December 6, 1950. 

Discussion: 'Your Electrical Engineering'Op 
tion," by Associate Professors Cartwright, Beck 
lund. Anderson. University of Minnesota; Jarman 
10, 1951. 

COLLEGE OF THE CITY OF NEW YORK. 
IRE BRANCH 

Joint Meeting with AIEE: "Analogue Coal 
puters," by J. Ragazzini, Columbia University 
December 21, 1950. 

Joint Meeting with AIEE: 'Color Television.' 
by H. C. Harris, Sylvania Electric Corporation 
January 4, 1951. 

Election of Officers; January 11, 1951. 

NORTHEASTERN UNIVERSITY, IRE-AIEE 
BRANCH 

Films: 'Commutation of DC Machines' ani 
'Radio-Frequency Heating'; December 21. 1950. 

'Opportunities for Graduate Work at North 
eastern,' by H. K. Brown, Northeastern University 
December 28, 1950. 

'A New Logomatic Sliderule,' by J. F. Ailinger 
Consultant, Keuffel & Esser Company; January 4 
1951. 

'The Intricacies of a Modern Fire Alarm Sys 
tern,' by A. L. Obanion, Fire Alarm Division, Cit3 
of Boston; January 9. 1951. rUNIVERSiTY OF NOIRE DAME, IRE-AIEE 

BRANCH 

'Why Accidents Happen,' by G. Holmes 
Indiana & Michigan Electric Company; Novembe 

1, 1950. 

OHIO STATE UNIVE:,SITY. IRE-AIEE BRANCH 

Field Trip: Columbus Sewerage Treatmen 
Plant; December 14, 1950. 

'The New Ohio Union.' by F. Steckel-, Olik 
State University; January II, 1951. 

PENNSYLVANIA STATE COLLEGE. IRE-AI EE 
BRANCH 

'Relay Systems." by L. G. McCracken, Penn 
sylvania State College; November 30. 1950. 

First Preliminary Student Prize Paper Corn 
petition; December 7. 1950. 

Second Preliminary Student Prize Paper Corn 
petition; December 14, 1950. 

PRINCETON UNIVERSITY. IRE-AIEE BRANCH 

Field Trip: RCA Laboratories, Princeton 
N. J.; January 5, 1951. 

RENSSELAER POLYTECHNIC INSTITUTE. 
IRE-AIEE BRANCH 

'Color Television,' by H. F. Hicks. Rerisselse 
Polytechnic Institute; December 14. 1950. 

UNIVERSITY OF TEXAS. IRE:A1EE BRANCH 

'Wave Propagation of Very-High Frequen 
des.' by J. A. Saxton. British National Physi 
Laboratory; January 15. 1951. 

UNIVERSITY OF TOLEDO. IRE-AIEE BRANCH 

"Relay Systems for Power Distribution Lines. 
by H. Keck, Toledo Edison Company; Decembe 
13. 1950. 

Election of Officers; January 9, 1951. 

(Continued on page 88A) 
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Thomas Tubes mean 

L NO L/FE 
No one can say exactly how long it has taken Nature to perfect the California 
redwoods' secret of longer life. But we of Thomas can say that a great amount 
of time and effort have been spent in increasing the service life of our product. 

This time and effort, as a part of our research program, have led to the use of 
new materials, new design improvements, new construction methods which are 
continuing to give the Thomas tube an ever-longer "lease on life." 

You can always depend on more service, more performance from a Thomas pic-
ture tube because, "It's built that way!" 

THOMAS ELECTRONICS, Inc. 
118 Ninth Street  Passaic, New Jersey 

:10 PROCEEDINGS OF THE I.R.E 51ar, h, 1951 
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sob- CPTEF-LINE 
SiffRIIIIINSMISSION 

A new transmission line based 
upon a new plastic -TEFLON 
CP TEF-LINE transmission line, utilizing DuPont 

Teflon insulators, greatly reduces high frequency 

power losses. Furthermore, operation of transmis-

sion line at frequencies heretofore impossible owing 

to excessive power loss now becomes easily possible. 

For TV, FM and other services utilizing increas-

ingly high frequencies, TEF-LINE by CP is a 

timely and valuable development worthy of in-

vestigation by every user of transmission line. 

Ot4 cE g tAIEDCUE CI ° R  

N t4ER  

5501 .  
01  Ieg  \ 

mod e v e  
or , uled  to 

e dlo"Dpermon en! 

no de 
9°""e.  

poomziong 

CP SUPER TEF-LINE IS AVAILABLE NO W! 
Tef-Line can be delivered immediately in three standard 

sizes -7/8", I5/8" and 31/4 ". With the exception of elbows and 
gas stops, the new Seal-O-Flange Super Transmission Line 
is interchangeable with all other CP fittings including end 
seals, tower hardware, flanges, "0" rings, inner conductor 
connectors and miscellaneous accessories. 
Check your transmission line requirements with the new 

CP TEF-LINE BULLETIN which is available on request. 
If you need help in planning installations, our engineers will 
be happy to talk over specific problems at your convenience. 

TOWER HARDWARE • AUTO-DRYAIRE DEHYDRATORS • LO-LOSS SWITCHES 
COAXIAL DIPOLE ANTENNAS • SEAL-O-FLANGE TRANSMISSION LINE 

See us at the I.R.E. Sho w-Booths 18, 19 and 20 

alogaRaareee ?goifie,4 
KE YP ORT N E W JERSE Y 

STUDENT 

BRA NC H 

MEETINGS 

(Continued Irons page 86A) 

VIRGINIA POLYTECHNIC INSTITUTE, IRE littANc 

'The Student and Technical Sales.' by 
Kirkpatrick. Lane Cedar Chest Company. W. 
Farris, General Electric Company, and Mr. Th 

man. E. I. Dupont Company; December 19. 19 
"Training Program for College Graduates 

Industry." by Mr. Henderson. Dan River M 
Mr. Mack, Westinghouse Electric Corporation, 
Mr. Niel, Brunswick Bulk; January 16, 1951 

UNIVERSITY OF VIRGINIA, IRE BRANCH 

Business Meeting; January 9, 1951 

YALE UNIVERSITY, IRE-AIEE BRANCH 

'The Alcoholic, and Treatment of Alcoholi 
by D. P. Miller, Yale University; October 25, 1 

'Sound Recording and Reproduction,' 

L. Thompson, SoundScriber Corporation; Nov 
ber 27. 1950. 

The following transfers and admissio 
were approved and will be effective as 
March 1, 1951: 

Transfer to Senior Member 
Carson, V. S., 215 Furches St., Raleigh, N. C. 

Carter, J. M., 2510 Wetherburn Rd.. Baltimore 
Md. 

Chandler, V. H., 711 Beech St., Manchester, N. 

Chapman. F. W.. 1756 Graefield Rd.. Birmingha 
Mich. 

Ellis. R. M., 3215 Washington Blvd., Indianapolis 

Ind. 
Franklin, P. J.. 3855 Rodman St., N W.. Washing 

ton 16, D. C. 

Harris. S. J.. Capehart-Fransworth Corporatio 
Fort Wayne. Ind. 

Humphreys. T. I.. 2505 Eliot Pl.. Washington 2 
D. C. 

Ivey. H. F., 61B Brookdale Gardens. Bloomfie 
N. J. 

Lett. R. P., 104,McClure Ave., Syracuse 5, N. Y. 
Mazzola. J. R.. 584 Bogert Rd.. River Edge. N. J 
Meisinger, H. P.. Hull Rd. & Old Courthouse Rd 

R. D. 3, Vienna, Va, 
Nachtigall, S., 183 Ocean Pkwy., Brooklyn 18. N. 
Neuber. R. E., 130 Willowwood Ct.. Emporium, P 
Ross. E. H.. 11542 S. Hale Ave.. Chicago 43, Ill. 

Rubenson, J. G.. 105 Bayfield Blvd.,. Oceansid 
N. Y. 

Rudner, M. A.. 4501 Merrydale St.. Dayton 3. Ohi 
Simpson. A. D.. 192 Jackson St.. Matawan. N. J. 

Simpson, 0. T., 7 Chestnut Pkwy.. Garden Cit 
Chester. Pa. 

Sunstein. D. E., 464 Conshohocken State Rd., Bala 

Cynwyd. Pa. 
Szegho. C. S.. 4245 N. Knox Ave.. Chicago 41. I 
Windsor. R. B., 445 Riverside Terr.. Rutherfor 

N. J. 

Admission to Senior Member 
Avery, R. E., Airborne Instruments Laboratory 

16001d Country Rd., Mineola. L. I.. N. Y 
Apstein, M.. 4611 Maple Ave., Bethesda, Md. 
Galella, P. F.. 37-30 ‘Varren St., Jackson Heights 

L. I., N. V. 
Lister, G. H.. 1048 E. 176 St.. Cleveland 19, Ohio 

Merryman. P., 114 State, Bridgeport 3. Conn. 

(Continued on page 118.4) 
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NEW TUBES for 
Pulse Modulator Applications 

UNFILD 
HIGH VOLimit —HIGH VACUUM DIODES 

These new United Graphite Anode Diodes have been developed 
to fulfill the important aims of the Armed Services 

program for decreased size . . . increased ruggedness 
. . . and increased reliability of Electron Tubes. 
Complete technical data sent on request. 

Type 511 Type 518 
Max. Dimen.: 
Height  7-3/8'S 
Diameter 2-1/16" 

Ratings: 

Ef  
5.0  volts 

_  If  10.25 amps. 
epx 

I  25 Its Jo  300 ma 
all  lb  1.50 amps. 

1] /1 

Type 311-6 
Max. Dimen.: 
Height  8-3/4" 
Diameter 2-5/16" 

Ratings: 
El  5.0 volts 
If  10.3 amps. 
epx  25 Its 
Jo  300 ma 
ib  1.5 amps. 

Agirer..;=. 
IJNITED 

'7 SINCE 1934 

Max. Dimen.: 
Height  6-1/2" 
Diameter 2-5/16" 

Ratings: 

Type 516 
Ratings: 

El  5.0  volts  Ef  5.0  volts 
If  6.0  amps.  If  14.0  amps. 
epx  40 kv  Max. Dimen.:  epx  25 Its 
lo  100 ma  Height  7-1/2"  lo  500 ma 
ib  750 ma  Diameter 2-5/16"  lb  2.5  amps 

Type 3624W 
Max. Dimen.: 
Height  4-1/2" 
Diameter 1-9/16" 

Ratings: 
f  5.0 volts 
If  3.0 amps. 
epx  20 Its 
In  60 ma 
ib  300 ma 

Type 31329 
Max. Dimen.: 
Height  4-3/4" 
Diameter  1-9/16" 

Ratings: 
Ef  2.5  volts 
If  4.75 amps 
epx  16 Its 
In  65 ma 
ib  250 ma 

ELECTRONICS, 42 Spring Street, Newark 2, N. J. 
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Engineers 

Physicists 

Expansion of the permanent staff of the Boe-

ing Airplane Company's Physical Research 

Unit has created openings for research and 

development on 

Electronic and microwave circuits 

Flush antennas 

Servomechanisms and computers 

Radar systems and components 

Instruments and gyros 

Men are needed who have demonstrated out-

standing experimental or analytical ability 

or who have recently received the MS or 

PhD degree with high honors in EE, Physics 

or Applied Mathematics. 

These positions offer challenging work in 

a professional environment plus the un-

paralleled recreational possibilities of the 

Pacific Northwest. 

Opportunity for advancement is essentially 

unlimited in the rapidly expanding fields of 

guided missiles, airplane control and in-

dustrial machine and process control. Sal-

aries are based on semi-annual performance 
reviews. 

—Address inquiries to — 

MR. JOHN C. SANDERS 
Staff Engineer —Personne l 

Boeing Airplane Company 

Seattle It  a..hington 

90A 

The folio% ing positions of interest 1 
I.R.E. members have been reported a 
open. Apply in writing, addressing repl 
to company mentioned or to Box No. .. 
The Institute reserves the right to refuse an 
announcement without giving a reason for ti 
refusal. 

PROCEEDINGS of the I.R.E. 
I East 79th St., New York 21, N.Y. 

ENGINEER 
Florida East Coast opportunity fc 

permanent positions in electronic instn 
mentation research and development. Telt 
metering, pulse circuits and computa 
experience desirable. Junior, Senior an 
Project Engineers may send resume q 
education, experience, references, avag 
ability and salary expected to Radiatio1 
Inc., Melbourne, Florida. 

ELECTRONICS ENGINEER-WRITER 
A long-established concern of hig 

repute in the military instruction boo 
field requires a technical writer of projet 
director calibre for permanent emplo3 
ment. A solid electronics background • 
essential, as is direct experience in tin 
planning and writing of instruction boo 
to Navy, Air Force, and Signal Cork 
specifications. Security clearance will 
required after employment. Concern • 
located in downtown New York Cit: 
Send detailed resume to Box 638. 

(Continued on pages 92A  94A) 

• 

ELECTRONIC 
PHYSICIST 

With demonstrated ability to 
apply electronic techniques to 
new and novel physical meas-
urement  and  instrumentation 
applications. Advanced degree, 
preferably Ph.D., in physics re-
quired.  Industrial  experience 
desired. Age 28-45. Salary de-
pendent upon training and ex-
perience. 

Reply, in confidence, giving 
full details to Engineering Re-

search Dept. 

STANDARD OIL CO., (Indiana) 
910 S. Michigan Avenue, Chicago, 111. 

• 
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OPPORTUNITY FOR ELECTRONIC 
ENGINEERS 

A leading new (1946) company in the field of high quality electronic equipment has 

openings for outstanding 

PRODUCTION DESIGN ENGINEERS 
Engineers of outstanding ability and five to ten years experience in the develop-

ment and design for production of electronic equipment are desired. 

RESEARCH MEN 
are needed for enlargement of an important research and development program on 
government and industrial projects. Applied physicists, electronic engineers, and 

applied mathematicians are sought. Considerable advanced development experience 

and advanced degrees are desirable. 

WORKING CONDITIONS ARE ATTRACTIVE 

Interesting projects are underway in the fields of radar, air traffic control, blind 
landing, computers, servos, and general electronics. New projects will be established 
to suit the qualifications of the staff. 

Liberal vacation and sick leave policies are furnished, together with excellent hos-

pitalization and insurance plans. 

Access to the Graduate Schools of Massachusetts Institute of Technology, Harvard 
University, and Boston University is provided. 

HOUSING IS ADEQUATE IN BOSTON AREA 

Houses for purchase or rental and apartments are readily available in the Boston 
area. Assistance will be provided new employees in locating living quarters. Moving 

expenses will be paid. 

New York interviews March 19-22. Call Mr. A. D. Cole 
Waldorf Astoria Hotel, El 5-3000 

OR WRITE PERSONNEL MANAGER 

LABORATORY FOR ELECTRONICS, INC. 
I 1 LEON STREET 
BOSTON 15, MASS. 

'ROCEEDING.  (II. I III. I.R.E.  Mar I, 195) 



ELECTRONIC ENGINEERS 
Development and Design 

92A 

RCA Victor offers attractive opportunities Jr: 

ELECTRICAL ENGINEERS 

PHYSICISTS 

MECHANICAL ENGINEERS 

Engineers with several years' experience will find their future 

in the wide scope of RCA's activities in the following fields: 

• TELEVISION DEVELOPMENT 

• TRANSFORMER AND COIL DESIGN 

• COMMUNICATIONS—Aviation and Mobile 

• ANTENNAS AND SERVO-MECHANISMS 

• VIDEO AND COMPUTER CIRCUITRY 

• MICROWAVE AND RADAR 

• NAVIGATIONAL AIDS 

These requirements represent permanent ex-
pansion in the RCA Victor Engineering Division at Camden, N. J. 
RCA offers starting salaries commensurate with experience and abil-
ity; periodic review for salary increases based on individual merit; 

comprehensive Company-paid hospitalization, accident and life in-
surance; a liberal retirement program; paid vacation and holidays; 
opportunities for graduate study. If you are looking for a career 
which permits the complete expression of your talents in the field 
of electronics, 

Write, enclosing resume, to: 
National Recruiting Division 
Box 0-71,RCA Victor Division 
Radio Corporation of America, 
Camden, New Jersey 

Call on our representative, 
J. W. Harritt, at the 

OR  Waldorf Astoria Hotel during 
the IRE National Convention 
to arrange interview. 

PROCEEDINGS OF THE I.R.E.  March, 195 
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marlon helps Reed Research Inc. 

measure true rms values 

of non-sinusoidal 

wave forms 

A new aid to true RMS instrumentation is 
the Reed DIOTRON, developed and 

manufactured by Reed Research, Inc., of 
Washington, D. C. This amazing instru-

ment measures true rms values of non-sinusoidal 
or otherwise erratic wave forms. It is a vacuum 

tube voltmeter whose indication depends en-

tirely on true rms values. It is a small, compact, 
portable instrument used by engineers, techni-

cians and scientists interested in the measurement 
and evaluation of power regardless of wave form. 

Marion makes the meter upon which the Reed DIOTRON 

depends for much of its accuracy of indication. It 
provides a linear power scale and allows full scale 

measurements of 1 mw, 10 mw, 100 mw, 1 watt and 
10 watts into 600 Ohms. A corresponding true root 

mean square voltage scale is also included. 

When you want special or standard instruments 
for any application that requires accurate indication 

think of Marion. Marion Ruggedized Meters are 
the most advanced electrical indicating and measur-
ing instruments of our time. Advanced in both 

construction and application, count on them 
for prolonged peak performance under extreme 
conditions of temperature, climate and actual 

physical violence. We invite comparison. 
Marion Electrical Instrument Company, 

407 Canal Street, Manchester, New Hampshire. 

Manufacturers of Hermetically Sealed Meters since 1944 

marion  
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Leading engineers specify TENSOLITE 
Miniature Wire and Cable 

miniaturization 
programs demand less weight, less space 
and greater flexibility. Only TENSOLITE is 
devoted exclusively to this field — assuring 
you of faster service, lower cost, supreme 
quality, advanced design and know-how, 
and specialized facilities. 

SUPER FLEXIBLE 4 CONDUCTOR 
CODE NO. 2165 1-4 

,1385" 

COLOR 
CODED 

PIGTAILED 
4e, SHIELD 

NO. 30 
AW G 

<ktN  

• TENSOLITES versatile patented process is uniquely 
suited to economical production of unlimited special 
constructions within its field. Wire samples and liter-
ature sent without obligation when requested by man-
ufacturers, engineers and purchasing executives on 
company letterhead. Coll or write today for quotations. 

for-MINIATURE 
FLEXIBLE INSULATED 

WIRE and CABLE 
Stranded Copper Wires l::40 to %%201 

and Special Tinsel Cordage 

CABLES (Multi-(onductor) 
TWISTED — PARALLEL — BRAIDED 

SHIELDS 
BARE COPPER — TINNED COPPER 

SILVER PLATED 

OVER-BRAIDS 
COTTON — NYLON — PLASTIC "' 

*TENSOLITE'S exclusive plastic 
film-covered Fiberglas 

SHIELDED CABLE 
(Produced under Tensollte Patents) 

A new construction produced by 
TENSOLITE to meet extremely rigid re-
quirements of o confidential government 
research project. Tensolite experience 
and exclusive patented methods of man-
ufacture produced the product illus-
trated which was tested and approved 
for incorporation in the design. 

n TENSOLITE 
INSULATED WIRE CO., INC. 
196 MAIN STREET, TARRYTO WN, N.Y. 

Torrytown 4-2616 

POSITIONS AVAILABLE WITH 

VARIAN ASSOCIATES 
San Carlos, California 

MICROWAVE AND ELECTRONIC DEVELOPMENT 

1 

ENGINEERS, qualified for work in: 
Microwave research and development 
Klystron tube design 
Circuit design 
Traveling wave tube design 
Nuclear induction 

MICROWAVE TUBE TECHNICIANS 

TEST TECHNICIANS 

TECHNICAL REPORT WRITERS 

COMPUTERS 

If you are qualified for one of these positions and are interested in 
a challenging opportunity with an expanding organization in an at-
tractive environment, you are invited to send confidential details to 
the Personnel Director: 

VARIAN 
associates 

99 washington St. 

san carlos, calif. 

(Continued from page 904) 

ELECTRONIC ENGINEERS 

Senior engineers or physicists, dcgre 
and experience in radar, pulse circuits, 
digital or analogue computers, or servo-
mechanisms. Electronic Engineering Com-
pany, 180 S. Alvarado Street, Les Angeles 
4, California. 

CIRCUITS AND MICROWAVE ENGINEERS 

Rapidly expanding company in the in-
strumentation field has openings for senior 
engineers with several years of experi-
ence. Men with Masters or Ph.D. degre 
preferred. Excellent opportunities in fiel 
of VHF, UHF and microwave test equi 
ment. Location Brooklyn. Send comple 
resume to Box 639 I.R.E. 

ELECTRONIC ENGINEERS 

At least three (3) years' post-colle 
experience in development, DC amplifier . 
digital computers, pulse and servo design. 
Established company, New York City. Box 
640. 

ELECTRONICS ENGINEERS 

Sales, design and application engineer-
ing. Positions open in sales and engi-
neering departments of manufacturer of, 
communications equipment. Salary com-
mensurate with experience. Location Chi-
cago. Box 642. 

(Continued on page 964) 

Wanted... 
SENIOR ELECTRONICS ENGINEERS 
SENIOR MECHANICAL ENGINEERS 

SENIOR PHYSICISTS 

n EGREE from a top college 
. . . creative ability . . . real 

understanding of engineering prin-
ciples and applications .. . record 
of outstanding professional accom-
plishment, are all 6ssential. Salary 
is limited only by ability and con-
tribution to group achievement. 
Starting in 1945, this Company 

has grown to a personnel of 150. 
Our record of successful develop-
ment of servo-mechanical systems, 
radars, computers, test equipment, 
communication equipment, and in-
struments for guided missile pro-
grams made this growth possible. 
We need new qualified engineers 
to spearhead our further planned 
expansion. 
If you are qualified and inter-

ested, please write giving full de-
tails on academic and professional 
background. Include present sal-
ary, desired salary, and date avail-
able. 

See us in our Booth 98-99 
RADIO ENGINEERING SHOW 
New York, March 19-22 

Director of Personnel 

ELECTRONIC  ASSOCIATES,  INC. 
Long Branch Avenue 

Long Branch, New Jersey 
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WORTH OF JE WELS 

CM-15 MINIATURE CAPACITOP 

Actual Size 9/32" x 1/2" x 3/16" 

For Television, Radio and other Electronic 
Applications. 

2 mmf. to 420 mmf. cop. at 500v DCw. 

2 mmf. to 525 mmf. cap. at 300v DCw. 
Temp. Co-efficient ± 50 parts per million 
per degree C for most 
capacity values. 

6-dot color coded. 

M OLDED MICA 

The jewels in even the most expensive 

watch cost only about 40. It is the craftsman-

ship that goes into placing these tiny bits that 

makes the finished watch valuable. 

The same may he said of the El-Menco CM-15 

Capacitor. Tested for dielectric strength at double its 

working voltage, this mighty mite surpasses the strictest 

requirements of the Army and Navy. It withstands 

extraordinary strain under the most critical operating 

conditions — in any climate. Put it in your product — 

for peak performance. 

A CO MPLETE  LINE OF  CAPACITORS  TO 

MEET  EVERY REQUIRE MENT 

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

Write on your firm letterhead for 

Catalog and Samples. 

encc 
CAPACIT O RS 

MICA  TRI M MER 

FOREIGN RADIO AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH OUR EXPORT DEPT. AT WILLIMANTIC , CONN.  OR INFORMATION. 

ARCO ELECTRONICS, INC. 103  Lafayette St.. New York, N.Y.—Sole  A gent  for  Jobbers  and D,stributors in U.S. and Canada 
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Experienced 

ELECTRONICS 
ENGINEERS... FOR 

Development Design and 

Field Engineering of 

Electronic Equipment 

A limited number of openings for Engineers 
with PULSE and MICRO WAVE experience. 
EXCELLENT WORKING CONDITIONS 

Apply in writing for Personal Interview, giving 

complete resume and salary requirements to: _E 

'1111111101111111111110111111111 I I I I I I I I I I I I I I I I I  I I I I I I Ill I I I I I I I I 111111,11111111,1111111111111,111111,1:11111111111111111111111111 i I I I I I r.r.;*. 

Director of Engineering Personnel 

HAZELTINE 
Electronics Corporation 
Engineering for a quarter of a Century 

58-25 LITTLE NECK PARKWAY 
LITTLE NECK, L.I., N.Y. 

RESEARCH OPPORTUNITIES IN THE LOS ANGELES AREA 
Unusual Opportunity for Senior men with degrees and at least five 
outstanding proven accomplishment to achieve further growth by 
with some of the nation's outstanding scientists on commercial and 
projects in large modern electronics laboratories. 

ELECTRONIC ENGINEERS 
PHYSICISTS—CIRCUITRY 
PHYSICISTS—ANALYSIS 
PHYSICISTS —OPTICS 
PHYSICISTS—ELECTRON  TUBES 

Long term program of research and development in the fields of Radar, 
Guided Missiles, Computers, Electron Tubes, and related equipment. 

Please do not answer unless you meet the above requirements. 

years of 
working 
military 

SERVOMECHANISMS 
ENGINEERS 

ELECTRO MECHANICAL 
ENGINEERS 

MECHANICAL DESIGNERS 

RESEARCH AND DEVELOPMENT LABORATORIES 
Hughes Aircraft Company  CULVER CITY, CALIFORNIA 

CIRCUIT ENGINEERS 
linear circuits. Must have degree in 
Electrical Engineering or Engineering 
Physics. Several years experience 
required in the analysis and experi-
mental  investigation  of  magnetic 
amplifiers, pulsed circuits, or elec-
tronic circuits operating at carrier 
and radio frequencies. 

All inquiries confidential  • 

A FIRM OPPORTUNITY IS OFFERED 
TO CREATE AND SUPERVISE  A 
LABORATORY  PROGRAM  FOR 
COMPUTER APPLICATIONS. 
In  replying,  state fully:  training: 
detailing  advanced  physics  and 
math: experience: emphasizing cir-
cuit work and supervisory assign-
ments. 

Local interviews arranged 

Xfhialloy el d 10842. ,/410. 

Pioneers in the development of Digital Computer techniques 
ST. PAUL 4, MINNESOTA 

You will enjoy living in Minnesota" 

(Continued from page 94A) 

TELEVISION ENGINEER 

For design and development of Televi 
sion and Radio Receivers by one of Chi 
cago's  oldest  Television  and  Radi 
manufacturers. Applicant required to hay 
college degree or equivalent. Experienc 
necessary in design and measuring tech 
nique. Give age, experience, referena 
etc. Salary open. Apply box 643. 

ENGINEERS 

Four senior electronics research and de 
velopment engineers with a minimum o 
five years' experience in pulse and gen 
eral radar design. Assignments will in 
elude microwave test equipment project 
and guided missile development. Degre 
essential. Excellent opportunity for ad 
vancement in rapidly expanding company 
Modern plant of 250 workers located i 
Los Angeles area. Three experiet.icei 
junior engineers also required.  Sent 
resume of education, experience, salar 
desired, to Box 644. 

ELECTRICAL ENGINEER 

B.S. or M.S. to work with group oi 
circuits and miniaturization problems re 
lating to electronic equipment and tech, 
nique. Must be capable of job plannini 
and project control. Minimum 5 years 
experience in both audio and TV circuit. 
and tube component design or equipmen 

i i production. Prefer engineering physic's 
(r,, rstrolit,•,/ s tag,- ) 

POSITIONS 
IN THE WEST FOR 

ELECTRONICS 
ENGINEERS 
For Work in Fields of 

Radar 
Servomechanisims 
Telemetering 
Microwaves 
Communications 

NO W 
Direct Inquiry To 

FIELD TEST DIRECTOR 

BE -   
Box 391 

Holloman Air Force Base, New Mexico 
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ERIE RESISTOR COMPONEN 

e GP" Molded Insulated Ceramicons • 
5 MMF— 5,000 MMF 

it GP" Dipped Insulated Ceramicons 
5 MMF -5,000 MMF 

"GP" Non-Insulated Ceramicons 
5 MMF— 5,000 MMF 

or6 

1'0 

a. .005  2X .002 

Erie Disc Ceramicons 
Up to 01 mFD 

Fypes L-4, L-7, S-5 Suppressors 
or Spark Plugs and Distributors 

e 357 

Type 362 

Feed-Thru Ceramicons 
5 MMF-1.000 MMF 
5 MMF-1,500 MMF 

Type 36811 

High Voltage Ceramicons 
Up to 15,000 Volts 
WORKING 

Type 557 
Ceramicon  I 5-7 MMF 
Trimmer  3-12 MMF 

5-25 MMF 
..ts •  5.30 MMF 

8-50 MMF 

Type 535 
Tubular 
Trimmer 

Type TS2A Ceramicon Trimmer 
1.5-7 MMF  3.13 MMF  4-30 MMF 
3-12 MMF  5-20 MMF  7-45 MMF 

Type 531 and 532 
Tubular Trimmers 
0.5-5 MMF 
1-8 MMF 

Type 3139 
Tubular Trimmer 

Erie Resistor Components are designed 
with definite objectives in mind: they 
must be accurate and well within the 
tolerances required for their applica-
tion; they must be reliable for sustained 
satisfactory service based on time 
proven life tests; they must be compact 
and sturdy for easy installation on the 
assembly line and in the service shop. 
Erie manufactures a complete line of 

Ceramic and Button Mica Capacitors for 
transmitter and receiver applications: 
Fixed Ceramic and Mica Capacitors, 
Variable Ceramic Capacitors, Carbon 
Suppressors, Custom Injection Molded 
Plastic Knobs, Dials, Bezels, Name 
Plates and Coil Forms. Complete tech-
nical information on request. 

Ceramicon. Hi-K, GP, and Plexicon are regis-
tered trade names of Erie Resistor Corporation. 

LONDON, ENGLAND  • TORONTO, CANADA 

Cinch-Erie Plexicon• Tube 
Sockets with built in by-pass 
Ceramicons 10 to 1,000 MMF 

Button Mica Condensers 
15 MMF-6.000 MMF 

4!••• ; 

Temperature Compensating 
Molded Insulated Ceramicons 

0.5 MMF-550 MMF 

Temperature Compensating 
Dipped Insulated Ceramicons 
0.5 MMF— 1,800 MMF 

Temperature Compensating 
Non-Insulated Ceramicons 
0.5 MMF— 1,800 MMF 

Type 
720A 

Type  Type  Type 
2336  325 

Erie Stand-Off Ceramicons 
5 MMF -5,000 MMF 

Custom Molded 
Plastic TV Lenses and Frames 

Custom Injection Molded 
Plastic Knobs. Dials, Bezels, 
Name Plates, Coil Forms,ote. 



.7hr2- W. L. MAXSON CORPORATION 
is Seeking Outstanding 

ENGINdE  ERS  

PHYSICISTS 
with AMBITION to 
FURTHER PRESENT 
STANDING immediately 

RY 

Radio Engineering Show 
Grand Central Palace 

New 
York  SEE US AT 
City  BOOTH 240 

March /9-22 19.51 

Minimum Require-
ments are: 

I. Five to ten years experi-
ence in advanced electron-
ics or in servomechanism 
and computer research and 
development. 

2. Outstanding record of in-
genuity. 

3. Ph.D., M.S., or equivalent. 

Those presently em-
ployed at their highest 
skill in defense work need 
not apply. 

See us or 

Send resume and salary requirements to: 

Yli2_ W. 1. MAXSON CORPORATION 
460 W. 34th ST., NE W YORK 1, N.Y. 

SPECIAL LEADERSHIP TRAINING 
for the Technical Man Who Wants to 
Advance to a Supervisory or Managerial lob ol mes 

INSTITUTE 
Established and Endorsed by CAPITOL 
RADIO ENGINEERING INSTITUTE Pioneer 
Electronics Technical School since 1921 

• Investigate today: Holmes new , 
streamlined methods for adding 
marogement - know - what to your 
technical know-how. 

min  Write for full informa tion  

W  & free catalog: Dept. 263C 

3308 14th St., N.W., Washington 10, D. C 

II 
(Continued from page 964) 

or electrical engineer with some median-
ical design experience and major interest 
in circuits. Position is with physics labora-
tories. Sylvania Electric Products Inc., 
Bayside, Long Island. Please address re-
plies to Personnel Manager, 40-22 Law-
rence Street, Flushing, New York. 

PHYSICIST 
To conduct research on gaseous di 

charges. Prefer man with Ph.D. in phy 
ics with courses in Atomic physi 
spectroscopy and chemistry, or M.S. wi 
two years experience in nuclear resear 
or gas discharges or thermionic emissi 
Position is with Long Island laboratory o 
nationally known electronics compan 
Box 645. 

ELECTRONICS SALES ENGINEERS 
Positions open for mature gradua 

sales engineers over 28 years of a 
preferably with practical experience 
application of dielectric heating to ind 
trial problems. Excellent opportunities f 
type of individuals interested in affiliati 
with successful rapidly expanding organi-
zation. Locations in Chicago and other! 
territories Box 646 

ENGINEERS AND PHYSICISTS 
Electrical engineers and physicists in 

university connected research institute 
outside continental United States. Mini-

(Continued on page 1024) 

OPPORTUNITIES 
FOR 

ENGINEERS 

SCIENTISTS 
GENERAL  ELECTRIC  COMPANY, 
Electronics Dept., has excellent oppor-
tunities for experienced technical per-

sonnel in the following areas: 

ADVANCED DEVELOPMENT 

DESIGN: Circuit, Component, & 
Product 

FIELD SERVICE 

TECHNICAL WRITING 

These positions available 
in the following fields: 

TRANSMITTERS, RADAR, 
TUBE, RECEIVERS— 
TELEVISION AND 

COMMUNICATIONS 

If you have a bachelors or advanced 
degree in Electrical or Mechanical En-
gineering,  Physics,  Metallurgy,  or 
Physical Chemistry and experience in 
the electronics industry it will be worth 
your while to investigate these oppor-
tunities. 

Send complete resume (Listing salary 
requirements  and  availability)  to: 
TECHNICAL  PERSONNEL,  ELEC-
TRONICS PARK, SYRACUSE, N.Y. 

General Electric Co. 

98A PROCEEDINGS OF THE I.R.E. 1')51 
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seace fg‘yolar- #ea4ua/°/‘.1/6 
sealed leads and 
multiple headets 
SEE THEM AT THE I R E SHOW-- BOOTH 212 

11) ° Q1n  
Over 50 standard types to choose 
from. Made of hard glass, pre-
formed with microscopic air cush-
ioning. Absolutely free from in-
ternal strain. Tin dipped for easy 
soldering. Write for Bulletin 849 
for complete information. 

Over 100 standard types avail-
able. All headers vacuum tight, 

with cushioned glass preforms. 
Completely strain free, tin dipped, 
silicone treated. Many optional 
features including CRT closures. 
Full information can be obtained 
by writing for Bulletin 850. 

Practically any type of sealed ter-
minal or multiple header can be 
produced to exact customer re-
quirements. Whether your prob-
lem involves a new design or the 
application of a standard item, 
E-I engineers offer complete 
collaboration. 

Contains 81 standard terminals, 
11 different headers. All economy 
priced items — picked to solve 
practically any problem. Trans-
parent case with labeled bins for 
easy selection. Complete kit sells 
for only 510.00 —check or money 
order. 

ELECT RIC AL IN D U ST RIE S•I NC I-Ei 
MA NUFACTURERS OF SPECIALIZED ELECTR ONIC EQUIPMENT 

44 SU M MER AVENUE, NE WARK 4, NE W JERSEY INC 

PROCEEDINGS OF TIN  I P 



 •-• 

at your 
service 

Stan  rd  oil,  e company that gave TV the most 

idely •cce ed tuner, The Standard Tuner," and its 

subsi  y, Kollsman Instrument Corporation, stand 

rea  with their vast facilities (six tactories strategically 
, 

ated from coast to coast, plus highly experienced,. 

ngineering and research staffs) to work with you 

on any of your military or civilian electronic problems. 

glea dal a COIL PRODUCTS CO. INC. 
CHICAGO  •  LOS ANGELES  •  BANGOR. MICH. 

Over 4,000,000 "Standard Tuners" Now In Use 
U. 
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Your sealed assemblies can be 
PilF)T 

kept U LOA] with 

gEWIP 
1 Kovar-Glass Seals 
* 

Il 
Stupakoff Metal-to-Glass Seals are 
made in a variety of sizes and ratings. 

tio 

NKr . 
Kovar Metal, the ideal alloy for glass seal-
ing, is furnished in the form of tubes, rods, 
sheet, foil and fabricated shapes. 

itetal-to-glass seal making has been highly perfected by itupakoff. When you specify Stupakoff Seals, you get well-
esigned, accurately-made products that are easy to assemble, 
techanically strong, have high flashover ratings, provide 
igh resistance to thermal shock and are dependable. They 
re made in a wide variety of standard types and sizes, or in 
pecial designs to meet your specific needs. 
Stupakoff seals are all made with Kovar Metal, which is 
3adily bonded with hard glass producing no undesirable struc-
iral stresses. It has substantially the same expansitivity as 
ard glass from - 80°C to the annealing point of glass. These 
aaracteristics of Kovar make Stupakoff Seals dependable. 

Write for samples and prices of typical 
Stupakoff Kovar-Glass Seals. 

gni A UT 

41\o1 

Representative Stupakoff Ceramic products. "erini l 

STUPAKOFF 
PRODUCTS 

For Electrical and Electronic Applications' 

• 
ASSEMBLIES—Stupakoff assemblies in-
clude metallized ceramic Induction COILS 
for radio receivers and transmitters; metal-
lized ceramic SHAFTS for air-tuning con-
densers; METALLIZED PLATES for mak-
ing fixed rigid assemblies; ceramic trimmer 
condensers. 

CERAMICS—Stupakoff has long been a 
leading supplier of ceramic products for a 
wide variety of electrical and electronic 
applications—precision made for all volt-
. ages, frequencies and temperatures. 

RESISTOR CERAMICS—Stupakoff Tem-
perature-Sensitive Resistors are used for 
temperature indicating or measuring equip- : 
ment such as Radiosonde, for infra-red 
light source and for heating elements. Sup-
plied complete with terminals,. in the•fo 
of rods, tubes, discs, bars, rings, etc. 

STUPALITH —A group of ceramics having 
remarkable ability to withstand extreme 
thermal shock. STUPALITH may be made 
to have zero, low-positive or low-negative 
expansitivities. Formed by conventional 
methods. Safely used at temperatures up to 
2200° F. 

• . 
CERAMIC DIELECTRICS — St upakoff 
makes general purpose Ceramic Dielectrics 
for by-pass, lead through blocking, stand-
offs and trimmer applications. Temperature 
compensating Ceramic Dielectrics have co-

efficients from P-100 to N-2700, and high K os,-  materials up to K-6000.  ' 

. Made in the form of tubes discs and 
' special shapes, plain or silvered. See photo 

I 1 below. ---- --,-

ouiPCERAMIC & MANUFACTURING COMPANY 4 4 itg itio• Ol 
Latrobe, Pennsylvania 

ZOCEEDINGS OF THE IRE. March, 1951 

Jr 

101A 



BENDIX RADIO DIVISION 

AVIATION CORPORATION 

ELECTRONICS ENGINEERS —At all 

salary and experience levels. 

RESEARCH ON: Antennae, Servo-

mechanisms, Microwave ccts. and 

other  phases  of  communications 

and navigation equipment. 

PRODUCTION DESIGN OF: Military 

and  commerical  communications 

and navigation equipment. 

FIELD ENGINEERS — Supervise 

installation  and  maintenance of 

radio and radar equipment. Factory 

training will be given. Base salaries 

from $4200 to $6900 per year. 

25°0 bonus for time spent overseas. 

Traveling and living expenses paid 

by Bendix. Insurance plan. 

TEST AND INSPECTION ENGINEERS 

—Practical  knowledge  of  radio, 

radar, or TV manufacturing pro-

cesses. Good knowledoe of radio 

fundamentals essential. Bose sal-

a.ies from $3900 to $5880. 

TECHNICAL WRITERS — Knowledge 

of radar fundamentals or radio re-

quired. Work closely with engineers 

to gather material for instruction 

and  maintenance  manuals. Base 

salaries from $3400 to $4300. 

LABORATORY TECHNICIANS — Re-

quire knowledge of radio funda-

mentals and skill in use of measur-

ing  instruments  and laboratory 

equipment. Previous industrial ex-

perience essential. Salaries from 

$262 to $321 per month. 

BASE  SALARIES  FOR ALL POSI-

TIONS LISTED ABOVE ARE SUPPLE-

MENTED  BY  UP  TO  30°.  FOR 

REGULARLY SCHEDULED 48 HOUR 

WEEK. 

Housing is no problem in Baltimore. 

Excellent group insurance and 

family hospitalization plan. 

Attractive retirement plan for pro-

fessional personnel. 

Write for application: 

Engineering Personnel Supervisor 

BENDIX RADIO DIVISION of 

Bendix Aviation Corporation 

Baltimore 4, Maryland 

TOwson 2200 

102A 
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mum B.S. degree. Security clearance nec-
essary. Send Airmail resume of training 
and professional experience, photograph, 
references, salary desired to Box 938. 

TECHNICAL WRITERS 

Electronics section of leading technical 
publisher offers permanent positions to 
experienced  writers  with  engineering 
background; must be familiar with Gov-
ernment instruction book specs.  Send 
resume and salary desired, P.O. Box 311, 
Yonkers, New York. 

ENGINEERS AND PHYSICISTS 

Several outstanding opportunities open 
for engineers and physicists with B.S. or 
advanced degrees and up to 10 years' ex-
perience in fields of electronics and phys-
ical measurements. Permanent positions in 
research and instrument development with 
independent laboratory. Send resume in-
cluding type of work desired to: Physics 
Department, Southwest Research Insti-
tute, San Antonio 6, Texas. 

ENGINEER OR PHYSICIST 

For development and production. Ex-
perience: semi-conductor devices employ-
ing germanium and silicon. Very good 
opportunity with growing organization. 
Jensen Industries, Inc., 329 South Wood 
Street, Chicago 12, Illinois. 

(Continued on page 1064) 

PHYSICISTS 
AND 

SENIOR RESEARCH 
ENGINEERS 

POSITIONS NO W 

OPEN 

Senior Engineers and Physicists having out. 
standing academic background and experience 
in the fields of: 

• Microwave Techniques 
• Moving Target Indication 
• Servomechanisms 
• Applied Physics 
• Gyroscopic Equipment 
• Optical Equipment 
• Computers 
• Pulse Techniques 
• Radar 
• Fire Control 
• Circuit Analysis 
• Autopilot Design 
• Applied Mathematics 
• Electronic Subminiaturixation 
• Instrument Design 
• Automatic Production Equipment 
• Test Equipment 
• Electronic Design 
• Flight Test instrumentation 

are offered excellent working conditions and 
opportunities for advancement in our Aero-
physics Laboratory. Salaries are commensurate 
with ability, experience and background. Send 
information as to age, education, experience 
and work preference to: 

NORTH AMERICAN AVIATION, INC. 
Aerophysics Laboratory 

Box No. N-4, 12214 South Lakewood Blvd. 
Downey, California 

ATOMIC 

ENERGY 

INSTALLATION 
NEEDS 

ELECTRONICS 

ENGINEERS 
Two to ten years' experience in 
research, design, development or 
test. Patent history desirable but 
not necessary. A variety of posi-
tions open for men with Bache- in 
lor's or advanced degree quali• 
fled in one or more of the follow._ 
ing fields: 

• RELAYS 

• TELEMETERING 

• PULSE CIRCUITS 

• UHF TECHNIQUES 

• SERVO-MECHANISMS 

• INSTRUMENTATION 

• QUALITY CONTROL 

• LOW  POWER  APPLICA-
TION 

• TEST EQUIPMENT RELAT-
ING TO ABOVE FIELDS 

These are PERMANENT POSITIONS 

with  Sandia  Corporation in Albu-

querque, New Mexico. Sandia Labora-

tory is operated by Sandia Corpora-
tion, a subsidiary of Western Electric 

Company, under contract with the 
ATOMIC  ENERGY  COMMISSION. 
This laboratory offers good working 

conditions and liberal employee bene-

fits, including  paid vacations,  sick 
leave, and a retirement plan. 

Albuquerque, center of a metropolitan 
area of 150,000, is located in the Rio 

Grande Valley at the foot of the 

Sandia Mountains ... the heart of the 
"Land of Enchantment." Climate is 

sunny, mild and dry the year 'round. 

MAKE APPLICATION TO: 

Professional Employment 

SANDIA CORP. 
SANDIA BASE 

ALBUQUERQUE, N.M. 

PROCEEDINGS OF THE I.R.E. 



• At left, Station WAGA-TV, Atlanta, 
Georgia 

• Above center, Station WJBK-TV, De-
troit, Michigan 

• All Blaw-Knox H-4o's! At right, WSPD-
TV, Toledo, Ohio 

"WE'RE PROUD OF OUR BLAW-KNOX TOWERS"* 

And Blaw-Knox is proud of the tact that 
this compliment from *The Fort Industry 
Company was prompted by the perform-
ance of all 13 Blaw-Knox Antenna Tow-
ers now in the service of this successful 
broadcasting organization. 

Whether you contemplate light-weight 
towers for mobile communications or a 
sky-raking TV support, you can depend 
on Blaw-Knox engineered structures to get 
the most out of your transmitting equip-
ment. 

BLA W-KN OX DIVISI ON 

OF BLA W-KN OX CO MPANY 

2037 Farmers Bank Building, Pittsburgh 22, Pa. 

9CEEDINGS OF THE I.R.L  b, 1951 
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General 
Electric 
can build 
and test 

JAN-C-25 
CAPACITORS 
in mass 
production 
quantities 

Apparatus Department, 
General Electric Company, 

Schenectady 5, New York 
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SEE 

Sluicton 
BOOTHS 390-1-2 

aol the 

RADIO ENGINEERING SHOW 
Maiwit /9 - .2 

Grand Central Palace 
New York, H. Y. 

SHELDON ELECTRIC CO. 
A Division of ALLIED ELECTRIC PRODUCTS INC. 

68-98 Coit Street, Irvington 11, N. J. 

Branch O ffices a Warehouses: CHICAGO 7, ILL., 426 S. Clinton St. • LOS ANGELES 26, CAL., 1755 Glendale Blvd. 

1;haident ATURAL IMAGE 

SOFT GLOW 

Oicturut ti,, 

KEEP INFORMED on COLOR TELEVISION 

Write for your FREE copy of TELEVISION MIS-INFORMATION 
containing a feature presentation on Color Television. 

MAIL COUPON TODAY 
r 
Sheldon Electric Co., 68-98 Coit St., Irvington 11, N. J. 

0 Send me "Television Mis-Information" 
0 Send me Sheldon Picture Tube Wall Chart 

(They're both FREE ... but please print your name) 

Name    Title  

Company 

Street  

I: itsm m'i um, I. ..  .. m = IIIMI = = = M = M •111M 110 = E M MINIII MI MI UM M MI MINI =M110 i 
Zone . State   

'(LOON  TELEVISION PICTURE TURFS  CATHODE RAY TUBES • FLUORESCENT LA MP STARTERS AND LAMPHOLDERS • SHELDON REFLECTOR a INFRA-RED LAMPS 

PHOTOFLOOD & PHOTOSPOT LAMPS • SPRING-ACTION PLUGS • TAPMASTER EXTENSION CORD SETS S. CUBE TAPS  • RECTIFIER BULBS 
(r) iCBI —ALLtzo ICLE CTRI C PR O D UCTS INC JOCEEDINGc OF THE 1.R.E.  March, 1951 111 \ 

 = M EM MM WM M E In M I 

4 



SELENIUM RECTIFIERS Positions Open 
i.  fr et Itliye 1021) 

An invitation from to Heed in faliforrno to 

DC Output 
Voltage 

20 
60 
100 
400 

OVIi:11,4‘ ‘1)i 

ONE MILLION:6 

AT itrOltIi 

Over 1,000,000 Selenium Rectifiers have 
been produced by International Rectifier 
Corporation during the past three years. 
These include miniature rectifiers, high 
voltage and high power rectifiers of many 
different designs and capacities, for a 
wide variety of applications. 

We specialize exclusively on the design 
and manufacture of Selenium Rectifiers 
of top quality for peak performance. We 
cooperate closely with your Engineers in 
developing units to meet their require-
ments- as to dimensions, weight, capacity 
and application. Your inquiry is invited. 

TYPE V-HF SERIES 
5 MILLIAMPERES DC 

Circuit-Half- Wave. In 9/16" OD Phenolic Tube 
with ferrule at each end for insertion in Fuse 
Clips. Overall length varies to 9" depending on 
the DC output voltage rating. 

PARTIAL LIST OF TYPE V-HF SERIES 

RECTIFIERS AVAILABLE 

DC Output  Rectifier  DC Output  Rectifier 
Voltage  Part No.  Voltage  Part No. 

40  V2HF  800  V4OHF 
80  V4HF  1500  V7SHE 
200  VIOHF  2500  VI2SHF 
600  V3OHF  4000  V200HF 

TYPE Y-HP SERIES 
11 MILLIAMPERES DC 

Circuit-Half- Wave, In 9/16" phenolic tube with 
pigtail leads. The overall length of rectifiers in 
this series varies up to 9". depending on the DC 
output voltage rating. 

PARTIAL LIST OF Y-HP SERIES 

RECTIFIERS AVAILABLE 

Rectifier  DC Output 
Part No.  Voltage 

YIHP 
73HP 
Y5HP 
Y2OHP 

1000 
2000 
3000 
4000 

Rectifier 
Part Na. 
Y5OHP 
100HP 

V I 50HP 
Y 200HP 

TYPE V-HM SERIES 
5 MILLIAMPERES DC 

Circuit-Half- Wave. In 3/8" metallic case with 
pigtail leads, the negative lead being grounded 
to the case. Overall length varies to 0.890". de-
pending on the DC output voltage rating. Also 
available in hermetically sealed units. 

PARTIAL LIST OF TYPE V-H M SERIES 

RECTIFIERS AVAILABLE 

DC Output 
Voltage 

20 
60 
80 
120 

Rectifier 
Part No. 
VIHM 
V3HM 
V4HM 
V6HM 

DC Output 
Voltage 

160 
200 
220 
240 

Rectifier 
Part Na. 

V8HM 
VIOHM 
VIIHM 
V12HM 

STANDARD SELENIU M CELL SIZES 

Cell Type No. 

Cell Diem. (In.) 

Current Rating (.0•) 1.5 

V  Z  W 

1/4  1/4  1/4  1 
5  II  20  75 

INTERNATIONAL 
RECTIFIER CORP OR ATI O N 

6809 S. VICTORIA AVE • LOS ANGELES 43 

ELECTRONIC ENGINEER 

Young electronics  engineer (111.S. or 
Ph.D.) having initiative and imagination 
and  an  outstanding  academic  record 
wanted by a small but well-known and 
growing manufacturer of precision elec-
tronic measuring apparatus located in 
northeni New Jersey about 30 miles from 
New York City for research and develop-
ment work. Should have thorough knowl-
edge of network theory and familiarity 
with electronic circuitry and VHF meas-
urement techniques together with several 
years of laboratory experience. Ideal 
working conditions and adequate housing 
facilities. Salary $F,.000. plus bonus. Box 
648. 

ENGINEERS 

DESIGNER of radio receiving equip-
ment for automobiles. Salary: $8,000 to 
$10,000. Age: under 40. B.S. in E.E. 

ENGINEER to design and develop 
small antennae for radar equipment. Sal-
ary $8,000 to $10,000. B.S. in E.E. 

MANUFACTURING EXECUTIVE 
for plant manufacturing cathode ray and 
receiving tubes. E.E. degree, with ex-
perience at Superintendent level. Salary: 
;.bout $10,000. Age under 45. 

PROJECT ENGINEERS with E.E. 
degrees and experience in electronics man-
ufacturing. Salary: $10,000 to $12,000. 
Age: under 40. Reply Box 649. 

(c,painurd on page 108A) 

SENIOR 
ELECTRONIC SYSTEMS 

ENGINEERS 

Lockheed invites yo 
long-range productio 
the aircraft of the fut 

Lockheed offers an 
mensurate with your 
a future in aeronaut 
Lockheed provides g 
ances for those who 

If you have: 
1. An M.S. or Ph.D. i 

Physics -

2. A minimum of t 

advanced electro 

including radar in 

vomechanisms, co 

3. Familiarity with a 

mint requirement 

Write today—giving f 
experience and salar 

to participate in 
program, developi 
re. 

ttractive salary co 
iliry and backgrout 
1 science. In additit 
nerous travel allo 
alify. 

Electrical Engineerill 

ree years' experien 

tic systems developm 

icrowove techniques, 

poets and fire contr 

rborne electronics eq 

I details as to educat 
requirements. Addr 

M. V. Mattson, Employment Manage: 

LOCKHEED Aircraft Corporation 

Burbank, Calif, 11111 

BENDIX AVIATION CORP. 
PACIFIC DIVISION 

Offers Immediate Positions in Engineering for the 

Guided Missiles, Radar, Sonar 

Development of 

Salary Commensurate with Experience Training & Ability 

SENIOR ENGINEERS 

Electro-mechanical. Designs for in-

strumentation, sensing instruments 

& servo-mechanisms. 

For the design of servo-amplifiers, 

VHF-UHF-transmitters & receivers. 

JUNIOR ENGINEERS 

For laboratory design & tests & 
field tests of electronic equip-
ment. 

pulse circuits, amplifiers, antenna, 

Permanent employment in modern factory with excellent working condi-
tions, including health insurance & vacation plan. 

Periodic wage & promotion review. 

Address Replies: All: Engineering Personnel Mgr. 

BENDIX AVIATION CORP. 
PACIFIC DIVISION 

11600 SHER MAN W AY, NO. HOLLYWOOD, CALIF 
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sizes coming down... 

Aerovox Capacitors 
• In tune with the trends of the times! That, 

quite aptly, describes Aerovox progress in 
meeting today's miniaturization and temperature 
requirements. Tremendous reductions in capacitor 
sizes and startling increases in operating tempera-
tures (illustrated above) have resulted from such 
specialized engineering "know-how." And in many 

instances Aerovox has found it necessary to 
develop materials and techniques all its own. 

This continuous program of "search and research" 
is one of the outstanding reasons why Aerovox 
has the ready answer to your most critical capa-
citor needs. 

Let Aerovox collaborate on your miniaturization and temperature-rating problems. 
Descriptive literature may be had by writing on your company letterhead. 

T H E  H O M E  O F  C A P A CI T O R C R A F T S M A N S H I P 

AE R O V O X  C OR P O R A TI O N,  NE W  BE DF OR D,  MASS.,  U.S. A. 
7 N  • C .  AEROCA  N Y  •  In Canada  AEROVOX CANADA ETD , On' 

S A L E S  O F FI C E S  IN 

OCEEDINGS OF THE I.R.E.  %/arch, 1951 
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Positions Open 

ENGINEERING 
OPPORTUNITIES 
IN 

Westinghouse 
Wanted: 

Design Engineers 
Field Engineers 
Technical Writers 

Must have at least one year's 
experience. 

For work on airborne radar, 
shipborne radar, radio communi-
cations equip., microwave relay, 
or micro-wave communications. 

Good pay, excellent working 
conditions; advancement on in-
dividual merit; location Balti-
more. 

Send resume of experience and 
education to: Manager of In-
dustrial Relations, Westinghouse 
Electric Corp., 2519 Wilkens 
Ave., Baltimore 3, Maryland. 

108 

(Cutanued Irani page 106A) 

CHIEF ENGINEER 

Chief Engineer for manufacturer of 
sound recording equipment and electro-
mechanical devices. Experience in electro-
magnetic and audio-circuit design. Com-
plete responsibility for engineering, from 
design and through production. Salary: 
$15,000. Reply Box 650. 

TEST FACILITIES ENGINEER 

Test Facilities Engineer experienced in 
design of test equipment for ultra-pre-
cision mechanical or electrical assemblies. 
Salary: $8,000 to $12,000. Reply: Box 
651. 

ELECTRONIC ENGINEERS—PHYSICISTS 

Electronic engineers and physicists; at 
least one year experience in circuit work; 
to do design and development of electronic 
test equipment and geophysical instru-
ments. Southwestern Industrial Electron-
ics Co., P.O. Box 13058, Houston, Texas. 

ELECTRONIC ENGINEERS 

Research and development engineers 
and physicists wanted with educational 
background in mechanical, electrical or 
electronic engineering, physics or engi-
neering physics for openings in plant and 
laboratory instrumentation, physical meas-
urements, geophysics, and industrial elec-
tronics. Prefer two to four years experi-
ence in experimental research design and 
development of instruments, servo-mech-
anisms, electronic apparatus, optical equip-
ment, intricate mechanisms of allied fields. 

(continued  page 110A) 

AMPER M 
"'"À TH. 

Pekik4# 
Id i I 
1 g I 4 

' PIO! 

dig\ 'FIMPER1 DELAY .! RELAY 
1 

YPE 

PROVIDE DELAYS RANGING 
FROM 1 TO 120 SECONDS 

FEATURES: — Compensated for ambient tempera-
ture 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 Normally Open; 

SPST Normally Closed. PROBLEM? Send for "Special Problem Sheet" 

I  ! A A A 11 

.... 11 1° vOLTAGE Or 2eV u H  A 
' BATTERY A CHARGER  T 141411111 VOLTAGE VARIES  A m perite 

VARIES A MOR  ONLY  REGULATORS 
are the sim-
plest, lightest, 

cheapest, and most compact method of obtaining 
current or voltage regulation ... For currents of .060 
to 6 Amps.... Hermetically sealed; not affected by 
altitude, ambient temperature, humidity. 

Write for 4-page Illustrated Bulletin. 

A MPERITE CO., Inc., 561 Broadway, New York 12 , N. Y. 

In Canada: Atlas Radio Corp., Ltd, 560 King St., W. Toronto 

ANPIRI 
Afstfint 

50% 2% 

Project Engineers! 
Junior Engineers! 
Come with Motorola! 

Now is your opportunity to work with an 

ionization of top electronic einem-etc Y011 

engage.  in the long•term development prop 

that continues through war or peace—consta 

improving radio  communication. for Civil 

tense. Public Safer,. Tran•portation, and Indust 

At Motorola, You'll Share in 

Many Extra Benefit's! 

• Nloirorola, often used as the —model" lot 

dovtr). offers you ideal working conditio,. 

[[[[[ st liberal profit-sharing plan in C1{11,11'11. 

insurance, free training COL, rael, rains  reel., la 

'mint and recreational programs. 

• You may apply at once by letter to Th. lo 

I. Byrne. Associate Director of Research. 

br /tire of prompt, courteous consideration. 

..tate your qualification., reference., and -a la 

requirements in your first letter. 

• 
MOTOROLA, INC. 

2- Way Radio  Microwave  Carrier or 

Control Telemetering  Supervisory Contr 

World Leaders in FM 2- Way Mobile Rod, 

Communications and Electronics Division 

4545 Augusta Blvd.  Chicago 51, Illmoi 

PROJECT 

ENGINEERS 

An Invitation 
is Extended to 

ELECTRONIC & RADIO 

ENGINEERS 

ATTENDING THE 

I R E CONVENTION 

TO VISIT OUR PLANT 

AND INVESTIGATE THE 

OPPORTUNITIES AVAILABLE 

AT PRESENT IN OUR 

ENGINEERING DIVISION 

APPLY OR PHONE FOR APPOINTMENT 

EMPLOYMENT OFFICE 

SPERRY 
GYROSCOPE CO. 

DIVISION OF THE SPERRY CORP. 

GREAT NECK, L.I., N.Y. 

l'kucLLDIA(....N  111L I.R.E. 
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ONLY $39.50 AT YOUR DISTRIBUTOR 
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Positions Open 

MICROWAVE 

ENGINEER 
Established  Chicago  elec-
tronic manufacturer seeks a 
senior staff engineer experi-
enced in microwave design 
and development. Manufac-
turing experience desirable. 
Must be a graduate engineer 
and  have  experience  on 
1,000 to 10,000 Mc equipment 
(2 yrs. minimum). Work will 
be in connection with Gov-
ernment contracts. 

Submit resume of education 
and experience, together with 
salary  requirements  and 
availability. 

Box 652 
The Institute of Radio 

Engineers, Inc. 
1 East 79th Street, New York 21, N.Y. 

CIRCUIT 

ENGINEERS 
Physics laboratories, Bayside, L.I., 

N.Y.. needs junior and senior engi-

neers to work on government spon-

sored projects in the field of radar 

and navigation. Jr. engineers: B.S. in 

E.E. or physics and a minimum of 

one year's experience in Circuit de-

velopment  essential.  Good  back-

ground in pulse. r.f.. or servo tech-

niques desirable. Sr. engineers: B.S. 

in E.E. or physics and a minimum of 

5 years experience in Circuit develop-

ment essential. Good background in 

pulse, r.f., or servo techniques desir-

able. 

Please address replies to: 

Personnel Manager 

Sylvania Electric 

Products, Inc. 
40-22 Lawrence St., 

Flushing, N.Y. 

(Continued Irom page 1084) 

Positions are of immediate and permanent 
importance to our operations. Write Per-
sonnel Director, Research and Develop-
ment  Department. Phillips  Petroleum 
Company, Hartlesx i Ile, Oklahoma. 

ELECTRICAL ENGINEERS 

Leading manufacturer of X-ray equip-
ment requires 3 men to train for position 
of sales engineers in east and middlewest. 
Excellent opportunity, depression proof 
business, stimulating field. If you can sell, 
like to work on your own, tangle with 
troublesome field service problems, don't 
mind occasional dirty hands or lack of 
a swivel chair and secretary, this is a 
worthwhile opportunity. Our men do well 
financially but work hard. If you want a 
soft berth, please don't reply. Previous 
sales helpful but not essential. State edu-
cation, experience, reason for making 
change and past earnings. All replies held 
strictly confidential. Arrangements will 
lw made to interview qualified applicants. 
\Ir. Ed. Smith, Personnel Mgr. The 
kelley-Koett Mfg. Company, 212 West 
Fourth Street, Coving.ton. Kentucky. 

Procurement Feature 
Four desks to help  manufacturers get 
orders, will be staffed by procurement 
personnel from Munitions, Air Force, Nay), 
and Signal Corps on the third floor, Radio 
Engineering Show. 

U. S. Armed Forces Exhibit 

TRANSFORMER 

DESIGN 

ENGINEER 

Experienced communications 

engineer with electronic trans-

former-design and -manufac-

turing experience and pref-

erably carrier background. 

Permanent West Coast posi-

tion, excellent future in ex-

panding,  well - established 

field. Salary to match training 

and experience. Please give 

full details in first reply. Len-

kurt Electric Co., San Carlos, 

California. 

Semi-Conductor 

Research 

The International Businesi 

Machines Corporation has ar 

ll 

opening for a qualified physi-

cist in an expanding program 

of research and developmen 

on semi-conductors. 

t 1 

Qualifications include PhD: 

or equivalent with extensive 

experience aild fundamental 

background in Solid State 

Theory. 

Applications with details 

should be sent to the Man-

ager of the Engineering Lab-

oratory, International Busi-

ness Machines Corporation, 

Poughkeepsie, New York 

Ill 

TRANSMITTER 

ENGINEER 
Excellent opportunity for a capa-

ble Transmitter Engineer for our 

Application Dept. A broad ex-

perience in power tube circuits 

with concentration in broadcast 

or VHF range is necessary. 

This is a permanent position with 

one of the oldest power tube 

companies in America, associ-

ated with a world wide or-

ganization. We offer excellent 

possibilities for advancement. 

Salary commensurate with abili-

ty. Write for full details in confi-

dence. 

AMPEREX ELECTRONIC CORP. 
25 Washington St., Brooklyn 

PROCEEDINGS OF THE I.R.L. 



ania's physicists, chemists 
engineers have carried out funda-
ttal research and development 
lolor television tubes for a con-
]able period of time. 

ue basic investigations into practical 
Jr television tubes for home 
i industry have been conducted at 
rania's Research Laboratories at 
s anda, Pennsylvania, and Bayside, 
1 York. Typical of the exceptional 
lities and advanced research tech-
tes used at the Sylvania labora-
6:s is the demountable vacuum system 
b)wn in the photo. 
ielopmental samples of phosphor 
liens for color television tubes may 
eslaced in the tube for study 
3 test. Similarly developmental 
Wets of three-color electron 
ts may be placed in the neck 
f he demountable evacuated en-lope and characteristics studied. 
s continual basic research has 
bled Sylvania to pioneer in 
viding the television tube in-
try with a complete selection 
glosphors for color picture 
es. It has also paved the 
r toward more advanced 
arch into the design and 
struction of color tele-
on tubes and circuits. 
s typical of Sylvania's 1er-ceasing emphasis  
productive basic research. 

Color Television Research 
Accelerated by Study 
of Color Phosphors 
in Demountable 
Vacuum System 

The operator is observing a spot  

p of light on the phos  screen 
phor 

of a developmental colo r television tube. By varying voltages 
applied to a three-color electron gun inserted in the demount-
able vacuum system, she can obtain data usef ul in improv .- 
both hosphors an d gun designs for color television  ing 

tubes. 

Ar„ 
,SITIArkNL\ 

A Lilt' RIC 
Don't miss 

SYLVANIA'S DISPLAY 

at the IRE Sho w, 
M arch 19-22 

Booths 104-5-6 

"A TUBES,  PICTURE TUBES. ELECTRONIC PRODUCTS ELECTRONIC TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIGN 
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Research Engineers 

Electrical Engineers 

and Physicists 
The Franklin Institute Laboratories for 
Research and Development 

Have openings for personnel with 
0-10  years experience.  Advanced 
degrees are desirable in certain of 
the positions. Fields of interest cov-
ered are: Mathematical Analysis of 
Physical Problems. Statistical Theory 
of Communications, Electromagnetic 
Theory, Servo mechanisms, Electrical 
Computing, Advanced and Funda-
mental Circuit Development, Radar 
and Pulse Circuits, Operation of 
G.C.A. or Tracking Radar. Aeronau-
tical Radio, Automatic Controls, De-
sign  and  Development  of Small 
Mechanical and Electro-merh 
Instruments, and Electrical Machin-
ery. 

Send resume of education and ex-
perience. salary requirements and 
photograph to: 

Personnel Deportment 

THE FRANKLIN INSTITUTE 

Philadelphia 3, Pernsylvonia 

SCIENT;STS 
AND 

ENGINEERS 
for 

challenging research  and  ad-

vanced development in fields of 

RADAR 

GYROSCOPES 

SERVOMECHANISMS 

MECHANICAL SYSTEMS 

ELECTRONICS CIRCUITS 

APPLIED PHYSICS AND MATH 

PRECISION MECHANICAL DEVICES 

ELECTRICAL SYSTEM DESIGN 

GENERAL ELECTRONICS 

INSTRUMENTATION 

MICROWAVES 

COMPUTERS 

AUTOPILOTS 

Scientific or engineering 
degree and extensive technical 

experience required. 

WRITE: 
ltanager, ENGINEERING PERSONNEL 

BELL AIRCRAFT CORPORATION 

112 \ 

* *  * 

Positions Wanted 
By Armed Forces 

Veterans 

In order to give a reasonably equal op-
portunity to all applicants, and to avoid 
overcrowding of the corresponding col-
umn, the  following rules have been 
ttlopted: 
The Institute publishes free of charge 

notices of positions wanted by I.R.E. 
members who are now in the Service or 
have received an honorable discharge. 
Such notices should not have more than 
five lines. They may be inserted only after 
a lapse of one month or more following a 
previous insertion and the maximum num-
ber of insertions is three per year. The 
Institute necessarily reserves the right to 
decline any announcement without assign-
ment of reason. 

ELECTRICAL ENGINEER 

-ix year- experience in electromechan-
Tc;11 and industrial electronics and nwAs 
!Trements. Professional engineer. Ne 
York area preferred. $7,500 per year. 
lox 500 W. 

SALES ENGINEER 

Graduate "S.de,manship for Engineers-

course at  IN.Y., 11.E.E. communica-
!ions—N.1..1:s 1950. Single, age 24. Look-

for jtib as junior or trainee that needs 
(C,,ntintied  page 114.1) 

Positions available for 

SENIOR 
ELECTRONIC 
ENGINEERS 

with 
Development & Design 

Experience 

in 

MICRO WAVE RECEIVERS 

PULSE CIRCUITS 

SONAR EQUIPMENTS 

MICRO WAVE 

COMMUNICATIONS 

SYSTEMS 

Opportunity For Advancement 

Limited only by Individual 

Ability 

Send complete Resume to: 

Personnel Department 

MELPAR, INC. 

452 Swann Ave. 

Alexandria, Virginia 

ENGINEERS 
ELECTRONICS 
RESEARCH AND 
DEVELOPMENT 

In Baltimore, Maryland 
Career Positions 

for 
Top Engineers and Analyst 

in 
Radar Pulse, Timing and 
Indicator Circuit Design 
Digital and Analogue 
Computer Design 

Automatic  Telephone 
Switchboard Design 

Also 
Electro-Mechanical Engineers 
Experience in servo-mechanism, spe. 
cial weapons, fire control, and guided 
missile design. 
Recent E.E. graduates and those whitj 
at least one year electronics researc 
and development work will also b 
considered. 
Salary commensurate with ability.1 
Housing reasonable and plentiful. 
Contact the Glenn L. Martin Corn- I 
pany representative attending the 
I.R.E. Convention, or submit resume 
outlining qualifications in detail. In-
formation will be kept strictly con-
fidential. Personal interviews will be 
arranged. 
THE GLENN L. MARTIN COMPANY 

Employment Department 
Baltimore 3, Maryland 

POSITIONS AVAILABLE 
GRADUATE 

ELECTRONIC ENGINEERS 

EXPERIENCE IN DESIGN 

AND DEVELOPMENT PREFERRED 

FOR PROJECTS 

IN THE FIELDS OF 

"TELEMETERING" 
A ND 

"RADIO CONTROL" 
PROJECTS WITH EXCELLENT 

PEACETI ME  APPLICATION 

Give experience, education, age, 

salary expected. Please be com-

plete and specific. All inquiries 

will be considered promptly and 

kept confidential. 

Write to Personnel Director 

RAYMOND ROSEN 
ENGINEERING PRODUCTS, INC. 
32ND & WALNUT STREETS 
PHILADELPHIA 4, PA. 

PRoCEEDINGS OF TIIE march, 1).5 
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... for minimum size 
... maximum dependability 
... convenient rectangular shape 

GLENC O SUB MI NIATURE 

CAPACIT ORS 

FOR COUPLING AND BYPASS APPLICATIONS 

CBM 
MINIATURE 
500 V. D.C. 
SINGLE 
PLATE 

SMCB 
SUB. 

MINIATURE 
250 V. D.C. 

SINGLE PLATE 

CAPACITY 

MFD  

SMCB 
SUI- 

MINIATURE 

250  V.  D.C.  
DOUBLE 
LAYER 

SMCB 
SUB-

MINIATURE 
250 V. D.C. 
MULTILATER 

SIZES IN INCHES SIZES IN INCHES 
L  W  L  W L  W L  W 

.19  .14 .12  .12 .0005 

.25  .19 .18  .15 .001 

.50  .40 .28  .25 .005 

.70  .52 .50  .40 .01 .30  .19 

.80  .60 .05 .61  .43 .48  .33 

.10 .88  .62 .65  .45 

.50 .70  .55 

1.0 1.0  .80 

D=.150-.80d D=.120 0=.0110 D=.120 

SPECIFICATIONS FOR CBM AND SMCB • 
COUPLING AND BYPASS CAPACITORS 

• FLASH TESTED AT 3 TIMES RATED D.C. VOLTAGE 
• POWER FACTOR LESS THAN 106 
• INSULATION RESISTANCE EXCEEDS 10,000 MEGOHMS 
• MEET ALL RMA SPECIFICATIONS 
•Types CBM and SMCB are shown as typical examples of the 
space saving possible with GLENCO capacitors.  Many more 
standard types, including a great variety of temperature 
compensating ceramic capacitors, ore available.  Quotations 
on these or types to customers' specification will be supplied 
promptly on request. 

Actual Size 

CBM MINIATURE 
COUPLING AND BYPASS 

GLENCO 

.  I 0003 uf  004 uf 

1 11 1 

.03 uf  2/.01 of  2/.0002 uf 

TYPE TC - TE MPERATURE  CO MPENSATING 

CERA MIC PLATE CAPACITORS 

TYPE CBM - MI NIATURE COUPLI N G AND 

BYPASS CAPACITORS 

TYPE SMCB - SUB- MINIATURE COUPLING AND 
BYPASS CAPACITORS 

CORPORATION 
DURHA M  AVENUE,  METUCHEN,  NE W  JERSEY 

NOTE! A FEW TERRITORIES ARE STILL OPEN FOR WIDE AW AKE 

I  , OF 111I: I .R.E.  March, 1951 

A 

I GLENNITE* ACCELEROMETER 
MODEL A403 
(ILLUSTRATED) 

We are currently de-
signing  a number of 
other  types of  accel-
erometers  and  strain 
gauges. We invite in-
quiries  concerning 
units of special design. 
Electronic  equipment 
can also be supplied 
for use in conjunction 
with this equipment -
cathode followers, am-
plifiers, filters and re-
cording equipment. 
*Registered Trademark 

• SENSITIVITY: 10 mv/g 

• RESONANT FREQUENCY: 8 kc 
• USEFUL FREQUENCY RANGE: 3 to 4000 cps 

• CAPACITANCE: 1500 mmf 
• SIZE: 1 7/16" diem. x 3/4" 
• WEIGHT: Approx. 1 ounce 

• MOUNTING: 3-2 x 56 machine screws spaced 
120° apart on a 11/4 " diameter circle 

• MAX. DIRECTIVITY: Perpendicular to mount 
• TEMPERATURE RANGE: -60"C to +90°C 

• ACCELERATION RANGE: 0.1 to 600g 
• CABLE. 4 ft. shielded cable supplied 
• CALIBRATION: Instruments individually calibrated 

at 2g from 20 to 1500 cps 
• MOVEMENT: Compressional 

GULTON MFG. CORP. 
METUCHEN  •  NE W JERSEY 

REPRESENTATIVES IN SELECTED AREAS - INQUIRIES INVITED 

• 



Positions Wante 

ENGINEERS AND PHYSICISTS 
Electronic and mechanical engineers and physicists are 

needed at all levels for 

Research, Development and Production 

of diversified military electronic equipment. 

Operating since 1942. 

Pre-Korean commitments require continuous expansion 

of our facilities. 

For interview during I.R.E. Convention and Show, please 

inquire at Waldorf Astoria Hotel desk for Company repre-

sentative in AIL suite. Or write immediately to Personnel 

Director of 

AIRBORNE INSTRUMENT LABORATORY, INC. 
160 Old Country Road, Mineola 

LONG ISLAND, N.Y 

PHYSICISTS 
AND 

ENGINEERS 
You can find plenty of positions where 
you will work on minor improvements 
on  radar, telemetering systems, and 
other conventional devices.  However, 
you will find very few positions where 
you can break ground in new fields hav-
ing tremendous significance. This you 
can do at the JACOBS INSTRUMENT 
COMPANY, whose entire effort is de-
voted to pioneering activities in new 
fields that it has opened up itself. One 
of these fields, for example, is that of 
ultra-high speed, ultra-compact digital 
computers and controllers. This com-
pany's JAINCOMP family of computers 
dominates this field. Other equally im-
portant fields are being developed. En-
gineers and physicists with sound back-
grounds and experience in the design 
of advanced electronic circuits or pre-
cision  mechanical  instruments  may 
qualify,  also  individuals  with  good 
backgrounds in applied physics. A few 
openings exist for outstanding Junior 
E. E.'s and physicists, also experienced 
technicians; applicants for these posi-
tions must apply in person. The com-
pany laboratories are located in the 
pleasant residential suburbs of Wash-
ington. 

JACOBS 
INSTRUMENT CO. 

B,th.,do  Mcnyland 

ENGINEERS 
Needed Immediately 

for 

FAIRCHILD'S 

guided M o de Program 

TOP SALARY 
All Classifications 

of 

ELECTRONIC ENGINEERS 

also 

ELECTRONIC TECHNICIANS 

Convenient interviews will be arranged 

For prompt consideration send com-

plete  resume  of education, back-

ground and experience to: 

Personnel Manager 

FAIRCHILD 
GUIDED MISSILES DIV. 
FARMINGDALE,  LONG  ISLAND 

NEW YORK 

(Continued from page JI M) 

a man that has technical ability, 
how to sell, and has sincere tIci 
sell. Box 501 W. 

ELECTRONIC ENGINEER 

I'll. I). in communications expected 
1951. 3 years full time university 
ing. 2 years Navy electronics. A 
Married. Desires academic or indu 
position in eastern U.S. Available Ju 
1951. Box 503 W. 

TELEVISION ENGINEER 

B.S.T.E. American Institute of 
nology, September 1949. 5 years e 
ence in radio and TV servicing. 
class radio telephone license. Cla 
amateur license. Age 23. Will rub) 
Resume upon request. Box 504 \V. 

PROFESSOR 

B.S.E.E. '43, M.I.T. Radar 
nell Ph.D. due in June. Specialist in 
t romagnet ic  waves  and  propa 
Teaching, research, Navy electronics 
industrial experience. Teaching po 
with opportunity to give graduate co 
desired. Box 508 \V. 

ENGINEER 

B.S. physics, AAF radar officer. 
yard, M.I.T., completing last year e 
ing  law  school.  Extensive experi 
electronic  research and administra 
Seeks position contract negotiation, su 
vision or one involving dealings 
government administrative agencies 
N.Y. area. Box 509 W. 

(Continued on rage 116.4) 

NATIONAL UNION 
RESEARCH DIVISION 
.2he Research Laboratories of one of 
•lie nation's larger electron tube 

manufacturers  has  vacancies  for 

electronic engineers and engineering 
physicists qualified in the following 

fields: 

Tube research and development 

Electronic circuit design 

Electronic equipment 

High vacuum systems 

This utyanizaitc,n con utter excellent 

prospects for security and personal 

advancement due to our continued 

growth. Our location is in suburban 

New Jersey within convenient com-

muting distance of New York City. 

Whether you have a background of 

electron tube or circuit design, or are 

a recent graduate and interested in 
our field, we would like to hear from 

you. Send your resume to: 

Personnel Department 

NATIONAL UNION 

RESEARCH DIVISION 

350 Scotland Rd  Orange N.J. 

PROCEEDINGS OF THE I.R.E.  Marc!, : 



LABSCOPE 

WAIT... 
If you contemplate the purchase of an OSCILLO-
SCOPE now, or within the near future, we sincerely 
urge you to wait until the convention of the Institute 
of Radio Engineers on March 19 to 22. 

We will be in Booth No. N-20, where we will present, 
for the first time, our brand new oscilloscope featur-
ing many desirable and important advancements. 

Our LABSCOPE is not the result of research confined 
within our walls. We solicited the cooperation of a 
cross-section of the nation's outstanding engineers, 
asking them to tell us what they would like to have 
in a scope. Then we designed it ... to serve the great-
est number of the most discriminating and exacting 
engineering organizations. 

We want you to see our new LABSCOPE ... to 
subject it to rigid examination ...to compare it 
feature for feature ... to prove to yourself that the 
• LABSCOPE is the instrument you want. 

P. S. It you are unable to attend the convention and SEE 
it, drop us a line and we'll send you the data sheets 
on our LABSCOPE. 

BRUJAC ELECTRONIC CORPORATION 
103 Lafayette Street •  New York 13, N. Y. 

CE,I.:14;:t.,.̀, OF TliL 1.R.E.  March, 1951 115A 



MODEL 520 

MODEL 505 

MODEL 5205L-7 
7 • cable 

Code: RUDAN 

MICROPHONES PROVED* TO BE THE 

FINE-QUALITY -ECONO MICAL ANSWER TO 

MANY MICROPHONE PROBLEMS 

The "HERCULES"—Here is a revolutionary new 
microphone that provides the ruggedness, the 
clear reproduction, and the high output long 
needed for public address, communications, re-
cording at an amazingly low price! Can be placed 
on a desk, in the hand, or on a stand. 

Model 510C    Code: RUTUF 
Model 5105 (with switch)  . .   Code: RUTUS 

The "GREEN BULLET" — Specially designed to pro-
vide quality music and speech reproduction at 
moderate cost. A streamlined unit that lends itself 
to fine-quality, low-cost installations where dura-
bility is an important factor. Features high out-
put, good response, high impedance without the 
need of a transformer. 

Code: RUDAL 

The "RANGER"— Recommended for those appli-
cations where long lines are used and a rugged 
hand-held microphone is needed. Ideal for outdoor 
public address, mobile communications, hams, 
audience participation shows, etc. Designed for 
clear, crisp natural-voice response of high intelli-
gibility. Has heavy-duty switch for push-to-talk 
operation. 
Model 505B (Medium Impedance) . Code: RUDAY 
Model 505C (High Impedance) . . Code: RUDAX 

The "DISPATCHER"—Complete dis-
patching unit. Designed to handle 
the most severe field requirements 
of paging and dispatching sys-
tems. Ideal for police, rail-
road, taxicab, airport, bus, 
truck and all emergency 
communications work. 
Operates both micro-
phone and relay circuits. 
High output, high speech 
intelligibility. Unit is 
preassembled. 

Model 520SL-20  . . . Code: RUDAF 

CONTROLLED RELUCTANCE CARTRIDGE— 
Available for service installation. Ideal for 
replacement of crystal cartridges in Shure 
cases of Models 707A, 708 and carbon car-
tridges in the 100 and "CB" series. Can also 
be used in most semi-directional microphones 
where space permits. Supplied with rubber 
mounting ring. 

Specific information provided on request. 
Code: RUTUC 

Palcrited by Shure Brothrr, Inc 

SHURE BROTHERS, Inc. 

• 

MODEL R5 

Microphones and Acoustic Devices 

223 West Huron St., Chicago 10,111.  •  Cable Address: SHUREMICRO 

Positions Wanted 
((ontinued from pope 1144) 

MAGNETIC AMPLIFIER DEVELOPMENT 
ENGINEER 

B.E.E. '48. Cum Laude, Tau Beta 
Eta Kappa NU. Two years magnetic 
plifier design, development, and appl' 
tion experience with General Elect 
following ,extensive GE test progr 
Graduate of GE "A" advanced engine 
ing  program.  GE  servo  mechanist 
course. Draft exempt. Desires Comiecti 
or New York location. Box 510 W. 

BROADCAST ENGINEER 

13.S.T.E. American Tel. Age 27, ii 
red, 2 children. First class phone lice 
Presently employed for two way mo 
radio company. Desires position in c 
mercial television broadcasting. Box 
W. 

TECHNICAL EDITOR, WRITER 

More than two years radar and gui 
missle experience, honor graduate w 
B.S.E.E. veteran, married, age 28. C 
rently employed. Salary requirement a 
$6,000. Box 512 \V. 

ENGINEER 

Position in management with electroa 
laboratory and in manufacturer by in 
with eleven years private industry 
administrative field, 6 years as electro 
project engineer in administrative wo 
with the Government, followed by 3 y 
with an electronic manufacturer in pl 
management as administrator covert 
Government contract relations and sal 
organization, etc. Desires connection wi 
growing company. Box 513 IV. 

ENGINEER 

B.S.E.E.  Two  years  experience 
cathode ray tubes. Desires change of pc 
sition. 3 years radio maintenance exper 
ience in Signal Corps attached to Al 
Corps. First class radiotelephone license 
Wide range of interests in televisiot 
radio, electronics. Age 27, married, 
child. Box 514 \V.  • 

SALES ENGINEER 

B.E.E. gtaduate sales for enginee 
C.C.N.Y.  extensive  electrical,  electr 
mechanical  and  manufacturing  back 
ground; 3 years Army radio and rada 
chief ; studying for MBA evening , No 
York metropolitan area ; 27. marriud ; in 
terview and resume upon request. Box 51 

AS EXHIBITED AT THE-

New 
York 
City 

Radio Engineering Show 
Grand Central Palace 

U.S. Armed 
Forces Exhibit 

Booths 
322, 324, 325 

March 19-22  1951 
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low to make Oscillogramspal 

Set up the camera. The Fairchild-Polaroid 
camera consists of three units: adapter ring, 
hood, and camera body. To set it up, you place 
the handy adapter ring over the oscilloscope 
bezel, slip the hood into the ring, then snap the 
camera into the bayonet lock on the hood. That 
supporting rod is a safety feature that protects 
both camera and oscilloscope. 

Pull the tab to finish exposed print. 
After a snap of the shutter, the exposure is made 
and you're ready to finish the print. If you want 
two exposures, it's easy to move the camera body 
down and make a second exposure. To finish the 
print, you merely pull tab at back of camera. 

Remove the finished print. A minute after 
you've pulled the tab, the finished print is ready 
for evaluation. Just open the camera back and 
there it is. An easy job, but you have a photo-
graphically accurate record of the trace in less 
time than you could sketch it from memory. 

—SET UP THE CAMERA 
—SNAP THE SHUTTER 

—SEE THE PRINT 

MIN 3 MINUTES-or even less 
with the Fairchild-Polaroid Oscilloscope Camera 
The easiest way is the fastest way when you're photo-
graphing oscilloscope images with the Fairchild-
Polaroid® Oscilloscope Camera. 
No more darkroom processing! With this new camera 

it takes only two minutes (less if you're fast) to set up 
and snap the picture, one minute to finish a print. Each 
31/4  x 41/4 print records traces exactly one-half life size 
to make comparisons easy. 
Write for complete data and prices on F-284 Oscilloscope 

Camera Kit including camera, carrying case, and film. 
Fairchild Camera and Instrument Corporation, 88-06 Van 
Wyck Boulevard, Jamaica 1, N. Y. Dept. 120-14C. 

SPE CI 

LENS—Special 75 mm. 1/2.8 
W(...,ensak Oscillo-anastigmat. 

SHUTTER—WoIlensak Al pha x; 
speeds 1/25 sec. to 1/100 sec., 
"time," and "bulb." 

FOCUS—Fixed (approx. 8 in.) 

PICTURE SIZE-3'4 x 4%1 in. 
(2 or more images per print; 
16 exposures per roll of film.) 

Typical of the work 
being done with this 
camera is this 31/4  x 
41/4  print of 3.5-milli-
second single-sweep 
transient—one of a 
series of accelerome-
ter-output recordings 
that made possible the 
completion of nine 
recorded "drop-tests" 
in 40 minutes. 

FIC ATI O NS 

IMAGE SIZE—One-half reduction a7 
scope image. 

WRITING SPEED—to 1 in/11sec at 
only 3000V accelerating potential; 
higher speeds at higher voltages. 

DIMENSIONS—Camera, 101/2 x 
x 6  in.; hood, 11 in. length, 71/2 
in. dia.; adapter, 2 in. width, 
651 in. max. dia. 

WEIGHT—Complete, 73/4  lb. 

ilffiC-111110 
OSCILLOSCOPE RECORDING CR MERPS 
II 

9 the Fairchild-Polaroid Oscilloscope Camera and the Fairchild Oscillo-Record Camera at the Radio Engineering Show, Booth 238-239. 
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lII APPROVED BY  UNDER WRITERS  LABORATORIES AT 90° 

"NOFLAME-COR" 
the TELEVISION hookup wire 

fits perfectly 

into this 

picture • 

Meets government 

specification 

AN-1.0-4111a 

FLAME RESISTANT 

HEAT RESISTANT 

HIGH INSULATION 
RESISTANCE 

EASY STRIPPING 

HIGH DIELECTRIC 

FACILITATES 
POSITIVE SOLDERING 

Also 
is not affected by the 
heat of impregnation . . . 
making it an ideal wire 
for use in connection 
with coil and trans-
former leads 

"made by 
engineers 
for engineers,/ 

No "Nicking" problem in using this 
proven wire. Not being an extruded 
plastic, its diameter uniformity can be 
absolutely guaranteed. This eliminates 
nicking of conductors and constant re-
setting of blades in the cutting process. 
Available in all sizes, solid and 
stranded, in over 200 color combina-
tions . . . "NOFLAME-COR" assures 
maximum output and minimum rejects. 

No "blabbing" of insulations under soldering heat, because 

"NOFLAME-COR" is NOT an extruded plastic. Production executives 

specify it as the most efficient heat-resistant wire yet 

developed Save time, money and assembling headaches Investigate! 

CORNISH WIRE COMPANY, Inc. 
50 Church Street,  New York 7, N. Y. 

Branch Offices   
PHILADELPHIA  BRIDGEPORT  CLEVELAND  CINCINNATI  CHICAGO 

DETROIT  MINNEAPOLIS  ST. LOUIS  ATLANTA 
DALLAS  DENVER  LOS ANGELES  SAN FRANCISCO  SEATTLE 

IMANUFACTURERS OF DUALITY WIRES AND CABLES FOR THE ELECTRICAL AND ELECTRONIC INDUSTRIFS1 
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Miedema, H.. 38 Kastanjelaan, Hilversum, 

Netherlands 
Thompson, II. V., Box 187. Fort Lauderdale, 

Transfer to Member 

Adams, R.I., 3110 Massachusetts Ave., S.E., Wa 
ington, D. C. 

Allen, T. L., Jr.. 3323 49 Loop, Sandia 5' 
Branch, Albuquerque, N. Mex. 

Aucremanne. M. J., 18 Whitney Ave.. Floral 

L. I., N. Y. 

Barker. R. D., 4020 Ingraham St., San Die 
Calif. 

Briggs, V. R., 7114-D Alvern St., Los Angeles 
Calif. 

Brooks. W. O., 8333 Georgetown Ave., Los An 
45, Calif. 

Carterette, A. A.. Jr.. Hopkins Engineering 
pany, 831 Munsey Bldg., Washingt 
D. C. 

Davidoff, F., 90 Hazel St.. Apt. G2, Clifton, N. 

Dressel, H. 0.. 2459 Glebe Ave.. New York 
N. Y. 

Duncan. J A.. 6016 45 Ave.. N.E.. Seatt 

Wash. 
Durkovic, J., 10316 Colesville Rd.. Silver Sp 

Md. 
Fishbein. S. B., Barkalow Ave.. Freehold. N. J. 

Fisher, L. L., 901 S. Adams St.. Albuquerque. 
Mex. 

Friedman, 1., 264-61 Langston Ave.. Floral 
L. I.. N. Y. 

Ghose, R. N.. 15 Rajballave Saha First Lane. H 
rah. India 

Godsho, A. P.. Bell Telephone Company of Pe 
sylvania. 1401 Arch St.. Philadelphia 
Pa. 

Hicks, B. A.. 212 Lorraine Ave., Upper Montc 
N. J. 

Hutton, %V. I., 310 W. Clarinda, Shenandoah. I 
Jankowski. H.. 509 Vine St.. Liverpool. N. Y. 
Mahland, E. W.. 257 Beach 134 St.. Belle Har 

N. Y. 

Murty, E. H.. 3505 Ridgedale Ave., St. Louis 
Mo. 

Novikoff, E. B., 84-19 258 St.. Floral Park. N. 
Parenti. V. M., Calle Mandri 60, Barcelona 6. S 

Shalloway. A. M.. Georgia Institute of Techno 
Box 967. Atlanta, Ga. 

Shamblin, H. D., 6346 S. W. 41 St., Miami 43, 

Tribou, P. W., 294 Charles St., Malden, Mass. 
Vincent, R. C.. Box 30. State College, Pa. 
Weltin. 0. K.. 197 Lester Rd., Park Forest, Ch' 

Heights, Ill. 

Whiffen. R. E., 8721 Loch Bend Dr., Towson 4. 

Admission to Member 

Bracco. D. J., Sylvania Electric Products. Inc.. 
6, Bayside. L. L. N. V. 

Cary. F. C.. 61 Cliveden Ave.. Toronto 18. 0 
Canada 

Clark. J. F., III. 22122 Sherman Way, Carlo/ 
Park. Calif. 

Clement, A. J. F., 11935 Wagner St.. Culver City 
Calif. 

Cunningham, F. B., 1702 Ross Pl.. Albuquerque 
N. Mex. 

Dean. K. W., Diddell Rd.. Poughkeepsie. N. Y. 
Eisenscher. E. S., School Ave.. Chatham. N. J. 
Falkenberg. H. R.. 423 Aberdeen Ave., Dayton 9 

Ohio 
Fitzsimmons, R. S., 315 E. Washington, Belleville 

Goldstone. L. 0.. 38 Cooper St., Brooklyn 7, N. V 

Halliday, J. R.. Apt. D. Bldg. 3244 "A" St., Sand' 
Base P. 0., Albuquerque. N. Mex. 

Ihde, W. M., 920 S. Michigan Ave., Chicago 3, 
Jacobson, L. J.. International Resistance Compan 

401 N. Broad St.. Philadelphia 8. Pa. 
Jones. J. D., Jr.. Radio Station KTAT. Frederick 

Okla. 
(Continued on page M il) 
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BIIMEASUREMENTS IMPEDANCE 

FTL-42A IMPEDOMETER 

SP EED AND CONVENIENCE_. 

-30A SLOTTED LINE 

ise impedance measurements in the range of 60 to 1000 
niacycles per second. Accuracy -L.: 2%. 

1 0 to 2000 Mc range covered with slightly reduced accuracy. 

:final line 250 centimeters long having a surge impedance of 
ii ohms  0.5 ohms. 

195.00. 

Rapid, accurate measurement of impedance, reflection coefficient 
and standing wave ratio. Small size, convenient for field use. 

50 to 500 Mc. 

Can be inserted in various sizes of solid coaxial line or flexible 
cables. 

Make three readings, plot diagram and read off impedance to 
.._ 5%. 

$400.00. 

PRECISION 

Write for FTL-30A and FTL-42A brochures. 

On display at booth 34, 
1951 IRE Radio Engineering Show 

'Federal Telecommunication Laboratories, Inc. 
500 Washington Avenue 
Nutley 10, New Jersey 

Alan II, 19 1 IOCEEDINGS OF TIIE I.R.E. 



Size: 81 3/s"x255/8"x 24" 

Weight:  500  lbs; 
shipping weight: 750 lbs. 

OSCILLOSYNCHROSCOPES 
for high-speed pulse work, radar, hf, TV, 

communications, facsimile 
rrHESE ARE THE HIGHLIGHTS of equip-

ment  for  laboratory  research  and 
development requiring a variety of time 
bases, triggers, phasing and delay cir-
cuits, and extended-range amplifiers for 
use in the study of wave shapes, very 
short pulses, and irregular transients. 

Gives you the basic equipment for 
viewing any voltage wave shapes 
— pulse or sine wave — radar or 
TV to audio — in a single, corn 
pact unit. 

Circuit Features 

• 5" CR tube 5UP1 • Triggered 
sweep continuously variable 1 to 
25,000 microseconds/inch with direct 
panel  calibration  •  Saw-tooth 
sweep 10 cycles to 100 KC • Ver-
tical amplifier flat ± 3db from 5 
cycles to 5 mc. @ 0.075 volts/inch 
• Self-contained vertical-deflection 
calibration means • Horizontal am-
plifier d.c. to 500 KC  2 volts/ 
inch • Portable • Low cost. 

r 

120 \ 

A wide-band oscillosynchroscope for high-
speed pulse work and study of complex 
wave shapes with hf components. Entire 
equipment is mounted in vertical rack 
cabinet; convenient mounting for camera 
to record screen images. 

Circuit Features 

• 5" 5RP or 5XP CR tube; anode voltage 
variable 10 to 20 kv. • Vertical amplifier 
bandwidth flat to 16 mc with response 
beyond 30 mc.; deflection sensitivity 0.05 
volts/inch; video delay 0.2 miscroseconds 
• Horizontal amplifier bandwidth 2 mc.: 
deflection sensitivity 0.25 volts/inch 
• Driven sweep variable 0.05 to 500 
miscroseconds/inch;  saw-tooth sweep 5 
to 500,000 c.p.s. • Trigger-generator out-
put 100 volts from 500 ohms; running rate 
20 to 20,000 c.p.s. • Internal blanking or 
deflection markers at 0.1, 1, 10. and 100 
microsecond  intervals  • External grid 
connection for beam intensity modulation 
• Delay continuously variable to 2000 
microseconds; directly calibrated dial. 

Bulletins  containing  detailed  information 
about these two versatile instruments will 
be sent at your request. 

In Canada, address: 
Measurements Engineering Ltd. 

Arnprior, Ontario. 

BR O W NI N G 

(Continued front page 118/1) 

Knarr, C. E., 13 Linden Terr., Towson 4, NI,1  , 
Lenson. S., HA Bloomfield St., Dorchester.  

Maddox. R. D., 437 S. W. 16 St., Richmond l 

McCormack. J. E.. Radio Station Will \I 
shire Hotel. Reading, Pa. 

Reed, R. C.. 75 Turner St.. Dedham, Mass. 
Schweiss, W. W., 1104 Fanshawe St.. Philadelpl. 

Pa. 
Smith, H. W.. 1305 W. 40, Austin. Tex. 

Stevens. L. G., Radio Station WLAV, Grand 

ids 2. Mich. 
Wiener, A.. Box 721, Melbourne. Fla. 
Winston. G. R.. 3724 Binkley Ave., Dallas 5, 
lapotocky, A. C.. 27 Winthrop Rd., Washin 

Park, Nixon, N. J. 

The following elections to Associate w 
approved and are effective as of Feb 
1, 1951: 

Abrams, I.. Wheeler Laborato, ( utter 
Rd., Great Neck, L. I., N. V. 

Agree. I., 60 Cooper St., New York 34. N. Y. 
Antosy, S. J., AFN Bayreuth. APO 696-6. c, o P 

master. New York. N. Y. 
Axeling, G. S.. 107 Moore St.. Princeton. N. J. 
Itardfield. M. L.. 4 Brinsley St.. Boston 21. Ma 
Beardslee. D. A.. Valparaiso Technical Instittt 

Valparaiso. Ind. 
Belderok. H. C., 139 N. Columbus Ave.. Freepo 

N. Y. 
Beckerle, F.. Jr., 47 Vermont, Buffalo. N. Y. 
Berger, M., 99 Ocean Ave.. Brooklyn 25. N. Y. 
Bialkowski. M., 906 Myrtle Ave.. Brooklyn, N. 

Bishop. E. F.. 4755 N. Malden. Chicago. III. 
Bradish. W. M.. 1523 N. McCadden Pl., Hollywor 

Calif. 

Britton. R. C., Radio Company. 66 Signal Opr. 
Camp Gordan. Ga. 

Browne, W. A.. West Crook Rd.. Emporium. Pa, 
Brumm. G.. 18 Ackermann St., Zurich 44. Swita 

land 
Busby, E. S.. Jr.. 25 Lawrence Cir., Portsmouth, 
Buschmann. W. T., 4 E. Sixth St.. Emporium. 124 
Cain, G. H.. Jr.. 1015 Second St.. Santa Moniti 

Calif. 
Campbell. W. 0., Box 183. Morrill. Neb. 
Cervenak, E. D., 2154 W. 20 St., Cleveland. Oh 
Chandler, A. H., 846 Howe St.. Vancouver. B. C 

Canada 
Clienoweth. VI'. G.. 3304 Hamilton Ave., Baltimo. 

14, Md. 
Clark, J. E.. 3325 Edgeworth. Ferndale, Mich. 
Cohn. E., Secon Metals Corporation. 228 E. 45 SI 

New.Vork. N. Y. 
Conway. J. G. C.. 128 Torbay Rd.. Harrow, Raj 

ners Lane. Middx.. England 

Cowan. S. K.. 342 Madison Ave., New Vork. N. 
Cumeralto. Q. C., R. D. 3, Hanover. Pa. 
Davis. V. E., 2380 Wilson St.. Beaumont. Tex. 
Demeree, K. W., 60 Rotary Ave.. Bingham 

N. Y. 
Dutton, C. G. O., Sun Oil Company. Box 2 

Beaumont, Tex. 
Earnest, H. N.. Hedron Macg.-1. Cherry Pots 

N. C. 
Hices. F. J.. 3728 Chesapeake St.. Washingtot 

D. C. 
Fagerhaugh. K. H.. 86 E. Randolph St.. Chicarp 

Ferguson. D. R., 20404 Spencer. Detroit. Mich. 
Francis, E. P.. 4409 Monroe. Wayne. Mich. 
Freed. L. E.. 1481 E. Fifth St., Brooklyn. N. V. 

Garber, J. F.. Jr.. Air Materiel Command. Box 2 
Wright Field. Dayton. Ohio 

Geiger, D. L., 4900 Euclid. Cleveland 3. Ohio j 
George. J. N. S.. 9 Florence Crescent. Toronto, Oni 

Canada 
Giger, A. J., Florastrasse 23, Solothurn, S WitZeY Ian 
Hackett. F. J.. Box .399. Kenora, Ont.. Canada 

Hagger, H. J., 155 Thierstenerrain. Basle. Swore' 
land 
(Continued on page 121A) 
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(Continued from page 1204) 

sen. W. N.. R. D. 6. Muscatine. Iowa 
der. J. F.. 60-58 71 Ave., Brooklyn. N. V. 
du. G. K.. Box 1226. Plainfield. N. J. 
in, %V. H.. 1965 Greenwood Ave.. San Carlos. 

Calif. 
:berg. E. N.. 56 Herzl St., Haifa. Israel 

tins. L. A., 32 Charles St.. Jersey City. N. J. 

schberg. J. K., 7306 Kenwell St., Dallas. Tex. 1Ili.  G. Y., 513 Kalanikoa Ave., Hilo. Hawaii. 
T. H. 

thowitz. A.. 494 Hegeman Ave.. Brooklyn. N. Y. 

ir, J. J., 87 Sanford Ave.. Amsterdam. N. Y. 
on. H. A., The Electrodyne Company, 32 Oli-

ver St.. Boston 10. Mass. 

es, E. D.. Mezes Hall, Apt. 106. North Brothers 
Island. New York. N. Y. 

te, F.. Armour Research Foundation. Technical 
Center. Chicago 16. III. 

hik. W. E., 1442 Ridge Ave.. North Braddock. 
Pa. 

hn. W. R.. R. D. 3, Hanover. Pa. 
I. I. H.. R. D. 2, Hobson Rd.. Fort Wayne. Ind. 
deeja. C.. R. F. D. Hendrick St.. Easthampton. 

Mass. 
rrence. A. H.. 11227 92 St.. Edmonton, Alta.. 

Canada 
. R. J.. 6126 S. Dorchester St.. Chicago. Ill. 

IcDonald. D. A.. 77 Atkinson St.. Bellow Falls. 

Vt. 
tirgna. C. R.. Hadlaubstr. 47. Zurich 6. Switzer-

land 
h Innes, H. W.. 6500 E. Hastings St.. North Bur-

naby. B. C.. Canada 

1. Manus. J. E., 35 W. 33 St.. Chicago. Ill. 
it rrthew. H. W.. 740 New St.. Allentown. Pa. 1ler. C. V.. 1020 N.  Broadway. Milwaukee 3. Wis. 
Iler. J. C.. Jr.. 6507 Starling Cir.. Dallas. Tex. 
irgan. D. E.. Wilson-Hazel. 4544 N. Hazel Ave.. 

. Chicago. Ill. 

mix. A. A., 527 Bushwick Ave., Brooklyn 6. N. Y 
often. D. E., 2012 N. 23 Pl.. Phoenix, Ariz. 

lerray. J. M.. 308 Myrtle Ct. Apts.. Augusta. Ga. 
flumeyer. B. W., C. I. T., Nuclear Research Cen-

ter. Saxonburg. Pa. ILvdorf. A. S., 1059 53 St.. Brooklyn. N. Y. 
ner, J. A.. Swedish Electrical Commission. Stock-

Ion, C. holm 16, Sweden 
F.. 6214 N. Winthrop Ave.. Chicago. Ill. 

tepchuk. J. M.. 44 Ahorn St.. Peabody. Mass. 

ord. C. J.. Jr., 1587 Penistone Rd.. Birmingham, 

Mich. 
Blips. J., 118 Villa Ave.. Buffalo. N. Y. 
ellnitz. F. D., USN Air Development Center. 

Johnsville. Pa. 
lit°. V. J.. 27 Ellington St.. Dorchester 21. Mass. 
Ice. R. L.. 2144 N. Quebec St.. Arlington. Va. 

Labe. H. P., 202 Park Dr., Dayton 10. Ohio 
etko, E., 7177 Nagle. Detroit 13. Mich. 
'beat,. J. 0., Rock Island Broadcasting Company. 

WHBF-TV, Rock Island. Ill. 
smell, R. S.. 1217 George St.. Lansing. Mich. 

ro, V. L., 800 N. Clark St.. Chicago. III. 
ks. H. L., 166 Hicks St.. Brooklyn 2. N. Y. 
na. A. P.. Comm. Centre Police W-T Ser 

Asst. Wireless Officer Tech., Dilkuslta 

Lucknow. India 
hofield. C. R.. 350 Arch St., Sunbury, Pa. 
honsleben. M. W., 658 Birchstrasse. Zurich 52. , 

Switzerland 
hreiber. 0. P., 424 Howard Ave.. Middlesex. N. J 
ref, H. W., Hixon Laboratory. University of 

Kansas, Medical Center. Kansas City. 
Kane. 

Wastava. G. P.. Communication Center. Dilkusha 

Rd.. Lucknow, India 
eele, E. E.. 1129 Alameda Ave.. Glendale 1, Calif. 
Wenger, J. E., Jr., Box 176, Patiokee. Fla. 
maker. W. E., 1608 Karwin Dr., Dayton. Ohio 
ban, C., 17rban Associates. Cornell Bldg.. Pleas-

antville. N. V. 

(( ontinued on page 1224) 

WHILE THE ELECTRONS FLOW, this Brush D.C. Ampli-
fier and Oscillograph measures and records the time 

constants of a reactor, eliminating hours formerly re-

quired for plotting. Write for Bulletins 460 and 540. 

Instruments that multiply manpower 
Are you taking advantage of the great time savings 
made possible by Brush recording analyzers? 

Throughout industry, in research and production, 

Brush oscillographs provide immediately usable 
graphs of data which formerly took many man-

hours to obtain and plot. In combination with 

other Brush instruments, these analyzers can be 

applied to a host of specialized problems ... electrical, 

mechanical or acoustical. 
Call your nearest Brush representative to have 

him analyze your opportunities for manpower savings 

with Brush instruments. 

THE need DEVELOPMENT COMPANY 
Dept. F.3, 3405 Perkins Avenue, Cleveland 14, Ohio, U. S. A. 

PIEZOELECTRIC CRYSTALS AND CERAMICS • ELECTROACOUSTICS • MAGNETIC 

RECORDING • ULTRASONICS • INDUSTRIAL AND RESEARCH INSTRU MENTS 

W. A. BROWN & ASSOC 
3834 Mt. Vernon Ave. 
Alexandria, Virginia 

BURLINGAME ASSOC. 
103 Lafayette Street 
New York 13, N. Y. 

R. M. COLDWELL 
289 Fairfield Avenue 
Hartford, Conn. 

EVERETT ASSOCIATES 
411 W. 74th Terrace 
Kansas City 3, Mo. 

BRUSH INSTRU MENT REPRESENTATIVES 

DENVER FIRE CLAY CO 
P 0 Box 435 
Old Albuquerque, 
New Mexico 

KARL F. KELLERMAN 
Suite 505, 
Washington Building 
Washington 5, D. C. 

GERALD B. MILLER CO. 
1540 N. Highland Ave. 
Box 1471 
Hollywood 28, Calif. 

JAMES L. KEARNS 
331 S. E. 62nd Street 
Portland 16, Oregon 

ARMIN LEICH 
3832 Carrollton Ave. 
Indianapolis, Indiana 

HUGH MARSLAND 
20 North Wacker Drive 
Chicago 6, Illinois 

M. P. ODELL 
2536 Euclid Avenue 
Cleveland, Ohio 

H. M. RICHARDSON 
2210 Foshoy Tower 
Minneapolis 2, Minn. 

ANTHONY R. SATULLO 
7635 E. Jefferson Ave. 
Detroit 14, Michigan 

J. Y. SCHOONMAKER 
2011 Cedar Spring Ave. 
Dallas 1, Texas 

A. C. WICKMAN, LTD. 
P. 0. Box 9, Sta. "N" 
Toronto, Ont., Canada 
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Membership 

Here may be the answer 
to your RECORDING problem 

Sanborn Amplifier Recorders are being found outstandingly useful in a wide 

variety of industrial recording applications. 
Records are produced directly, and continu-

ously, by heated stylus on plastic coated 

record paper (Permapaper), are in true rec-
tangular coordinates, and are sharp, clear, 

and permanent. Elimination of the ink flow 

type of recording permits the use of these 

recorders in any position and at any angle. 

The writing arm (or arms) is driven by a 
D'Arsonval moving coil galvanometer with 

an extremely high torque movement (200,000 
dyne cms per cm deflection). 

The single channel Model 128 is a 
vacuum tube recording voltmeter capable of 
reproducing electrical phenomena from the 

order of a few millivolts to more than 200 

volts. Standard paper speed is 25 mm /sec. 
Slower speeds of 10, 5, and 2.5 mm/sec. are 

available. A variety of interchangeable ampli-
fiers is available. 

The multi-channel Model 67 provides 
for the simultaneous registration of up to 

four input phenomena on one record using, 
in a multiple system, the same principles and 

methods as the single channel Model 128. 

In addition, this vertically mounted, metal 
cased amplifier-recorder provides a choice of 

eight paper speeds: 50, 25, 10, 5, 2.5, 1.0, 0.5 
and 0.25 mm /sec., and further provides for 

the use of 4-, 2-, or 1-channel recording 
paper. Complete versatility of recording is 
offered in this unit by means of interchange-

able amplifiers which permit the registration 
of stresses, strains, velocities, etc., along with 
the usual D.C. or A.C. phenomena. 

The recorder and amplifier units 

of which the above models are co m-

prised are also available separately. 

414.414A 

I22A 

For complete catalog 
giving tables of con-
stants,  sizes  and 
weights, illustra-
tions,  general de-
scription,  and 
Prices, address: 

SANBORN 

AMPLIFIER. 
RECORDERS 

MODEL 67 

MULTI-
CHANNEL 

See us at IRE. Booth N-1 3 

SANBORN COMPANY._ 
Twegati4e Dag.:142 
CAMBRIDGE 39, MASS._ - 

Sanborn Recorders and 
Amplifiers have evolved 
from those originally de. 
signed by Sanborn Corn. 
pony for use in deck.. 
cardiographs, and have, by 
actual practice, proven to 
have wide applications in 
the industrial field as well. 

(Continued from page 121A) 

Van Davelaar, F. S., Wheeler Laboratori 
Cutter Mill Rd., Great Neck. L. I., 

Van De Velde. F. J., 52 Ave. De Beco, Brussels, 
gium 

Vedo. J. B.. 4100 Polk. Gary, Ind. 
Warshaw, M., 2136 LeMoyne St., Los Angeles 

Calif. 
Wehrung, N. J., Box 318, Dodge Rd., Tonawa 

N. Y. 
Weiner, G.. 26 Hershey St., Dayton 5, Ohio 
Weiss, E. J., 627 Belmonte Park, N.. Dayton 5. 0 
Woodbeck, R. J., 608 Washington St., Valparai 

Ind. 
Wullirnan. J. C., Stations WCNB & WCNB-

Connersville, Ind. 

News—New Product 

A Survey of Advertising Prel 
erences of Members of 

The Institute of 
Radio Engineers 

In December, 1950, the Advertis. 
Department of the Institute initiated 
survey to determine what advertisemer 
were most acceptable and helpful to 
membership—and why. 
To obtain the information a Post Ca 

(see illustration) was mailed to a portion 
the membership representing a good cro 
section of the country. This will be do 
each month, until the entire roster has bet 

Replies were received from 
states, Washington, D. C., Alaska, Ca 
ada, and the Army overseas. 
The reason why a member liked an 

vertisement fell into the following "p 
tern" (not necessarily in order of pref 
ence). 

1. Specifications or Data. 
2. Prices Quoted. 
3. Application Data. 
4. Engineering Drawing, Charts, Grap 
or Wiring Plan. 
Good Visual Display—Attracts A 
tention. 

(s. Brief Yet Complete. 
7. Dignified l'resentation. 
8. Generally Informative or Instructiv 
9. I'erformance Characteristics. 
10. No Ballyhoo or Advertising Blurbs. 
11. No Answer. 
12. Definitely Negative. 

Other Reasons Infrequently Given 
A. New Techniques. 
B. Order Blank in Ad. 
C. Physical Dimensions. 
D. New Product. 
E. Cut Away Drawing or Explod 
View. 

F. Invites Correspondence. 

The recipient of the card is request 
to make a choice for the specific mont 
and then to state the reason for selectio 
Next, to choose an advertisement from t 
IRE Directory. Thirdly to state his ty 
of business; and last to tell us if (A) h 
makes purchases, (B) sets specification 
(C) can influence buying, (D) has no inter. 
est in buying. EaCh of the last group 
given a numerical value which is totaled 
obtain a "point evaluation" of the m 
who prefer the ad. 

(continued on pope 124A) 
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Hermetic Seal Achievements... 

- 

The Only Seals 
You Can Hot Tin Dip 
at 525° F. for Easy 
Assembly Soldering, 
for a Strain and 
Fissure-Free Sealed 
Part with Resistance 
of over 
10,000 Megohms! 

by the world's leading 
supplier of quality headers 

Whether your specifications call for the simplest or the most 
complicated hermetic seals, call on the source used by this 

country's leading industries. Hermetic's experience, know-how 
and engineering talent are unrivaled in this field. Such special-
ization assures you of quality hermetic headers in unlimited 
shapes that withstand —55° F. sub-zero conditions, swamp test, 
temperature cycling, high vacuum, high pressure, salt water 
immersion and spray, etc. 

Important: Terminals and Headers are 
in RMA Color Code. 

TOP VIEW 

BOTTOM VIEW 

available 

HEADER SEAL 
GUARANTEED 
IMPERVIOUS 
TO EVERY 
ELEMENT ! 

Write for your copy 

of the most complete 

catalog ever produced 

on  hermetic  seals. 

ALECI 

Hermetic Seal Products Co. tre 29-31 South 6th Street, Newark 7, New Jersey ISIT HERMETIC'S BOOTH NUMBER 129 AT THE 1951 I.RE .E. SHOW, GRAND CENTRAL PALACE, MARCF1 19-22 
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dh'e eAte41 
* him • UV dal raittiat 

ditem all! 
NO W AVAILABLE IN M ODELS WITH 

CERA MIC ELE ME NTS 

"AC" SERIES 

ASTATIC has never introduced a new cartridge 
thut has won wider, more immediate acclaim than its "AC" 
Crystal Series. The new mechanical drive system of the "AC" Cartridges affords a new low inertia . . . smoother 
response characteristics, higher tracking excellence, lower 
needle talk resulting. Now, those who need immunity to 
extremes of temperature and humidity, along with such per-
formance excellence, will find an optimum answer in the new 
Ceramic "AC" Models. External physical characteristics are 
the same. Performance characteristics of the Ceramic and 
Crystal models appear below. Note that output of the Ceramic 
units is entirely adequate for the two-stage audio amplifiers 
used in most radios and phonographs. 

CORPORATION 
C O N N E A 1/ T.  O HI O 

IN CANADA CANADIAN AS rA FIC LW 7000010, oNuao 

SPECIFICATI ONS—CRYSTAL M ODELS 

Output Voltage Croquet,. 
Model  11.1 Price 1000 r.p.s.  Rang.-

1.0 Step Load 

AC-78-1 

AC-1 

AC-AG-1 

NI minium 
Needle 
Pressure 

Needle 
T,pe For Record Code 

5 890 1.0. 1 50-10.000  Al arm] sapphire tap)  Standard 76 RPM  AS WYN 

890  1.0••  50-10.000  Al (1-mil sapphire tip)  33-1 3 and 45 RPM  AS WY1 

I i 
890  6 qr. 1 1.0 •  50-10.000  A-AGO (sapphire lip)  33.1 3.45 and 78 RPM  AS WYN 

DOUBLE NEEDLE TURNOVER MODELS: i::!: '4 :::1:: ::: ,V.,11,27114 1,:,": r"'d'. 
ACD•1 950 6 gr.  i 

either needle 1.0• • $0-6.000  A•I and A-3  33.1 3.45 and 78 RPM / AS WYL 
(sapphire tips) 

ACD 11  9 SO 50 rne as ACD.I•seept equipped with spindle lor tut   knob. Replacement cartrrelye Ion AS WYF 
ACD 21 assembly./ 

ACD-21  10 00 Same as ACD 1 isticept equipped with complete assembly turnover and knob AS WYE 

ACC 1 

AC C 781 

AC C AC 

6 qr. 
5 qr. 

SPECIFICATI ONS—CERA MIC M ODELS 
890  S 0 4•• 50 6.000 Al sapphire tip)  33.) 3 and 45 RPM  AS WTN 

890  6 9:  04. 50.6.000 A-3 (3-mil sapphire tip)  Standard 78 RPM AS W7M 

890 6 qr 0 4:7  

DOUBLE NEEDLE TURNOVER MODELS: 
50-6.000 A-AGO (sapphire lip)  33-1 3. 45 and 78 RPM  AS W71. 
l.rnil tip needle for 1.1 11.1/1 sod 46 RPM records 
l•mil tip needle fer standard 78 RIM records. 

ACD-C•1  9 SO 
either needle  0.4'. 50-5.000  A-1 and A-3  33-1 3.45 and 78 RPM  AS WIK 

6 gr. 

(sapphire tips) ) 
ACDC-11  9 SO Manse as ACD CI except equipped with spindle lor limos. ge knob.  Replacement cartrid 

tor *CDC. 21 assembly-) AS WTI 

ACD C 21 10 00 :Sam• as ACD-C-1 •seepo equipped with complete assembly lucnover and knob I 

v ALL GROOVE  Needle Rp of special design and sin to play either 33.1 3 
odd 45 RPM narrow groove) or 78 RPM tstandard groove) fecolds. s:tl etr1;n5.317: ITeinien= d 

Ast•tic Crystal Devices manufactured under Brush Development Co. patents 

AS WIT 

News—New Product:. 
r Continued /ru m page 1224) 

This is the result of the December st 

Firm & Page  Vote Ans. 

General Radio Co. 
Back Cover 

Hewlett-Packard 
l'gs. 26A & 27A 

A. B. DuMont Labs. 
Page 22A 

Intl Resistance 
Pg.. 12A & 13A 

Radio Corp. of Am. 
Pgs. 56A & 57A 

Centralab 
Pg.. 33A, 34A, 35A, 36.% 
Cannon Elec. Dev. 
Page 78A 

15  5.10 

14 

13 

14 

6 

4 

I. 5  2 

6  31 

5 21 

5 18 

I. 5  15 

6 7 

Only the top group of votes are being 
reported in this preliminary study. 

Mycalex Corp. 
Insert 

Communication Prods. 
Insert 

Automatic Elec. 
Insert 

10 Directory 

6 Directory 

Directory 

NOTE: Vote indicates total votes. 
Ans, indicates the answer in 
frequently given, or in a tie, bo 
Value indicates point evaluati 
total of voters. 
Directory refers to the IRE 
rectory. 

N.- - --- -,. 1111 1.1051 INT111.11NG AND 1,111, Al) IA OA... , 
"DvAAANII , al 1.1 I 

6 /e  . Z .  /in  CO 

V6,, I  i eCAU,S E  47° 1.10Dr, 
kij rj4 .1,A, a,  SANIIT,A ,D  I 10 AI  AiD SR ,CF tcr 

I. is. ler 01111(7011V 1  1.1.4 I. .1  ti,,, AZ C o R P. _ 

0.re/a o  pm, NS 

More than one reason was given I 
most men as the basis for selecting .on a 
To avoid making a prejudiced selectio 
the researcher took the first reason in 9 
per cent of the answers, on the basi- i hat 
the most important factor would be stated 0 
first. This may be a fallacy, however, in-
terpretation was avoided, in an attempt tc 
be factual. 
_ Most secondary reasons given we 
answers #1 and #2. And this may be co 
sidered in next month's report. This will 
a "continuing study." 

Recent Catalogs 
• • • I 6% 0  Liii111F.111 or) 1:(1),,rt ,.  -2, 
!MN t•  reled,cd Technology Instru-
ment Corp., 1058 \lain St., Waltham, t 

Report #1 concerns itself with "Lol  
Frequency Characteristics of the 1)1 
.320-A Phase Nleter." This is an instrumen 
which utilizes a pulse position comparis 
method for measuring the phase angle di 
ference between two electrical signals. 
Report #2 is devoted to "Determin 

t ion of The Q of Coils By Means of A 
Angle Meter And The Series Resonan 
\let hod," "Type  500 — A  Wide-Ban 
I tecade Amplifier," and "Network Calcu 
lators." 

• • • Instrument Specialties Co., Inc. 
Little Falls, N. J., has printed Catalog 
which deals with the complete line 
microprocessed springs of beryllium co 
per for many applications. Also given is in 
formation on engineering, toolmaking, an 
the sample service offered by the firm. 
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he MOST VERSATILE AND 
SENSITIVE oscilloscope 
VER sum! 
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!onie of the outstanding advantages of the... 

YE W LAVOIE LA-239A OSCILLOSCOPE 
) Takes the guesswork out of pulse techniques. 

) Accurately measures amplitude, width, separation, repetition rate and rise 
time without the need of additional equipment. 

4) Accurate timing markers provide means of calibrating the linear time base. 

9 Internal trigger generator permits pulse generator and oscilloscope to be 
triggered simultaneously, while sweep delay circuit allows a small portion 
of image to be expanded TEN TI MES normal size. 

INCREASED PRODUCTION NOW PERMITS A REDUCTION OVER FORMER LIST PRICE 
WITH SPECIAL REDUCTIONS TO TECHNICAL SCHOOLS AND NON-PROFIT ORGANIZATIONS 

‘1-ite for Technical Bulletin LA-239A 

cting complete detailed information. 
ZativieXa_lotsaktied. 

RA DI O EN GINEERS A ND  M A NUF ACTURERS 

M ORGANVILLE, N. J. 

,pecialists in the Development and Manufacture of UHF Equipment 
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Check list of selected, recent 

McGRA W-HILL 
BOOKS 

McG  W-HILL 

O I. THEORY AND APPLICATION 
OF INDUSTRIAL 
ELECTRONICS 

ThoroniA  ,. the entire field of industrial elec. 
ironies. II, k. the field down i0  its  basic prin• 
ciples,  showing  many  practical  applications  of 
electronic circuits and devices. Caner* electronic 
instrumentation of both electrical and non•elertrieal 
quantities, electronic control, and electronic power, 
including i11111.1i011 heating and delectric hexing. 
By John M. Cage. Prof. of Elec. Eng.. Purdue 
U.; with the assistAnce of C. F. Basile, Research 
Eng., I.B.M. Corp. 290 pages, Ilitto. In Press 

11] 2. THEORY AND DESIGN OF • 
TELEVISION RECEIVERS 

Gives physical explanations and mathematical theory 
for the behavior of various television circuits from 
the engineering view' ,,, i , it, as well as discussing their 
practical design. Presents numerous tables, graphs, 
and C1.0.•••Vetion schematic drawings that 1.11, I'  time 
and reduce computation work. Covers standards gov• 
erning tele. isi.m transmission. 'Ile operation Ili  C .' , 

cirrad and  •  •ery icing tel  
By Sid Deo'', I,. 1.., I le, hio. Research and 1/e• 
velopment 1....,  ',pro:. .550 pages, 
illus. In Press 

• 3. HIGH-SPEED 
COMPUTING DEVICES 

Covers the various mathematical methods, physical 
mechanisms, and circuits developed for use in auto• 
matic computation. Takes up the general character 
of computing machines and the techniques employed 
in using then,, showing many uses to which large. 
scale machines can be put. Discusses switches and 
gates, desk calculator, large•sca le digital systems, 
etc. By the staff of Engineering Research Asso• 
elates. Supervised by C. H. 'Tompkins and J. 11, 
Wakelin. Edited is. W. W. Ttifler, Jr. .410 pages, 
90 illus., $6.50 

O 4. RADIO ENGINEERING 
HANDBOOK 

Completely revised fourth edition brings you detailed 
data and practice covering all aspects of radio engi• 
neering. Emphasizes design data, presemed in a pro. 
fission of tables, charts, equations, formulas, and 
diagrams. Covers everything from electric and mag• 
netic circuits to such radio applications as television 
and facsimile. Prepares! 13) a staff of specialist,. 
Editor-in-Chief: Keith !Jenne), Editor of Mee-
Ironies. New fourth edition. 915 pages, 836 
illus., over 1000 tables, $10.00 

O 5. HIGH FREQUENCY 
MEASUREMENTS 

A thorough and critical discussion of high-frequency 
phenomena applied to measurement'',  emphasizing  
modern concepts of instlionentation, and extended, 
in this edition, to cover the entire useful radio. 
frequency band of present day applications. Shows 
the procedures for measuring do  practical units, 
providing a means of deciding which procedure to 
use  for a specific problem. By Dr. August Ilund, 
Scientific  Radio Consultant.  Second  Edition, 
McGraw-11111  International  Series in Physics. 
535 pages, 373 illus., $10.00 

AS EXHIBITED AT THE-

; 

f.i.. 

1 2 6 k 

Marsh 19.22 19$I 

SEE 10 DAYS 
FREE BY MAIL 
OR EXAMINE 

AT McGRAW-HILL 
BOOTH AT SHOW 

O 6. ANTENNAS 
Treats  •11111111111,  I  the  electromagnetic•theory 
point of view, emphasising the engineering aspects. 
Presents the fundamental theory of point sources, 
patterns and their multiplication, as well as data 
on linear, loop, and helical antennas. Covers the 
biconal antennas, the cylindrical antenna, sell and 
mutual impedances, and arrays of linear antennas. 
Its John D. Kraus, Prof. of Flee. Eng'rine, Ohio 
sc.'s.. 1 nis. McGraw 11111 Electrical and  Elec. 
troni. 1 ngineering Series. 533 pages, 368 illus., 
88.00 

O 7. TRANSMISSION LINES 
AND NETWORKS 

Presents the theory of transmission lines and (lim-
n—min/if network“. with applications to both the 
power and communications fields. Taken up special 
considerations relating to power transmission, tele. 
phone and telephone transmission, and  telegraph 
transmission, and radio frequency transn , i ,, ion lines. 
Applies the theory of four•terrninJI networks to 
attenuatois,  ism...lame  matching  networks,  and 
filters. hly Walter C. Johnson, Chairman, Dept. 
of Her. Entering, Princeton  I'. McGraw-llill 
Electrical  and  Electronic  Engineering  Series. 
:176 pages, 221 illus., 85.00 

O 8. FREQUENCY MODULATED 
RADAR 

TI. is h,,i  is  1.0.11  today a   f•rn radar. (.,,,err 
e‘erything from background and special character• 
isties, to operational techniques and specific ap• 
paratus. Develops general principles of distance and 
speed determination. by Gni radar. Considers some 
of the radio portions and circuits of the Gm radar 
system,  sc I lulling  directive  antenna..  oseillators, 
etc. It. Hasid G. C. Luck, Research Enter, Radio 
Corp. of America. RC t Laboratories Dhision. 
166 pages, 136 illus.. 81.50 

O 9. ELECTRONICS: 
EXPERIMENTAL TECHNIQUES 

Explains the design and construction of ele, ironic 
cirrnits for snaking nuclear measurements. Discusses 
circuits that are nitlely•uted in physics research, 
prosiding a g I loackgromid for the design 'of new 
circuits. Discusses complete circuits, such an pulse 
amplifiers,  counting  circnits,  etc.,  as  well  as 
various circuit elements. Its  U .. C.  Elmore, Assoc. 
Prof.  of  Plhodes,  Swarthmore  College.  and 
Matthew I.. Sands, tssi. Prof. of Ph,sics, M.I.T. 
Vol. I, Di, V of the McGraw-Hill National 
Nuclear Eneres scrie•.  117 pages,  181 illus., 
83.75 

O 10. VACUUM EQUIPMENT 
AND TECHNIQUES 

Discusses the development of high vacuum equip. 
1111.111  for 'Ise in electromagnetic separation plants. 
Views such fundamentals in vacioim practice as the 
equation of state. gaaeous diffusion, thermal roncluc• 
tiiity of gases, viscosity. etc. Treats all the vacuum 
materials and equipment and recent development's 
in leak•detection instruments am! techniques. Edited 
be A. Guthrie, anti R. K. Wakerline, both of 
the Radiation Laborator,  Dept. of Ph,sics, 
Univ. of Calif. Vol. I, Di.. I of the McGraw-
11111 National Nuclear Energy Serie, 264 pages, 
102 illus., 82.50 

McGraw-Hill Book Co., Inc., Dept. IRE-3-51 
327 W. 41st St., New York City 18, N.Y. 

Send me the book GO .circled below for 10 dayn' examination on approyal. In 
10 days I will remit the price of the books I wish to keep, plus a few cents 
for delivery, and return unwanted books postpaid. We pay delivery charge it 
you remit with this coupon. Same return privilege. 

1  2  3  4  5  6  7 
Name 

8  9  10 

Address 

City   Zone   State 
Company   Position   

This offer applies to U.S. only. 
IRE-3.51 

What to see at the 
Radio Engineering Show 

untitilied 11 on  ta ll,  6 0 4 ) 

Firm  Boot% 

Federated  Metals  Division,  American 
Smelting & Refining Co., Whiting, Ind. 
Federated and Federated Gardiner brand 
rosin core solder, an alloy of tin and lead 
in wire form with a turpentine distillate 
flux incorporated in the center. Federated 
and Federated Gardiner brand RTS sold,' 
(a tin-lead solder). Copper anodes, cast. 
electrodeposited and rolled for all comic, 
plating operations. 

Federated  Purchaser,  Inc.,  New  York. 
N.Y. 

Distributors of industrial electronic equip• 
ment and components. Audio broadcasting 
and receiving equipment. Audio systems, 
instruments, and test equipment. TV com-
ponents. "Radio's Master," a reference 
manual and buying guide. 

Ferris Instrument Co., Boonton. N.J.  1, 2, 
Radill receiver testing equipment. 

Filtron Co., Inc., Flushing, 1..1., N.Y. 
Radio frequency interference suppression 
filters. 

Fisher Radio Corporation, New York, N.Y. 
Theatre  3 

High quality FM and AM receivrrs. High 
quality audio amplifiers. 

Ford Instrument Co., Div. of The Sperry 
Corp., Long island City, N.V. 

Synchro motors, servo motors, resolvers, 
differentials (mechanical). Integrators. 

Freed Transformer  Co.  Inc., Brook]) n, 
N.Y. 

Transformers, reactors, wave filters, High 
"Q" toroid inductors, precision laboratory 
measuring instruments. 

Furst Electronics, Chicago, Ill. 
Wide-band  DC amplifiers,  wow  meter, 
regulated power supplies of various ca• 
pacifies and sizes. 

Gates Radio Co., Quincy, Ill. 
A new model 10K W high frequency com-
munications and broadcast transmitter, a 
display of radio frequency control and 
transmission  line  items  in the higher 
powered ranges and broadcast station ac-
cessory equipment. 

General  Ceramics  and  Steatite  Corp., 
Keasbey, N.J. 

Steatite low  loss insulators, ferramics, 
hermetically sealed terminals, porcelain 
(dry process and wet process) high dielec-
tric constant titanate materials, magnetic 
amplifiers. 

General Electric Co., Schenectady, N.Y. 
113 to ll9IIUI 

Electronics equipment and component,. 

 •  1 Electric Co., Electronics Dept., 
Syracuse, N.Y.  113 to 11 

Cathode ray, transmitting, and receiving 
tubes; TV and,' industrial tubes; Germa-
nium diodes;  loudspeakers; tone arms, 
phonograph cartridges; TV components, 
preamplifiers. 

General Precision Laboratory, Inc., Plea,-
antville, N.Y.  S-9 to S-11 

New Design TV camera chains for field 
and studio, new sensitive film chain for 
better picture quality; precision projectors 
for standard film chains and for portable 
machines for use with image orthican cam-
eras.  Projectors are finest professional 
machines designed for Ti'. Camera chains 
features  remote  control  of  iris,  lens 
change, and focus (pan and tilt also avail. 
able). 

2 

21 

RI 

General Radio Co., Cambridge, Mass.  92, 93 
Coaxial elements, slotted line, UHF admit. 

meter, bolometer bridge, VHF and 
till' oscillators, two•signal audio genera-
tor, standard-signal generators, variacs, 
random noise generator, octave-band filter, 
resistance limit bridge, dielectric measur-
ing equipment. vacuum-tube voltmeters, 
megolimmeter, power amplifier, resistors. 
capacitor.. inductors. 

John Gombos Co., Inc., Irvington, N.J. 
Custom built electronic components, pre-
cision machined parts, radar filters, cross 
bar switches, crystal holders, crystal con• 
verters. jacks and connectors, beryllium 
copper connectors. 

(Continued on page 128A) 
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It's for 

FF11 
lacilities For Defenso 
JD. .. one of the world's largest producers of television 

(dermas and accessories . . . invites orders for prime 

cid sub-contract work. Our Facilities For Defense 

live been used, in the past, by such industry leaders 

(. RCA, PHILCO, ADMIRAL, PILOT, MOTOROLA, BENDIX, 

!'ROMBERG-CARLSON and many others. Personnel and 

roduction machinery are geared to the standard of 

tJality and mass production that meets your "dead-

lies" and lowers your costs. 

Can we serve 

YOU, 
flor experience, know-how, dependability 

Ind financial responsibility—you can count 

JFD's Facilities For Defense. Phone, 

vire or write direct to Mr. Albert Finkel, 

/ice-President. 

We will be 

exhibiting at 

the I.R.E. Show. 

See us in 

Booth No. 215. 

High Speed Production. 

DI VISI O N  OF  CO NTR ACT  OPER ATI O NS 

MANUFACTURING CO., Inc. 
6137C 16th AVENUE, BROOKLYN 4, N. Y. 
FIRST in Television Antennas and Accessories 

127 \ 
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Proving Ground 
for DEPENDABILITY 

This part of our equipment for testing airborne radar antennas may give you 
some idea of the job that Dalmo Victor is prepared to do. Prepared by years 
of experience in a specialized field of the engineered design, development 
and production of complex electro -mechanical equipment. During these 
years a skilled staff of engineering specialists has been organized and integ-
rated with a team of production experts. 

As a result, Dalmo Victor offers you a service unique in the electro-
mechanical field. Our mechanical and electronic engineers offer a proven 
record of ingenuity and sound design supplemented by the services of staff 

specialists in micro-waves, servos, metallurgy, stress and vibration. Our 
production staff offers years of experience in the manufacture and fabrication 
of complex parts, in a variety of materials and by a variety of processes. (As 

an example, Dalmo Victor has been continuously fabricating in magnesium since 
1943, and introduced magnesium wave guide in 1944.) To this is added the best 
in equipment and a corps of craftsmen especially selected for their individual 
skills: Top this off with a testing laboratory that is completely equipped 
for mechanical and electronic testing under sea level, altitude and extreme 
temperature conditions, for both components and complete equipment. 

The result is a competent, resourceful, reliable and integrated team 
capable of assuming the complete responsibility for designing, produc-
ing and testing unusual electro-mechanical equipments from development 
through production. 

If this is your need, 
Dalmo Victor is at your service. 

SAN CARLOS 
CALIFORNIA 

What to see at the 

Radio Engineering Show 

((  d 11 ,11 blip 12 ,, 1) 

Firm  Bc 

Gray Research & Development Co., Inc., 
Hartford, Co ., and New York City 

Dual-audograph monitoring recorder, Telop, 
sound effects console, 10811 Arm, 106SP 
Arm, 103S Arm, 602 Equalizer, 603 Equal-
izer, TV color monitor, airplane electronic 
control boxes. 

Grayhill, Chicago, Ill. 
Represented by Wally Swank. 

Green Instrument Co., Inc., Cambridge, 

P:'Nitit's  ttioc'ratili engraver for name plates, dials 
and scales. Instrument panels up to 19" 
in height.  Rotary tables,  self-centering 
vises, clamping fixtures, cutter grinder. 
Radial attachment with automatic spacing, 
designed to engrave f   straight line of 
type.  Special machinery  for production 
engraving. 

Guardian Electric Mfg. Co., Chicago, III. 
365 to 

RrIa>,,, hermetically sealed. 

A. W. Haydon Co., %Vaterbury, Conn. 
Timing motors, time delay relays, report 
cycle timer. 

Haydu Bros., Plainfield, N.J. 
induction generators, induction welders, 
test  equipment, television,  radio,  and 
power tubes, electron guns, electron gun 
components, radio tube components, spe-
cial burners for heating and forming glass. 

Heiland Research Corp., Denver, Colo. 
Multi-channel oscillograph recorders, gal. 
vanumeters and associate equipment for 
use in testing aircraft, guided missiles, 
and for general laboratory and indust rial 
instrumentation applications. 

Heldor Metal Products Corp., Belleville, 
N.J. 

Transformer cases, hermetic seal terminals. 

Helipot Corp., S. Pasadena, Calif.  83, 
Precision wire wound rheostats, potenti-
ometers, both helical and single turn. In-
troducing the new Model j, a 2-inch di-
ameter, continuous rotation single turn 
potentiometer, developed for servo mecha-
nism application, and equipped with ball 
bearings as a standard feature. 

Hermetic Seal Products Co., Newark, N.J. 
Glass-metal terminals, bushings, headers, 
plugs, and bases, in single or multi-head-
ers for the electronic industry. 

Hewlett-Packard Co., Palo Alto, Calif. 40, 4 
Audio oscillators, vacuum tube voltmeters,  114 
audio signal generators, pulse generators, 
distortion analyzers, square wave genera-
tors, signal generators, microwave. equip-
ment,  frequency  measuring equipment. 
power supplies, attenuators, wide band 
amplifiers, decade scalers, frequency count• 
ers, waveguide test equipment, frequency 
range, 2,600 tck. 18,000 Mc. 

Hickok Electrical Instrument Co., Cleve. 
land, Ohio  N-

Testing equipment: tube testers, signal 
generators, sweep generators, vacuum tube 
voltmeters. Volt-ohm milliammeters, oscil-
loscopes, kilovoltmeters. Indicating instru-
ments: voltmeters, ammeters, milliamme-
ters, microammeters, wattmeters, and me-
ters for special purposes. 

Hi-Q, Franklinville, N.Y. 
M A) ceramic capacitors, trimmers, choke 
coils, wire wound resistors. 

Howard Industries, Inc., Racine, Wis. 22 
Represented by Wall Swank 

Hytron Radio & Electronics Corp., Salem, 
Mass. 

Radio and television picture tubes, trans-
mitting, receiving M P!  cathode•ray tubes. 

Indiana Steel Products Co., Valparaiso, 

Pernianent magnets, magnetron assemblies, 
loudspeaker magnets, ion trap magnets, 
focusing magnets. 

Industrial Hardware Mfg. Co. Inc., New 
York, N.Y. 

A complete line of laminated sockets, ter-
minal strips, and representative metal and 
plienlic stampings produced to specifica-

(Continued on page 130,1) 
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UP COIL PRODUCTION with 

WINDERS 
Toroidal  • Sector  • Telephone Relay  • Standard Relay  • Loud 

Speaker  • Choke  • Field  • Honeycomb  • Transformer  • and 

Many Other Types of Coils and Armatures Wound Accurately and Quickly 

MODEL RW TOROIDAL WINDER 

with Coil Supports--automatically 

winds toroidal coils around 360 

or sector coils up to 270 . 

Winds in either direction. Made 

in three sizes for single wire 

from 18 to 38 AWG, double or 

stranded wires from 2 x 18 to 

2 x 26 AWG. Maximum winding 

speed 200 RPM. 

MODEL OGA AUTOMATIC 

WINDER with removable semi 

or fully automatic paper 

interleaving attachment. 

Adaptable for multiple coil 

winding with or without 

iterleaving and for interweaving 

of cotton threads. Made for 

five speed ranges from 70 to 

3000 RPM. Wire sizes from 

8 to 44 AWG 

MODEL 00FA-PEM MULTIPLE 

FINE-WIRE WINDER with fully 
automatic paper interleaving 

device, for flanged or flangless 
coils. Winds up to 6 coils at a 

time with individual paper 

interleaving. MODEL 00FA-PEB 

winds up to 10 flangless coils 

with common paper interleaving. 
Wire sizes from 24 to 44 AWG 

Winding speeds from 360 to 

3000 RPM 

NATIONAL REPRESENTATIVES 

I
COSA

405 Lexington Ave., Ne w Yor k 17 

CORPORATION 

ROCIEEPINGS OF THE March, 

MODEL 00FA AUTOMATIC FINE-WIRE 

WINDER with removable semi or 

tuily automatic paper interleaving 

attachment. Will wind wires from 

24 to 44 AWG at certain speed 

ranges between 950 and 6000 RPM. 

Attachment available for winding 

two coils simultaneously. MODEL 

00FA-T, similar to above, winds 

up to 12,000 RPM. 

MODEL AWO-A SMALL ARMATURE 

WINDER—Fully automatic for mass 

production of small two-pole 

armatures with straight or skewed 

slots. Wire is guided by adjustable 

guide blade. Wire sizes (without 

insulation) from 23 to 44 SWG. 

Winding speed 700 RPM. 

SEE these 
Coil Winders 
in Operation 

at 

NEW YO U 
Show Room 

Office—CHRYSLER BLDG.-4 Blocks from the IRE Show 

Telephone: ORegon 9-3560 

129A 



BAB:BISON 
BAS 

you're invited 

to our 

OPEN HOUSE 

10 ME  EI THE MEN BEHIND 

ARRISON SERVICEI 
En  Purc hasing gineers,  Agents, Re-
searchers, Executives, Production 
Chiefs • . . be our guests at our • . 

BIG be 
ANNIVERSARY 

OPEN  HOUSE CELEBRAIION, 
'TUESDAY AND WEDNESDAY, 

AND 22, FROM  
MARCH 21 70 9 P.M• 

See HARRISON  RADIO in octionI See 

how HARRISO  you N can save needs from  a 

time  and 

money by supplying all your   
SINGLE SOURCEINine floors  of electronic  
parts and equipment tone of thelargestin-

vcieineheiv:tIese° :. 1sr' :Ilue:Prieomi  :In: Or°T 11:11:i e OvCnalUm;°:.ec0c5:::1:;;eP:Punsi.vriteete:1:dhrinIneluei bdbrnnlceildo.:.:/°P1 Yrip.rbn: lIeIsinnutik iesnAfg°1 IkneRYillegut:Rep t):'sIr:oryeSuori°icve'csuj s:stoIri.!  

hOS OCIlitY 

quorters. Con enieor toe°00 

walk 2 short blocks west. Or, Pgrol: 0°Clo°61. 

41"e  i'bIrorsoN1  

i' '''r N r'stribu,_3. 

 ̂lei: lir::  wc: monvencouon ,,,i.p 

ork ,,e.::1,. 
lines -• from Grond Centro!, lake 1)'excl sn tb 
Ave. Express downtown (3 sto s) t F 9 °n  

Ben 

sayder 

ARRISON RADIO CORPORATION 

225 GREEN WICH ST.  (10 West Broadway) 
NEW YORK 7, N.Y.  •  BArclay 7-7777 

Art 

Fronk 

What to see at the 

Radio Engineering Show 
ft ,ffitfilIfed Irvin page 1.:'Xit,f 

Firm Booth 

Industrial Products Co., Danbury, Conn. 
Coaxial connectors, panel connectors. co. 
.ixial and wave guide components, cable 
dssentblies. 

Industrial Timer Corp., Newark, N.J. 
Represented lo \Val), Swank 

Instrument Specialties Co.  Inc.,  Little 
Falls, N.J. 

Standard high frequency items, beryllium 
copper custom-made springs. 

Instruments Publishing Co. Inc., Pitts-
burgh, l'a. 

"The Handbook of Measurement and Con-
trol,"  "Instruments,"  "The  Instrument 
Maker," "The Instrument Index," "The 
Instrument Maker Guide," and numerous 
other technical books on various phases 
of instrumentation, design, theory, and 
appl icati ,,,, . 

International Nickel Co. Inc., New York, 
N.Y. 

Application of nickel and nickel alloys in 
electronic industries. 

International Resistance Co., Philadelphia, 
l'a. 

Resistors. 

J-B-T  Instruments,  Inc.,  New  Haven, 
Conn. 

Vibrating reed frequency meters, panel 
and portable types, including new I% inch 
and 31/2 inch sealed types for audio oscil. 
lators.  Elapsed  time  meters;  selector 
switches, 14 and 20 positions, new molded 
type, also laminated type. I.ever switches, 
3 and 4 position. Electronic temperature 
controller. Two inch inexpensive milliam• 

C: meters. voltmeters. 

JFD Manufacturing Co. Inc., Brooklii. 

TV viol FNI antennas, lightning arresters, 
'IV voltage regulators, brackets, acces• 
sories, and screw eyes.  Radio battery 
plugs, resistance line cords, dial belts kits, 
dial pointers, test leads, auto and home 
antennas, auto radio fittings, auto replace-
ment cables, auto body plugs, radio chemi-
cals, phonograph needles, tube shields, 
test tools, radio hardware, microphone coo. 
nectors, ac•de ballast tubes, step-down 
transformers, step-down resistance cords, 
battery harness. 

Jensen Mtg. Co., Chicago, III.  317 
Loudspeakers, headphones, and transform.  e 
ers. 

E. F. Johnson Co., Waseca. Minn.  221 5° 
Represented by Wally Swank. 

Howard B. Jones Division, Cinch Mfg. 
Corp., Chicago, Ill.  255, 254 

Plugs and sockets, barrier terminal strips, 
fanning  strips,  terminal  panels,  fuse 
nlottlIts. 

Kalbfell Laboratories, Inc., San Diego, 
Calif. 
Ratio voltmeter, dynamic  Micro-Miker, 
plug-in amplifiers, logarithmic attenuators, 
bridged•T filters, and decade amplifier. 

Karp Metal Products Co. Inc., Brooklyn, 
N.Y.  49, 

Custom fabricated sheet metal housings, 
consoles, and cabinets. 

Kay Electric Co., Pine Brook, N.J. 
Electronic  instruments—THE  MEGA• 
LINE: Mega-Sweep; Marka-Sweep (Mod-
els RF-P, IF, Video); Rada-Sweep; Mega' 
Pulser; Mega•Match; Mega•Node; Micro-
wave  Mega -Nodes. SONALINE: Vibra• 
lyzer; Sonaligner; Sona-Graph. 

Kelley-Koett Instrument Co., Cincinnati. 

A line of instruments and accessories for 
the detection and measurement of nuclear 
radiations. Applications include area moni-
toring, personnel protection, civil defense 
against atomic warfare, and laboratory 
work in hospitals and industry. Original 
designer and manufacturer of an instru-
ment approved for civil defense use: the 
AN /PDR-T-1. 

Kenyon Transformer Co. Inc., New York, 
N.Y. 

Transformers, reactors, electric wave fil-
ters. Both commercial and military types. 

(Continued on page I32A) 
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it NE W BoIzeiey SCALERS! 

SINGLE  V." CONTROL 

POSITIVE OR 

NEGATIVE "H. V." SUPPLY• 

GM OR 

SCINTILLATION COUNTING• 

SMALL—LIGHT WEIGHT 

SCALE OF 100 

PLUG-IN CONSTRUCTION 

PREDETERMINED COUNT* 

MODEL 100 

Bwiizeizit Basic Scaler 
SINGLE HI-VOLTAGE CONTROL simplifies 
operation, prevents inadvertent over voltaging 
of GM tubes. Single continuous control from 0 
to 2,500 volts. 

TRUE DECIMAL PRESENTATION for easy 
reading. No interpolation, no lights to add. Re-
sults are presented in direct reading form on 
illuminated panels of the two electronic count-
ing units. A 6-place mechanical register ex-
tends total capacity to 99,999,999. Selectable 
electronic scale of 10 or 100. 

SMALL, LIGHT WEIGHT for easy portability. 
Weighs only 18 lbs.; measures 93/4" x 10 3/4 " 
x 14 1/2". Baked enamel finish permits easy de-
contamination. 

ACCESSORY OUTLETS are provided for ex-
ternal clock,timer, loudspeaker, or output pulse 
per count to drive count rate meter or counting 
rate computer and recorder. 

SEE OUR DISPLAY AT BOOTH 378 

IRE SHO W NE W YORK, MAR. 19-22 

LO W COST—The Berkeley Model 100, pro-

duced in quantity,_ provides a basic Geiger-

Muller scaler at minimum cost. 

PRICE.. . $330.00 

*MODEL 110 

Universal Scaler 

This versatile scaler has all the features 
of the Model 100, plus: 

POSITIVE OR NEGATIVE HI-VOLTAGE 

SUPPLY, selectable by simple internal switch, 
permits use with either GM or scintillation de-

tectors. 

BUILT-IN PREDETERMINED COUNTER pro-

vides presettable scaling factors of 100, 200, 

400, 1,000, 2,000, 4,000, 10,000 and 20,000. 

PRICE ... $395.00 

For complete information, wrIto for Bullr•tin IRE-100 

ay12.4.4:43,t 
2200 WRIGHT AVE. • RICHMOND, CALIF. 

heldaeleit S caudiiiic Peritede#8149 40e4: DALLAS, TEX. — John A. Green Co. • VANCOUVER, B. C. — Hugh M. Birch-Jones Co. 

4EVELAND — J. R. Dannemiller • MONTREAL, OUEBEC — Electrodesign • CHICAGO - KANSAS CITY — Everett Associates • NEW YORK CITY (Export) 

• f rathom Co. • NEWARK - WASHINGTON, D. C. - PHILADELPHIA — Gawler-Knoop Co. • MINNEAPOLIS, MINN. — Graybar Electric • PORTLAND, 

.1EGON — Hawthorne Electronics • DENVER - SALT LAKE CITY — Mine 8. Smelter Supply • ATLANTA — Murphy & Cola • ROCHESTER, N. Y. — 

E. A. Ossman • LOS ANGELES — V. T. Rupp Co. • DETROIT — S. Sterling Co. 
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Tuning Forks 
for precision frequency control 

A complete line of tuning fork resonators to meet 

your reference standard . . . timing . . . or speed 

control requirements. 

ACCURATE ... Manufactured in accuracies up to 1 part in 10,000 
for operation from -40 to +75°C.—and up to 1 part in 
100,000 for operation from 0 to +75°C. 

COMPENSATED . . . Thermal compensation method employed • 
maintains fork accuracy throughout rated operating tem-
perature range without benefit of oven control or warm-up 
time. 

RUGGED . . . Internally shock-mounted using relatively per-
manent, semi-inorganic, silicone rubber—a desirable feature 
for stringent shock and vibration applications. 

HERMETICALLY SEALED... Solder-sealed evacuated container 
prevents barometric pressure and relative humidity vari-
ations from affecting fork accuracy. 

FREQUENCIES . . . 400 cycles and from 700 to 3,000 cycles for 
accuracies up to 1 part in 10.000—from 1,000 to 3,000 
cycles for accuracies up to 1 part in 100,000. 

Available individually—as a part of compact sub-
assemblies—or in completely engineered equipment 
constructed to your specifications. 

Write Din. .4 for complete information or telephone 
II l'act nth 2-1800. 

P HIL-1310 S L.111011.1 TOBIES 

5717 Third .Irenne  Brooklyn 20. N. 

What to see at the 
Radio Engineering Show 

iitmoied from page 130/1) 

Firm  Boo 

Seater Solder Co., Chicago, Ill. 
"Resin•five" core solder, plastic rosin-core 
solder, "Specialized" flux-core solders, in-
dustrial external soldering fluxes. solder-
ing paste and salts, soldering accessories. 

Ketay Manufacturing Corp., New York, 
N.Y. 

Small high precision synchros, servo ampli-
fiers, resolvers, servo motors, specialty 
transformers, rotary switches and Navy 
audible signal equipment. 

Kings Electronics Co., Brooklyn, N.Y. 
Kings Microwave Co., Tuckahoe, N.Y. 
axial  connectors,  rf fittings,  mien, 

wave components and equipment. 

James Knights Co., Sandwich. III. 
Quartz crystals, mounted and unmounted, 
supersonic crystals, frequency standards, 
quartz crystal ovens. 

Kulka Electric Mfg. Co. Inc., Mt. Vernon, 
N.Y. 

Barrier type terminal blocks, jumpers, 
solder tugs, electrical wiring devices, Junc-
tion boxes, aircraft thimbles, identification 
tags, switches, wiring assemblies made to 
speciticat ion. 

Kupfrian Manufacturing Co., Binghamton, 
N.Y. 

Flexible shaft couplings and flexible shaft 
assemblies for remote control of potenti-
ometers, tuners, switches, repeaters, revo-
lution counters and other instruments and 
components. Electrostatic wire shielding 
and push-pull controls. 

Lambda Electronics Corp., Corona, 1..1., 
N.Y. 

Laboratory power supplies. 

La Pointe-Plascomold  Corp., Windsor 
Locks? Conn. 

Television, FM, UHF, VHF, antennas; 
TV, microwave, UHF. VHF, towers; TV 
accessories; lightning arresters. 

Lavoie Laboratories, Morganville, N.J. 87, 
Cif uipment. meters, receivers, trans-

mitters, test equipment. 

Leach Relay Co., Los Angeles, CA M. 
Relays, electronic and hermetic sealed. 

Linde Air Products Co., New York, N.Y. 5' 
MSC (Mass Spectrometer Checked) RARE 
GASES:  helium, neon, argon, krypton. 
Xenon. SYNTHETIC CRYSTALS: calcium 
tungstate and cadmium tungstate rods, as 
grown or polished (1/4 inch cross section). 
Sapphire and ruby boules and rods, titania 
(Rutile) boules. Fine alumina polishing 
powders. 

Littelfuse, Inc., Chicago, Ill. 
os,.s and fuse mountings. 

• 
Lord Manufacturing Co., Erie, Pa. 
Latest developments in vibration•conti..1 
mountings and equipment bases. Tempi —t 
mountings which maintain efficiency Iron, 
—80° to +250° F. Radiofocal mounting b.,se! 
for airborne electronic equipment under actual 
flight conditions. 

M B Manufacturing Co., New Haven, 
Conn, S-1( 
Industrial  electronic vibration  fatigue 
equipment for vibration testing of strue• 
tures and materials to MILS 272, vibration 
measuring equipment, vibration isolators. 
engineering consultation for improvement 
of design and vibration testing laboratorj 
service. 

13( 

21( 

Machlett Laboratories, Inc., Springdale. 
Conn.  96, 97 

Electron tubes for broadcast and indus-
trial applicat ion. 

Magnecord, Inc., Chicago, Ill. Theatres 308, 31 
Audio amplifiers and 1 I speakers, mag-
netic recording equipment. 

P. R. Mallory & Co., Inc., Indianapolis. 
37, 38 

Mercury batteries, rectifiers, capacitors. 
noise  filters,  high  frequency  tuners, 
switches, jacks, plugs, vibrators, resistors, 
fixed and s.ariable. 

(Continued on page 134A) 
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• Is your source of supply dependable in these times of critical shortages? 

• Are there signs of "too little, too late"? 

• Take advantage of FAR R-E-A-C-H-I-N-6 Federated Purchasing Power! 

• SERVICE is more important than ever—now! 

• let FEDERATED assure your smooth flow of electronic supplies. 

ENGINEERS: 
We cater to your professional requirements. Talk to our 

representatives at the Radio Engineering Show. They 

will tell you how we can give you specialized service. 

SPECIAL RADIO SHO W OFFER 
Heavy duty steel-encased Capacitors 

1 VDC  $24.00 

2  7,500 VDC   19.50 

2 MFD   12,500 VDC   38.00 

Special Purpose Tubes 

WL 655/658 (Westinghouse)_$95.00 

WL 652/657 (Westinghouse)_ 42.00 

"Mr. Fed" says.  827 R  (RCA)  59.00 

"You get this 
1200-page 
Reference Manual 

FREE 

with your order" 

ederated urc aser 
CAJOLE  FEDERFURCH 

INCORPORATED  

ELECTRONICS DISTRIBUTORS 
66 DEY ST., NE W YORK 7, N. Y.  DIgby 9-3050 

ALLENTOWN, PA.  NEWARK, N. J.  EASTON, PA. 
1115 HAMILTON ST.  114 HUDSON ST.  701 NORTHAMPTON ST 

Get it faster — thr: FP way! Put your name on our mailing list by writing us on your letterhead. 
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This versatile supply is a 

co mbination of the 

widely used Sorensen 

NOBATRON and a filter-

variable output circuit. 

The result gives a con-

tinuously  variable out-

put voltage regulated 

against line and load 

changes through the full 

range of the instrument. 

Look at the specifica-

tions tabulated below — 

check them against your 

requirements. Where 

range of output, adapt-

ability to diverse appli-

cations is essential, the 

Sorensen  RANGER  may 

well be your instrument 

of choice. 

ELECTRICAL SPECIFICATIONS 

Model No.  SR-10 SR 30 

RIINeeRS 
FULL-RANGE-VARIABLE DC SUPPLYS 

SR 50 

Output range  0 - 135 VDC 0 - 30 VDC 0-13 VDC 

Current range  1 - 10 amps 3 30 amps 5 50 amps 

Input voltage 95 - 130 VAC, 50 60 cycles, single phase 

Regulation 
accuracy 

• 0.25 percent at any voltage setting from 
3 VDC to top rating 

Ripple  RMS max. 1 of output setting 

Meters — standard. Coarse and fine adjustment available. 

Write for complete information 
For other regulated DC supplys, investigate 
Sorensen's line of NOBATRONS (low - 
voltage) and B-NOBATRONS (high voltage). 

60 te,sa&& and Co mpa y. ine. 
375 1•111,11l0 •VI  • 1 ,n..41 00 0  CO N N 

What to see at the 
Radio Engineering Show 

Firm  Boon 
Manufacturers  Thread  Grinding,  Inc., 
Eat,,,,t,..wn, N.J. 2t 

Waverneters aimul special in  ao 
component parts for the electronics trad. 
These wave-meters and special micrometc, 
feature high accuracy and resetabilit. 
achieved by use of special screw thread 
and invar materials. 

Marconi Instruments, Ltd., New  Yor,. 
N.V. 
Industrial, electro•medical, 
laboratory electronic measuring 
Particular emphasis on frequeto 
itug and generating devices from 
9,600  Mc.  Universal  and  admittaii. 
bridges, Q meters, dielectric test sets an, 
power measuring devices. 

Marion Electrical Instrument Co., Man. 
eliester, N.11. 
"Ruggedized," hernietically sealed elect!: 
cal indicating instruments which compl) 
with all latest government specifications; 
special scale-changing instruments for use 
in ray detection, etc., bakelite cased me• 
ters, low powered induction heating equip-
ment and meters designed to meet special 
requirements. 

W. L. Maxson Corp., New York, N.Y. 
A precision phasemeter, designed to  
urc the phase difference betwen two 
signals with an accuracy of O ne 

(0.1) degree, frequency range 30-X,04 ,• 
Included are exhibits of Unimax snap 
irig switches, and I.angevin Mfg. 
transformers, audio amplifiers, etc. 

McGraw-Hill Companies, New York, ' 
Books and publications of interest to , 
ironic and nucleonic engineers. 

Measurements Corp., Boonton, N.J.  226, 2/ 
Standard signal, FM signal, square wave. 
and pulse generators. I.  radio noise 
field strength meters, megacycle nil-
crystal calibrators, intermodulation ito - 
vacuum tube voltmeters, peak voltmet, 
1.-C-12 bridges, megohm meters, rf attenu 
ators, oscillators, special test instrument-

mein°, Inc., Morristown, N.J.  NJ 
Precision resistors Jar-R.93; preci, 
sistors standard; meter multiplier 
Jan•R-29; resistor assemblies, sp,, 
sistors. 

Microwave Equipment Co., No. Cal th“.11, 
N.J. 

Microwave test equipment, waveguide com-
ponents, radar assemblies, microwave an-
tennas, laboratory test instruments, wave-
guide test in  

James Millen Mfg. Co., Inc., Malden, 
Mass. 

Meters and test equipment, filters, power 
supplies, transfoimers, capacitors. 

mitivac Instruments Corp., Schenectady. 
N.Y.  2 

DC microvolimeters, rf millivoltmeters, dc 
and low frequcncy millivolt-recorders. 

Motorola, Inc., Chicago, Ill. 
Mobile and portable radio equipment. 

Mucon Corporation, Newark, N.J.  31 
I .rpacitr'.  I cramic, miniature hi-K 

temperature  compensat ing,  and 
miniature stand-off. Capacitors of special 
I Ivsign, printed circuit assemblies, minia-
ture noise filters. Miniature components-

1 high stability rf coils, high temperature 
c. p, .. 111 11  re. i st,,r ,. 

Muter Company, (The Rola Co. Inc., Jen-
sen Mfg. Co.) Chicago, Ill. 

Ceramic capacitors, wire- W OUIl d  resistors, 
potentiometers, rf and if coils, switches, 
loud speakers, and transformers. 

Mycalex Corp. of America, Clifton. N.J., 
N.Y.  Theatre 

Mycalex (glass-bonded mica) insulating 
materials;  sheets, rods  and  fabricated 
parts,  capacitor  dielectrics.  Injection 
molded  components  and  end  products 
such as "Mycalex 410" and "410X" tube 
sockets, trimmer capacitors, miniature tie-

terminals, telemetering switching de-
, ici•s. 

N. R. K. Mfg. & Engineering Co., Chicago. 
I. 

Waveguide assemblies, radar components. 
pr ecision  instruments  manufactured  to 
tir blue-prints and specifications. 

(Continued on page 136.4) 
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for defense 

" V . 

ABI° 

GUIDED MISSILES  using brain work for defense— 

provide protection against attacking enemy aircraft. 

Designed and "flight-proven" by Fairchild, this 

surface-to-air missile is another development 
- 

geared to the requirements of our Armed Services. 

Homing on radar impulses reflected by attacking 

aircraft, these missiles improve in accuracy as 

they approach their objectives. 

Designed and built by the Fairchild Guided Missiles 

Division working closely with the Navy Bureau of 

Aeronautics and Naval Research Laboratories, 

this is an example of combining the practical and 

theoretical to obtain superior results. 

neaMillsr.   asymaiimarmairm"  
vingtommir-i-r 

- 

••••••• 

ENGINE AND AIRPLANE CORPORATION 

AIRCHILD 
6aidedilladeeed sa/rA oie-- 

FARMINGDALE, N. Y. 

Othitr Divisions: Fairchild Aircraft Division, Haaiddown, &Ad 

Fairchild Engine Division, Al•Fin Division and Stratot Division, Forrnmddale. N.Y. 
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variables on a sin-
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ilv portable. 
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aniplifters or WOW band ac 

arnplifiers. 
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See us at Booths 
274-275, I R E 
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OSCOPSCOPE. 
unique desig,n originally de-
veloped (or him strip record-

e 

ing, o( se'istnographic ph-
nomena. Vrequenc8 response 
10 to 150,000 cps. ADCmodel 
with sensitivivi oi 2 Tv1V dc I to • 

also available. 

Multi-Channel  
Oscilloscopes 
As specialists in multi-channel 'scopes, 

ETC offers a broad line for critical test-
ing, production and research needs. In 
addition to standard types incorporating 
2, 4, and 5 wave forms on a single tube, 
many special designs and adaptations 
are regularly produced for specific uses. 
Full details on any type will gladly be 
sent on request. 

ti-'2.2 lltMEASP,l. DOA. 
CO.NNEi. OSC OOSCOVE 
Vlog-in ac or dc arnplifiers. 

Iwo independent 
channels on a single 
tube register phenorn-
ena (Tom dc to 1 Meg-

acvcie 

• t.) 

1A-B1 EAGtil C.V1P.Nt4E1. 

111P  MULTI-GUN 
CATHODE TUBES 

The answer to prob-
lems involving registra-
tion of a multiplicity of 
transients on a single 
screen. 2-, 4-, 6-, 8- and 
10-gun types. Also a co m-
plete line of standard 5" 
cathode ray tubes. 

gkeiffOffie tYgg ff000140Y1OB 
PHILADELPHIA 18, PENNSYLVANIA 

What to see at the 

Radio Engineering Show 

11i111111  f 

Firm 

National  Carbon Division, New  York, 
N.V. 
(Union Carbide & Carbon Corp.) 

Radio batteries, hearing aid batteries, bat• 
tines for radiation detectors, photo-flash 
and miscellaneous laboratory equipment. 

National Company, Inc., Malden, Mass. 
Electronic components, communications re-
ceivers, television. 

National Research Corp., Cambridge, Mass. 
high vacuum equipment including diffu• 
sion pumps, booster pumps, gauges, vacuum 
furnaces and gas free high purity metals. 
Featuring: a miniature WI booster pump 
for use on rotary exhaust equipment; and 
accurate and automatic equipment for gas 
filling of tubes. 

J. M. Ney Co., Hartford, Conn. 
Precious metal contacts for sliding and 
other uses in instruments. 

Northern Radio Co., Inc., New York, N.Y. 
Multiplex teletype system using tone fre-
quencies. Teletype dual diversity receiving 
and  transmitting  system. Multichanncl 
tone carrier system. 

Nuclear Instrument & Chemical Corp., 
Chicago. ill 

The latest equipment for measurement and 
application of radioactivity in industry, 
research and military use. Also civilian 
defense instruments. 

Nucleonics see McGraw-Hill 

Ohmite  Manufacturing Co., Chicago, Ill. 
R esi.tur•.  rheostats, pO Wer  tap switches, 
rf chokes. 

(Cr,irtinired ors page 145A) 
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i!ws—New Products 
g manufacturers have invited PROCEEDINGS 

h's to write for literature and further technical 

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

DC Microvolt Meter 

Ile new MV-15A dc microvolt meter 
a full scale sensitivity of 10 uv and an 
ft impedance of 1,000 ohms is available 
Millivac Instrument Corp., P.O. Box 
\'w Haven, Conn. 

his improvement of dc 1. acuum tube 
3neter sensitivity was made possible 
liugh the development of a new contact 
r, dc modulator which basically varies 
ci the conventional chopper circuit. In-'' I of periodically opening and inter-
ing the incoming dc voltage to be 
;ured and then discharged through a 
of contacts and a tuned transformer. 1i5cillatory pulse is set off in this manner 
h is then amplified, rectified and 
!red. The new modulator not only in-
;es the sensitivity of dc carrier—type 
lifiers, but, in addition, eliminates to 
Dnsiderable extent contact hazards 
monly found in ordinary chopper cir-
. 

Literature 

• A new tube substitution manual ar-
ed in nine parts providing text and 
ts on general tube classifications; cir-
modifications in which additional re-

i ors are needed; substitute battery 
; substitute 150-ma types, substitute 
ma types; substitute transformer and 
• types; TV receiver types; TV picture 
s; and change-over diagrams may he 

• ined from the Advertising Dept., 
ania Electric Products Inc., Emporium 

A new folder describing paper-thin 
less steel has been published by 
co Steel Corp., Middletown, Ohio. 
plete information is given on how the 
1 is supplied, along with typical me-
tical properties. Of special importance 
ie description of Armco 17-7PH thin-
e strip, which (according to the manu-
rer) has a tensile strength, compara-
to the best high carbon spring steel. 

(Continued on Pape 138A) 

If we could read the minds of engineers and scientists 

for a year ahead ... 

And if we could foresee equipment changes made 

necessary by rapidly changing conditions... 

Then, and only then, would it be feasible to produce 

standard Transicoil Control Motors and gear trains. As 

things stand, however, each Transicoil motor and its gearing 

assembly is specifically made for a particular job —and that 

spells real efficiency. Transicoil makes 'em the way you 

want them. They're shipped to you ready for instant use 

without any worries about trying to adapt standard units 

that are only "almost right". 

) HANDY CONTROL MOTOR DATA CHART 
Send for your free copy today. 

Transicoil Products:CONTROL MOTORS, 

PRECISION GEAR TRAINS, INDUCTION 

GENERATORS, SERVO AMPLIFIERS 

TRANSICOIL 
CORPORATI ON 

107 GRAND STREET  NE W YORK 13, N.Y. 

See us at Booth 2 29, I.R.E. Show 
XEEDINGS OF THE I.R.E.  March, 1951  137A 



News—New Prod uei 

INGS 
Microwave Equipment 

KINGS proudly introduces a new and complete 

line of microwave equipment. Many 

improvements in design and construction 

are your assurance of the finest in 

precision instrumentation. Our engineering 

department is ready to cooperate on your 

most exacting microwave and research 

problems. Inquiries are invited. 

. 

•  =  1 =  1  LI 
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MI N CO.., IN C. 

50 Marbledale Road, Tuckahoe 7, N.Y. 
an affiliate of Kings Electronics Company, Inc. 

These manufacturers have invited PROCEEDIN 
readers to write for literature and further tee 

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

(Continued front page 137,4) 

Plug-in Line-Voltage 
Regulator 

For steadier TV pictures despite 
voltage fluctuations, Clarostat Mfg. 
Inc., Washington St., Dover, N. H., 
offers an automatic line-voltage rept, 

The amplifiers have separate in 
and individual outputs and are specifi 
designed to be used in the video circ 
of television transmission and test se 
Each amplifier has unity gain withi 
per cent and the frequency response is 
that at low frequencies a 60-cps sq 
wave will not be deteriorated and at 
frequencies, the response is down not 
than 3 db at 11 Mc and 6 db at 13 
The inputs of this unit are of the "b 
ing" type and have a relatively high i 
impedance so that all of the amplifiers 
be paralleled across a video line 
minimum disturbance to the dra 
source. Each amplifier delivers, to a 
ohm output line, either the same or I 
opposite polarity of the signal it receit 
by the operation of a toggle switch. 
low-frequency compensation is of an 
vanced type and ti.e, only highly sta 
components. 

100-A Dynamic Analyzer 
The 100-A, dynamic analyzer, mat 

factured by Industrial Control Co., 14 
Undercliff Ave., New York 52, N. Y., i 
instrument that facilitates the meas 
ment of frequency and transient respo 

of low-frequency systems by elec 
methods. It is particularly applicabl 
the servomechanism, either as a cl 
loop, or in its individual components. 

(Continued on rage 139.4) 
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ws—New Products 
lamned from page 138A) 

)f chief interest is the flexibility of the 
ee. The generating mechanics are 
nted on a separate shock-mounted 
eontal chassis, which is easily acces-
thru panel cutouts in the case. The 
tents themselves are mounted with 
dboard  apparatus.  A  vertically 
nted electronic chassis furnishes the 
xi for the speed drive, the excitation 
ages, etc. This construction allows the 
to quickly modify the unit for some 
ial test, by changing gear ratios, add-Iignal generating components, etc. 
'he range of modulating frequencies is 
t 0.1 to 50 cps for transfer function 
t. Phase measurements can be made 
accuracies of ± 2°. For the transient 
i, the damped natural frequency and 

tn 

height of the first overshoot can be 
ured. 
his aid to better TV reception, par-
rly in rural districts or areas ex-
cing line-voltage fluctuations, is a 
y accessory. With male and (male 1 
son connections at either end, it plugs 
tetween the TV set's attachment plug 
4 the outlet. Two models are available: 
IA rated at 300 watts, for sets con-
ding 200 to 300 watts, and TV-B rated 
t,75 watts, for sets consuming 300 to 
7v4atts 

Externally Coated 
G-M Counters 

rhe Raytheon Manufacturing Co., 55 
_ IRA Si., Newton, Mass., is novi iiqine a 

1 
oidal graphite dispersion as a coating on 
outside of their CK1026 radiation 
nter tubes. 
The coating is manufactured by Ow 
eson Colloids Corp.,  Port Huron, 
-h. 
Raytheon claims to have selected this 
idal graphite coating, known as "dag" 
• rsion #154, because it is chemically 

i t, electrically conductive, opaque, and 
eres well to any glass surface despite 
ace scratching. 
The unusual factor about this use of 
" dispersion  154 is that it is applied 
reduce a durable coating on the outside 
he tube. A coating applied in this man-
performs the function of a mechanical 
t, permitting a clip to be snapped 

the tube without danger of scratching 
surface when forced on or off. 
Other features which the tube possesses 
: all glass construction, self-quench-
lity, ROO to 950-volt operation, long life 
ogen atmosphere, and the ability to 
rate in a wide teniperature range. 

(Continued on Page 1404) 
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UG•222/U  UG-174/U 

UG-2711/11;  UG-483/U 

SO-239 

preferred  by  engineers 

• •  • 

UG-100A/U 

every where 

From coast-to-coast, engineers in all fields look to 

Kings Electronics for the finest coaxial connectors. 

Special problems in design and fabrication receive 

the wholehearted cooperation of Kings own engineering department. 

For precision-made, pressurized R. F. Connectors 
call on Kings — the leader. Quotations on request. 

811 LEXINGTON AVENUE, BROOKLYN 21, N. Y. 

OCTEDI M,  OF 7-11E I.k.F 



SELECTED 
for 

Hallicrafter-Built SCR-399 
• 

j •7""'"0;10'.52 .,,,,..._ 

Again E-V serves in vital communi-
cations! The 600-D Dynamic Micro-
phone (T-50) is standard equipment 
on the famous SCR-399. It insures 
high intelligibility speech transmis-
sion—helps get the message through 
clearly. It is an example of E-V 
research-engineering that, over the 
years, has created such fine electro-
acoustic products for military and 
civilian use. 

E-V 600-D MOBIL-MIKE 

• Substantially Flat 
Frequency Response 

• High Articulation— 
Less Listener Fatigue 

• More Usable Power Level 

• Acoustalloy Diaphragm 

• Light Weight (8 oz.) 

• Extra Rugged—Withstands 
Toughest Use. 

Experienced Staff and 
Complete Laboratory 
Facilities for Original 
Research-Engineering 

403 CARROLL ST. • BUCHANAN, MICH. • Export: 13 E. 40th St., Now York 16, U.S.A. Cables: Arlab 

MICROPHONES • PHONO-PICKUPS • HI-Fl SPEAKERS • SELF-TUNING TV BOOSTERS 

14(k  PR 

News—New Produ  
These manufacturers have invited PROCEED 
readers to write for literature and further tec 
information. Please mention your I.R.E. affili 

(C,ntinned from page 1394) 

New Miniature "T" Netw 
Attenuator 

The Daven Co., 191 Central 
Newark 4, N. J. has developed a ne 
network attenuator, series 730, whic 
30 steps of attenuation in only 2 
diameter. 

The 730 has zero insertion lost-, 
constant input and output impedanc 
is suited for use where space is of im 
tance. It is available in steps of 0.5, 
1.5, or 2.0 db. It has a flat frequency 
acteristic to 30 kc. On special order, 
frequency range can be extended to 2 
Its standard resistance accuracy is 

per cent. When requested, accuraci 
low as -I: 0.1 per cent are available. 

Fast Writing Ink Oscillogra 
Sound Apparatus Co., Stirling, N. 

has developed a fast writing ink osc 
graph with the following specificat 

frequency range from 0 to 600 cps m 
ing range between 5 and 160 volts, or 
tween 2 and 60 ma; sensitivity appr 
mately 0.1 mm/volt; impedance 2, 
ohms. 
There are 10 selectable paper 1-pe 

Featuring a new writing mechanism, 
pen is automatically closed when the 
strument is not in use, thus preventii 
drying of ink or necessity to clean pen. TI 
record is made on transparent chart pap 
which can be projected and reproduced 
any desired form. The record is in straigb 
line, rectangular co-ordinates. Maximu 
amplitude is 2X30=60 mm. 

Recorder & Tape 
Testing Service 

Laboratory equipment that can te,t 
performance characteristics of sound 
cording tape, recorders, and playback tint 
"in a matter of minutes" has been Sit 
in St., Paul, Minn., for use by the indu,tr, 
(at no charge) it was announced th 
month. 

(Continued on page 1424) 
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DESIGN 
AND 
PRODUCTION 
FACILITIES 
...NOW 
AVAILABLE 
In the course of a current assignment, these components 

were developed. We invite inquiries regarding similar 

requirements where an unusual approach and excep-

tional engineering ability and material know-how are 

requisites. 

NETWORKS •  FILTERS 

265 Butler Street, Brooklyn 17, N.Y. TRiangle 5-2324 

riny puhe transf ormer to eoupie 2 micro-
second pulse from power amp/itier tube 
to !ow impedance load. IX/e can produce 
/evr power pulse transformers to reproduce 
pu/ses of widths ranging from a fraction 
of a microsecond to severe! milliseconds. 

Lumped delay Vine vAth phase cottectionc 

t 

1150 o\ltr; 20 tnletosecond delay; eut-oi 
itequeney OS 200 VG; 1/2 dla power loss• 
ate I:impaled to make delay Voles coyeitas 
the /swim and teko irequency spectsums. 

Low-loss inductor: inductance  henry; 
Q  400  at 30 4c. Extmerely low-loss in-ductors and high  li 

-fidety transformers are obtainable over a wide range of values 

in various physical sires. and frequencies. using  l ar structures 

•  TRANSFORMERS • REACTORS 
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. adds a new broadband waveguide-output klystron • 

—4-°'̀"41ftlft 
err 

Designed for high-power laboi atoi) :,n(I antenna measurements as well 

as for use as a stable transmitter tube in fixed and mobile service, the 

new Varian X-21 Klystron covers the frequency range 9100 to 11,000 mc 

with power output of at least 2 watts. It is illustrated at right above. 

The two resonant cavities are integral and have self-contained feedback. 
Output mates with standard UG, 39U flange for 'A,- by 1- by 0.050-in. 
waveguide. Low microphonic construction. Weight,  oz. 

Typical Operation: Frequency, 10,000 mc; beam voltage, 1270 v; 

beam current, 98 ma; power output, 5.9 w; load VS WR, less than 1.1. 

Two tunable waveguide-output reflex klystrons: X-12 for the fre-

quency range 12,400 to 17,500 mc, and X-13 for 8,200 to 12,400 mc, left 

and center in the illustration. Power output, X-12, minimum of 10 milli-

watts at the ends of the tuning range. Power output, X-13, 100 milliwatts 

minimum. Widely used for transmitter service and as local and bench 

oscillators as measurement power sources. Single screw tuners .cover 
entire frequency ranges. 

Typical Operation: 

At Maximum Ratings 

Frequency, mc 

Beam Voltage 

Beam Current, ma 

Reflector Voltage 
Power Output, mw 

Load VS WR, max 

Modulation Bandwidth, mc 
Temperature Coefficient, 

mc per deg C. max 

X-12 

15,200 
600 

50 
320 

50 

1.1 
40 

0.25 

X-13 

10.000 

500 

48 

475 

400 

1.1 
30 

0.25 

NE W, Traveling Wave Amplifier, Model 3010. using type V32 tube. Gain 
of 25 db 7t 3 (lb from 2500 to 3300 mc without tuning. Useful gain with 

somewhat reduced bandwidth through 1800-me region. In 56-lb portable 

unit, 35 by 7% by 9 in. including focusing coil and rf matches. External 

power supplies. Standard Type N 50-ohm coaxial connectors for input 
and output. 

VARIAN 
associates 

142A 

99 washington St. 

san curios, calif. 

News New—Products • 
These manufacturers have invited PROCEEDININ 
readers to write for literature and further technic., 
information. Please mention your I.R.E. afflliatI 

(Continued Irons page 14011) 

Signal Splitter Eliminates 
Adjacent Channel 
Interference 

J. L. A. McLaughlin, 5729 La 
Blvd., La Jolla, Calif., specializing in 
field of heterodyne elimination, announ 
the new Series 10 Signal Splitter, a 
lectable  single-sideband  converter 
eliminating adjacent channel and het 
dyne interference. Either sideband can 
rejected with high attenuation. 
The Series 10 signal splitters are 

single, dual, and triple units. The latter 
suitable for frequency or space diver 
reception. Single and dual  units 
mounted on a standard rack panel 
inches high, and triple on 81 inches h 

Models are available with informa 
bandwidths of 200, 2,500 and 5,000 
within +1 db suitable for the reception 
high speed telegraphy, voice, and tra 
oceanic broadcast reception. 
Series 10 signal splitters can be e 

ployed with standard single or diverm 
communication receivers. 

Closed Circuit TV 
Transmitter 

The Dumitter, just announced by 
Television Transmitter Div., Allen 
DuMont  Laboratories,  Inc.,  Chit 
N. J., permits TV camera signals to 
distributed to a large number of standa 
TV receiver g7 over connecting cables. 

The Dumitter is a compact, complet 
portable unit. It takes the composite vi 
signal from any standard TV cam 
chain, and feeds it via a single coaxial ca 
to the antenna terminals. A carrier sig 
of the frequency of either Channel 2 o 
(optional on the Dumitter controls) 
used. Up to 125 receivers can be dri 
simultaneously, with transmission of o 
•everal thousand feet. 

(Continued on page 14311) 
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!ws—New Products 
manufacturers have invited PROCEEDINGS 

s to write for literature and further technical 

*bon. Please mention your I.R.E. affiliation. 

(Continued from page I42A) 

'he antenna lead-in is disconnected 
the receiver, while the Dumitter sig-
s being received, by switching from 
itter line to antenna lead-in, per-
ng the receiver to function on either 
:1-circuit or standard telecasting at 

Ii 

No circuit alterations or component 
ges are required. 
nce the signals travel through coaxial 
s, reception is free from outside inter-
im. No license is required, since the 
mitter does not radiate. 
'he equipment and a staff to operate it 
s provided by Minnesota Mining and 
sufacturing Co., 900 Fauquier St., St. 
0 6, Minn., maker of Scotch sound re-
r ng tape, as a consultant service for the 
*Irv. 

:le three racks of laboratory equip-
t;-plus recorders, and speakers, permit 1suring such performance character- 
s as output at any frequency, uni-
ity of output at any frequency, signal-
ise ratios, dynamic range, wow, 
er, harmonic distortion, intermodula-
and modulation noise. 
ncluded in the equipment are an 
FM tuner, oscilloscope, wow meter, 
twine volt meters, dual-channel oscil-
43h with associated dc amplifiers, two 
fidelity audio amplifiers, two proles-
.' quality recorders that operate at any 
i from 31 to 15 inches per second, 
a sonic analyzer for measuring distor-
and frequency response and for show-
wise spectra. 
. special bias circuit was built into the 
-ders to permit introducing w;de varia-
1 in bias. 

t newly developed double triode re-
g type tube designed for wide angle 

• ical deflection in large TV picture  
s which will handle the entire ver tica l 
tion system, has been announce d by 
Radio Tube Div., Sylvania Electric 
nets Inc., Emporium, Pa. 

(Continued on Page I51A) 

3ouble Triode For Wide 
Angle TV Vertical 

Deflection 

. produces a series of relay-link reflex klystrons 

C EEDINGS OF THE I.R.E.  Har(h, 1951 

VARIAN MICROWOE ENGINEERING 

Following the modern design of other Varian waveguide-output kly-

strons designed for use with a matched load, this new series is engi-
neered for uniform and stable characteristics, long life and low distor-

tion. Intended primarily for broadband relay-link transmitter and local 

oscillator service, any one tube can cover a larger range with reduced 

performance. 

Two production X-26 klystrons cover the frequency range from 6575 

to 7425; four additional tubes under development complete the frequency 

range from 5925 to 7725 mc, each covering 300 mc. Additional tubes for 

frequencies up to 8200 mc can be produced to order. 

High uniformity in each type and high performance characteristics 

are combined with simplicity of adjustments in service replacement. 

TENTATIVE SPECIFICATIONS 

Electrical Characteristics 

Beam Voltage, max volts 
Beam Current, ma max 

Heater Voltage, volts 

Heater Current 

Reflector Voltage, volts 

Power Output, watts min 

Load VS WR, max 

Typical Performance, X-26B 

Frequency, mc 

Beam Voltage, volts 

Beam Current, ma 

Reflector Voltage, volts 

Power Output, watts 

Load VS WR, less than 

Modulation Bandwidth, mc 

Modulation Distortion at ±: 3 mc deviation, db 

Temperature Coefficient, mc per deg C, less than 

750 

80 

6.3 

0.8 

0 to —1000 

0.5 

1.1 

7425 
750 

70 

350 

0.75 

1.1 

33 

—40 

0.07 

NO W also in production, for television relay service, the Varian X-17 

klystron. It covers the frequency range 1990 to 2100 me with 5 watts 

minimum output power. 

VARIAN 
usxoeintes 



How to get the most 
out of the antenna sys-
tern at any location. 

by E. M. Noll 

and 

Matthew 

Mandl 

a practical how-to-do-
lt guide for technician 

and program director 

by 

J. H. 

Battison 

\ 
by 

Bernhard 

Fischer 

1011111 

Television 
for Radiomen ') 

by 

E. M. 

Noll 

TELEVISION & FM 
ANTENNA GUIDE 

This excellent handbook will save you much testing and readjust-
ing and insure the best reception from any antenna system. It gives 
you the characteristics, dimensions, advantages and disadvantages 
of all VHF and UHF antennas and allied equipment, including 
heretofore unpublished information on new types recently tested 
by the authors. It tells how to determine the right type of antenna 
for a specific location, locate space loops, determine signal strength, 
etc.; how to mount various types of antennas on different kinds of 
roofs or window sills; how to minimize noise and avoid standing 
waves in transmission lines, and all other installation procedures. 
Handy tables give comparative data, and there is full, clear instruc-
tion in all fundmental antenna principles.  85.50 

MOVIES FOR TV 
This complete, practical book gives you all the information you 
need to choose the best equipment, operate it most efficiently, and 
make the most effective use of movies on TV programs. It explains 
the operation of all leading makes of cameras, projectors, sound 
and kinescope recording equipment, different types of lenses, etc., 
giving the advantages, disadvantages, and relative costs of each. It 
shows what may go wrong and how to avoid trouble, what type 
of picture is good on television and what is not, how to light 
movies for best TV reception, how to insure good shots on loca-
tion, combine live scenes with movies, produce special effects, 
titles, newsreels, different types of commercials, and much else 
that will be of utmost practical aid to station personnel and pro-
gram planners.  S4.25 

RADIO & TELEVISION 
MATHEMATICS 
This unique book of 721 problems and solutions shows what for-
mulas to use, what numerical values to substitute, and each step 
in solving all problems commonly encountered in radio, televi-
sion, and industrial electronics. The problems are conveniently 
arranged under radio and electronic topics so that you can quickly 
find the solution you want. Formulas listed according to use, com-
plete tables, and a review of the use of powers of 10, the j-opera-
tor, polar vectors, etc. are given at the end of the book.  $6.00 

TELEVISION FOR 
RADIOMEN 
An outstanding basic reference on the operating principles and 
function of every part and circuit in today's television receiv-
ers and on the chief prin-
ciples of transmission, 
together with practical 
instruction in installation 
and alignment procedures, 
testing equipment and 
how to use it, adjustment 
and trouble-shooting. The 
many illustrations include 
3 large, complete dia-
grams of RCA, GE, and 
Philco projection receivers 
folded into thebook. $7.00 

At your bookstore or from 

The Macmillan Co., 60 Fifth Ave., N.Y. 11 

AS EXHIBITED AT THE-

Radio Engineering Show 
Grand Central Palace 

New 
York 
City 

March /9-22  1951 

Acme Electric has been identi• 
fied with the electronic in. 
dustry since the crystal set 
days. The vast store of ex. 
perience that Acme engineers 
have accumulated over these 
many years can be of coo. 
siderable value in helping you 
solve your electronic trans. 
former problems. We offer 
transformer engineering co. 
operation and  facilities to 
build quality transformers it 
quantity production. 

AC ME ELECTRIC CORP. 

443 Water Street 

Aesno &41 0.12-etric 
T R A N S F O R M E R S 
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What to see at the 

Radio Engineering Show 

(Continued from page 1364) 

Booth 

/ramie  Radio  Products,  Inc.,  Mt. 
rnon, N.Y.  N-6 
c analyzer, AP-1, for high speed visual 
ysis of harmonics, vibrations, noise, 
modulation and acoustics. Ultrasonic 
yzer, SB-7, for analysis of spectrum 
Yen 2 kc and 300 kc. Sonic response 
:ator, G-2, a visual curve tracer for 
o responses. Panalyzor and Panadap-
or simple high speed rf spectrum stud-
nd monitoring. 

Metal Products Corp., Long Island 
y, N.Y.  N-10 
y racks, cabinets, panels, chassis, 
.1 parts. 

ridge Transformers, Ltd., Tolworth, 
rrey, England  263 
:o and power transformers. The CBF 
t transformer with a "C" type core 
a 15 octave band width. 

Corp., Philadelphia, Pa.  43, 44 
ributions in the microwave industry. 
iplex equipment, microwave communi• 
as relay, television relays, and Loran 
advance design techniques and ap-

tions. Cathode-ray tubes and details 
tiniature and sub-miniature tubes. 

's rad Electronics Corp., Brooklyn, N.Y. S-7 It-vision  broadcast  studio  equipment,  
television equipment, microwave and 
ratory test equipment including all. 
spectrum analyzer, signal generators, 

lal sources. radio cue system. 

.'technic Research & Development Co., 

.c., Brooklyn, N.Y.  268, 269 
1:ision waveguide and coaxial compo• 1:s and electronic test equipment for the 
F and microwave ranges. Attenuators, 
ted sections, frequency meters, signal 
:•.rators,  spectrum  analyzers,  power 
ers, and bolometers. 

•rer & Brumfield, Princeton, Ind.  N-5 

I.ys 

ter Instrument Co., Inc., Great Neck, 
I., N.Y.  135 
h speed electronic counters, counter 
mographs, megacycle frequency meas-
nowt equipment, electronic computor 
ponents. 

cision Apparatus Co., Inc., Elmhurst, 
I., N.Y. 
tronic test and measuring instruments 
accessories, rf signal generators, FM-
sweep signal generators, vacuum tube 
meters,  cathode-ray  oscillographs, 

diode-ray tube  testers,  vacuum  tube 
ers, multi-range volt-ohm-db-milliam-
sers, circuit analyzers, high potential 
I. probes, rf test probes, etc. 

•sto Recording Corp., Paramus, N.J. 
heatre 
k and tape recorders„ associated ampli-
s, blank recording disks. Special atten• 
e recording equipment and to newly 
eloped tape transport mechanism which 
sches to any 16 inch transcription turn 
le. The output of this device feeds 
ectly into ordinary speech input equip. 

205 

305 

cc Electric Corp., Frederick, Md.  394 
ctrical relays. 

,duct Development Co., Inc., Arlington, 
'.j. 
e series of coaxial transmission lines 
id), cover all applications through the 
rowave frequencies.  Special "Broad. 
id" series for continuous frequency 
vice. Microwave antennas and rellec-
s, relay towers, hangers, pressurization 
ipment, adapters to cable, and solid 
lectric cable assemblies. 

222 

Ushers' Authorized Binding Service 
ook Shop Bindery) Chicago, 111  361 
ding of scientific periodicals. 

tumid Electric Co., North Bergen, N.J.  208 
•ctrolytic and paper, and oil impreg• 
led paper capacitors (low and bigh• 
tage) for transmitting and receiving 
ilitary usage). "Glasseal" hermetically 
led miniature paper capacitors in metal 
es, featuring a glass•metal end seal. 

(Continued on page M A) 

LOW-COST PROTECTION 
for Airborne Electronic 
Equipment 

itete L 
*TEMPROOF Mountings 

• Exceed AN-E-19 Drop Test, 
Requirements 

• Designed for JAN-C-1 72A 
Equipment 

• Maintain Efficiency f 
—80°F to +250° 

Here is reliable vibration protection for base-mounted 
airborne electronic equipment . . . and for other apparatus 
which must function properly above and below usual 
temperatures. And TEMPROOF Mountings are priced 
to meet the needs of manufacturers in competitive markets. 

TEMPROOF Mountings provide superior protection 
by maintaining their high vibration-isolating efficiency 
from — 80°F to ± 250° F. Selective-action friction damp-
ers prevent excessive movement at resonant frequencies. 
Equipment does not sag or droop . . . mounting drift is 
negligible. The unusually wide load range of TEM-
PROOF Mountings makes it possible to standardize on 
one mounting for several types of equipment, and to effect 
additional economies in purchasing, storage and assembly. 

For complete information on TEMPROOF Mountings, or for 
specific recommendations concerning their use, write to Product 
and Sales Engineering Department. A quantity of Vibration Iso-
lation and Natural Frequency Charts in full color is available. 
Copy of each will be sent free upon request. 

LORD MANUFACTURING CO MPANY • ERIE, PA. 
Canadian Representative: Railway & Power Engineering Corp.. Ltd. 

P I C) E ? 

-DEO RUB— 

Vibration-Control Mountings 
... Bonded-Rubber Parts 
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Standard 
RADIO INTERFERENCE 
and FIELD INTENSITY 

Measuring Equipment 
Complete Frequency Coverage -14 kc to 1000 mci 

VHF' 
NMA - 5 

15mc to 400mc 
Commercial Equivalent of 
TS-587/U. 
Frequency range includes 
FM and TV Bands. 

UHF! 
375mc to 1000mc 

va! 
NM - 10A 

14kc to 250kc 

NM - 20A 

Commercial Equivalent of 

AN/URM-6. 

Very low frequencies. 

150kc to 25mc 
Commercial Equivalent of AN/PRM-1. 
Self-contained  batteries.  A.C.  supply 
optional.  Includes standard broadcast 
band, radio range, W WV, and commun-
ications frequencies. 

NM - 50A 
Commercial Equivalent of 

AN/U RM-1 7. 
Frequency range includes Citizens 
Band and UHF color TV Band. 

These instruments comply with test equipment requirements of 
such radio interference specifications as JAN- I -225, ASA C63.2, 
16E4(SHIPS), AN-I-24a, AN-I-42, AN-I-27a, AN-I-40 and others. 

STODDART AIRCRAFT RADIO CO. 
6t544-C SANTA MONICA BLVD., HOLLY WOOD 38, CALIFORNIA 

Hillside 9294 

MANY NEW 

DEVELOPMENTS 

AND DESIGNS 

for 

MILITARY & 

CIVILIAN USE 

by 

HUGH H. EBY, INC. 

BOOTH 346 

I. R. E. SHOW 

• sockets 

• connectors 

• jacks 

• terminal strips 

• binding posts 

• • • • 

HUGH H 

EBY, 
• 

INC. 
4700 Stenton Ave. 

Philadelphia, Pa. 

146& PROCEEDINGS OF THE I.R.E.  1c 51 

Ail 



What to see at the 

Radio Engineering Show 

(continued from pqpe I45A) 

Booth 

•n Electric Co., Inc., New York, N.Y. 314 
I speakers for all industrial, commer-
and military applications. 

lo Corporation of America  4 to 9 
. Victor Div., Camden and Harrison. 

tit, tube parts and machinery, bat-
s, test  and  measuring  equipment, 
ronic components. 

Laboratories Div.' Princeton, N.J. 
ironic research and development proj-

I.o-Electronics, New York, N.Y.  S-2 
o-Electronics magazine, a technical 
nine in the field of radio-television-
3, also exhibiting the Gernsback Li-
y books, 15 low priced technical books 
ring radio, audio, and servicing. 

Jio Magazines, Inc., New York, N.Y.  94A rio Engineering," the journal for the 
d engineer, official publication of the 
o Engineering Society. "Audio An-
logy," a collection of reprints of articles 
some reproduction systems. 

Ito Materials Corp., Chicago, III.  338 
licaps"; ceramic capacitors guaranteed 
,imum value types, temperature corn-
sating types, general purpose types. 

trio Receptor Co., Inc., New York, N.Y. N-16 
t nium rectifiers and customers' equip-
' t showing application of rectiners. 
1 tial stress is being placed on small 
aswave rectifiers at 20 ma for bias ap-
tuition, and bridge rectifiers at 40 ma. 
glications running to many kilowatts, 
tt a dielectric heating machine with 
inlets manufactured thereon. 

Odio & Television News,"  395 
'ildio-Electronic Engineering" 
E-Davis Publishing. Chicago & New 
n-lc 

I
.m Instruments, Inc., New York, N.Y. 271 
:et recording oscillographs, and ac-dc 
difiers. A new circuit element that may 
ised as a transducer, filter or oscillator 
I very high sensitivity and stability. 

,girtone, Inc. Newark, N.J. Theatre  3I2A 
iknetic tape recorders. 

timid Corp., Chicago, Ill. television tubes. 
' 

l'theon Manufacturing Co., althorn. Mass. 
:tronic tubes, radar components, stored 
tirgy welding equipment, magnetic tape 
.idling mechanism for automatic digital 
.4puter and precision sonar depth sound-
! 

It ves Instrument Corp., New York, N.Y. 134 
f• R EAC differential analyser which has 
lie the mathematical approach to re-
rch and engineering problems economi-
ii y feasible. Precision induction type 
'Ives for (0, 400 and 1,000 cps operation. 
ndard instrumentation parts and servo-
.hanism  components,  constituting  a 
hod of producing experimental corn-
er and control devices. 

:yes Soundcraft Corp., New York, N.Y. 
heat re  312B 
nk transcription and recording disks, 
toe-tic  sound recording film, magna-
pe film, television picture tubes, mag-
ic recording tape. 

F Manufacturing Corp., 
ineola, 1..1., N.Y. 
et metal fabrication of exacting stand-
s, engineering and design. 

n F. Rider Publisher, Inc., New York 

er Service Manuals (AM-FM-TV-PA), 
i electronic textbooks, one of the most 
,it being the "Encyclopedia on Cath-
-Ray Oscilloscopes and Their Uses." 
cial service of the organization is the 
aration of technical literature. 

• bison Aviation, Inc., Teterboro, N.J. S-4 
ration control engineers demonstrating 
ne of vibration and shock control units, 
ices and systems. Met-L-Flex, the all' 
al, all-weather resilient mounting sys-
. Special and  engineered mounting 
CMS. 

344 

(Continued on Pape 149A) 

13 

364 

243 

PRESTO.... most carefully 
made recording discs 

step 

in the world 

- sealing and packing 
Lacquer recording surfaces are vulnerable to grit and 

dust and need complete protection from these abra-

sives. The smallest particle of dirt between adjacent 

discs can result in permanent damage to their surfaces, 

showing up in "pops" or "clicks" when reproduced. 

At PRESTO, the last, and one of the most important 

steps in disc production, is airtight sealing and packing. 

Discs are sandwiched between specially treated fibre 

end pieces. The entire rim of this circular stack of discs 

is then sealed with tape and they 

are carefully packed in triple-
reinforced cartons ready for ship-

ment around the world. 

This extra protection against sur-

face damage is still another rea-

son why PRESTOS are known and 

preferred as the finest, most per-

manent recording discs available. 

Visit PRESTO's booth at the! R E SHO W 

March 19th to 22nd • New York City 

RECORDING CORPORATION 

Paramus, New Jersey 

Mailing Address: 

Box 500, Hackensack, New Jersey 

The famous PRESTO "Green Label" 
. . . world's finest recording disc. 

In Canada: 
Wolter P. Downs, Ltd. 
Dominion Sq. Bldg. 
Montreal, Canada 

Overseas: 
M. Simons & Son Co., Inc. 
25 Warren Street 
New York, New York 

1 
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gor 

In the laboratory• • • 

In the field... 

Repeated tests by leading set 

manufacturers prove it to be 

Jul 

Tops in overall performance 
High in quality 

Low-priced —offering maximum 
performance per dollar cost 

Manufacturers are invited to: 

1 Write for complete technical data 

2 Request engineering service 

3 Write for prices and availability 

4 Inquire about latest, advanced developments 

SAR KES TARZI A N , INC. 
TU N E R  DI VI SI O N 

Bloomington, Indiana 

OTHER TARZIAN- MADE  PR ODUCTS 

Air Trimmers 

Centre•Kooled 
Selenium Rectifiers 

Cathode-Ray 
Tubes 

STATIONS WITS (5000 WATTS) AND WTTV (CHANNEL 10) 

OWNED AND OPERATED BY SARKES TARZIAN IN BLOOMINGTON 

NORVIME RADM 

Diversity Receivers 

DIVERSITY RECEPTION 

Integral assemblies of 2 or 3 specially 

designed Receivers with self-contained 

power supplies, Master Oscillator, IF 

Monitor, and Modulation Selector Panel. 

Supplied with any combination of ter-

minal equipment for reception of radio 

tele-printer, undulator tape and pro-

gram service, or for remote use where 

intelligence is transmitted via landline 

or UHF link. 

See the specifications in the 1950 I.R.E. 
Directory. For complete data on the 
precision-built  Northern  Radio  line, 
write today for your free latest Catalog 
P-4. 

Visit our Display, Booth 307, IRE Show 
N.Y.C., Mar. 19-22 

Plonfzism RADII() C-D.,inc• 
143 West 22nd Street, New York 11, N. Y.1 

Pace-Setters in Quality Communication Equipment 
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What to see at the 
Radio Engineering Show 

(Continued from page .147A) 

Irm  Booth 

I a Co., Inc., Chicago, Ill.  317 
1 idspeakers, headphones, and transform. 

tron Manufacturing Co., Inc., Wood-
tock, N.Y.  302 
'avers, fans, interlocks, tube-supports 
electronic cooling applications. Range 
2,000-CFM to 6-CFM capacity, cover 
line voltages and frequencies includ-
many special designs for military ap-
:ations. 

iborn Company, Cambridge, Mass. 
h  N-13 gle and multichannel direct-writing re-
fers, featuring permanent records, made 
out ink, and having true rectangular 
rdinates. Interchangeable ac and dc 
mplifiers, and interchangeable driver 
lifiers of dc, strain gage and other 

F 11-13 

▪ W. Schutter, Lindenhurst, L.I., N.V. 260 
ar and electronic component parts. 

entific Electric, Garfield, N.J. 

,es, cathode-ray tube testers.  60 

uction heating equipment, projection 
:Vision, life test racks for cathode-ray 

lrman Roamer Scott, Inc., Cambridge, 
.lass.  219 
sod-level  meters,  vibration  meters, I. 
aaural noise suppressors, dynaural high 
Hzy amplifiers, electronic and labora-
y apparatus. 

i'vo Corporation of America, New Hyde 
'ark, L.1., N.Y.  348 
ldio equipment: electronic. goniometer 
cection finder, crystal controlled signal 1aerator, broadband spectrum generator.  vo equipment: servo synthesis equip-
nt, the servoboard, reluctance  servo 
plifiers, electronic controllers, and the 
voscope analyzer. Thermal radiation de. 
tion: Thermistor bolometers, preampli• 
as and power units. 

allcross Mfg. Co., Collingdale, Pa. 280, 281 
Fcra-Ohm"  precision  wire-wound  re-
tors; wire-wound surge resistors; high• 
tage corona-protected resistors; Ayrton 
iversal shunts; ratio arm boxes; second-
, zesistance standards, etc. 

l
eldon Electric Co., Irvington, N.J. 390 to 392 
levision  tubes,  electrical  cords  and 
igs, and high powered flood lights. 

mu Instruments, Inc., Boston, Mass.  209 
lays, sensitive, polarized, keying, dif-
ential, miniature, hermetically sealed 
• 
hipson Electric Co., Chicago, Ill.  86 
lnel instruments and radio and TV test 
ripment. 

!irk Simpson Mfg. Co., Inc., Long Island )lay, N.Y.  206 
agnetic tape recorders, high fidelity am-
hers, transcription players, sound equip-

lot.  la Electric Co., Chicago, Ill.  21 
nstant voltage transformers for indus• 
al, scientific, and military applications. 

drensen & Co., Inc., Stamford, Conn. 236, 237 
; voltage regulators, regulated dc sup-
es, nobatrons, rangers, voltage reference 
.ndards, fosteriting process. 

cialties, Inc., Syosset, L.I., N.Y.  332 
evision camera iris control, automatic 
trent balance (continuous computation), 
nsformers, angle of attack indicator, 
ctrostatic locator. 

encer-Kennedy Laboratories Inc., Cam-
'ridge, Mass. 
Mc amplifiers, wide band chain ampli-
rs, 100 Mc amplifier, chain pulse ampli-
, TV amplifier, variable electronic ill. 
s, single section and dual section acces• 
'es. 

S-1 

erry Gyroscope Co., Div. Sperry Corp., 
3reat Neck, N.Y.  57, 58, 59 
ystron tubes for microwave generation 
d microline instruments for microwave 
•asurement.  A display on  frequency 
ltiplication and high power amplifica-
n at microwave frequencies. 

(Continued on page 1514) 

"Black boxes" to your specifications 

RESEARCH - DEVELOPMENT- PRODUCTION 

Special Test Equipment 

Plotting Boards--such as the Vari-
plotter Model 205 Series for accu-
rately presenting X vs Y, curve 
following, point plotting, etc. 

Computer Potentiometers 

Radar Modifications 

U.H.F. Equipment 

Regulated Power Supplies 

Electronic Associates, Inc., is a co-
ordinated group of electronic engi-

neering consultants fully equipped 
to perform electronic research, de-
velopment and production. They 
include engineering, production, and 
administrative personnel capable of 

handling a wide range of problems 

including design studies, applied re-
search, and the production of highly 
complex electronic devices. 

:•:  
• • • 

els 

Plant facilities comprise laboratories; 
model, welding and machine shops; 
paint, anodizing, and test depart-

ments; assembly and tool rooms; 
foundry and other contributing func-

tions of production. 

A few of the many products the 

Concern has manufactured are illus-

trated here. See us in our Booth 98-99 
RADIO ENGINEERING SHOW 
New York, March 19-22 

More detailed information will be furnished on request. 

ELECTRONIC ASSOCIATES, INC. 
Long Branch, Ne w Jersey 
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S TA NCOR ouiefican 
High-Fidelity  BeautY 

Output Transformers 
•2 

xl 

tt.  ° 

E 

-2 
20 

 , 

0 DI LEVEL 25 WATTS 

..w 

SO  100  200  SOO  IIIC  21H 

/11110111NLY IN CMOS Pit MONO 

Curve represents on average response of the ten transformers in 
this series. Units used for this test were drawn at random from 
current Stancor stock. 

FROM 20 TO 
±1db   20,000 cps 

SRC  IONC  200( 

Pfzemeum Cuaterty at at 

Stancor has taken advantage of the most advanced design and 
manufacturing practices to bring you a series of output transformers 
combining outstanding audio response with very moderate cost. 

Extensively interleaved "trifilar" windings, extremely tight coupling, 
and careful electrical balance result in audio fidelity to please the most 
critical specialist. An inexpensive, but thoroughly practical, type of 
mounting is used since elaborate shielding is not required at the audio 
output power level. 

Listed part nu mbers have a maxi mum po wer level rating of 50 watts and provide a wide 

selection of impedances for popular amplifier applications. 

PART 
NO . 

PRI. IMP. 

(P-Pt 
IN OHMS 

SEC. IMP. 
IN OHMS  • 

MAX. PRI. 
D. C. 

PER HALF 

NET 
PRICE 

A-8050 1500   

2500 

8, 16 200 ma $10.86 
A-8051 8, 16 150 ma 10.86 
A-8052 3000 8, 16 175 ma 10.86 
A-8053 5000 8, 16 150 ma 10.86 
A-8054 9000 8, 16 100 ma 10.86 
A-8060 1500 500 200 ma 10.86 
A-8061 2500 500 150 ma 10.86 
A-8062 3000   

5000 

500 175 ma 10.86 
A-8063 500 150 ma 10.86 
A-8064 9000  I  500 100 ma 10.86 

For complete specifications and prices of more than 450 stock part 

numbers, including other high fidelity transformers, see the current 

Stancor catalog. Ask your distributor far a copy or write direct. 

STANDARD TRANSFORMER CORPORATION 
3582 ELSTON AVENUE, CHICAGO 18, ILLINOIS 

USED THROUGHOUT 

THE WORLD FOR 

MORE THAN 

A HALF 

CENTURY 

from 50 Watts 

to 550 Watts 

THERMO-
STATICALLY  ("— 
CONTROLLED 
TEMPERATURE 
REGULATING 
STAND 

• A device for regulating 
the heat of an electric 
soldering iron while at rest— 
Thermostat may be set to 
maintain iron,at working 
temperature, ready for instant 
use, or at a lower heat. 

NO II 

AMERICAN ELECTRICAL 
HEATER CO MPANY 
DETROIT 2, MICHIGAN 

established  1894 1 1 •,i,„ ;., 195 
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liews—New Products 
se manufacturers have invited PROCEEDINGS 
Jeri to write for literature and further techaical 
'Aviation. Please mention your I.R.E. affiliation. 

(Continued fern page 14.?..1) 

The tube was designed to meet specific 
x characteristics with ample outputs for 
lical deflection in the largest TV picture 
)es now available. The tube, type 

L7GT, also permits simplification and 
Itter performance when applied to TV 
milts requiring two tubes for vertical cle-
f:tion. 

Time Delay Generator 

1 he Model A2 time delay generator de-
;ned by the Rutherford Electronics Co., 1 244 S. Robertson Blvd., Culver City, 
uhf., produces variable time delays rang-i; from 0.4 microsecond to 100,000 micro-
.x:Inds. Five delay ranges are provided. 
ring a full scale reading of 10 micro-
:onds on the lowest range and progress-
by decade steps to the highest range of 
0,000 microseconds. Blocking oscillator 
'd single shot multivibrator output wave-
ms are provided. 

• 

The unit is useful in the radar and puke 
hnique fields for measuring unknown 
lays or generating a fixed delay. 
The instrument features high linearity, 
_curacy, and freedom from jitter. The 
ge clear dial facilitates setting and the 
e decade ranges prevent crowding of the 
ales. 
The blocking oscillator pulse is 0.5 
icrosecond wide while the multivibrator 
ulse width is designed to permit easy 
wing on a synchroscope and is a func-
on of the delay range in use. 

(Continued on page 1634) 
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Here's why those in the know 

—demand 

Rigid mounting for both plug and receptacle 

Tapered shell design centers to engage contacts 
automatically. 

High-voltage contact-7000 volts, 60-cycle. 
AC peak on special order. 

'441 1rumelv 
Socket contacts are full-floating—turn through 
3600. Quick, self-centering —eases inspection 

Highly legible contact numbers on insert faces. 

Inserts of latest approved high dielectric materials. 

Your requirements are responsible 
for the 8 to 10 design advantages 
found in each type of Cannon Plug. 
That's why engineers know the spe-
cification is right when it calls for 
CANNON.The DP Connector Series 
is just one of many Cannon types 
— world's most complete line. Re-
quest bulletins by required type or 
describe connector service you need. 

CANNON 

ELECTRIC 
Since 1915 

LOS ANGELES 31, CALIFORNIA 

REPRESENTATIVES IN PRINCIPAL CITIES 

10 ,1 

CANNON 

PLUGS 

Coaxial contact. Inspection door, now 
open, snaps closed, giving constant 

impedence Twinax contacts available. 

Hand-tinning keeps solder inside cups. 

All contacts, precision-machined from solid 
bar stock, electroplated with silver or gold. 

Insert arrangements are available with 
2 to 45 contacts ranging from 15 amp 
to 200 amp capacity. Continuous shield-
ing available in coaxial and Twinax. 
Metal finish on shells for shielding 
and bonding ... tin plating on alumi-
num. Other finishes available on 
special request. 

SEE THE LATEST DESIGNS 

IN  CANNON  PLUGS  AT 

THE RADIO ENGINEERING 

SHO W  IN  NE W  YORK. 

MARCH 19-22. 



a 
Half the Weight Universal 
'More Efficient  dependability 

Before Thomas and Skinner Engi-

neers were called in by Associated Re-

search, Inc., to redesign the perma-

nent magnet assembly for the Keeler 

Polygraph, commonly called the "lie 

detector," the magnetic unit weighed 

a total of 5.57 pounds. 

After redesigning, the unit weighed 

only 2.93 pounds —with the bonus of 

30% more gause in the air gap. 

The compact, weight-saving unit 

engineered by Thomas and Skinner 

consists of .58 of Alnico V, 1.82 pounds 

of iron circuit and 0.47 pounds of pole 

pieces . . . compared with the old as: 

sembly of 5.10 pounds of Alnico I and 

0.47 pounds of pole pieces. 

This material saving, space saving 

application is typical of the permanent 

magnets by Thomas and Skinner. Be-

hind every recommendation is the ac-

cumulated experience of 50 years of 

specialization in problems of this type — 

a half century of designing, engineering 

and producing magnetic units. 

Call in Thomas and Skinner for a re-

view of your permanent magnet appli-

cations. 

Specialists in magnetics: permanent magnets and laminated cores 

THOMAS & SKINNER Steel Products Company 
1120 East 23rd Street • Indianapolis, Indiana 

The "Planet" trade name 

marks the most completely 

reliable line of popular 

type, dry electrolytic con-

densers that high-quality 

materials, the best work-

manship, and long experi-

ence can produce. 

All "Planet" Capacitors carry 

a 1-year replacement guar-

antee, are attractively pack-

aged,  and  manufactured 

in specifications and mounts 

best suited to your needs. 

For complete information 

write today for our latest 

catalog "C-2". 

4-0414 
C OR P O.R A TI O N 

225 Bet 

Bloom 
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MODEL 539 

What to see at the 

Radio Engineering Show 
C.unt,nued /corn rage 14iA) 

Firm  Booth 
Sprague Electric Co., North Adams, Mass. 27, 28 
Capacitors, resistors, radio noise filters, 
magnetic wire, hearing aid batteries. 

Square Root Mfg. Co., Yonkers, N.Y.  231 
Antennas, coronaseal horizontal deflection 
transformers, tubular capacitors, high volt-
age capacitors, ceramic disk capacitors, 
toroidal coils. 

Standard Electric Time Co., Springfield, 
Mass.  370 

Timers,  chronotachometers,  custom-built 
voltage distribution and test panels, clock 
systems, hydraulic network analyzers. 

Standard Piezo Co., Carlisle, Pa.  203 
Quartz crystal units for frequency control. 

Standard Transformer Corp., Chicago, Ill. 360 
Transformers, reactors, power supplies. 

Stevens Manufacturing Co., Inc.,  S-3 
Bimetal thermostats and devices. The ex-
hibit will show samples of complete and 
cut-away thermostats of the positive act• 
ing type as well as snap acting type. 

Stupakoff Ceramic & Mfg. Co., Labrobe, 
Pa.  376 

Assemblies, metal to ceramics, metal to 
glass, ceramic to glass. Capacitor ceramics, 
rods, tubes, disks, complete range. Ceram-
ics, plain metallized or assembled, alum-
ina, cordierite magnesia, porcelain, stea-
tite STUPALITH, thoria, titanates and 
zircon. Rovar; sheet rod, tubing, eyelets, 
leads, fabricated shapes. Resistors, ceramic 
temperature  sensitive,  infra-red  source. 
Seals;  kovar-glass,  terminals,  lead-ins, 
stand•offs, etc. 

Sun Radio & Electronics Co., New York, 
N.Y.  319 

Distributor for electronic component manu-
facturers and exclusive distributor for 
Peerless Transformers in the New York 
area. Offering a 132 page radio-electronic 
parts catalogue, also 100 page catalogue of 
high fidelity audio equipment. 

(Continued on page 155A) 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• Designed with professional accuracy 
for engineers and engineering tech-
nicians. 

See the Model 539 at your jobbers or 
write for additional information today' 

Dynamic Mutual Conductance ... 
Readings in Micromhos. 

Permits choice of 3 A.C. signals, .2 5, 

.5, and 2.5 volts. 

Vernier adjustment permits accurate 
setting of grid voltage. 

Optional self-bias arrangement. 

Provision for insertion of plate 
ammeter for measuring plate current. 

Separate A.C. meter measures line 
voltage at all times. 

D.C. grid bias and D.C. plate and 
screen voltages. 

Tube life and gas test for accurate 
matching of tubes. 

Tests all tubes normally encountered 
in all phases of electronic work. 

'7‘c HICKOK ELECTRICAL 

INSTRUMENT COMPANY 
10551 Dupont Ave., Cleveland 8, 0 

ttol 100 too? .0* '°16  
9914\C  O A °  t\.‘111 0% 

Ij olVs,o.c..s •  • 

vp vi  co 

se 111\1 0, 
c.tor  ,e0 . 

\o"'%‘I‘ 
ve  • 

s. 

‘c.  cool\ s9\ 

Blocks corns in 4 sizes — 
with 1-23 terminals. Brass 
screws and solder lugs. Lugs 
in  I styles for all sizes 
— also eyeletted to block. 
Marker strips imprinted or 
plain, or blocks engraved. 

GET THIS 
CATALOG 

KULKA ELECTRIC MFG. CO. Inc. 
30 South St., Mount Vernon, N.Y. 

leu, pu‘ticalions— 

Encyclopedia on Cathode-Ray 
Oscilloscopes and Their Uses 
by John F. Rider and Sey mour D. Uslan 

• THIS IS THE ONLY book that completely 
covers the oscilloscope as a laboratory fa-
cility. All scopes produced during the past 
10 years—more than 70 different models— 
are clearly described, with specifications and 
wiring diagrams. Planned to serve all fields, 
the book is especially valuable to engineers 
in various forms of research. 

An outstanding feature of the encyclopedia 
is the comprehensive compilation of 1,600 
complex waveform patterns listing the har-
monics and the exact phase and amplitude 
of each. This information has never before 
been published. 

CONTENTS: Introduction; 
Principles of Electrostatic 
Deflection and Focusing; 
Principles of Electromag-
netic Deflection and Fo-
cusing; Mechanical Char-
acteristics; The Electron 
Gun; Deflection Systems; 
Screens; Spot Displace-
ment; Linear Time Bases 
(Sweep  Circuits);  The 
Basic Oscilloscope and Its Modifications; 
Synchronization; Phase and Frequency Meas-
urements; Nonlinear Time Bases; Auxiliary 
Equipment; Testing Audio Alignment of AM, 
FM, and TV Receivers; Waveform Observa-
tion in Television Receivers; AM, FM. and 
TV Transmitter Testing; Electrical Measure-
ments and Scientific and Engineering Appli-
cations; Complex Waveform Patterns; Special 
Purpose Cathode-Ray Tubes; Commercial Os-
cilliscopes and Related Equipment. Appen-
dixes: Characteristics of Cathode-Ray Tubes; 
Cathode-Ray Tube Basing; Photography. Bib-
liography. Index. 
992 pp. • 3,000 Illus. • 81/2 x I l" • $9.00 

Vacuum-Tube Voltmeters (2nd Ed.) 
by John F. Rider 

• THE ONLY BOOK devoted entirely to the 
subject of the vacuum-tube voltmeter, the 
new edition is completely rewritten and twice 
the size of the original. After outlining un-
derlying theory, it goes on to discuss design, 
construction, calibration, maintenance, and 
applications. The emphasis is on practical 
considerations; specially valuable are the 
step-by-step procedures applying the device 
to many uses. 
i—.  CONTENTS:  Fundamen-.. 

tals of Vacuum-Tube Volt-
meters;  Diode Vacuum-
Tube Voltmeters; Triode 
Vacuum-Tube Voltmeters; 
Rectifier - Amplifier  Vac-
uum - Tube  Voltmeters; 
Tuned Vacuum-Tube Volt-
meters; Slide-back Vac-
uum - Tube  Voltmeters; 
Vacuum-Tube  Voltmeters 

for D-C Voltage, Current, and Resistance 
Measurements; Probes for D-C and R-F; 
Design and Construction, Calibration, Appli-
cation and Testing, of Vacuum Tube Volt-
meters. Bibliography. Index. 
380 pp. • 210 Illus. • 51/2 x 81/2 " • $4.50 

Exhibited at Booth 243 
Radio Engineering Show 

John F. Rider, Publisher N4e8w0 ,Itlarnka,  I NtY 
OCEEDIN6.S OF 1111i 1.B.11 March, 1951 



WIRES- - Measured, 
Cut and 
Stripped 
Automatically 
Fast 
at 
Low Cost 

tta 
viiko 10t  111 

tSING MOOS 010 011C 
MOINES 

o CUT WIRES FROM 1" TO 60' IN LENGTH 
O STRIP UP TO FIVE INCHES 
O HANDLES WIRES FROM 26 GAUGE TO 000 GAUGE 

Applications of Artos Machines throughout the automotive, 

radio, telephone, and electrical appliance industries have the 

economy-improving efficiency-increasing values of fully auto-

matic cutting, measuring, and stripping of wires. 

Artos machines are available in a variety of models. There is 

probably one to meet your exact requirements, in either bench 

or floor models. 

DEPT. IR, 2735 S. T WENTY-EIGHTH STREET • MIL WAUKEE 46, WIS. 

P t iii It I II 4: 

AUDIO TRANSFORMERS 

that pass 
all tests! 

• 

The test of time, no 
less than test by leading technicians, 
has proved the range of Partridge 

Audio Transformers to be the most 
efficient and reliable in the world. 

For example the famous 

*WILLIAMSON Output TRANS. 
FORMER, of which there is no U.S. 
equivalent (vide "Audio Engineering" 

Nov. 1949) is produced to the original 
specification and comes to you for 
$21.00, mail and insurance paid. Then 

there is the 

*PARTRIDGE CFB 20 Watt output 

type, universally accepted as without 
rival anywhere. Here are some brief 

figures: Series leakage induct. 10 m.14: 
primary shunt induct. 130 H, with 'C' 

core construction  and  hermetically 

sealed—to you for $30.00, mail and 
insurance paid. 

• 

Send fur fullest data, including square wave tests. 
distortion curves etc. Well rush this Air Mail to• 
gether with list of U.S. stockists. 

YOU CAN 

JUDGE FOR YOURSELF 

at the 

RADIO 

ENGINEERING SHOW, N.Y. 

(STAND 263) March 19th-23rd 1951 
where the range of Partridge Audio 
transformers is being exhibited. 

NOTE. We dispatch by insured marl per ',vb.', 
upon receipt of your ordinary dollar check. 

Jobbers are invited to handle the transformer that 
the States is eager to buy—rementher, immedtair 
delivery from large stocks in New York' 

PARTRIDGE TRANSFORMERS LTD. 
ROEBUCK ROAD  TOLWORTH 

SURREY  ENGLAND 

 • 
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What to see at the 

Radio Engineering Show 

(Continued from page 1-

iFirm Booth 

iiuperior Electric Co., Bristol, Conn. 
108, 109, 110 

?owerstat variable transformers, stabiline 
;kutomatic voltage  regulators, type EM 
a :electro mechanical),  automatic  voltage 
I •egulators type IE (instantaneous elec• 
ronic), dc power supplies, ac power sup-
, flies, 5-way binding posts. 

iurprenant Mtg. Co., Boston, Mass. 
Cew high temperature wire insulators, 
look•up wires, hook-up aircraft thermo• 
ouple telemetering wire. 

Nally Swank, Syracuse, N.Y. 
'roducts of: Advance Electric & Relay 
'o.,  Curtis  Development  & Mfg.  Co., 
'.Iectric Motor Corp. & Cyclohm Motor 
'orp. (Divisions of Howard Industries, 
nc.), Grayhill, Industrial Timer Corp., 
F. Johnson Co. 

liwitchcraft, Inc., Chicago, Ill. 
t'hone  jacks, phone  plugs,  microphone 
lacks and plugs, telephone and military 
rype jacks, push button switches, rotary 
•witches and lever-action switches, and 
,ssociated products. 

72 

221 

337 

Aylvania Electric Products Inc.,  104 to 106 
New York, N.Y. and Emporium, Pa. 
ladio receiving tubes, subminiature tubes, 
uggedized tubes, television picture tubes, 
;ermanium diodes, strobotrons, glow modu-
ator tubes, testing devices, parts and 
hemicals. 

iynthane Corporation, Oaks. Pa. N-1 
:.aminated plastics products; sheets, rods. 
ubes, fabricated parts, molded laminated 
nd molded macerated products. 

(Continued on page 157A) 

0 Special Attention Given to 
Prototypes 

Develop ment of Special 
Devices 

, Contract Manufacturing of: 

Aircraft Antennas 

Projection Equipment 

Magnetic Recording 

Audio, Video, and other 

Electronic Assemblies 

;pec.ol attention. 

Write for full details our facilities. 

1702 WAYNE ST., TOLEDO 9,0/110 

4Ipt 

TRYyLON 

TOWER, MAST 
and ANTENNA 
SUPPORT 
Feadlaa/treird 

• Guyed supporting towers for TV-FM 

antennas 

• TRYLON Vertical Radiators 

• Micro-wave relay towers 

• Complete antenna systems with 

switching units 

• Communications antenna supports 

... and dozens of special items 

Hundreds of installations in all parts 
of the world, under all conditions of 

use attest to Trylon Tower dependabil-

ity. As specialists in antenna supports 

for over 18 years, Trylon offers a broad, 

time-tested line of standard units plus 
complete facilities for the economical 

production of special types and designs. 
Write for literature on any desired 

type—or, better yet, outline your an-

tenna support problem for recommen-
dation by Trylon specialists. 

See  Us  at 

Booths  47-

48, I.R.E. 

Show 

Trylon Towers are mode only by 

WIND TURBINE CO. 
WEST CHESTER, PA. 

01; IR E. March, 1951 155s 



ELECTRONICALLY REGULATED  ELECTRONicALLY REGULATED 

LABORATORY !LABORATORY 
POWER SUPPLIES POWER SUPPLIES 

AS EXHIBITED AT THE-

Radio Engineering Show 
Grand Central Palace 

March 19-22 1951 

BOOTH 
#345 

VISIT OUR DISPLAY 

OF CURRENT AND 

NEW MODELS 

A 1,11111111 ELECTROIICS 
&r.A c 0  9  E D  1  A  1  i o N 

CORONA  NE W YORK 

Li,ccTRoNICALLY REGULATED 

LABORATORY 
POWER SUPPLIES 

00000000 

BENCH 
MODEL 25 

STABLE  • INPUT: 105 to 125 VAC. 
50-60 cy 

DEPENDABLEI 

•  • OUTPUT #1: 200 to 325 
MODERATELY 

VOUS DC at 100 ma PRICED 
•  ,  regulated 

• OUTPUT #2: 6.3 Volts 
AC CT at 3A unregu-
lated 

WIDTH 14"  • RIPPLE OUTPUT: Less 
DEPTH 6"  j than 10 millivolts M S 
HEIGHT 8" 

WT 17 LBS. 
For complete information write 

for Bulletin G 1LAMBDA ELECTRONICS  
C  O R  P  O R  A  T  1 0  N 

CORONA  NE W YORK 

STABLE 

DEPENDABLE 

MODERATELY 
PRICED 
• 

MODEL 2$ 

STANDARD 
RACK 

MOUNTING 

PANEL SIZE 
5½' x 19" 

WEIGHT 16 LIE. 

• INPUT: 105 to 125 VAC, 
50-60 cy 

• OUTPUT #1: 200 to 325 
Volts DC at 100 ma 
regulated 

• OUTPUT #2: 6.3 Volts 
AC CT at 3A unregu-
lated 

• RIPPLE OUTPUT: Less ! 
than 10 millivolts rms 

For complete information write 
for Bulletin GB 

1,11111111 ELECTROIICS 
C  O R P  O R  A  T  I  03 
CORONA  NE W YOR 

LLEcTItoNicALLN licGt IATCD 

LABORATORY 
POWER SUPPLIES 

• 
STABLE 
• 

DEPENDABLE 
• 

MODERATELY 
PRICED 
• 

STANDARD 
RACK 

MOUNTING 
PANEL SIZE 
10 ,1" a 19" 
DEPTH 9" 

WEIGHT 35 LEIS 

RACK MODEL 32 

• INPUT: 105 to 125 VAC, 50-
60 cy 

• OUTPUT #1: 200 to 325 VDC 
at 300 ma regulated 

• OUTPUT #2: 6.3 Volts AC CT I 
at 5A unregulated 

• OUTPUT #3: 6.3 Volts AC CT 
at 5A unregulated 

• RIPPLE OUTPUT: less than IC 
millivolts rms 

For complete information write 
for Bulletin G-2 

1,11111111 ELECTRONIC-SI 
C O R P O R A , 1 0  N 

CORONA  NE W YORK 

SEE the 

COMPLETE LINE 

of 

INDUSTRIAL 

HARDWARE'S 

Laminated Sockets 

Terminal Strips 

and 

facilities for 

METAL STAMPINGS 

and 

BAKELITE PARTS 

for 

MILITARY & 

CIVILIAN 

REQUIREMENTS 

• 

BOOTH 346 

IR E. SHO W 

• 

INDUSTRIAL 

HARDWARE 
MFG. CO., INC. 

109 Prince Street 

N. Y. 12, N. Y. 



What to see at the 

Radio Engineering Show 
,Lontsnued pain page 130A) 

,Firm  Booth 

1 fech Laboratories, Inc., Palisades Park, 
f N.J.  211 'Reverberation generator, attenuators, po-
:entiometers, switches. 
, 
:Tech-Master Products Co., New York, N.Y. 267 
ilmproved custom  quality 630 type TV 1:hassis  and  kit,  TV  conversion  kits, 
)0oster kits, automatic gain control kits, 
juality TV components, adjustable kine 
:ube  mounting  brackets.  New  Lo-Cost 
'Universal" TV Kit. 

Technical  Materiel Corp., Mamaroneck, 
i N.Y.  131, 132 'Communications terminal equipment in-
:luding rhombic antenna couplers, fre-
juency shift keyers and converters, high 
speed voice frequency tone systems, dual 
liversity  receivers, a newly conceived 
i fixed frequency receiver and a crash posi-
ion Imac,m for airplane ,. 

Technology Instrument Corp., Acton, Mass. 101 
.Precision  potentiometers. decade ampl i-
tiers, Z angle meter, audio and rf; phase 
'neter: rf oscillator; slide wire resistance 
. • i•- Torque meter. 

.Tektronix, Inc., Portland, Ore.  234, 235 
A de band cathode-ray oscilloscopes, wide 
,and amplifiers (conventional and dc con-
sled) square wave generators, electronic 
nstruments for medical research. 

Telechrome, Inc., Amityville, L.I., N.Y. 26t• 
\;cw video generating equipment, mono-
:tiro:lie tl ing spot picture generator, mono-
thriime monitor. monochrome RMA corn-
l(site sync. generators, FCC color stand-
ird composite sync. generator, field se-
iuential color mixer. 

• Telechron Inc., Ashland, Mass.  84, 85 
Meters and timers. 

((.mtinarcl on page 159A) 

OFFICIALLY APPROVED 
by the Nation's Foremost 
ELECTRONIC MANUFACTURERS! 

Exceeds 
ASTM 
Specifications 

Conforms with 
JAN AN-S62) 
Specifications 

Activated Rosin-Core Solder 
'he SHURFLO Rosin: Speeds up solder flow 

Spreads as much as 50';  further than 
rdinary rosin. Has superior wetting and oxide-
emoving action. Is non-corrosive, non-conduc-
ive, safe. Gives no unpleasant odor. Does not 
arbonize. 

•pecially designed for all electronic needs. Makes 
erfect joints on common and difficult metals. 
0", more economical to use. Supplied in 1, 5, 
0 lb. spools--gauges as fine as 0.020". 

rend NOW for generous Free Sample and 
Catalog P-3. 

Visit our Display. Booth N•21. IRE Show. 
Grand Central Palace, Mar. 19-22. 

C 11 0 11 t v 8M7 Walker sC,ONMyPIA3NNYy 

Phone WAlker 5.2569 

MORE GEO. STEVENS COIL WINDING 

EQUIPMENT IS IN USE THAN ALL 

OTHER MAKES COMBINED! 

• M ORE OUTPUT ...LO WER 
COSTS . .. from EXCLUSIVE SPEED 
FEATURE. Universal motors permit 
variable speeds without changing 
belts and pulleys. Coil design per-
mitting, speeds as high as 7500 
RPM are not uncommon. 

• PORTABILITY. Conveniently car-
ried from place to place. Machines 
come mounted on bases to constitute 
one complete unit. 

• MUCH LO WER ORIGINAL 
COST. The same investment buys 
more GEO. STEVENS machines than 
any other coil winding machines. 

• LONG LIFE. Most of the original 

GEO. STEVENS machines bought 14 
years ago are still operating daily 
at full capacity. 

• MUCH FASTER CHANGING OF 
SET-UPS than any other general 
purpose coil winding machine. 

Quickly changed gears and cams 
save time between jobs. 

• VERY LO W MAINTENANCE. 
Replacement parts are inexpensive, 
can be replaced in minutes, and are 
stocked for "same day" shipment, 
thus saving valuable production time. 

• EASIEST TO OPERATE. In one 
hour, any girl can learn to operate 
a GEO. STEVENS machine. 

kJ. 
Transformer winder Model 37S multiple winds power, audio, automotive, fluor-
escent ballast and similar types of coils Winds wire from No. 18 B&S to 46 B&S 
up to 9" O.D. Maximum economy is possible by using mandrels up to 30" long. 
Thirty or more coils may be wound at one time. All turns are accurately registered 
by Model 50 or 51 6" full vision clock face Dial Counter. Set-ups can be changed 
in less than 5 minutes. A gear chart is furnished to quickly determine wire spacing. 
No loss of turns (an exclusive feature) and accurate margins are assured by a 

screv feed traverse and an electrically controlled clutch. Highly polished wire guide 
rollers are ball-bearing mounted for free running. Traverse is quickly adjusted from 
ma- to 6". 
Paper feed: —A tilting table for pre-cut paper is furnished making paper feed 

simple and fast, or a new roll paper feed for extra economy is available at a small 
additional cost. 
Motor equipment: —Variable speed, uniform torque 1/2 H.P. motor with foot 

treadle control. 
Tension equipment: -12 T-1 tensions and spool rack. Tensions will handle 6" 

spools. 
Mounting: —Ground steel channel base ensures rigidity and permanent align-

ment. Machine is shipped mounted on bench ready for use. 

There is a GEO. STEVENS machine for every coil winding need. Machines that wind ANY 

kind of coil are available for laboratory or production line. . . . Send in a sample of your 

coil or a print to determine which model best fits your needs. Special designs can be made 

for special applications  Write for further information today. 

9tothils 99a ge,,3/ alarm/ire/a/let 

cl9 real Winding airielrinea 

REPRESENTATIVES 

Frank Tatra 
6022 No. Rogers Ave , Chicago 30, Illinois 

Ralph K. Reid 
1911 W. 9th St., Los Angeles 6, Colifornia 

R. A. Staff & Co. 
1213 W 3rd St., Cleveland 13, Ohio 

4GEO. STEVENS 
MFG. CO., INC. 
Pulaski Road at Peterson 

Chicago 30, Illinois 

IROCEEDIN6.5 OF TIlk 1.1C./.. Mort it, /9 / 



my 
M A NUFACTURERS AND DESI G NERS OF 

CONTINUOUSLY VARIABLE 
REGULATED DC SUPPLIES 

MODEL 

D6-DUAL, 

HEAVY DUTY 

I/ DUAL regulated outputs, continuously variable, 
0 to 600 volts. 

I Maximum current 200 milliamperes each, 
or 400 combined. 

I Regulation better than .5 %. 
I 6.3 volts AC at 10 amperes center-tapped. 

I Ripple voltage less than 10 millivolts. 

I Stabilized bias supply. 

I Request Bulletin 53 for Detailed Information. 

MODELS 

A3 AND A3A 

,/ Continuously variable, 0 to 350 volts. 

I Ripple voltages less than 10 millivolts. 

I Regulation better than .5 %. 

I Maximum current 200 milliamperes. 

I Stabilized variable bias supply. 

I 6.3 volts AC at 5 amperes. 

I Request Bulletin 52 for Detailed Information. 

04'esrai-t_ ELECTRONICS 
206 S.W. WASHINGTON ST., PORTLAND 4, ORE., U.S.A. 

Need VOLUME 
on Small Parts 

Like 
These? 

46, 

vi 

TWICE 
SIZE 

Investigate 

MULTI-SWAGE 
Economy Way to Get Volume' 

If it's VOLUME you need on small 
tubular metal parts similar to these, be 
sure to look into Bead Chain's MULTI-
SWAGE Process. Send the part (up to 
" dia. and to 1 ' 2 length ) and your 

specs for a quotation. Chances are 
you'll find a new way to effect im-
portant savings. 

Much Cheaper Than Solid Pins 

Many prominent users of solid pins for 
electronic and  mechanical  purposes 
have cut costs by switching to Multi-
Swaged tubular pins . . . without 
sacrificing strength or accuracy. Often 
this is possible to pccomplish. 

Typical Applications — 

As terminals, contacts, bearing pins, 
stop pins, male-female connections, etc., 
in a wide variety of electronic and 
mechanical products: —Toys . . . Busi-
ness Machines . . . Ventilator louvres 
. Radio and Television apparatus. 

Terminal-boards . . . Electric Shavers 
. . . Phono Pick-ups, etc. For DATA 

BULLETIN, write to 

Et 
The  BEAD CHAIN mfg. co. 
11 Mountain Grove St., Bridgeport 5, Conn. 

Manufacturers of BEAD CHAIN —the kink. 

less chain of a thousand uses, for fishing tackle, 

novelty,  plumbing, electrical, jewelry and in-

dustrial products. 

1,58 \ PROCEEDINGS OF THE I.R.E.  March, 19:,1 



What to see at the 
Radio Engineering Show 

'Continued from page 157A) 

ir m  Booth 

television Equipment Corp., New York, 
N.Y. S-21 
V camera, oscilloscopes, TV accessories. 

el-Instrument Co., Inc., East Rutherford, 
N.J.  N-I4, N-I5 
ype 1000 Teledaptor, Type 1210 12 than-
el rf wobbulator. t>pe 1500 B if wobbula-
o-, type 1900 multifrequency crystal gen-
-atm-,  type  2111  12 channel  television 
ansmitter, type 2120 single channel TV 
•ansmitter, type 2200 TV sync signal gen• 
-ator, type 2300, monoscope camera, type 
11 video d i stribut ion amplifier. 

terminal Radio Corp., New York, N.Y. 286 
1 ew products ..nd various electronic equip-
Lent distributed by Terminal Radio Cor-
aration.  Nucleonic components of Vic-
reen Instrument Co., and magnetic re-
rders by Concertone and Ampex will be 
splayed. 

. H. Terpening Co., New York. N.Y.  373 
icrowave transmission lines and asso-

s. 

homas Electronics Inc., Passaic, N.J.  S-14 
•elevision pictures tubes and precision 
',Ironic equipment. 

innerman  Products,  Inc., Cleveland. 
351, 353 

.peed nuts. speed clips, speed clamps, coil 
irm  fasteners  and special  engineered 
,steners for radio and television. 

ransicoil Corp., New York, N.Y. 
ontrol motors, precision gear trains, in-
action generator ,, servo amplifiers. 

riplett Electrical Instruments, Bluffton, 
Ohio  257 
: lectrical measuring in.truments and test 
; inipment. 

(Continued on page 141A) 

CAROL CABLE COMPANY DIV. 
of 

THE CRESCENT COMPANY, INC. 
Pawtucket, Rhode Island 

Has a special department 

making 

Unusual Cables 
for the electronic field 

May we quote on your 

GOVERNMENT 
SPECIFICATIONS 

, COMMERCIAL 

SPECIFICATIONS 

Shielded or Unshielded 

Plastic, Rubber, Buna 

or Neoprene Insulation 

Duplexer. Mixer• Coupler. Shutter.NI 
by 

This duplexer-mixer, with its directional  Terpening 
coupler, protective "shutter," TR and ATR 
connections, for high-power operation in 
S-band, was designed in our labs to comply 
with performance specifications for SVVR, 
attenuation, etc., and produced in quantity 
in our shops. 

This is another example of the type of help 
Terpening is set up to provide prime con-
tractors on microwave transmission line 
systems -- from design through production. 
Though all of the components we manufac-
ture currently are made to order, we do have 
a limited stock of some special components 
which might just happen to fit your re-
quirements. 

In any event, although our engineering 
staff, laboratories, and fully equipped shop 
are busy with government contracts, we will 
be happy to talk with you about your needs 
on similar work. 

See us at the show —Booth No. 373 

.ROCFP1 ,1,\'(,  oF III! 1 I? 1.  Afar, h, la I I 59A 



FAX  
Whether it's  WOR,LIE7S! VacasroPs 
TUBES or HERMETICS 

you can be sure of 

POSITIVE LEAK TESTS 

by using the 

MASS SPECTROMETER 

LEAK DETECTOR 

This instrument is a simplified, portable 

Mass Spectrometer, specifically designed 

to be extremely sensitive to Helium. 

In operation. a jet of Helium is directed 

at points of suspected leakage. When a leak 

is encountered. the Helium serves as a 

"tracer," and flows to the Leak Detector 

here it immediately produces a visual or 

Audible signal. It's that simple. Even un-

,killed personnel can operate it. 

The Veeco Leak Detector is being used 

by leading manufacturers of electronic 

tubes and hermetically sealed devices. It 

has been proved to be the fastest, most 

sensitive device for precisely locating very 

small leaks. One manufacturers reports 

that the Veeco paid for itself in 36 hour.' 

AS EXHIBITED AT THE-

Radio Engineering Show 
Grand Central Palace 

RYE 

New 
York 
City 

You are invited 

to visit us at 

Booth 381 at 

the IRE Show 

March 19-22  1951 

Stop in for a demonstration or send 
,our sample for test. 

Write for Literature LD-3. 

for your 

Raytheon 
Tube 

Requirements 
in the 

Metropolitan 
New York Area 

its 

DAUS 
Phone 

Algonquin 

5-3000 

Serving the trade for 

over a quarter century 

/1.L. 
f)A1-15  woe, 
rolAd Di31/Z atZkYai VACUUM ELECTRONIC 
a choffie Pa)di, ENGINEERING CO. 

756 THIRD AVENUE 

BROOKLYN 32, N.Y. 

. 
175 VARICK 
NE W YORK I4,N.Y. 

lehizt- az Vizite "Dept /ND 
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What to see at the 

Radio Engineering Show 
(Continued from page 159,1 

lint  Booth 

'gl uon Steel Co., Youngstown, Ohio 230 
If-supporting radio towers, uniform cross 
ction guyed  towers, towers for micro-
ive systems. 

. S. Armed Forces Exhibition  322, 324, 325 
U. S. Navy — 
ectronics  in  medicine, ultra high  fre-
ency communication system, model an• 
nna  range,  milli•micro  second  oscillo-
3pe, Marine Corps close air support corn-
snication system, lonsphere Model, high 
rid stroboscope, ballistic flashlight and 
jar tracing, image converter, diversity 
:elver,  ordnance  electronic standard 
rts, and infrared display. 

S. Army Signal Corps, — 
ahlight items are: video-phone two way 
ral and visual communication system; 
-.attic radiation dosimeter; surface wave 
insmission  demonstration;  delayed 
eech  feedback  equipment,  for  speech 1iblems  451b  portable  teletype  equip -
!1st;  miniaturization  advances  and 
anted circuit equipment; electronic mem• 
v and  scanner;  meteorological instru-
•ntation;  electrophotographic camera. 

. S. Air Force. 

unitions Procurement Bureau 

wind Services Electro Standards Agency 
• F., 

,C-ritinired on page 165.4 

Procurement Feature 
Four  desks  to help  manufacturers  get 
orders.  will  be staffed  by  procurement 
personnel from Munitions, Air Force, Navy 
and Signal Corps on the third floor  Radio 
Engineering Show. 

U. S. Armed Forces Exhibit 

kl.LISON 
ROAR 

1ULTI-ENGINED 
AIRCRAFT 
Military 
Airline 

Executive 
Models E ES ESB 

58-65 lbs. Overall Weight II 
I

I. Long range. 80-150 miles 
1. Exclusive scanning method. 

3. Compact. Sturdy. 

4. Easy to operate, Pilot control 

S. Simplicity of maintenance 

6 Gyro-stabilized 

7, JAN components 

I. ItAr OP( 1,1--,--. 

ALLI S O N 

lADAR C O R P O R ATI O N 
W, 42 St, N. Y. II PEnn 6-5811-17 

VIBRATION 
CAN BE YOUR PROBLEM... 

— 

MET-L-FLEX 
ficza/g Oft+ 65/ 
ROBINSON 

24. raj_a_ 
SERIES 831 MET-L-FLEX 

UNIT SUSPENSION MOUNTING BASE 
SH OCK M OUNTING 

SYSTE MS 

First with MET-L-FLEX, Robinson 

pioneered,  in  1946,  all-metal, 

all-weather vibration and shock 

mounting systems. Built for the 

electronic and instrument panel 
installations of today's high per-

formance commercial and mili-

tary aircraft, more than 50,000 

all-metal systems have been de-
livered.  Robinson  MET-L-FLEX 

unit mounts and complete mount-

ing systems meet specifications 

JAN-C-172A  and  AN-E-19. 

Mounting systems in JAN form 

factors and special designs are 

available —write today for full 
engineering data. 

Look for us at the I R F Show 

Booth SA 

SERIES 708 MET-L-FLEX 

SINGLE STAGE MOUNTING BASE 

SERIES 7002 MET-L-FLEX 

UNIT MOUNT 

SERIES 6952 MET-L-FLEX 

UNIT MOUNT 

r ROBINSON AVIATION INC. 
RC(8)70zi-L7 Llyezeeim 
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MEMBERS AND GUESTS OF 
'I 1114: I. R. E. 

Engineers of the Hughes Research and Development Laboratories 

will be attending the I.R.E. convention in New York. Many of 

these men were formerly located in the eastern area and are anxious 

to renew old acquaintances during this brief sojourn from their 

various research' and development assignments in the general fields 

of advanced electronics, guided missiles, automatic control, syn-

thetic intelligence, and precision mechanical engineering. 

Friends and former associates of Hughes representatives are cor-

dially invited to contact us during the sessions, at the show, or 

through the Headquarters of the Hughes Research and Develop-

ment Laboratories at the New York Office, Telephone PLaza 7-7343. 

RESEARCH AND DEVELOPMENT 
LABORATORIES 

Hughes Aircraft Company 

CULVER CITY, CALIFORNIA 

free! 
212-Page 
Buying 
Guide 

1951 ALLIED CATALOG 

World's Largest Stocks 

ELECTRONIC SUPPLIES 

for INDUSTRY and 

BROADCAST STATIONS 

One Complete Dependable Source 
for Everything in Electronics 

Simplify your purchasing—send your consolidated 
orders to ALLIED—the single, complete source for 
all Electronic Supplies. Depend on ALLIED for the 
world's largest stocks of special tubes, parts, test 
instruments, audio equipment, accessories—com-
plete quality lines of electronic supplies. Our 
expert Industrial supply service saves you time, 
effort and money. Send today for your FREE 
copy of the 1951 ALLIED Catalog—the only com-
plete, up-to-date guide to Electronic Supplies for 
Industrial and Broadcast use. 

ALLIED RADIO CORP. 
833 W. Jackson Blvd., Dept. 35-C-1, Chicago 7, Illinois 

Allied R d' a io 

We Specialize in Electronic 

Equipment for Research, 

Development, Maintenance 

and Production Operations 

SEND FOR 

FREE 1951 

ALLIED CATALOG 

NEW 
CORONA SEALED FLY BACK 

TRANSFORMER 

• Core and Coil encased in molded 
self-extinguishing plastic 

• No rejects from careless handling 

• No supersonic singing 

• No corona discharge 
• No fire hazard 

• Moisture proof 

Used in high efficiency 66°-70° cir-
cuit provides full deflection with up 
to 14KV anode potential 

SEE IT IN BOOTH 231 
• 

See, too, the 

NE W SQUARE ROOT 
complete line of 

CONDENSERS 
Glass ... Paper ... Ceramic 

• 

Electronically Rotated 

ANTENNAS 
Built-in and Roof-Top 

8rand New plant and equipment 

Old fashioned, proved Know-How and ex• 
perience available to assist you in your 

GOVERNMENT CONTRACTS 

• Filter networks 

• Machine laced harnesses 
• Servo Amplifiers and Systems 

• Terroidal Coils 

See us at the IRE Show booth 231, or write, 
wire or phone 

SQUARE 
MANUFACTURING CORP. 

391 SAW M M. RIVER ROAD 

YONKERS, NEW YORK 

YOnkers 8-1213 
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News—New Products 
'base manufacturers have invited PROCEEDINGS 

ceders to write for literature and further tschnical 

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

(I ,alholued from page 1514) 

Filamentary Type Beam 
Power Output Pentode 

A new Type 5851, ruggedized sub-
niniature tube, has been announced by the 
National Union Radio Corp., 350 Scotland 
Rd., Orange, N. J. 

1 

I Designed for use in military and other 1'applications where the tube is subjected to  
excessive shock and vibration, this tube is 
suitable for frequency doubler operation 
up to 400 Mc producing 120 milliwatts. 
The 5851 filament requires only 55 ma cur-
rent at 2i volts; it also may be operated at 
II volts at 110 ma. 
This tube in T-3 envelope has a plate 

dissipation rating of 1 i watts. As a class-A 
amplifier, it will deliver 650 milliwatts 
,audio output at 10 per cent total harmonic 
!distortion. 

The 5851 is designed and tested for 
shock at 500 g. It may be soldered into the 
circuit or used with a standard subminia-
ture socket. 
Ratings and mechanical data can be 

obtained by requesting 5851 data sheet. 

Plant Expansion 

Measurements Corporation is now lo-
cated in a new air-conditioned plant on 
Intervale Rd., Boonton, N. J. They have 
25,000 feet of floor space for manufactur-
ing and research of their line of laboratory 
standards. 

(Continued on page 1694) 

PROCEEDINGS OF THE I.R.E. 

gc‘eir#  OA ELECTRONIC 
MANUFACTURE 

March, 1951 

Scientific Electric has been a designer and manufacturer of 
scientific electrical equipment for metallurgical research and 
bombarding of vacuum, X-ray, neon, fluorescent, and tele-
vision tubes since 1921. The units we build are not restricted 
to degassing tubes, but are also used for making glass-to-
metal seals (as in metal TV tubes), for surface hardening, 
brazing, silver soldering, soft soldering, and annealing of 
metals. 

Induction heating units built by Scientific Electric, with step-
less control from 0 to maximum, are known to electronic 
manufacturers the country over, a majority of whom employ 
our high-frequency equipment for many of the uses outlined 
above. They have found that faster production at lower unit-
cost is the result.  See us at BOOTH 60 —Radio Engineering 

Show 

Five Kilowatt 

BOMBARDER 
This induction heating unit is very popular 
with cathode-ray and receiving tube manu-
facturers. Available in high-boy (occupies 
floor space 17" x 24") or low-boy (occupies 
floor space 25" x 30") metal cabinets. Line 
R.F. filters keep radiation to a low value. Out-
put is continuously variable and designed to 
match a wide range of load coils. Let us 
install this bomber in your production line 
to speed up production and reduce costs. 
Input voltage 220v. 60 c.p.s. single phase. 

Custom-Built SPOT WELDERS 
High-capacity, condenser discharge bench welders with stepless power 
control and vernier pressure adjustment, for the vacuum tube industry. 
Unit is mounted underneath work bench (except for welding electrodes 
and supports) leaving the work area free and uncluttered by trans-
formers, controls, and mechanical equipment. Standard units are made 
in sizes from 50 mfd. to 2,500 mfd., custom-built units to your require-
ments. 

SW-3-M 
(Single Head)  fa-

SW-3-MD 
(Double Head) 

Both units are 31/2 " wide, 10 1/2 " high, 8" deep. The heads can be 
tilted backwards 30' from normal upright position. Power supply avail-
able for these welders in kilowatt ratings of 1/4, 1/2 , 3/4, 1, and 2 KVA 
stepless power control. 
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NOW! A 

ACTUAL 
SIZE 

Better Frequency Standard Crystal 

* Absolute Hermetic Sealing 

* Dependable Vacuum 

* Higher Q 

* No Supersonic Reflecticns 

-Or Greater Stability 

JAMES KNIGHTS takes pride in presenting the JK G-9, lost of a 

sees ol new crystals employing a glass envelope or absolute her-
metic sealing A dependable vacuum can be maintained, resulting 
in higher crystal 0 and absolute freedom from the effects of super-

sonic reflections 
Although now available only in limited quantities and only in 

the 90 to 200 KC range, it is planned to use this mounting on 

higher frequencies. 
Excellent thermal insulation is afforded by the glass and vacuum, 

utilizing the princtple ol the thermos bottle. In oven operation, for 
instance, a thermostat cycle of several degrees will result in a 
change of only a fraction of a degree at the crystal —providing 

stability never before possible! 

LESS CRYSTAL "AGING" — Greater cleanliness is achieved in 
the new JK G-9 because glass is not porous and does not de•gas as 

does metal Temperatures that would be destructive to the charac-
teristics of a crystal are necessary for complete de-gassing of metal 
holders, whereas clean glass holders are relatively easy to de-gas. 
Because no fumes are emitted by the sealing operation, crystal 

-aging" is substantially reduced. 
With minimum power dissipation, as employed in modern oscil. 

labor design, the new JK G-9 provides a new standard of stability 

plus years ol trouble-free precision operation. 

Etran 174 Pasted 'Kw:94a efloodoi, 

o 

O r 
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Slandard SItnai Genefalers 

Pulse Generalors 
FM Signal Generators 
Square Wave Generators 

Vacuum Tube Voltmeters 
UHF Radio Noise L Field 

Strength Meters 
Capacity Bridges 
Megohm Meters 

Grid-Dip Meters 
Television and FM Test 

Equipment 

SAND WICH, ILLINOIS 

STANDARD sung GENE WOR 

. 6 A. 
NEASuRENENTS COPPORAT:ON 

Specify .1% for civilian. 
military or amateur use! 

is 

STANDARD SIGNAL GENERATOR 
MODEL 84 -300-1000 Megacycles 

OUTPUT VOLTAGE: Continuously variable from 0.1 to 

100,000 microvolts. Output impedance, 50 ohms. 

MODULATION: Sine Wave: 0-30 %, 400, 1000 or 2500 cycles. 
Pulse, Frequency, 60 to 100,000 cycles.  Width, 1 to 50 
microseconds. Delay, 0 to 50 microseconds. Sync. output, 

up to 50 volts, either polarity. 

PO WER SUPPLY: 117 volts, 60 cycles.  (Also available for 

117 volts, 50 cycles; 220 volts, 60 cycles; 220 volts, 50 

cycles.) 

DIMENSIONS: 12" high x 26" wide x 10" deep, overall. 

WEIGHT: Approximately 135 pounds, including external line 

voltage regulator. 

MEASURE MENTS CORPORATION 
BOONTON • NE W JERSEY 

PRECISION 
ELECTRONIC 

_ SYSTEMS/) 

r i RADIO 
• Direction Finder 

Electronic Goniometer 

CRD- 2 

m i  • Signal Generator 

er 

Spectrum Generator  

Crystal Control  
150 kc. to 150  mc.  

• Mark Pulses 

.5 to 50mc. 

SERVO 

CONTROLS 

• Servoscope 

• Servoboard 

• Servotherm 

• System Synthesis 

• Reluctance 
Amplifi2rs 

• Radiation 
Detectors 

AS EXHIBITED AT  THE'r- Radio Engineering Show 

Grind Control Palace 

19-22  1951 March 

Write today for 
complete information 

CORP ORATI ON 
OF A MERI CA 

H Y D E  PA R K  N Y 

I I • 
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What to see at the 

Radio Engineering Show 

(Continued from page 161A) 

P m Booth 

Red Transformer Co., New York, N.Y.  81 Instormers,  reactors,  chokes,  voltage 
ilators, filters (audio, carrier, super-
e) high Q coils, filter coils, step-down 
isformers,  equalizers,  hermetically 
lied components, and amplifier kits. 

Iversal Winding Co., Providence, R.I. 
S-5, S6 'slated multiple coil winder both auto-

ic and manual feed. Machines for un-
dated coils on spools or forms both 
e and small. Winder for universal type 
s in multiple. Automatic wrapping ma-
te for covering asbestos cords. 

versity  Loudspeakers,  Inc.,  White 
ains, N.Y.  
imercial. industrial, military and high 
, lit y 

1 uum-Electronic Engineering Co.. 

I
rooklyn, N.Y. h vacuum and leak detector equipment. 
is spectrometer leak detector for check-
vacuum  tubes, hermetically  sealed 

ipment, and large high vacuum sys-
s, and high vacuum valves. 

Ulan Associates, San .Carlos, Calif. 
I•stron tubes from 1,000 to 10.000 Mc and in 0.01 watts to 4,000 watts; reflex oscil-
irs, two-cavity oscillators and ampli-
s; are useful as signal generators, local 
ii. llators  and  transmitters.  Traveling 
ye amplifiers with 600 Mc bandwidth 
c3.060 Mc. Type F-6 nuclear induction 
1 meter; specialized microwave measur-
I equipment. 

I:tor Electronic Co., Los Angeles, Calif. 3.31 
Ise sockets, plug-in units, circuit units. 

(Continued from page 167A) 

Nickel  filament wire 
and  llitt —grooved 

---crowned. 

Grid wire electroplated. 

Alloys for special require-
ments. 

l'IC -i•iit ii,,iiii II--

(l11 -Mt. 

SECON METALS 
CORPORATION 
228 East 45th Street 

New York 17, N.Y. 

Telephone. MUrray Hill 7-1594 

381 

Need "SPECIALS" 

ELECTRONIC COMPONENTS 

or METAL FABRICATION • 

Check BUD "STANDARDS" 
Your "SPECIAL" may be our STOCK ITE M 

* Many items which you may consider SPECIAL are regular stock items 
in the extensive BUD line. We manufacture over 2200 different elec-
tronic components and sheet metal products, any one of which may 
be just what you need. Regardless of whether you make these types 
of products or purchase them from outside suppliers, it will pay you to 
investigate our specialized production facilities. Do this now—and 
avoid costly delays when a SPECIAL is required. 

Since we make so many different sheet metal products and electronic 
55  components, you will find that one of our stock items will fulfill your 

requirements. In addition, a slight change in one of our standard models 
will eliminate your paying for and waiting for special tools, dies and 
other equipment. This means lower costs and faster delivery for you! 

Whether your requirements are large or small, we save you time and 
money. Our engineering department is available without obligation 
for consultation on your problems. Send us your blue prints for esti-
mates, or our representative will call at your convenience. 

"The Mark of 
twor 

Write for free copy of new BUD catalog 

A S, 
o f  

----,..,...,...,..._,,,,, ....... 7 

BUD RADIO, Inc. 
2110 East 55th Street  Cleveland 3, Ohio 

• 

More and more manufacturers of precise electronic equip-
ment are changing over to Permanol Capacitors because 
extensive tests have convinced their engineers that Parma-
nol impregnation yields a better capacitor, capable of de-
pendable performance under the most adverse operating 

11. /gr.  ........ conditions. 
, Look into the 1: 

:a 
advantages of 1  On• of th• boo •quopp•d topocolor monufacivrIng plants on th• POf lilt  C00 .1 

*:,;..P..ERMANOL  GIR ARD-H OPKI NS 
1000 40th Avenue, Oakland 1, Calif. 
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For the Best in Circuit Protection 

see 

LITTELFUSE 
BOOTH 130 

ut the I.R.E. Show 

March 19, 20, 21, 22 

Grand Central Palace • New York City L  

LITTELF USE  • CHI C A G O  40 

708 Recorder 

Galvano meter 

Bank 

MULTI-CHANNEL 
OSCILLOGRAPH 
RECORDERS 

GALVANOMETERS 

ild4acietee EgzetAmege 

de endable instruments 

Heiland instruments are recognized 

everywhere for dependable operation 

and performance, flexibility and ease 

of operation. For further information 

or details on Heiland equipment visit 

our booth or write... 

HEIL A N D  RESE A RC H  CO R P O R ATI O N 

1 3 0  E.  FI F T H  A V E N U E  •  D E N V E R,  C O L O R A D O 

L. 
r-

1 
DC- AC 

CHOPPER 
A model for every use. 

10 — 500 cycles AC 

Meets AN Specifications 

also 60 cycles 

Single pole and double pole 

Make-before-break contacts 

Contacts in air or in liquid 

These Choppers convert low level 
DC into pulsating DC or AC so the, 
servo- mechanism  error  voltages 
and th• output of thermocouples 
and strain gauges, may be amplified 
by means of on AC rather than a 
DC amplifier 
They  ore  hermetically  sealed. 

precision vibrators haying special 
features which contribute to long 
life and low noise level 

••• 

.,islt   s  !figs .s. 

WRITE FOR THESE 

CATALOGS ... 

:280 
10-500 cycles 

1246A 
60 eydes 

"(STE VE NS 

A R N OL D 
IN C O R P O R A T E D 

L. 

22  ELKI NS.  STREET 

SOUTH BOSTON 27, MASS. 
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What to see at the 
Radio Engineering Show 

(Continue from page 165A) 

'irm  Booth 

ictoreen Instrument Co., Cleveland, Ohio 382 
nstruments for X-ray and radioactivity 
easurement, dosage control, personnel 
rotection, health survey, decontamination 
uality control, prospecting and civil de• 
tnse. Components for radiation measur• 
tg instruments, including Hi-Meg Resist-
is,  Geiger-Counter  tubes,  electrometer 
sbes, high voltage regulators and other 
A-miniature electron tubes. The Model 
39 Portable Survey Meter, Model 517 Vi-
rator Power Supply, Model 510 Roentgen 
atemeter, Model E523 Detector-Meter and 
lode] 521 Accelerometer. , Iltramon Inc., Stepney ,Conn.  216 
apacitors, groups of capacitors and ca• 
acitors with circuitry contained within 
npervious, glass-like ceramic bodies. 

!Valdes Kohinoor, Inc., Long Island City, 
N.V.  358 
'rtiarc retaining rings will be exhibited 
nd demonstrated. Actual application of 
. he rings in a diverse number of electronic 
Iroducts will be made available. 
r 
!Vard Leonard Electric Co., Mt. Vernon, 

347 
W.lectric control devices, vitrohm resistors 
/ nd rheostats, magnetic relays and con-
ictors, power resistor handbooks, an au-
lhentic treatise on power resistors. 

,C,.ntinued on page 171A) 

Procurement Feature 
Four  desks  to  help  manufacturers  get 
orders, will be staffed by procurement 
personnel from Munitions, Air Force, Navy 
and Signal Corps on the third floor, Radio 
Engineering Show. 

U. S. Armed Forces Exhibit 

IPROCEEDINGS OF THE I.R.E.  March, 1951 

27 years of service to 

the Radio Manufacturing 

Industry 

BAUMAN & BLUZAT 
• Condensers 

• Selenium Rectifiers 

• Quartz Crystals 
• Speakers 

• Vibration Mounts 

• Transformers 

• Germanium Crystal 
Diodes 

• Relays 
Defense contracts and 

sub-contracts assumed 

Consulting . . . Engineers 

Sales & Service 

2753 W. North Avenue 
Chicago 47. III. 

All Phones—H U 6-6809 

4/[14/./ FARCE QcUtjERN, YT NY D TIME.   c OMNEVAESUNIII EE MN TE TYSI 

Model 801 
by 

Now, the Potter Instrument 
Company offers all in one 
equipment, the features here-
tofore  available only  in 
separate  counting  systems. 
Two complete counting chan-
nels, a 100 kc crystal oscillator 
time base and unique gating 
circuits are combined to pro-
vide the new FREQUENCY-
TI ME COUNTER. 

Address inquiries to Dept. 5.G or see 

ANY FACTOR 
MAY BE 
MEASURED 
FOR FIXED 
VALUE OF 
THE OTHER 

Universal 6-in-One 
MEGACYCLE 

FREQUENCY-TIME 
 COUNTER   

FREQUENCY 
MEASUREMENTS 

0 to 1 mc range by counting cycles 
pet pre-selected time or by oleo, 
wring time per preselected count 
Accuracy 0.001 % minimum 

TIME INTERVAL 
MEASUREMENTS 

0 to 10 seconds ± 10 micro. 
seconds. 

FREQUENCY 
RATIO MEASUREMENTS 

Ratio of two external frequencies 
can be measured. 

SECONDARY FREQUENCY 
100 kc crystal oscillator with di• 
vided frequencies ovoiloble at 10. 
I kc and 100, 10, 1 cps 

TOTALIZING COUNTER Six decodes. pulses 0 to 1 me. 
sine wave  10 Cp1 10 1 MC 

DIRECT RPM READING 
TACHOMETER 

Through the use of an external 60 
COunt per revolution photoelectric 
disc generator an accuracy of ± 1 
rp m is obtained. 

POTTER 
N it") 

1 1 5 CUTTER  MILL  RD.,  GREAT  NECK,  NE W  YORK 

us at the IRE Show-Booth 1 3 5 

INSTRU MENT 
I N C O R  P O P  A T 

when 

FORD 

WRITE FOR NEW 

TE1ESYN BROCHURE 

CO MPANY 
E 

better SYNCHROS 
are required 
SPECIFY 

• Proved Precision 
Accuracy 

• Meet Government 
Specifications 

• Corrosion Resistance 
• Fungus Resistance 
• Available in wide 
selection of 
sizes 

Division of the Sperry Corporation 

31-10 Thomson Avenue 

long Island City 1, N. Y. 
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S • Stfillit E RESIS TO RS 
MOLDED 

Of particular interest to all who need 
resistors with inherent low noise  
level and good stability in all climates 

TY PE 65 X 

Actual Size 

STANDARD RANGE 

1000 OHMS TO 9 MEGOHMS 
Used extensively in commercial equipment 

including  radio,  telephone,  telegraph, 

sound pictures, television, etc. Also in a 
variety of U. S. Navy equipment. 

HIGH VALUE RANGE 

10 to 10,000,000 MEGOH MS 

This unusual range of high value resistors 
was developed to meet the needs of scien-
tific and industrial control, measuring and 
laboratory equipment—and of high voltage 

applications. 

SEND FOR 

BULLETIN 4906 

It gives  details of both 
the  Standard  and  High 
Value  Resistors,  including 
construction, characteristics, 
dimensions, etc. Copy with 
Price  List mailed on  re-
quest. 

- .44;47 

ifua 
czi #  

11111311111 WWERI AL DI VI SI O N 

DENTAL MIND.00 (7)  Dept. G-R, 10 E. 40th St. 
NE W  YORK  16,  N.Y. 

TELECHROME 
FLYING SPOT PICTURE GENERATOR 

Model 300-A 

Used in TV stations, 

development laboratories, 
schools.  factories, service 

organizotionsand wherever 

o reliable, easily changed 

video picture source 
is required 

Supplied with 

driven sweep 

10" monitor 

$965°' 
Complete 

LIMITED PRODUCTION ON ABOVE MODELS 

Write today for catalog of 
our color equipment line 

TELECHROME 
INI C O R P O R  A T E D . 

88 Merrick Rd, Amityville, L I.,N.Y. 

• Resolution greater than 500 lines 
• Supplied with standard RMA 3x4" test pattern 
• Slide Holder for positive or negative trans-
parencies 

• Excellent picture tonal rendition 
• Supplies pictures without driving pulses 
from a sync. generator 

• Low and high impedance outputs, black 
positive or negative polarities 

Complete with all tubes, self-con-
tained high and low voltage regu-
lated power supplies, sweep and 
video circuits, in rack width metal 
cabinet. 

EMPIRE 
DEVICES 

UHF IMPULSE GENERATOR 

Model 16•102 

Pulse width less than 0.001 micro-
seconds, spectrum flat within 0.5 DB 
from 0.01 MC to 1000 MC; Pulse repeti-
tion rate 2 to 2500 CPS; output level 
continuously adjustable from 7 to 70,000 
microvolts per megacycle bandwidth; Im-
pedance 50 ohms; Permanent accuracy 
and stability. 

Application: Standard signal source for 
study and measurement of RF Interfer-
ence. Calibrating standard for noise 
meters. Bandwidth measurements. Tran-
sient response and receiver alignment. 

Model AT-100 

50 ohm resistive 
networks; VSWR-1.2 
from DC to 1000 MC; 
Six positions; lip to 
80 DB attenuation. 

UHF ATTENUATOR 

Model AT-50 

50 ohm precision 
pad; VSWR-1.1 from 
DC to 4000 MC; At-
tenuation from 1 DB 
to 80 DB; Accuracy-
3%. 

NOISE AND FIELD 
INTENSITY METER 

Model NF-105 

Frequency range 20 to 400 MC; Built-In 
standard Impulse noise and sine wave 
calibrators; Regulated "A" and "B" sup-
ply; Slide back and meter indication; 
True peak reading meter; Sensitivity 2 
to 100,000 microvolts. 
Accessories: Broad band antenna, Di-
poles, Magnetic and electric field probes, 
Line probes, Inverter for battery opera-
tion and Remote indicator. 

Visit our booth No. 349 
at the IRE show 

EMPIRE DEVICES, INC. 
38-25 BELL BOULEVARD 

BAYSIDE, N. Y. 
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wIews—New Products 
:se manufacturers have invited PROCEEDINGS 

'den to write for literature and further technical 

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

(Continued fom page 163A) 

New Miniaturized 
Oscilloscope 

1 Features typical of large precision boratory oscilloscopes are characteristic 
the new miniaturized oscilloscope an-
punced by the Hycon Mfg. Co. In an in-
rument of this small size its adequacy 
th regard to testing of high-frequency 
uipment and portrayal of pulse type 
we forms is unique. 
Now being produced by Hycon Mfg. 
)., 2961 E. Colorado St., Pasadena 8, Ittlif., for the Air Forces and the Navy in  
rge quantities, this miniaturized oscillo-
ope, 9 X6 Xl4i inches, is particularly 
•signed to endure rough handling. The 
ter case is water tight. Its easy port-
Ality makes it especially useful for serv-
• ng television, radar, and all uhf equip-tent in the field. 

The wide-band and linearity features 
the instrument have heretofore been 
und only in laboratory-type equipment. 
le sweep frequency range is from 3 to 
yond 50,000-cps. Vertical amplifier re-
onse is flat within 3 db from dc to 2 Mc, 
tile horizontal response is flat within 2 db 
)rn dc to 100 kc. Faithful reproduction of 
we forms with 3 microsecond rise time 
d 100 kc square waves is an .unusual 
tture. 
Other features are the incorpotation of 
blanking amplifier and a synchronizing 
tplifier, and a circuit design which main-
ins a sweep return time ratio of not less 
an 5 to 1 at all frequencies. Deflection 
isitivity exceeds 0.5 volt per inch at all 
e voltages from 105 to 125 volts and at 
line frequencies from 50 to 1,000 cps. 
piked radar pulses up to several hundred 
c in frequency may be portrayed faith-
Ily by making direct connections to the 
• ection plates. 

• Andrew Corp., 363 E. 75th St., Chi-
•o 19, Ill., has released Bulletin 10—D, a 
neral price list, on coaxial cable, rigid 
lxial transmission lines antennas, an-
Ina tuning equipment and components, 
tower lighting equipment. 

(Continued on page 173A) 

Send us 
your 

specifications 
today for 
a prompt 
quotation 

o n 

STANDARD 
or 

CUSTOM 
BUILT 

RESISTORS 
in small 
or large 
quantities 

443-445 Broadway, New York 13, N. Y. 

TECH-MASTER 

is recognized 

by TV 

engineers and 

technicians 

as representing 

the highest 

calibre of 

television 

engineering. 

MAX. RES: 1.5 Megohm (331 Alloy) 
1.0 Megohm (Nichrome) 
30,000 Ohms (Manganin) 

See the latest 

TECH-MASTER 

TV developments 

at our Booth No. 267 

at the I.R.E. Show 

NON-
INDUCTIVE 

BODY SIZE: I" lg. by 9/16" diom. 

TOLERANCE: STANDARD 1% 
(1.01/10  or Slight Ex 
1,0 Coil) 

• 

TYPE CX— 
% WATT 

MAX. RES: 

\IA* 

1%. 11.  NON-
). INDUCTIVE 

750,000 ohm (331 Alloy) 
500,000 ohm (Nichrome) 
15.000 ohm (Manganin) 

BODY SIZE: 5/8" lg. by 9/16" diem. 

TOLERANCE: STANDA.RD 1% 
ITO 1/10 % at Slight 

Ex Ira Cost) 

or . 

A 
For Instrumentation 
and other critical 
applications 

IN-RES-CO re-
sistors are engi-
neered for the 
manufacturer 
maintaining  a 
reputation of top 
quality and per-
formance  in  his 
equipment. They 
cover a full range 
from 1 watt to 10 
watts and.01 ohm 
to 1.5 megoh m. 
Conservative rat-
ings assure maxi-
mu m long life. 

IN. RES-co 
0,5,G„0 

RESisTon 

IMO 

INSTRUMENT RESISTORS CO., 1036 COMMERCE AVE., UNION, N. J. 

TELEVISION 

For complete information on TECH-MASTER products 

see your jobber or write Dept. IR-3. 

More leading engineers and tech 
nicians have built Tech-Master for the , 
own 1151 than any other Television Ko 
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Sy0OL RE  RADAR CALL PAUL J. PLISHNER SONAR 
SUPPLY 
PROBLEMS 

%ft-CI 

tee'‘ 

t+% 

3 cio  m,-borne radar designed for sector scan surface search. 
mapping and navigation, weather forecasting. interceining of (menu 
aircraft. Entirely enclosed in a atreantlined housing for optional 
mounthig on aircraft bomb reek, or on nose of large bombers. 
Complete sets with indicator equipment, and power unit ready for 
installation. Quantity available. 

3000 Mc BENCH 

TEST EQUIPMENT 

Magnetron Coupling For Type 
720 Nag, to Ili "  x :1" 

ruble   $35.00 $35.00 
10  CM  Wavemeter  WF:  t)or 
B43149 Transmission type. Ti  
N Fittings Yvette! Root 
eter dial. Gold Plated W/ Canto. 
Chart Pio  Nleter X66404-
A. New  $99.50 
ASI4A ,AP•10 CAI Pi(•k up Di-
pole  "N'• Cables ...$4.50 
LHTR.  LIGHTHOUSE  AS-
SEMBLY Pint  f ItT30 API; 5 
API: 15. Receiver and Trans 

Cavities w/assow. Tr CatiO and 
Tvioe N CPI.G. To Revr. 
'411. 2143. 11127. Tunable APX 

2400-2700 311'S. Silver Plated 
$49.50 

Beacon Lighthouse cavity 10 cm 
with miniature 28 volt IX' I'M 
motor. Alfa. Bernard Rice 

$47.50 ea. 
Magnetron to Wavegnitle Coup-
ler with 721A Duplexer Ca‘ity, 
gold plated  $45.00 

TEST PLU MBING 
72 IA  TR  Boa  complete with 
tone soil omit,: Plungers $12•50 
McNally KlYstron Cavities for 
70711  or  2K20.  Three  tYltes 
mailable   $4.00 
F 29 SPR-2 Filters. Type "N" 
input and Output  $12.50 
WAVEGUIDE TO 7." 11111114 
COAX "DOORKNOB" ADAP-
TER. CHOKE FLANGE. SIL-
VER PLATED BROAD BAND 

$32.50 
WAVEGUIDE  DIRECTIONAL 
COUPLER. 27 dl,.  Nii88  1814, 

CABV  47AAN.  wit h  4  in. 
slotted section  $32.50 
SQ. FLANGE to rd choke adap• 
ter. 18 in. long OA IN in. 9 3 
in. guide, type "N" output and 
sampling probe  $27.50 
AN/APR5A  10  cm  antenna 
equipment consisting of two 10 
eln  waveguide  sections.  each 
polarized. 45 degrees $75.00 pet 
set. 
POWER SPLITTER: 72(1 Kls-
stron input dual "N" output 

$5.00 

8500 Mc to 9600 Mc BENCH TEST PLU MBING 

1" x 1/2 " W aveguide 

Variable Stub Tuner,  1)8336. 
180 degree 1-1,3-- staling calla. 
itY    $70.00 
Low Power Termination. lolViorl 

S18.50 
Unl-Dlrectional Coupler. DIViloot 
23 lilt type "N" output  $18.50 
Pick Up Horn. Type "N" out-
put   $4.50 
Wavemeter. 145110 to 9400 Nips., 
wit li  cal dna t iii,.  Microntetef 
adjust head. Reaction type 

$85.00 
90  Degrees  Elbows. E or 01 
plane.  21•" mint,  112.50 
40 D   Twist. 0 "  long. •$8.00 

Bulkhead  Feed•Thru Assembly 
$15.00 

  Gauge Section 15 
gauge and press nipple ...$10.00 
Pressure Gauge, 13 O n.  .32.50 
Dual Oseillator-Beacon Mount. 
1. o APS111 Radar for mountou 
two 723ALt siv•stron with crYs-
tal outs. ',mishit's slugs. shields 

$42.50 
Dual Oscillator. Mount. Mack 
to back)  with cr3stal   
tunable termination attenuating 
dugs  118.50 
Directional  Coupler.  UG-40/17 
Take ofr 20 lilt  117.511 
Directional coupler. APS-6 Dix 
"N" take off 20 DB calibrated 

$17.50 
Rotary Joint Choke to Choke 

$10.00 
2K25 723 AB Receiver local os-
cillator Kly!dron Mount. com-
plete with crystal mount. Iris 
coupling and choke moulding to 
Tit   $22.50 
TR-ATR Duplexer section for 

 $8.50 
CU  105/APS  31  DireMional 
Coupler 25 DB  $25.00 
723AB Mixer -B egienil dna! 0.e. 

M id. w V al  holder  $12.00 

TR-ATR Sect (I'S  12 for  11124 
:;/724 ,(TR cavity sy•11124 
724  Tubes. complete  $21.00 
Stabilizer Cavity with bellows 

$21.50 
3 cm. 180° bend, witli pressitri,. 
tog' nipple   ea. $6.00 
3 cm. 90° bend. 14" [Ong 90' 
tinht  with piessouliing nipple 

ea. $6.00 
3 cm. "5" curve lg" long 

ea. $5.50 
3 cm. "5" curve g" long 

ea. $3.50 
3 cm. right angle bends. "E" 
plane lt," long cover too cover 

ea. $6.50 
3 cm. Cutler teed dipole. 11" 
from parabola nootant to feed 
back  ea. 18.50 
3 cm. directional coupler. One 
way waveguitle output ea. $15.00 
Circular Choke Flanges, solid 
bra.   55c 
Sq. Flanges. Flat Bram ea• 554 
APS-I0 TR/ATR Duplexersec-
lion with additional iris flange 

$10.00 

"X"  Band  Preamplifier, con. 
misting or 2.723 A/11 local Os-
cillatnr-bempn  feeding  W M ,  

guide and Tit/ATII Duplex sect. 
Inn, 60 plc. IF amp. ....$47.50 

Band P  !zing gauge 
section  w/I5  lbs.  gauge  and 
pressurising nipple   $18.50 
45 Deg. Twist 6" long  110.00 
12" Section 43 deg. twist. 90 
deg bend  $6.00 
II" straight waveguide section 
choke to cover. Special heavy 
construction, silver plated $4.50 
15 Deg Bend 10" choke to cover 

$4.50 
5 Ft. Sections choke to rover. 
Silver plated  $14 50 
18" Flexible Section  $17.50 
Bulkhead Feed Thru _ 1(5.00 
Waveguide 1"  s  (,, "  I.  I). lwr 
foot  51.50 
TR Cavity tor 721 A TR Tube 

83.59 
724 TR Tube ill TR II .32.50 
SWR Meas, Section. & L with 
2 One "N" output probes N M) 
full wave apart. Bell size guide. 
Silver plated  $10.00 
Rotary joint with slotted section 
and type "N" output pickup 

$17.50 
Waveguide  Section  12"  long 
choke to rover 45 deg. twist At 
2N" radius. 90 deg. bend. $4.50 
Twist  90 deg.  5"  choke to 
cover w/press nitople  $6.50 
Waveguide Sections 254 ft long 
...liver plated with choke flange 

$5.75 
Rotary  loint  choke  to  ',Poke 
with deck mounting .....$17.50 
3 cm mitred elbow ••F." olanr 
omplated   $12.00 

11/4 " x 1/4 " W AVEGUIDE 

Tunable Termination. Pie-“onli 
adjust    

Low Power Termination 162 55.02 
Magic Tee  $45.00 
90 Degree Elbows. E or H nlanr 

$12.50 
Waveguide Lengths, nit to size 
and supplied with 1 choke. 1 
cover. per leng th  .32.00 per ft. 
Bi Dir-Coupler WG output cali-
brated -25 111, iinniinal  117.50 

Fin  sections.  12"  Robber 
 $14.50 

Mitred Elbow II Plane 11111-
CG52   $12.00 
6" St. sect. choke to choke $3.50 
APQ 13 Con.(tant Z Ro w hit 

CG 98B/APQ 13 12" ne 924.5„0 
1N" x hi," 013  $10.00 
Ware Gd Run l'4" x %" 
eogisist4  of 4 ft.  sect.  w/ItT 
angle bend on one end. 2" 45 
deg bend on other end •...88.00 
X Band Wave Gd. IN" x (8,," 

0.13. 1/16" wall aluminum 
Per ft. 756 

Slug.  Tuner Attenuator  W E 
guide. Gold Plated  $6.50 

LINK RADIO EQUIPMENT 

Type 1908. Fixed Station Transmitter, 152-174 MC 250W, 
Type 1938. Remote Control. 
Type 50FMTR-7C. Mobile L'Illaipment consisting Of Trans. No. 2240 
w/Dvna. Power Snoods 50W Out. and Receiver :1905. 

PHONE OR WRITE 

SCR 545 RADAR TRAILER 

"1" BAND SEARCH -"S" BAND TRACK 

MAGNETRONS 

Tube 

2127 

2131 

2)21 A 

2122 

2126 

2132 

2137 

2138 

2139 

2140 

2149 

2134 

21 61 

2162 

3.131 

5)30 

71 4 A 7 

7I8DY 

720BY 

720CY 

725-A 

730-A 

728 

700 

706 

KLYSTRONS 

723A 

7070 

4I7A 

2K4I 

TEST SETS 

IS 12 

TS 13 

TS 33 

TS 35 

TS 35 

IS 45/A P M3 

TS 62 3CM 

IS 108 

SCR 584 

PARTS 

AVAILABLE 

BC 1056A 

BC 1058A 

BC 10868 

RA7IA 

BC 1090A 

BC 10900 

SC 096A 

BC 188 

BC 1058 B 

BC l094A 

BC I088A 

MANY OTHER 

PARTS 

SONAR 

SYSTEMS 

QBF 

013G 

OC 

QC) 

QCL 

Q(O 

QCS 

OCU 

WEA 

6000 Mc to 8500 Mc 

BENCH TEST 

PLU MBING 

x 1/4 " Waveguide 

Kiystron  Mount.  011356 mom-
Wide with shield and tunable 
p•rinItiat ion  $125.013 
Flap Attenuator. 1)103(11  $45.00 
Variable Stub Tuner ....$90.00 
Wvgd. to Type "N" Adapter 

$18.50 
Wavemeter Tee. 1)11352. $32.50 
Magic Tee  583.00 
Directional  Coupler.  two  how 
251)10  coupling.  type  ^ In -

put   $25.00 
Precision Crystal Mount. Equip-
ped with tuning slugs unit tun 
able terminatinn  1125.00 
Tunable Termination. Precision 
adjust  170.00 
Low Power Load  $35.00 

4000 to 6000 Mcs 

BENCH TEST 

PLU MBING 

2" x 1" Waveguide 
Flap Attenuator .  $48.00 
Variable Stub Tuner and Low 
Power Termination  $48.00 
Wavemeter Tee  $48.00 
Adapters: Choke to choke $18.00 

Cnier to emer $14.00 
choke to covi.r $16.00 

Waveguide to Type "N" Adapter 
$45.00 

Directional Coupler. Two hob 
ope '•3;" output  $48.00 
Kiystron Mount. Equipped with 
tunable  termination  and  101-
C ,,,,, leter adjust.  Kb stron all 
tenni, tuning  $110.00 
Crystal Mount, E g nilnn A  88( '). 

tunable  termination  and 
crometer adjust crystal tom', 

$125.00 
Tunable Termination. Pre,im,.,. 
adjust  $90.00 

23,000 to 27,000 Mc BENCH TEST PLU MBING 

Vs" to 1/4" Waveguide 

Precision Slotted Line. Adjust 
able probe  $200.00 
Directional  Coupler- Wavemeter 
Mutt, 121/11  $60.00 
Precision Var Attenuator, tidg 
Bernard Rice  190.00 
Low Power I. oad  120.00 
Shunt Tee  135.00 
Waveguide Lengths. 2" to 6" 
long. gold plated with circular 
fIsligeN slid  nI11.,  

12.25 per inch 
APS-34 Rotating Joint .349.50 
Right Angle Bend E tor H Plane. 
specify conilolnation of couPlitlim 
lest red   112.00 
45' Bend E or H Plane Choke 

 $12.00 
Mitered Elbow, cover to co w 

$4.00 

TR-ATR•Section. Choke to C10,1 
$4.00 

Flexible Section  1"  choke th 
.1,oke   $5.00 
"5" Curve Choke to rover 84.50 
Adapter, round to square CM, 

$5.00 

Feedback to Parabola Horn with 
pressurized window  $27.50 
K Band Mixer Block  $45.00 

Waveguide '4" to '4" 11 00 per 
ft. 90'  Twist  $10.00 
"K" Band Directional COupler 

$49.50 ea. 

R.F. Equipment 

SM Radar-Heavy, high power. one mega watt battleship radar. 
All major components, IX, Antenna & l'edestal. Xmtr. Ite m. 
Indicator console. Mfg. General Electric. 

SL Radar -Complete 10 cm Surface search radar E/W PP.!,, 250 
KW peak. 115 60 Cy. AC input voltage. Mfg. Western Electric. 

3 cm Radar package. 
10 Cm Signal Generator. 17tres Sperry 417A Klystron. 115%'. 80 
Cy. AC Regulated Power Supply. Complete w/Tubes   $250.00 

Varied A.ssortment of Radar C.R. Tube Indicators from 3" A scores 
I,, 12" P.P.1, Consoles, Write! 
Itr-23/AP 10 cm Dummy Load and High Power Attenuator in  

M ax.   $1 35.00 

lt G-2.1/t7 Pulse Cable 15' long w/Two ut;.36/C Conn. _518.00 ea. 

Air Search Radar 
AN/TPS-2, complete and portable. 200 MC Supplied w/Gas Gen 
erator. 

ltT-39/APG-5 10 eln  light house RP' head c/o Xmtr.-Recyr-Tit 
cavity. compl.  & 30 MC IF strip using 6A105. 12C40. 2C43, 
1827 lineup', so/Tubes. 

Parabolic Antenna, 360° Azimuth Scan, Al'X 10° Elev. Tilt. ComPl 
w,24V.DC Drive Motor. Azimuth & Elev. Selsyn.s. Supplied with 
10 en(  Dipole.  New.   $85.00 

Homogenizing Magnetostrietion Ow'. Head. 300KC unit for 11nntot 
liquids. Stainless Steel.  $285.00 

• 1/4 " RIGID COAX - 1/4 " I.C. 

Ti."  rigid  coaxial  tuning  stubs  with  vernier  stub adjustment 
Gold Plated  $ 

'5. RIGID COAX ROTARY JOINT, Pressurized. Sperry '481 11•71r 
Gold  Plated    

Dipole  assemb  P  art of SSCR--559944  $25 00    
Rotary joint. Part of SCR-584  525.0027 0.Y 
RIGHT ANGLE BEND. with flexible coax output pickup loop $8.00 
SHORT RIGHT ANGLE BEND. with pressurizing nipple ....S3 nr 
RIGID COAX • . ties nos,: eonnector 
STU B-SU PPO RTE D  RIGID  COAX,  gold  plated  5' SM:7,5'e:  
I er length   ts to .4   RT. ANGLES for a bove    S..' 5' 

RT, ANGLE BEND 15"  L. OA   S , 5, 

FLEXIBLE SECTION. 15" L. Male to female   S l '-
MAGNETRON COUPLINGS to n" rigid coax. with Tit I, 
1001,  (ndli  plated    

FLEX COAX SECT. Approx. 10 ft.   
flexible section ,1 4" IC pressurized  

' RIGID COAX. DD  rool Smomorted  $1.20  SHORT RIGHT ANGLE BEND  11657. ' 

05 
CG 54-ii  .1 -4 foot   

$2.50 

W AVEGUIDE 
x .4 "  ID    $1.00 per foot 

1" x Si" OD   ..... $1.50 per foot 
5A" x IN" OD    $1.65 per foot 

.75 per foot 
 $3.01 per fool 

 $3.53 per fool 
I" x "4" OD Flexible  $4.00 per foot 
714" rigid roes N" IC   $1.20 per foot 
(Available in 10FT to 15 It. lemtlis on smaller.)   $8.50 each 

94" x 1,4" OD Aluminum   
IN" x 3" OD 
2,4" 3" OD   

M ODULATOR UNIT BC 1203-11 
Provides 200-4,000 PPS Sweeptime: 100 to 2.500 microsec. in 4 st.•ps 
fixed mod. Pulse. suppression pulse. sliding( modulated sliding modu 
'sting voltage, marker pulse. sweeo roltageo. eollbrot 101 .8• voltagè 
ill voltages. Operates 113 vac. 50-60 cr. Pmvid. various [VPo n1 
voltage pulse outputs for the modulation of • single generator such 
as General Radio 789411 or 2804C used In depot bench testing I, 

SCR 695, SCR 395. and S C R 535. New as shown.  $125.00 

30 Mc IF STRIP 

P/0 APS15 Radar using 6AC7's 2-3 MC 11W 20 DB Gain. New A 
Complete I.F. Amplifier Video sect. Less Tubes  S17.50 

All merch. guar. Mail orders promptly filled. All prices, F.O.B., N.Y.C. Send m one y order  or  Check. Only shipping charges sent C.O.D. Rated Concerns send P.O. 

COMMUNICATIONS EQUIPMENT COMPANY 
131 LIBERTY STREET, NE W YORK. N.Y. DEPT. 1-3  P. J. P1.ISIINER  PRONE: MAIN -1-8373 



What to see at the 

Radio Engineering Show 

C ut, ,iued I ro m rage foil, 

Firm Booth 

Ward Productors  Corp.,  Div.  of  The 
Gabriel Co., Cleveland, Ohio 218 

Antennas for communication services in 
portable, mobile and fixed station designs. 

Waterman Products Co. Inc., Philadel-
phia, Pa. 

POCKETSCOPES,  PULSESCOPES, 
RACKSCOPES and RAYONIC TUBES. 
POCKETSCOPES  are  miniaturized  ca-
thode ray oscilloscopes, exceedingly small 
in size but complete in performance. Two 
new PULSESCOPES will be shown for 
.iccurate pulse determination, in amplitude, 
Shape, duration and time displacement. 
Miniaturized cathode ray tubes both round 
.ind rectangular will be exhibited. 

29 

Webster-Chicago Corp., Chicago III.  313 & 315 
Diskchangers, fonografs. and "Electronic 
Memory" wire recorders, dictation ma-
, Lines and WEB-COR tape recorder. 

Western  Lithograph  Co.,  Los  Angeles 
Calif. 1E-Z code wire markers, business systems, 

cable, conduit and pipe markers, high pro-
duction identification methods. Aircraft 
?hydraulic markers, pressure sensitive con-
'tact labels. 

107 

Westinghouse Electric Corp., Pittsburgh, 
' Pa. 65 to 69 
Hipersil cores, rectox and selenium recti-
: fiers, tubes, AB "DE-ION" circuit break-
ers, electrical instruments, hipernik V tor-
)ids and other magnetic alloys, linestarters 
and pushbuttons. 

Wind Turbine Co., West-Chester Pa. 48 
Sections of TRYLON Towers. 

The Workshop Associates, Inc., Needham, 
Mass. 
Parabolic antennas for microwave relay 
stems various other special duty anten-

nas. 

The New STAVER 

MINI-SPRING 
TRADE MA9K 9EG AND PAT  PEND 

Available! 
Special 
Improved 
Types for 
Military 
Apparatus 

Gives support two ways —Keeps pressure 
downward and gives sideway support. 
The spring action is constant and resil-
ient  permanently.  Send  for  catalog 
sheet. 

COMPANY 
4 0 6  INCORPORATED 

39 

r•-) 

Raymond Rosen Engineering Products, Inc. Hydrocorder 

as used in flood control telemetering 

A QUALIFIED STAFF OF RESEARCH ENGINEERS IN 

THE FIELD OF RADIO CONTROL AND TELEMETERING 

All types of 

AGASTAT 

TIME 

DELAY 

RELAYS 

Raymond Rosen Engineering Products, Inc. 

has recently developed new and improved 

high stability, high output, resistance-

capacitance discriminators of outstanding 

characteristics. 

RAYMOND ROSEN ENGINEERING PRODUCTS, Inc. 
32nd & Walnut Streets • Philadelphia 4, Pa. 

'INSTANTANEOUS 
.1 RECYCLING IS ONLY ONE 

OF MY MANY ASSETS! 

ssozzAk 

,vaape c — 

are solenoid actuated — pneumatically timed. For AC and DC 
service. It will pay you to take time out to investigate Agastat 
Time Delay Relays. Information and literature on request. 

AGA  ACA  AGA  AGA 

MOO R El   .. : .. 
AMERICAN GAS ACCUMULATOR COMPANY 
1027  NE WARK  AVE N UE  •  ELIZ ABETH  3,  N. J. 
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Exalted-Carrier 
Diversity Receiver 
A New standard of performance 
in high-frequency reception 

Combines all advantages of the best diversity re-
ception plus new exalted-carrier detection which 
eliminates selective fading distortion and greatly re-
duces interference from interfering stations within 

the received channel. 

Supplied in compact three-receiver combination 
with high continuity-of-service factor and switching 

flexibility. 

New diversity selector chooses strongest of the 

three signals and completely rejects the weaker 

signals. 

For reception of voice, program, or tone-multiplex 

transmited by either amplitude or phase modulation. 

Exalted-carrier adapters also available for single-

receiver use. 

Inquiries invited 

CROSBY LABORATORIES, INC. 
126 Herricks Road, Mineola, N i.. GArden City 7-6487 

014 
aie-spaced aeticulated 
R.F. CABLES 

THE LO WEST EVER 
CAPACITANCE OR 
ATTE N U ATI ON 

Ire are 
specyafty oryamSea to Or 
SPOT DELIVERIES TO U.S.A 
6O/e your rush eta/cc/or 
shipment 4  frei@ht 
Seeeinent  yoier °ow yffehea 

TRANSRADIO LTD 
CONTRACT ORS  TO  1-1. M.  COve RN m EN T 

138A CROM WELL ROAD•LONDON SW? ENGLAND 

Cofdlif TRANIRAO LONDON. 

LOY/Altai 
TYPES 

A 1 

A 2 

RAPED 
OHMS 

74 

74 

A 34 73 

LOW (AM( 
TYPES 

CI 

C APAC 
m̂oi9 

7.3 

PC 

CII 

10.2 

6.3 

6.3 

5.5 

5.4 

C 2 

C 22 

C 3 

33  4 a 
4.1 

Oolen4 Rva'7;acie4104. 

ATTER 'LOADING 
clb1001. 

#00 novE. 

IMPEL) 
OHMS 

ATTER 
lb 100p 
TOON,. 

on" 

036 

0.44 

0.88 

0 0" 

150 2.5 0.36 

0.36 

0.36 

0.44 

0.44 

0.64 

220  2.4  0.64 

252  2.1  1.03 

Avyloiv4 volviooyfve  

MICH PO WER 
LE 

PHOTOCELL 
CABLE 

DUMONT 

TYPE 

DURENE 
(PLASTIC FILM) 

CAPACITOR 

puNE W 
/ERO-LOSS 
cAP  
CAT,- *4)135  

DUMONT 

-ZERO-LOSS' 

DURENE 

CAPACITORS 

• 

PLASTIC 
FILM 
IDEAL 

SUBSTITUTE 

FOR 
MICA OR 

CERAMIC 

CAPACITORS 

Leakage 
Resistance 

Million 
El egohms 

EXTREMELY 

HIGH "Q-

MOISTUREPROOf 
STABLE 

CAPACITY RANGE 

LONG LIFE 

SEND FOR 
SAMPLES AND 
LITERATURE 

• 

FOR DEPENDABILITY 
ALWAYS SPECIFY 

DU MONT 

TYPE SI 

IN TUBES 

• 

EXCELLENT 
PO WER FACTOR 

.0005 

• 
CAP. FROM 

.00005 to 20 MFD 

TYPE S2 
IN CANS 

• 

VOLTAGES 
F RO M 

500 to :0000 
VOTTs 

!DUMONT 
ELE CT RI C CORP. 

MFR S OF 
CAPACITORS FOR EVERY REQUIREMENT 

308 DYCK MAN ST, NE W YORK  N  Y 
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sTews—New Products 
'ere manufacturers have invited PROCEEDINGS 
aders to write for literature and further technical 
formation. Please mention your I.R.E. affiliation. 

(Continued from page 169A) 

New Tweeter 
Designed for the wide range audio sys-

mas in use at present is the new Model 
:HU-5 tweeter, just announced by Racon 
,lectric Co., Inc., 52 E. 19 St., New York 
, N. Y 

1 Model CHU-5 provides uniform re-ponse to 12,000 cps with usable output 
, o beyond 15,000 cps. When used with a 
2- to 15-inch cone speaker and proper 
etwork, it handles 25 to 30 watts of pro-
ram material. Its impedance is 15 ohms. 
' The horn is built of cast aluminum, 
nd is flared for widest distribution pat. 
em. Packed with each Model CHU-5 is a 
Dur-page pamphlet (including wiring di-
i gram) to cover network. Complete data 
re supplied for the necessary chokes and 
apacitors and constants take into con-
nieration cone speakers of 4, 8, or 15 ohm 
m pedances. 

(Continued on page 175A) 

• MICROTORQUE Variable Resistors and 
Potentiometers require as little as .003 
in. oz. torque to operate. This unique fea-
ture makes the MICROTORQUE invaluable 
for applications where the position of in-

strument pointers,gyroscopes,and delicate 
instruments in general must be recorded, 
transmitted or indicated at a distance, 
and Giannini are the sole makers of 
MICROTORQUE Potentiometers. 
A variety of resistance values and 

circuits available. 

Write for booklet. 
G. M. Giannini & Co.,Inc. 
Pasadena 1, California 

M US1C for MERMAIDS-
University Speakers functioning under water— 
This is the submergence•proof MM-2F, designed — 
for tough naval combat and railroad service. 
Like all UNIVERSITY speakers, it more than 
meets requirements! This one is installed and 
operates yeor-round for swimming instruction. 

LOUDSPEAKERS 
do more! 

...last longer! 
...sound better! 

UNIVERSITY ENGINEERS, through 
painstaking research, recognize both idio-
syncrasies of the human ear and the severe 
conditions under which sound equipment must 
many times be called upon to operate. They 
meet this double challenge by combining the 
finest engineering human ingenuity can devise 
with rugged, all-weather, all-climate construc-
tion. The result is better-performing, super-de-
pendable reproducers. For reliability plus, for 
installations that function day - in, day - out 
under the most gruelling conditions — specify 
UNIVERSITY loudspeakers. 

'=--1 UNIVERSITY  ;AL 
LOUDSPEAKERS • INC 

so SO. KENSICO AVE., WHITE PLAINS, N Y 

Write for 
the new 

TECHNILOG 
Contains a wealth of useful 
data for engineers, installa-
tion men and service person-
nel. Reserve your copy today! 

Address requests to 
DESK 27—Visit us at 
the IRE SHOW-Booth 
323 

HIGHER ATTENUATION 
... at no greater cost 
Built to match the most exacting re-
quirements for radio interference re-
duction, ACE SCREEN ROOMS cost 
little or no more than home-made 
rooms of far lower filtering and shield-
ing efficiency. Used and approved by 

leading laboratories and plants. ROOMS 
READY-BUILT • READY TO INSTALL 
V Provide attenuations of 100 to 140 db. 

—at frequencies from 0.15 to 10,000 mc. 

A /Easy to install —easy to move to a new 

location or to enlarge. 

V Fully proved in more than6 years of use. 

A / Standard and special types available 

for every need. BOOTHS 350-52 
I.R.E. SHOW   
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200 MC BAND WIDTH AMPLIFIERS 
Model  202P  Wide-Band  Chain  Amplifier  with 

Regulated  Power  Supply. 

Band Width 100 KC to 200 MC. Gain: 20 db. 

Impedance: 200 ohms. Rise Time: Less than .003 usec. 

With the Model 202P: very fast pulses, transients and other high 
frequency voltages can now be amplified. 

With the Model 202P: vacuum tube voltmeters and oscilloscopes 
are ten times more sensitive. 

With the Model 202P: the output voltage of signal, sweep and 
pulse generators is ten times greater. 

Other Wide-Band Chain Amplifiers available: 

Model 200A -10 db Gain. Model 204 — 40 db Gain. 

Makers of chain amplifiers, tempera-
ture controls, variable electronic fil-
ters and power supplies. 

Write for Bulletin 202P-1-E 

S K L SPENCER-KENNEDY LABORATORIES, INC. 
186 M ASSACHUSETTS AVE., CA MBRIDGE 39, M ASS. 

M 177 rt ":377, ER 71 77 71 7." firip4h  

MAGNETIC AMPLIFIERS• INC 
Affiliate of GENERAL CERA MICS & STEATITE CORP. 

11-54 44th DRIVE, LONG ISLAND CITY, N.Y. —TEL. STILLWELL 6-2191 

A N N O U N C E S 

.4 0  M AGNETIC 
*GI%  AMPLIFIERS 

II Standard Units 

III Push-Pull or Single 

MI Completely 

Self-contained 

• As Easy to Install 
as a Transformer 

See us at the IRE SHOW 
BOOTH 136 

Other Standard or Specially Engineered Units 

SATURABLE REACTORS, SATURABLE TRANSFORMERS, 

PRE AMPLIFIERS, PHASE SENSITIVE DEMODULATORS, 

HIGH FREQUENCY MAGNETIC AMPLIFIERS 

111 
p. 

Accumulated design experience counts — 
call on us! 

Use 
SILVER 
GRAPHALLOY 
For extraordinary 

electrical performance 

THE SUPRE ME BRUSH 

AND CONTACT MATERIAL 

IN BRUSHES 

• for high current 

density 

• minimum wear 

• low contact drop 

• low electrical noise 

• self-lubrication 

IN CONTACTS 

• for low resistance 

• non-welding 

character 

jr,013 . 0 'Cr  s  spoc,01 

^ P̀'•9 ^ .'•d 

GRAPHITE METALLIZING 
CORPORATION 

1001 NEPPERHAN AVENUE. YONKERS 3. NEW YORK 
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STews—New Products 
lese manufacturers have invited PROCEEDINGS 
"aders to write for literature and further technical 
'formation. Please mention your I.R.E. affiliation. 

(Continued from page 17.,A) 

New Meters 
l'roduction of a new 1i-inch vu and 

i-inch db meter has been announced by 
nternational Instruments, Inc., 331 East 
it., New Haven 11, Conn. These instru-
nents are designed to measure the strength 
if audio signals as applied to communica-

(ions equipment, and are claimed to be the 
smallest and lightest made. Both types of 
instruments are completely self-contained, 
ready for installation. 

(Continued on page 177.11 

PROFILING 

MODELING 

GREEN  ' 
ENGRAVER  f 
Proved Profitable — 
Machine  Tool,  Radio,  Electrical 
and Instrument Mtrs., Sales Pro-

motion  and Advertising. 

Fast, rugged, convenient —and inexpensive. The 
Green Log   is tops for low-cost perform-
ance--zips out precision work on metal, plastics 
or wood • . . cuts four lines of letters from 
3/64 ^ to I" on curved or flat surfaces . . . 
operates by tracing . . . makes anyone an expect 
• • • engraves panels, name plates, scales, dials, 
molds, lenses and instruments. (Also widely used 
for routing, profiling and three dimensional mod-
eling.) Electric etching attachment available. 

Special attachments and engineering  service 
available for production work. 

FREE —Fact-pocked folder. Send for 
yours today 

See us at Booth 264 

GREEN INSTRUMENT CO. 

W ARN 361  Putnam Ave. 

Cambridge, Moss. 

ANNOUNCING 
Two additional R. F. Heads are now available for the Model 708 
Spectrum Analyzer shown below: 

0S Band 2500 to 3400 megacycles. 
• X,, Band 6200 to 7100 megacycles. 

WRITE FOR DETAILS 

MODEL 708 SPECTRUM ANALYZER 

Frequency range -8500 mc to 9600 mc. 

Receiver —Double conversion superheterodyne. 

IF bandwidth —approximately 10 kc. 

Sweep frequency -10 cps to 25 cps. 

Minimum frequency dispersion —I mc/inch. 

Maximum frequency dispersion —I0 mc/inch. 

Signal input attenuator -100 db linear. 

Power —I I 5V or 230V, 50 cps to 800 cps. 

% lite 

cdookte . d.4t4 
Canoga 
14315 Bessemer St., Van Nuys, Calif. a Boa 361 

When the power company changed over to 
alternating current in certain Chicago areas it 
meant that existing elevators operating on 
D.C. had to be converted fast, or the good 
people of the town would be "grounded. -

Ther Electric A Machine Works solved rectification problems for consid-
erably more than 100 famous buildings in the Windy City by designing 
complete power supply and regenerative braking equipment employing 
SELETRON rectifiers. Illustration shows a typical 3 bank unit built for 
Clinton Realty Co. Installations have also been made in the Sears Roebuck 
and Western Electric Buildings, and many others. 

Elevator operation is but one of many uses for rugged, efficient 
SELETRON selenium rectifiers—they are useful in hundreds of industrial 
applications for economical conversion of alternating current to D.C. 

Write us now concerning your rectification problems — and request 
Bulletin No. HE-8. 

See us in booth N-1 6 at the IRE Show 

 ON  DIVISION 

O W R A DI O R E C E P T O R C O M P A N Y. hc. M b 
tot la 11•14  II•Ores. 

OD. 6 newts DS 11M6 SIS 51..16616116 II, N. V. • torslopertmeli ill Viol INS O. Dm MN II, N. T. 
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MODEL 79-B 
SPECIFICATIONS: 

FREQUENCY: continuously variable 60 to 100,000 cycles. 

PULSE WIDTH: continuously variable 0.5 to 40 microseconds. 
OUTPUT VOLTAGE: Approximately 150 volts positive. 

OUTPUT IMPEDANCE: 6Y6G cathode follower with 1000 ohm load. 
R. F. MODULATOR: Built-in carrier modulator applies pulse modulation to any 

r.f. carrier below 100 mc. 

MISCELLANEOUS: Displaced sync output, individually calibrated frequency and 
oulse width dials, 117 volt, 40-60 cycles operation, size 14"x10"x10", 
w! 3; by. 

E 11111111..........111111 E2AR3RPOS LEDAPTER 
• TELEVISION WAVE 
FORM OBSERVATION 

• RADAR PULSE 

• Converts a DuMont 208 or 304 Scope for 
use with TV and Radar pulse type signals. 
Response 3 db down at 5 M.C. 

• Completely self-contained including power 
supply.  No modifications to the 208 or 
304 Scope required. 

• Size matches both Type 208 and 304 scopes 
and tie plates are furnished to fasten both 
instruments together. 

Write for 

Type 1000 

Delo Sheet 

Convert your Type 208 and 304 Scopes for TV and Radar testing, for only $195.00 

rrle 
Manufacturers of a complete line of TV and Radar Test Equipment 

PlInsflrument Co. inc 
50 PATERSON AVENUE • EAST RUTHERFORD, N. J. 

greater precision in compon-
ents...facilitates and improves 

assembly 

TUBE SOCKETS 

7-pin and 9-pin miniatures in 
all basic types 

TUBE SHIELDS 

7-pin and 9-pin miniatures in 
JAN, RMA and snap-on types 

with or without lead shields 

Write for Catalog C-1 

COMING SOON .. . the most 
revolutionary new connector 
ever furnished the electrical 
and electronic field. WATCH 
FOR IT from ... 

CORPORATION 

190 W. Glenwood Ave., Phila. 40, Pa. 

PROCEED! ' 176A 

—AL 



News—New Products 
,fhese manufacturers have invited PROCEEDINGS 
/readers to write for literature and further technical 
,nformation. Please mention your I.R.E. affiliation. 

(Continued from page 175A) 
• 
These instruments are available in 

three case styles: 14-inch square water-
proof case (as illustrated) 14-inch round 
waterproof case complete with "On ring 
for making a waterproof seal to the panel, 
and 14-inch round flange mounting case 
with commercial type of seal. 
These meters contain a D'Arsonval 

type subminiature meter movement de-
veloped by International Instruments to 
reduce the size and weight of electrical and 
electronic instruments 

Static Magnetic Memory 
Device 

Developed by Harvard Computation 
Laboratory and manufactured by Alden 
1Products Co., 117 N. Main St., Brockton, 
1 Mass., the Static Magnetic Memory, an en-
tirely new device for recording and storing 
Information in digital calculating ma-
chinery, could constitute one of the most 
important developments of recent years. 
It is predicted that within 5 years the 
SNI NI delay line will replace 90 per cent 
of the vacuum tubes in many applications. 

Based upon the discovery of a ferro-
magnetic alloy having a fairly rectangular 
hysteresis loop of low coercive force, the 
Static Magnetic Memory operates essen-
tially as a magnetic trigger pair which re-
quire no vacuum tubes to maintain posi-
tion. The unique characteristics of the 
SMM storage device mean permanent in-
formation storage comparable to magnetic 
drum storage but independent of mechani-
cal movement, a variable information 
handling rate ranging from zero to 30,000 
cps with probable increases in the future 
limit, and pulse information storage with-
ut power. 
Application in scientific and techno-

logical fields of this new information 
storage device can be made wherever pulse 
storage and control in the field of computer 
operation is involved. 

(Continued on page 179A) 

1500 VOLT PO WER SUPPLY 
FOR PHOTO MULTIPLIER TUBES 

Regulated and Continuously Adjustable 
from 600 to I 500 V.D.C. at 0-1 Milliamperes 

Positive Terminal Grounded 

Regulation: Output voltage varies less than .01% per volt 
change of line voltage. Output voltage varies less than 1 volt 
with variations of output current between 0-1 milliampere. 
(Internal impedance less than 1000 ohms.) 

Also available with 2 or 3 independently regu-
lated and independently adjustable outputs. 

I. R. E. SHOW — BOOTH 363 

MODEL 710P 

Cabinet Mounted 

$190.00. 

MODEL 710PR 

Standard Rack Mounting 

$195.00" 

Models Available With Negative 
Terminal  Grounded  (Substitute 
letter "S" for "P" In model 
designation) 

• Prices net F.O.B. Chicago 

F U R.S T  E L EC T R O NIC S 
14 S. JEFFERSON STREET CHICAGO 6, ILLINOIS 

CABINETS • CHASSIS • PANELS • RACKS 

Planning ELECTRONIC EQUIPMENT ? 

Investigate the ECONOMIES 
of PAR-METAL HOUSINGS 1 
oven 

...... 

We manufacture Metal Housings for every pur-
pose — from a small receiver to a deluxe broad-
cast transmitter. And the cost is low! 

Because we specialize in the Elec-
tronics field, Par-Metal Products 
excel in functional streamlined 
design, rugged construction, 
beautiful finish, and economy. 

Remember. Par-Metal 
equipment is made by 
electronic specialists, 
not just a sheet metal 
shop. 

WRITE FOR CATALOG! 

011145Trit 
PRODUCTS CORPORATION 
32-62 — 49th ST., LONG ISLAND CITY 3, N. Y. 
Export Dept.: Roche International Corp. 

13 East 40 Street, New York 16, N. Y. 
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DEVELOPMENT NECESSITY 

TEKTRONIX TYPE 512 

CATHODE RAY OSCILLOSCOPE 

I • Bandwidth, DC-2 mc 

• Sensativity Range,5 mv,/ r-to 50 v/cm i  00:11 

• Sw 4p  Range, .3 sec/cm to 3 usec /cm fof I 

•1 kc'Square Wave Amplitude Calibrator 
t 

• Power Supply—Regulated, 105v to 125v - 

• Portit ble— Weight 53 lbs.  

The Tekt onix Type 572 Cathode Ray Oscilloscope wase esigned 

specificc4jy as oil aid to the development engine-  nvenient 

comparison of related waveforms, at actuat e.!  perating 

levels, permits ,intelligent analysis of circuit operatiorr The 3% 

accuracy of tim  . amplitude measuring foci,' allows  NI & 

precise determinatiolkpf circuit characteristics. 

$950 f.o.b. Portland, Ore. 

Wfits for further information on this and what 
Tektronir products. 

TEKTRONIX, INC. 
712 S. E. Hawthorne Blvd. Portland 14, Ore. 

DO YOU KNOW? 
—that a PILOT LIGHT 
CAN IMPROVE YOUR PRODUCT 
•  •  • . add attraction — safety — service? 

—what lamp to use 
—how to use it 
—what it will do 
—what it will cost 

THIS MAY BE THE ONE 
Designed for low cost NE-51 Neon 

• Built-in Resistor • Patented 
• U/L Listed  • Rugged 

Catalogue Number 521308 — 997 
for 110 or 220 volts. 

SAMPLES 
for design purpose 

NO CHARGE 

NEW.1"HAWri NteDBfoOrOlKhe OF PILOT LIGHTS." 
Write us on your design problems. 

The DIAL LIGHT COMPANY of AMERICA 
Foremost Manufacturer of Pilot Lights. 

900 BROADWAY, NEW YORK 3, N. Y.  TELEPHONE SPRING 7-1300 

ail 

withibvsithvg  
WIRE 

eadzfAm-Emeiseetzet 
to your specification .-4 

P 

, 7- c 0,y+ 

-) 

Air $ 

(Go 

The enamel-insulation of 
our microdimensional wire 
meets the high standards 
of quality set by all our 
products. The enamel is 
uniform, tough, flexible 
and hos high dielectric 
strength ... Send us your 
specifications or inquire 
for further details. 

- SIGMUND COHN CORP. 
44 GOLD STREET 

-  NEW YORK 7, N. Y. 

SINCE  1901 

4. 

1 78 I 1'1  1 "I  II. I-

Alt 



25 Watts from 5 
to 10,000 Ohms 

sTews—New Products 
iese manufacturers have invited PROCEEDINGS 

diders to write for literature and further technical 

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

,C ntiplued from page 179.41 

Plug-In Noninterchangeable 
Base and Sockets 

Alden Products Co., 17 N. Main St., 
irockton, Mass, announces the addition of 
le Alden "20" noninterchangeable base 
nd sockets to its line of plug-in compo-
lents. ItO•d  011  1,1qe 1S1,•1 

LEADERS in COIL WINDING EQUIPMENT 
Model W ACHI M' FOR PRODUCTION 

AND LABORATORY USE 
MOTORS • SPEED CONTROLS 
•GEARS • CAMS• TENSIONS 
And All Necessary Related 
Equipment for Coil Winding 

For actual demonstration of this and other models visit 
our booth #355 at the I.R.E. Show, March 19th to 22nd. 

COMPACT-RUGGED 
This rugged 25 Watt rheostat with proven de-

pendable lock tab prevents contact arm deforma-

tion ... its steel pin resists over 40 pounds torque 

... assuring constant current regulation. 

To make it rugged, we have housed 
the pure mica strip (on which the 
resistance element is bound) in 
vitreous enamel and in turn em-
bedded this in a ceramic base ... 
insuring a compact, inseparably 
bonded unit. 

These units are constructed to meet 
your exacting demands—AND ON 
SHORT NOTICE. 

We also manufacture a wide range 
of resistors to serve your specific 
need. 

May we quote on your 
requirements? 

• 

DYNAMIC 
RESISTOR CORPORATION 

6 Cutter Mill Road Great Neck, N. Y. 

T H E 

Li 
DIOTRON 

POWER LEVEL 
METER 

The Standard Instrument for 
Noise Measurement. The 
DIOTRON has been developed 
as a new standard for the meas-
urement of noise, and is particu-
larly suited for the accurate 
assessment of underwater sound. 
Its unique circuit offers the ad-

vantages of robustness, simplic-
ity and complete independence 
of waveform. It covers a fre-
quency range from 40 cycle to 
10 megacycles per second. The 
substantial sensitivity to har-
monic content which character-
izes standard a-c vacuum tube 
voltmeters is entirely absent in 
the DIOTRON. 

FURTHER DETAILS ON 
REQUEST 

PATENT APPLIED FOR 

1048 Potomac Street, N.W. 
Washington 7, D.C. 
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FEATORIN—di -

JACOBS ADJUSTABLE SEPARATOR 
U.S. Patent # 1,950, I 70 -1Iarcli 6, 1931  ..11...i , 

0  o 00 0 0 0 0 0  Ot O 

Made of Lucite for the rapid and efficient construction of open 2-wire 
R. F. feedlines. Provision is made to give spacings from 1/2 " to 6". 
Light in weight, but rugged. Price: $5.00 per dozen. 

Charles F. Jacobs 
P.O. Hoz 408, Church St. Station, Ne.. York 8, N.Y. 

Sec our complete line of 

ATTENUATORS and SWITCHES 
at the I.R.E. SHOW 

Grand Central Palace, New York City 

MARCH 19-22 

BOOTH 

211 

TECH LABORATORIES NPAEL IviS A JD EE RS 
S PARK 

ONE OF OUR 

PRECISION PRODUCTS 
PISTON ATTENUATOR 

for Signal Generator TS-

497/U 

Attenuation range 120 Db. 

Integral Monitoring Coil. 

MANUFACTURERS THREAD GRINDING. INC. 
P. 0. Box 66 EAT ONTO WN. N. J. ASBU RY PA RK 1-1 01 9 

ULTRA-LO W 4F REC1 UE NC Y 

OSCILL AT OR 
with frequency range of 

0.02-20,000 cps  
1.  BOTH  SINE  AND  SQUARE  W AVE.  2.  COMPLETELY 
ELECTRONIC OPERATION. 3. EXCELLENT AMPLITUDE CON-
STANCY. 4. LO W DRIFT AND DISTORTION. 

DESCRIPTION: Tim oscillator, Model 410-A, covers the sub-audio and 
the entire audio range. It provides both sine and square wave at 
any frequency range between 0.02 and 20,000 cps. 

Precisely engineered and constructed, the Model 410-A is 
ideal for medical research, geophysical and seismological 
instruments, and design and development of servo-mechanisms 
and vibration controls. 

KROHN-HITE INSTRUMENT CO. 
580 MASSACHUSETTS AvE, CAMBRIDGE 39, MASS, USA 

5PIC/pic. 

,gRoScl'ove, 1 s 
.;feinuou rs°120,00:AeNGE, 

z Lovzrzieol pi : co,  

Aci.E 1VA vE  • 'n si4 

(3: less ":44 1Pliru  
frequen 4 ) ove  on  _DE 

3. Oft,  eY re r the  u 25 
-• OR r  9̂e,  nr,,,, 

'ess th • /ON 
,eo 0.25: PO N. 
•requenc )/.? 000,  

ran ge!' 

Z---WAXES ---COMPOUNDS OPHAR 
Anti-Corona high heat-resist-

ant compounds for Fly Back 

Transformers. 

Waxes and compounds from 

100° F to 285° F Melting 

Points for electrical, radio, 

television,  and  electronic 

components of all types. 

Pioneers in fungus-resistant 

waxes. 

Our efficient and experienced 

laboratory staff is at your 

service. 

Visiting Engineers to the IRE 

show are invited to call Mr. 

Mayer or Mr. Saunders at 

SOuth 8-0907 if they wish to 

discuss their wax problems 

either at our plant or other 

convenient place. Our staff is 

at your service. 

I X27.1 
f.0  ZOPHAR MILLS, INC 

(105 z R, 112-130 26th Street, 

Brooklyn 32, N. Y. 
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TEFLON  News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation 

has outstanding 

insulating properties 

'owet factor, less than 0.0005; dielectric 
oilstone, only 2.0—over entire frequency 
.neasured to date. Excellent dielectric and 
nechanical strength; zero water absorption. 
Serviceable in the temperature range -90°F. 
o 500°F. Tough, resilient, unaffected by 
i3utdoor weathering, and completely 
!chemical-proof. 

cFP 0 , 
0 

5 0   

Teflon is ideal for 
high-voltage, high. 
temperature, high. 
or ultra-high-fre-
quency service in TV 
transmitters,  radio, 
radar and other elec-
trical equipment. We 
supplyTeflonspacers 
for coaxial cables, 

Teflon inserts for coaxial connectors, all 
..)pes of molded and'or machined Teflon parts. 

Teflon Stock and Fabricated Parts 

Sheets 
Cylinders 
Rods 
robing 
Bars 

A complete line of Teflon stock—experi-
mental or production quantities. Also, varia-
:ions of stock shapes and sizes or special 
molded or machined parts exactly to spe-
cifications. We are the country's leading 
manufacturer of Teflon products. 

Teflon Products Division 

UNITED 
STATES 
GASKET 
C O M P A N Y 

611 N. 10th St. 

Ca m den,  New Jersey 

(Continued from page 1794) 

Oscillo-Record Camera 
Delivers Finished-Prints 
A new oscillograph-record camera re-

cently announced by the Instrument Div., 
Allen B. DuMont Laboratories, Inc., Clif-
ton, N. J., provides, in one minute, a 
complete record of an oscillograph image. 
No darkroom facilities are required. Wave-
form comparison is immediate. The camera 
is designed specifically for application with 
any standard, 5-inch, cathode-ray oscillo-
graph. 

The camera employs the Polaroid-Land 
process for delivering a finished print at 
the termination of each completed ex-
posure or set of exposures. By means of a 
sliding mount, the camera may be posi-
tioned so that several traces can be re-
corded on a single print, for side-by-side 
comparisons. There is also a built-in detent 
which divides a single print into one, two, 
or three separate exposure areas. 

The lens aperture is 1/2.8; and the 
lens is coated to minimize halation. Shutter 
settings are 1/100, I 50, 1/25, time, and-
bulb. 

Fractional HP Motors 

The Cyclohm Motor Corp., Div. of 
Howard Industries Inc., Racine, Wis., 
announces their new fractional HP motor 
model 2900, now being manufactured as a 
2-speed hysteresis motor for use ia tape 
recording applications. Model 2900 is also 
available as nonsynchronous capacitor 
motor and torque motor with high re-
sistance rotors. 

Model 2900 is rated 1/100 to 1/15 hp. 
It is used in powering blowers for electroni( 
equipment, telegraph switching equip 
ment, tape pullers for automatic code 
equipment, etc. 

CAAt 

• NO TOOLING 

• NO DIE COSTS 

• FAST DELIVERY 
on 

MIL-T-27 CANS! 
'We can supply all standard sizes 
of MIL-T-27 cans with or without 
brackets, weld studs, centrifugal 
hot tinned, blind  inserts, com-
pression-type hermetic seal bush-
ings on 3/8", 1/2", 5/8" 3/4 " centers, 
and stamped ratings. Custom sizes 
can also be supplied. 

Other HELDOR services include: 
special tube bending, specialized 
screw machine products, and com-
plete hermetic seal assemblies. 

Get complete specifications 
and price lists. 

••• — — Mail Coupon Today— . 
Heldor Metal Products Corp. 

85 Academy Street, Belleville 9, N. .1. 

Please send me prices and 
specifications on MIL-T-27 cans. 

Name   

Company   

Address   

VISIT 800TH S-3 
AT THE I. R. E. SHO W! 

HELDOR METAL PRODUCTS CORP. 
85 Academy St., 

Belleville 9, N. .1. 
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PROFESSIONAL CARDS  INDEX AND DISPLAY ADVERTISERS 

LESTER W. BAILEY 
Registered Patent Agent 
Senior Member IRE 

PATENT OFFICE PRACTICE specializing in 
ELECTRONICS  MECHANICS 

RADIO 
LINCOLN-LIBERTY BUILDING 

PHILADELPHIA 7 
Broad I Chestnut Streets  Rittenhouse 6-3267 

ALFRED W. BARBER 
LABORATORIES 

Specializing in the Communications Field and 
in Laboratory Equipment 

Offices. Laboratory and Model Shop at: 
32-44 Francis Lewis Blvd., Flushing, LI., N.Y. 

Telephone: Independence 3-3306 

W. J. BROWN, B. Sc. 
Fel. A.I.E.E., M.I.E.E., Sen. MIRE. 
INDUSTRIAL ELECTRONICS. RADIO & 

TELEVISION 
Write 17th Floor. 100 Broadway. New 

York 5, N.Y. 
SPECIALISTS IN THYRATRON & MERCURY 

ARC CONTROLS 

EDWARD J. CONTENT 
Acoustical Consultant 

Functional Studio-Theater Design 
On contractual foreign assignment with In-
ternational Standard Electric Corporation un-
til J  y I, 1952. 

STAMFORD, CONN. 

CROSBY LABORATORIES, INC. 
Murray G. Crosby & Staff 
Radio-Electronic Engineering. 
Research & Development 
FM, Communications, TV 

Test Equipment 
Offices, Laboratory & Model Shop at: 
126 Herricks Rd., Mineola, N.Y. 

Garden City 7-0284 

Richard B. Schulz 

Elea/le-Sea/gel 
Radio-Interference Reduction: 

Development of 
Interference-Free Equipment, 
Filters, Shielded Rooms 

515 W Wyoming Ave., Philadelphia 40. Pa 
GI adstone c C353 

ELK ELECTRONIC LABORATORIES 
Jack Rosenbaum 

Specializing in the design and 
development of 

Test Equipment for the communications. 
radar and •Illed fields. 

333 West 52nd St.  Telephone: 
New York 19, N.Y.  PLAZA 7-0520 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box J. Upper Montclair, N.J. 
Offs St Lab.: Great Notch, N.J. 

Phone: Montclair 3-3000 
Established 1926 

HERMAN LEWIS GORDON 
Registered Patent Attorney 

Patent Investigations and Opinions 

Warne, Building  100 Normandy Di,* 
Washington 4. D C.  Silver Spring. md 
National 74'77  Shepherd 2433 

l82A 

HOGAN LABORATORIES, INC. 
John V. L. Hogan, Pres. 

APPLIED RESEARCH, DEVELOPMENT, 
ENGINEERING 

Est. 1129. Exceptionally competent staff. Elec-
tronics, Optics, Mechanisms, Facsimile Com-
munication, Electro-sensitive recording media, 
Instrumentation. 
155 Perry Street, New York 14 CHelsea 2-7855 

DAVID C. KALBFELL, Ph.D. 
Laboratory and Manufacturing Facilities 

Specializing in Electronic 
Instrumental and Industrial Problems 

1076 Morena Blvd.  San Diego 10, Calif. 

MEASUREMENTS CORP. 
RESEARCH & MANUFACTURING 

ENGINEERS 
Harry W. Houck  Jerry B. Minter 

John M. van Ileuren 
Specialists in the Design and 

Development of Electronic Test Instruments 
BOONTON, N.J. 

Eugene Mittelmann, E.E., Ph.D. 

Consulting Engin**, 8 Physicist 

High Frequency Heating—Industrial Electronics 
Applied Physics and Mathematics 

549 W. Washington Blvd.  Chicago 6, III. 
State 2-8021 

PICKARD AND BURNS, INC. 

Consulting 

Electronic Engineers 

240 HIGHLAND AVE. 

NEEDHAM, MASS. 

SERVO 
CORPORATION OF AMERICA 

Henry Blackstone, President 
Consultants on 

Electronic Control Problems 
for Industry 

New Hyde Park  Long Island. N.Y. 

TECHNICAL 
MATERIEL CORPORATION 
COMMUNICATIONS CONSULTANTS 
RADIOTELETYPE - FREQUENCY SHIFT 

INK SLIP RECORDING - TELETYPE NETWORKS 
121 Spencer Place. Mamaroneck, N.Y. 

TELREX, INC. 
M. D. Ercolino. Pres. 

H. F. ANTENNA SPECIALISTS 
• The Skill to Design 
• The Facilities to Produce 
• The Ability to Deliver 

Asbury Park, N.J.—Phone Al' 2-7252 

WHEELER LABORATORIES, INC. 
Radio and Electronics 

Consulting — Research — Development 
R-F Circuits — Lines — Antennas 

Microwave Components — Test Equipment 
Harold A. Wheeler and Engineering Staff 
Great Neck, N.Y.  Great Neck 2-7806 
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Radio Corp. of America  72A, 92A, I84A 
Radio Materials Corp.  77A 
Radio Receptor Co., Inc.    I 75A 
Rauland Corp., The   43A 
Raytheon Mfg. Co. ..   7IA 
Reed Research, Inc.   179A 
Rider Publisher, Inc., John F.  I 53A 
Robinson Aviation, Inc.   16IA 
Rosen & Co., Raymond 
Rowe Industries 

Sanborn Company . 
Sandia Corp.   
Scientific Electric 
Secon Metals Corp.   
Servo Corp. of America   I64A, 
Shallcross Mfg. Co.   
Sheldon Electric Co.   
Shure Brothers, Inc. .. 
Simpson Electric Co.   
Sola Electric Co. 
Sorensen & Co., Inc. 
Speer Resistor Corp.   
Spencer-Kennedy Labs, Inc.   
Sperry Gyroscope Co  62A, 
Sprague Electric Co.   
Square Root Mfg. Corp.   
Stackpole Carbon Co. 
Standard Coil Products Co. 
Standard Oil Co. of Indiana 
Standard Transformer Corp. 
Stayer Co., Inc., The . 
Stevens-Arnold, Inc.   
Stevens Manufacturing Co., Inc.   
Stoddart Aircraft Radio Co.   
Stupakoff Ceramic & Manufacturing Co 
Sun Radio & Electronics Co.   
Superior Tube Co.   
Sylvania Electric Products, Inc. 1 10A, 

Tarzian, Inc., Sarkas   
Tech Laboratories, Inc.   
Tech-Master Products Co.   
Technical Materiel Corp. ..... 
Technology Instrument Corp. 
Tektronix, Inc. . 
Telechrome Inc. .. 
Tel Instrument Co., Inc. . 
Telrex, Inc.   
Tensolite Insulated Wire Co , Inc. .. 
L. H. Terpening Company 
Thomas Electronics, Inc.   
Thomas & Skinner Steel Products Co. . 
Transicoil Corp. 
Transradio Ltd. 
Triplett Electrical Instrument Co. . 
Truscon Steel Co.   

United Electronics Company 
United States Gasket Co.   
United Transformer Co.   
University Loudspeakers, Inc.   

Vacuum-Electronc Engineering Co.   
Varian Associates ......94A, I42A, 

Waterman Products Co., Inc..  10A-I IA 
Westinghouse Electric Corp. ..  I 08A 
Wheeler Laboratories, Inc.   I 82A 
S. S. White Dental Mfg. Co.  76A, I68A 
Wilkor Products, Inc.  23A 
Wind Turbine Company .  I 55A 

Zophar Mills, Inc.  180A 
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Here's Sun Radio's 

Big, New Catalog 

Of Electronic Supplies 

• ILICT110011CS CO., M C. 
ive PI M •O n T. 00 • 

CATALOG 
MIL 11101111, 1111111U1KS, NU M 

..... LAO. it ..... —111411111 

lllll . lll a lllllllll 
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Designed to Meet 

YOUR Requirements 

A brand new concept in elec-
tronic components catalogs. 
132 large, easy-to-read, easy-
to-use, 81/2 x I I " pages con-
taining all the information you 
want on every item you need. 
Listing electronic components 
only, there's no need to wade 
through page after page of 
radio sets or other consumer 
products. Complete listings for 
the engineer, research worker, 
teacher, broadcast station, re-
pair and maintenance man. 
Be sure you have this new cat-
alog on your desk when you 
need it. Write or come in to-
day for a FREE copy. 1),,,t. ( 

See Us in Booth 319 (third 
floor) at the IRE Show. 

& ELECTRONICS CO. INC. 
1 2 2-1 24 DUANE ST. • NEW YORK 7, N.Y. 

BARCLAY 7-1840 

TWO BLOCKS NORTH OF CHAMBERS STREET 

Established 1922 • Open Daily 9-6, Sat. 9-4:30 

183A 



rive new RCA-equipped stations m Mexico, Brazil, and Cuba, add television to thi• forces whit!, make imial Neighbors of all the Americas. 

Now 7Wevisbn 9toes 'GoodN e#heor" 
As little as 10 short years ago, television 
—to the average man on the street— 
seemed far away. Today, television is 
in 10,500,000 homes. 

Newest demonstration of TV's growth is 
its leap to Latin America. Three RCA-
equipped stations are now in Cuba, one in 
Mexico, another in Brazil—and more are 
planned. They are contributing to television 
progress by following a single telecasting 
standard. They also use developments from 
RCA Laboratories: the image orthicon tel-

184A 

evision camera, electron tubes, monitoring 
equipment, and antennas. 

And as our neighbors to the south ‘s :itch 
television at home, they see another develop-
ment of RCA research —the kinescope. It is 
the face of this tube which acts as the "screen" 
in all-electronic home TV receivers . . . on 
which one sees sharp, clear pictures in motion. 

See the latest wonders of radio, television, 
and electronics at RCA Exhibition Hall, 36 
West 49th St., N.Y. Admission is free. Radio 
Corporation of America, RCA Building, Radio 
City, New York 20, New York. 

Results of RCA Research are seen 
in the magnificent pictures pro-
duced on the screens of the new 
1951 RCA Victor home television 
receis ers. 

112A.0/ 0 C O R P O R A77 0IV of A M E R/ CA 

Wor/d Lea der i Radio — ,7r.s-t-in 7a/evision 
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COMPACT! 
DEPENDABLE! 
Best... by Field Test 

Type BBR 

MINIATURE  

ELECTROLYTIC 

CAPACITORS 
anode risers connected 
directly to outer leads 

j . 

... new construction eliminates shorts to the container! 

Another C-D first! Positive lead, of round 
aluminum wire, is clamped to special 
aluminum center piece providing con-
tinuous metallic contact from foil to ter-
minal lead. No foreign material sand-
wiched between inner and outer leads — 
a consistent cause of floating opens and 
high resistance contacts. Also eliminates 
shorts in container. Other features ore: 

High-purity aluminum electrodes—low elec-

. tricot leakage! Cellulose-acetate wrap pre-

vents "contamination. during assembly! 

Electrolyte centrifuged into container—fills 

section completely; provides re   fluid 

for many years' use! Rubber bokelite insu-

lation washer permits perfect seal! Stable 

electrolyte—a C-0 exclusive—permits long 

shelf and operating life! 

For further inform 3tion on these and 

other C-D electrolytics, write for catalog. 
CORNELL-OUBILIER ELECTRIC CORPORATION, 

Dept. M-31, South Plainfield, New Jersey. 

Other plants in New Bedford, Brookline 
and Worcester, Mass.; Providence, R. I.; 
Indianapolis, Ind., and subsidiary, The 
Radiart Corp., Cleveland, Ohio. 

CONSISTENTLY  DEPENDABLE 

CORNELL- D [d:114,4;  
CAPACITORS • VIBRATORS • ANTENNAS • CONVERTERS 

SU MMIT 
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NEW . Wide-Range 
BRIDGE OSCILLATOR 

5 kc to 50 Mc — 12 Volts Output 

The new G-R Type 1330-A Bridge Oscillator is designed 
especially as a power source for bridge, antenna and 
general laboratory measurements. It is relatively inex-
pensive, has high output, excellent shielding and many 
operating conveniences. Among its features are: 

• WIDE FREQUENCY RANGE: 5 kr to 50 Mc, carrier 
• THREE MODULATION FREQUENCIES: internal a-m at line and 
at 400 c and 1,000 c, at two levels of approximately 30% 
and 60 

• GOOD OUTPUT: 12 volts, open circuit; 43 watt into 50-ohm 
load 

• FREQUENCY ACCURACY: Carrier — ±2% above 150 kc, 
below, no load. Audio — ±5 % for 400- and 1,000-

cycles 
• LO W LEAKAGE: about 50 pv per meter at I Mc, two feet 
from oscillator 

• COAXIAL OUTPUT jacks, cable and adaptors permit com-
plete shielding from oscillator to measuring instrument 

• LOGARITHMIC DIAL: calibration logarithmic from 5 hc to 15 Mc 
• INCREMENTAL-FREQUENCY DIAL: indi-
cates increments of 0.1' , per divi-
sion from .5 kc to 15 Mc 

• LOW DISTORTION: between I% and 
6% at 60', modulation level; r-f 
distortion 3( , over most of range 

• VERY CO MPACT CONSTRUCTION: 
panel relay-rack width, only 7 inches 
high; cabinet 9 inches deep 

• EASY SERVICING: oscillator plugs out 
of shielding box and has servicing 
cable to test instrument 

Type 1330-A Bridge Oscillator ... $525.00 

GENERAL RADIO COMPANY 

0 0 0 0 0 
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Ca mbridge 39, 
Massachusetts 

90 West St., New York 6 920 S. Michigan Ave.. Chicago 5 1000 N. Seward St., Los Angeles 38 

Excellent mechanical construction 
throughout. Oscillator assembly plugs 
into deep brass box; double cover com-
pletes shielding. Note servicing cable 
permitting instrument to be tested on 
bench. 


