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ELECTRONIC-COMPUTER DEVELOPMENT 

One section of a computer (in the upper middle of the picture) 
undergoes systematic tests for necessary precision of its component 

elements. 

The following IRE Standards appear in this issue: 
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Railroad and Vehicular Communications, Meth-
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FOR SPECIALTIES 

SMALLER PO WER COMPONENTS 

High temperature (class Hl insulation, and, in many 

instances, short life requirements, can effect 
considerable weight and size reduction where these are 
important. The curve at the left indicates anticipated 

life versus temperature rise, using Class "H" insulating 
materials. The curve at the right illustrates on one 

typical type the variation in weight with permissible 

continuous operating temperature. 

TOROID DUST HIGH Q COILS 

UTC type HO (permalloy dust) coils have found wide 

application because of their high 0, stable 

inductance, and dependability. Four standardized groups 
of stock coils cover ,irtually any high 0 coil 

application from 300 cycles to 300 Kc. 

MAGNETIC AMPLIFIERS 

Magnetic amplifiers are used extensively for both power 

control and phase control. The left curve shown is that 
of a sensitive saturable reactor structure controllable 
with powers below .5 milliwatt. The right curve is 

that of a moderate size power control reactor indicating 

power to the load with saturating DC. 

AUDIO FILTERS 

The curve illustrated shows a group of filters affording 
sixteen separate bands in the audio and supersonic 
region with 35 DR attenuation at the cross-over points. 
These have also been supplied spaced further apart 140 

DB cross-over), with intermediate bands, permitting flat 

top band pass action for any selected range 
from 100 cycles to 200 KC. 

May we design a unit for 
your application problem. 
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The fields of frequency control, Servomechanisms, 
etc., are developing rapidly with increasing 
complexity. UTC is playing a principal role in the 
development of special components for these and 
allied fields. A few typical special products are 
illustrated below: 
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AGAIN 

to the 1950 IRE National Convention 
and Radio Engineering Show 

March 6-9, 1950 
at the Hotel Commodore and Grand Central Palace, New York City 

• Technical Sessions 
Every field of radio-and-elec-

tronics will be explored and progress 
reported in some 36 three hour ses-
sions and symposiums. More than 
150 engineering papers will be pre-
sented, skillfully, organized by sub-
jects ranging from Broadcasting to 

Nucleonics; Circuits to Electronics 
in Industry. 

• Social Events 
IRE members renew friendships 

and make new ones at the Annual 
Meeting, the Get-Together Cocktail 
Party, Monday; The Presidents 
Luncheon, Tuesday; and at the An-
nual Banquet, Wednesday. It is good 
to know your fellow members-
worth the trip! 

• Exhibits 
A bigger and better than ever Ra-

dio Engineering Show will "Spot-
light the New" in 311 exhibits and 
12 Theatres featuring the products 

of 230 manufacturers and U. S. gov-
ernment services. Every exhibit is 
educational and worth seeing. 

• Attendance 
Nearly one-third of the total IRE 

Membership attended the 1949 Con-
vention and Show. Other thousands 
paid the $3.00 non-member registra-
tion to attend. This important na-
tional event scored a record 15,710 
attendance this year. (Complete an-
alysis on request.) 

Calendar of 

COMING EVENTS 

1949 Annual Meeting, National So-
ciety of Professional Engineers, 
Houston, Texas, December 8-10 

Southwestern IRE Conference, Baker 
Hotel, Dallas, Texas,  December 
9-10 

1950 IRE National Convention, New 

York, N. Y., March 6-9 

Fourth  Annual  Spring  Television 

Conference of the Cincinnati Sec-
tion of I.R.E., April 29, 1950, En-
gineering Societies Bldg., Cincin-

nati, Ohio 

1950 IRE Technical Conference, Day-

ton, Ohio, May 3-5 

IRE Regional Meetings 
Accelerate Electronic Progress! 

• Visitors tell us! 

A buying survey of 2373 engineers at-
tending the Radio Engineering Show 
proved that 20.3% buy equipment, 
47.4% specify for purchases, and 
12.4% have other authority or in-
fluence-80.1% of these engineers in 
all have buying authority and interest. 
(We will supply full text of this study 
upon request.) 

Here are 36 of their specific buying 
interests, with percentage seeking in-
formation on these products: 

17.8% Aviation Radio, 46.7% Amplifiers 
36.5% Antennas, 13.8% Batteries 
23.6% Cables, wire, 373% Capacitors 
13.9% Cabinets, Chassis, 24.7% Coils 
9.8% Consoles, 22.8% Crystals 
38.8% Electronic  Controls,  12.8%  facsimile 

equipment, 19.1 % Hardware 
20.7% Ceramics, 10.9% Induction equipment 
33.8% Loudspeakers, 39.7% Meters 
13.7% Motor generators, 14.8% Plastics 
31.2% Oscillators, 45.5% Oscillographs 
25.2% Power supplies, 25.4% Radar 
43.4% Receivers (all), 37.1 % Recorders 
32.7% Rectifiers, 27.0% Relays 
32.4% Resistors, 68.0% Test Equipment 
30.0% Transformers, 26.8% Transmitters 
26.2% Turntables,  pickups,  36.0%  U.H.F. 

Equipment 
54.0% Vacuum Tubes, 23.1% Voltage reg. 

22.8% Tools for radio manufacturing. 

We invite you to come again, 
March 6-9, 1950. 

THE INSTITUTE OF RADIO ENGINEERS 

Established  A 191 3 

A Balanced Piomotion Package 
"Proceedings of the I.R.E." The IRE Yearbook 

The Radio Engineering Show 
303  WEST 42nd  STREET, NE W  YORK  IS, N. Y. 
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They Packed a Pole Line Into a Pipe 
Back in the eighties, telephone executives faced 
a dilemma. The public demanded more telephone 
service. But too often, overloaded telephone poles 
just couldn't carry the extra wires needed, and 
in cities there was no room for extra poles. Could 
wires be packed away in cables underground? 

Yes, but in those days wires in cables were 
only fair conductors of voice vibrations, good 
only for very short distances. Gradually cables 
were improved; soon every city call could travel 

underground; by the early 19o,o's even cities far 
apart could be linked by cable. 

Then Bell scientists went on to devise ways 
to get more service out of the wires. They evolved 
carrier systems which transmit 3, 12, or even 15 
voices over a pair of long distance wires. A co-
axial cable can carry 1800 conversations or six 
television pictures. This is another product of 
the centralized research that means still better 
service for you in the future. 
• 

BELL TELE PII O NE LAIIIIII ATO BIES EXPLORING AND INVENTING, 
DEVISING AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 

PROCEEDING  UP I December, 1949 
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SWIFT, SURE FREQUENCY COMPARISON 

10,000 
psec 100 

osec 

FIG. 1. Timing Comb, -hp- Model 1000 

SPECIFICATIONS 

-hp- 100D Secondary Frequency Standard 

Accuracy 
About 2 ports per million per week, nor-

mal room temperature. 

Stability: 

About 1 part per million over short inter-
vals. 

Output: 

Controlled frequencies: 100 kc, 10 kc, 
1 kc, 100 cps, 10 cps. Sine or rectangular 
waves; marker pips. Internal impedance 

approx. 200 ohms. 

Wave Shape: 
Sine wave: less than 4% distortion into 
5,000 ohms or higher load. 

Marker Pips: 
10,000, 1,000 and 100 Asec intervals. 

Oscilloscope: 
Integral with circuit. Establishes 10:1 

Lisajous figures to show division ratio. 
May be used independently of standard. 

-hp- 100C Secondary Frequency Standard 

Accuracy: 
Within ±- .001 % normal room tempera-

ture. 

Output: 
Controlled frequencies of 100 kc, 10 kc, 
1 kc, and 100 cps. Internal impedance 

approx. 200 ohms. 

Wave Shape: 
Sinusoidal only. 4% distortion into 5,000 
ohm load. 

Power Supply: 
(100C and 1000) 115 v, 50/60 cps, regu-
lated to minimize line voltage fluctua-
tions. Power drawn approx. 150 watts. 

Mounting: 
(100C and 1000) Cabinet or relay rock. 
Panel 19" x 101/2 ". 12" deep. 

Data Subject to Change Without Notice 

1'000 
psec 

NEW  SECONDARY 

FREQUENCY STANDARDS 

MODELS 100C AND 100D 

• Sine or rectangular waves 

• 100 psec time markers 

• Built-in oscilloscope 

• Stability 1 /1,000,000 

• Low output impedance 

• New, improved circuits 

• Audio, supersonic, rf measurements 

The new -hp- 100C and 100D Sec-
ondary Frequency Standards incorpor-
ate all the features of the time-tested 
-hp- models 100A and 100B, plus 
important new advantages including 
rectangular wave output, timing pips, 
and an internal oscilloscope for con-
venient frequency comparison. The 
-hp- 100D may be conveniently 
standardized against station W WV 
with a minimum of external equip-
ment, and thus provide most of the 
advantages of an expensive primary 
standard. 

Crystal Controlled Frequencies 

The new -hp- Models 100D and 100C 
employ a crystal-controlled oscillator 
and divider circuits offering a new 
high in stability and simplicity of 
operation. Standard frequencies are 
available through a panel selector 
switch, and may be employed simul-
taneously. Internal impedance is low 
(about 200 ohms), so that standard 
frequencies can be delivered at some 
distance from the instrument. 

The -hp- 100D Secondary Frequen-
cy Standard offers sine waves at 5 

frequencies and rectangular waves at 
4 frequencies, plus a built-in oscillo-
scope. The instrument also provides a 
timing comb with markers 100, 1,000 
and 10,000 microsecond intervals. 
Rectangular wave output has a rise 
time of approximately 5 microsec-
onds. Accuracy is 2 parts per million. 

5 v. at all Frequencies 

The more moderately priced -hp- 100C 
Standard offers sinusoidal frequencies 
at 4 crystal-controlled frequencies 
and, like the -hp- 100D, provides 5 
volts of output at all frequencies. 
Accuracy .001%. 

Both models operate from a 115 v. 
ac power supply, and power is regu-
lated to minimize power line voltage 

fluctuations. 

Get full details... see your 
-hp- representative or write 

direct... today! 

HEWLETT-PACKARD CO. 
1977-0 Page Mill Road • Palo Alto, Calif. 

Export: FRAZAR & HANSEN, LTD. 

301 Clay Street, San Francisco, Calif., U.S.A. 
Offices: New York, N. Y.; Los Angeles, Calif. 

lOorgtoDry instruments 
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P wer problems can 

... But the most stubborn problems of power and resistance find an answer in IRC 

resistors. Where crowded chassis demand miniaturization—where portable units call 

for maximum lightness—where critical applications require complete insulation, unusual 

heat dissipation, or ability to handle exceptionally high voltages— 

there's an IRC power resistor for the specific job. Manufacturing the widest line 

of resistance products in the industry, IRC can specify without bias! This is your 

warranty of efficient, economical resistor performance in virtually any application. 

• 

UNSURPASSED FOR ADAPTABILITY to an extremely wide 
variety of design requirements, IRC Type MW Wire Wound 
Resistors also give more watts per dollar than conventional 
types. Initial cost and mounting cost are low. Flexibility in 
providing taps and savings in space suit flat Type MW's to 
a host of difficult applications. Mounting bracket of unique 
design actually transfers heat from inside resistor to mount-
ing surface. MW's may be operated at full "on plate" rat-
ing, whether enclosed or not, without exceeding their rated 
temperature of 100°C. (Thus, an MW 5 can be used at 
20 watts where a 60 watt tubular resistor would normally 
'be required.) Use the convenient coupon to obtain full char-
acteristic and specification data. 



be tough 
• M I 8011 . . . . . . . 01E1 SI M  I MP . . . . . . 

HIGHER SPACE-POWER RATIO than tubular power re-
sistors makes IRC Type FR W Flat Wire Wounds ideal for 
voltage dropping applications in limited space. FR W's 

can be mounted vertically or horizontally, singly or in 
stacks —and are available in fixed or adjustable types. 

Bulletin C-1 gives all the performance facts. 

UNEXCELLED IN EXACTING,HEAVY-DUTY REQUIREMENTS, 
IRC Power Wire Wounds are designed to give balanced 
performance in every characteristic. Special dark, rough 
coating assures ability to combat humidity and moisture 

. corrosion, dissipate high heat rapidly, withstand reason-
able overloads without opens or breakdowns. Available 
in a broad range of ratings, sizes and terminal styles in 
fixed and adjustable types. Send for Bulletin C-2. 

When you're being "powered" for fast service on 
small order resistor requirements for experimental 
work, pilot runs, or maintenance, call your nearest 
IRC Distributor. IRC's Industrial Service Plan 
enables him to save you time and worry by giving 
you 'round-the-corner service on standard types 
right from his local stocks. He's a handy man to 
know. May we send you his name and address? 

INTER N ATI O N AL 

RESIST A N CE  C O MP A N Y 

401  N. Broad Street, Philadelphia  8,  Po. 

In Canada Iniernolional Resistance Co., Ltd , Toronto, bconsee 

M O M EI  E MS 

Mom" tke, Ciita4 Sala Am, 
Power Resistors . Precisions 
Insulated Composition Resistors 
Low Wattage Wire Wounds 
Rheostats • Voltage Dividers 
Controls • Voltmeter Multipliers 
Deposited Carbon Precistors 
HF and High Voltage Resistors 
Insulated Chokes 

1 

EXCEPTIONAL STABILITY 

even in very high resistance values assures the 
dependability of IRC Type MV Resistors in high 
voltage applications. Unique application of IRC's 
famous filament coating in helical turns on a 
ceramic tube pr9vides a conducting path of long 
effective length, and permits the use of high volt-
age on the resistor while keeping the voltage per 
unit length of path comparatively low. Bulletin G-1 
gives complete characteristics; use handy coupon. 

LENGTH OF RESISTANCE PATH 

IN INCHES —FOR MV TYPES 

MVF   10 
MVG   25 
MVJ   50 
MVP   80 
MVA   190 
MVO   330 
MVR  1,100 

MVS   20 

MVT   30 

MVB   70 

MVD   95 

MVZ   185 
MVE   265 

VARIABLE POWER requirements within 25 and 50 watt 
ratings are well handled by IRC Type PR Power Rheostats. 
All-metal corrugated construction  gives maximum heat 

dissipation. PR Rheostats can be operated at full power 
in as little as 25 % of rotation without appreciable tem-
perature rise. Direct contact between housing and mounting 
panel increases ability to disperse heat. Bulletin E-2 details 
specifications; send for your copy. 

INTERNATIONAL RESISTANCE CO MP ANY 
405 N. BR O AD ST., PHILADELPHIA 8, PA. 

Send me additional data on the items checked belowi 

MW Insulated Wire Wounds 

[1] MV High Voltage Resistors 
O PR Power Rheostats 

FRW Flat Wire Wounds 
Power Wire Wounds 

El Name and address of local 
IRC Distributor 

NAME   

TITLE.   

COMPANY    

ADDRESS 



A N9sil VASTLY IMPROVED 4E27 

esW", 

1114.161"; 
EIMAC PENTODE 
TYPE 4EllA /5-15A 

• MORE RUGGED PLATE LEAD 

• PYROVAC PLATE 

• OVERSIZE PLATE 

• NON-EMITTING GRIDS 

• MECHANICALLY RUGGED 

• MOULDED-GLASS HEADER 

• LOW-LOSS LEADS 

• EASILY COOLEC STEM 

Encompassed in the structure of this new version of the 

4E27 are many outstanding improvements that now will 

guarantee performance-dependability to users of this 

tube type. 

The plate-lead of this new Eimac 4E27A/5-75A pentode 

is of larger diameter than the protype• providing a low-

loss, low inductance, more rugged lead. The plate itself 

is larger assuring a good reserve dissipation capacity 

above its 75 watt rating. It is made of Eimac Pyrovac 

plate material, which lengthens the life of the tube and 

enables it to withstand high momentary overloads. 

Primary grid emission has been eliminated and secondary 

characteristics stabilized through the use of Eimac pro-

cessed  grids.  Perfected  beam-action  and  permanent 

alignment are assured through well engineered internal. 

element mounts. 

The unique moulded-glass header eliminates a base on 

the 4E27A/5-75A. This simplifies lead cooling, minimizes 

lead losses, and provides precision alignment of base-pins. 

The stability and high power-gain characteristics of this 

new Eimac pentode make it an excellent VHF or video 

power amplifier. It is equally well suited for conventional 

power amplifier service. 

Further information and detailed characteristics concern-

ing this latest product of Eimac engineering research may 

be had by writing the Application Engineering Depart-

ment of Eitel-McCullough, Inc. 

• Lead connector is supplied to make this new 

tube directly interchangeable with 4E27. 

EI TEL- McC ULL OU G H,  IN C. 
Sa n Br u n o, Calif or ni a 

EXPORT  AGENTS  FRAZAR Sr HA NSEN. 301  CLAY  ST  SA N  FRA NCISC O.  CALIFOR NIA 

• 
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A e d i r  COMPONENTSBPD's (Disks) and BPF's (Flats) 

for SPACE SAVING and ECONO MY 

• 
/ 
Hi-Q 

.005  1,, .001 

-1 

Hi- 0 
2000 -200 -200-5000 

Hi-0 

2 x .004 
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7 Hi_c, 
004 -.007 

14•-0 

ILLUSTRATIONS APPROXIMATELY  ACTUAL  SIZE 

HI-Q Disk and He-Q Flat Ceramic Capacitors fre-
quently save space simply because their physical shape 
is more adaptable than tubular units ... and even more 
frequently because one of them serves in place of two, 
three or more individual capacitors. The multiple units 
also simplify soldering and wiring operations and thus 
effect substantial production economies. 
These are just a few of the many types of Hi-Q 

Components which are setting the highest possible 
standards for Precision, Quality, Uniformity and Mini-
aturization. Our engineers are always available to 
work with you in developing capacitors or combina-
tions of capacitors to best meet your specific needs. 
Please feel free to call on us at any time. 

• HI-ck BPD's (Disks) are available in capacities of from .001 
mf. to .01 mf. Dual units range from 2x.001 mf. to 2x.005 
mf. Triple units are supplied in standard rating of 3x.0015 
mf. and 3x.002 mf. All are guaranteed minimum values. 

• Hs-Q BPFs (Flats) can be produced in an unlimited range 
of capacities. The number of capacities on a plate is limited 
only by the "K” of the material and the physical size of the 

unit. They do not necessarily have to have a 
common ground as is the case 

PREcISION  rested  with the disk type. 

ste p by 44P 4 : (C O M P O 

product. Accura cy g step from row  matArtol to 

uNiroftmiry Constoniy of uoranteed to your spec,fied tolerance 

N E N T C 
• *./ 

production throu9h continuous manufacturing 

B E T T E R  4 wAys 

our ti,  makes your . 

year of product  better est  VAL troubE comple free performance 

rin 'shed 

quality is maintained over emir° 

DEPENDABI WY  Inteiprot this factor in terms of your ,ustomees. satisfaction . • Year  cater controls 

MINIAILIRIZATIO N The Small  BIG  U one  i 

nts n the 
business make possible space saying factors whih  educe r 
your  production costs . . increase your pronts.  c 

Jobbers —Address Room  1332 

101  Park Ave  Ne w York, N. Y 

od. 
we • .• 

1111-42 Elea/deal Reacteigee 
FRANKLINVILLE, N.Y. 

Plants. Franklinille, N. Y.  Jessup, Pa.  - Myrtle hea..h, S. C. 

Soles Offices  New York, Philadelphia, Detroit, Chicago, Los Angeles 

etypft,( 
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125,000 SQ. MILE 
BLANKET! 

The most powerful FM installation 
in the world recently completed on Red 
Mountain near Birmingham, Alabama for 
Station WBRC- FM brings static-free 
entertainment to residents in a transmis-
sion radius of 200 miles. 

Important to this installation is the 450 ft. 
Blaw-Knox type N-28 heavy-duty tower 
supporting the 8-section Pylon FM antenna. 
Sturdy, safe and backed by the many 
years of Blaw-Knox design and engineer-
ing in the radio field, it will enable this 
great new FM Voice of the South to utilize 
the full capacity of its modern facilities. 

BLAW KNOX DIVISION of Blaw-Knox Company 

2037 Farmers Bank Building, Pittsburgh 22, Pa. 

gE,4W OX 

BLAW-KNOX 
ANTENNA  TOWERS 
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forPeakPerformance... 
100 

100 

75 
75 

50 

25 

50 

25 

0 

CM 15 
Actual Size 9/32" x 1/2 " x 3/16". 
For Television, Radio and other 
Electronic Applications. 

2 — 420 mmf. cap. at 500v DCw. 
2 — 525 mmf. cap. at 300v DCw. 
Temp. Co-efficient ±-50 parts per 
million per degree C for most 
capacity values. 

6-dot color coded. 

in capacitors, get the best 

El-Menco. 

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

M OL DED MICA C l  e ni C 

M i n 

CAPACIT O RS 

Write on your 

firm letterhead for 

Catalog and Samples 

EL-MENCO CAPACITORS 

You can always depend on these tiny but 
tried and trusted El-Menco capacitors to give 
peak performance for long periods of time under 
the most exacting conditions. Rigid test during 
and after manufacture insures uniformity and 
assures quality. 

Performance proved, these fixed mica dielec-
tric capacitors are specified by nationally-known 
manufacturers. 

When you need peak performance 
get 

MICA  TRI M MER 

k_  FOREIGN RADIO AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH OUR EXPORT DEPT. AT WILLIMANTIC, CONN. FOR INFORMATION. 

• ARCO ELECTRONICS, INC. 135 Liberty St., New York, N. Y. —Sole Agent for Jobbers and Distributors in U.S. and Canada 

PROCEEDINGS OF THE IR E.  December, 1949  14\ 
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ELECTRONICS 
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A L11:1=. 
VOLTAGE 
TABILIZER 

SO SMALL... 
... it mounts on a radio chassis 

These 15-, 25-, and 0-va G-E 
voltage-stabilizer units are only a 

little over 2 inches high and about 9 inches 
long. They'll mount easily on a medium-sized 
radio or electronic instrument chassis and 
will give you an even, non-fluctuating 115 
volts for your equipment whether your line 
voltage is 95 or 130. A special transformer 
circuit provides a stabilized output voltage 

AN EASY WAY TO 
PRODUCE SQUARE WAVES 

• 5% •51. 

loo t 
•ev• MnO? 

*5 % 

70 % 

•01,010 

1 001. 
,o0 1 I Op • 

within 1% of 115 volts for fixed, unity-power-
factor loads. 
Continuous operation under conditions of 

short or open circuits will not damage the 
stabilizer in any way. Since there are no mov-

ing parts, there is little maintenance to worry 
about. For complete information on voltage-
stabilizer units of all sizes from 15-va to 
5000-va, write for Bulletin GEA-3634. 

Specially designed G-E Type-E networks 
will produce impulses which have defi-
nite, known energy contents and dura-
tions, and thus are ideal for converting 
a-c or d-c charging voltages into approxi-
mately rectangular square waves. These 
networks consist of capacitor and coil sec-
tions adjusted to close tolerances and her-
metically sealed in single metal containers. 
G.E. helped meet wartime radar de-

mands with thousands of these units and 
now offers them for commercial use. They 
are available in a wide range of designs, 

ipr GENERAL 
10. 

impedances, ratings, and sizes for pulse 
lengths of 0.1 to ao microseconds. See 
Bulletin GEA-4996. 

ELECTRIc3 
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HEAVY-DUTY RELAYS 
THAT MOUNT 3 WAYS 

This versatile, general-purpose, heavy-
duty. a-c relay unit is available in three 
mounting arrangements: front connected, 
back connected, or plug-in connected. All 
three mounting types are available in 
open or enclosed models and are furnished 
in spst, dpst, or dpdt circuits. Heavy, long-
lasting silver contacts carry 10 amps con-
tinuous. Normally-open forms make or 
break 45 amps; normally-closed forms 
make or break 20 amps. Relay coils come 
in 12-, 24-, 115-, or 230-volt, 60-cycle a-c 
sizes. D-c units are available in similar 
models. For full details see GEC-257. 

ACCURATE 
BUT RUGGED 

The new, modern-
looking, easy-to-read 
21/2  inch G-E instru-
ment line is improved 
inside as well as out-
side. A single, self-
contained mecha-
nism supported on 
an extremely strong 
Alnico magnet as-
sures permanent alignment even under 
the most adverse operating conditions. 
This high-gauss Alnico magnet permits 
the use of a large air gap with a conse-
quent smoother, non-sticking action. The 
greater torque-to-weight ratio means bet-
ter damping and allows the use of heavier 
vibration-resisting pivots. Accuracy is 5% 
of full scale on rectifier types, 2% on all 
others. For complete details, send for 
Bulletin GEC-368. 

 \  TIMELY HIGHLIGHTS 
\ ON GE COMPONENTS 

SNAP-SWITCH INSTALLATION 
TIME CUT TO SECONDS 

You'll have a firm electrical connection 
without the use of solder a few seconds 
after you begin to install this small but 
rugged Switchette. Only 11/2  inches long 
and weighing only 9 grams, this 230-vac, 
10-amp unit has solderless knife-contact 
terminals made of pure, tinned copper. 
G-E Switchettes are available in a va-

riety of forms and circuits, all of which 
have double-break contact structures. 
They're particularly well suited for elec-
tronic applications because of their low 
RF noise output (short contact-bounce). 

For your convenience there are screw-
terminal and soldering-lug types as well 
as this special quick-connect unit. Send 
for Bulletin GEA-4888. 

im M  GEM  1 1 MOO 

General Electric Company, Section 

Apparatus Department, Schenectady, N. 

Please send me the following bulletins: 

o GEA-3634 Voltage stabilizers 

o GEA-4888 Switchettes 

o GEA-4996 Capacitor networks 

H 667-3 

Y. 

A SMALL PACKAGE OF 
WELL-REGULATED HIGH VOLTAGE 

You get both high voltage and good regu-
lation with small lightweight G-E preci-
sion rectifiers. This may interest you if 
you need compact, well-regulated, high 
d-c voltage sources for cathode-ray tubes, 
television camera tubes, radar indicator 
scopes, electron microscopes, Geiger-
Mueller counters, or similar jobs. 
These supplies are hermetically sealed 

and oil-filled. Typical units have outputs 
of 7 kv at 0.1 ma.—have only 3.5% devia-
tion for every 0.1 ma load and output rip-
ple of less than 1%. Size—only 6" x 6" x 
7". Weight-8 lbs. For further data, write: 
General Electric Company, Section 667-3, 
Schenectady 5, N. Y, giving complete in-
formation on the proposed application 
with specifications required. 

— GEC-257 Heavy-duty relays 

GEC-368 Instruments 

NAME _ 

COMPANY 

ADDRESS 

CITY  _ STATE 
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lop fidelity...the most dependable 
Tape Recorder yet rgays WOR's STAN LOMAX 

PRESTO'S PT-900 is the answer for delayed sports broad-
casts—field recording — wherever there is a need for a portable 
recorder of complete broadcast quality. Look at these outstand-
ing engineering features: 

• Three separate heads for superior performance (and for 
monitoring direct from tape). One head each to erase, record 
and play back. • 3 microphone channels with master gain con-
trol in recording amplifier. • Large V.U. meter, with illumi-
nated dial to indicate recording level, playback output level, 
bias current and erase current, and level for telephone line. 
• 2-speed, single motor drive system. Toggle switch to change 
tape speeds from 71'2" to 15" per second. 

Don't choose your tape recorder until you see the new Presto 
Portable Tape Recorder. Write for complete details today. 

RECORDING CORPORATION 
Paramus, New Jersey 

Mailing Address: P. O. Box 500, Hackensack, N. J. 

In Canada WALTER P. DOWNS. Ltd., Domtnion Sq Bldg.. Montreal 

WORLD'S GREATEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT AND DISCS 

12A 
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‘-i fc 0The new Du Mont Types 12E11)4 and 
15DP4 (replacing respectively Types 

12JP4 and 15AP4) feature the exclusive Du 
Mont bent-gun. This ion-trap design elimi-
nates ion-spot blemishes while maintaining 
an undistorted spot for maximum pictorial 
resolution. Meanwhile, lead-free glass re-
duces tube weight considerably. Five-pin 
duodecal base permits using the new half-
socket for a significant saving, although old-
type full-socket also accommodates these 
new tubes without modification. 

Definitely "Your best buy!" For initial-
equipment or replacement purposes — for 
superlative performance and longest service 
— insist on Du Mont Teletronsl 

ALLEN B. DU MONT LABORATORIES. INC. 

SINGLE MAGNET 

DOUBLE MAGNET 

Above: Du Mont bent-gun principle, utilizing single ion-
trap magnet. Space saved by eliminating double beam-
bending magnet results in shorter neck length. Focussed-
spot distortion eliminated by use of electrode parts de-
signed to form symmetrical electrostatic fields in G, space. 
Lower-cost magnet. 

Below: Conventional straight-gun design. Ion and electron 
beam is twisted by slanting electrostatic field between 
second grid and anode, requiring TWO bending magnetic 
fields. More costly beam-bender. Longer neck. Focussed-
spot distortion. 

0 Write for latest literature. 
'TRADE MARK 

M I  FIRST WITH THE FINEST IN  V TUBES 

ALLEN B. DU MONT LABORATORIES. INC. •  TUBE DIVISION •  PASSAIC. NEW JERSEY 
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MALLotiY 

VIIIATOI AND VIBRAPA(K APPIICAIION QUISIIONNAlla 

P. IL MALLORY • CO , INC. 
AmItaLaa.a.. 6.40••• 

To icuute lost perlotosance end lowest ion In ablator roweled equipment, peospeclin ow, Mt to ged to WMfl tilt teromenen.41.. ..1 
analysis of the Mallotyf gn00h0A Departnent oo  14111,11•1 61,016 00011 'Ma leInnown,taun n with canners of the tows of Snip. 

temples will he lutnishol pramtly coo m ega of nut quesfloonaire Il.4 out at &tail 

INOVIA1applAsbon  

1 Ova what mho frequency 
tmanash  ueisiat....) 

S. Seriiitivity?  I Fa  fr.., is ...Ms. 1.1  smobirs  mia 

4. (a) Will any aiber t4L0 receivers be opetated from the same battery or Ion voltage aeourret____ 

(b)lithe SASIOTI t I is yes, pleaot eve then mnsitirity and radio ftequenty coveter _ _ 

(t) Whete will the apptahu be  

40vaaaa pan., waar •Nra &raw 6.6• a AAA 

tang< doe this apparatus operate?..--_—_ 

—  

(Moat. aLaar.a.Lttrai. taa. a 
If so, arc there 607 governmeot oxistruision specifications? 

6. vrdi . sample of your appatatus be available to us hot use during the development arid prrionname tens' 

7. Are tl.re any restrictions as to size, weiSilt. Of gyie or mounting, _ _ 

own... A mu. 
the vibratot, V ibrapack. or vibrator inverter be created undet conditions of unusual tempetanite. humidity, ot v &anon 

Mau. , 

atIVI 

(b) Is tins a military application? 

9. What is tbe time cycic of operation? 
...arr. L. taa ked •O P. II POOP PP WC T 

to. What will be the input voltsge at the Vibrapack terminals, 

Avers  volts, Maximo 
tfiens %probed to Ms meow. we wili &mem thy the averamiaPA .I.M.. 

II. It Ls Custornrry to base calculation> on the bun of voltage . the V ibtapack terminals If this information a not Ai niihle eve de  

(battery) voltage, and show the size and total numbet of feet of nire that will bow the low voltage omen 

Battery voltage —Asctege______ ______volts, Maxim 

0  volts. M 

Lou Voltage Connecting Wire: Negauve lead  ete- ---- -

Positive Iced 

NUNN MI WPM COPT VO 911-4111AIII TNT VW COPT POST 

volts. Mintrnuns- -- -- - - -voltt 
inert 

Creative research is no empty slogan at 
Mallory. Mallory Vibrators are the world's most 
popular simply because engineering skill, long ex-
perience and adherPnce to quality ideals have made 
them better. 

But Mallory engineers know that the finest vibrators 
can fail because of a power transformer design ... 
or a wrong value buffer capacitor. That's why they 
want to know the whole story of your problem. 

That's the reason for the inquisitive questionnaire 

* 

They're 
Right... 
because you 
write the ticket 

7p• ‘. (51  O -  z.  .4 

'Ott 

ckst. 

More Mallory Vibrators 
are used in original 
equipment Man all 
other makes combined. 

shown above. It's the, reason why so many Mallory 
Vibrators are right for the job. With this informa-
tion, Mallory engineers can make intelligent and 
profitable recommendations. 

Do you have a supply of these "tell-all" ques-
tionnaires in your engineering files? If not, we 
earnestly suggest you give your Mallory repre-
sentative a call—or write to Mallory direct. Do it 
now. And remember, too, that standard Mallory 
Vibrators are quickly available from authorized 
Mallory distributors. 

Vibrators and Vibrapack* Power Supplies 

MALLORY. 
P. R. MALLORY EL CO.. Inc. 

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

SERVING INDUSTRY WITH 

Capacitors 

Contacts 

Controls 

Rectifiers 

Switches 

Vibrators 

Power Supplies 

Resistance Welding Materials 

.11.11. U. 8. Pat. Off. 

I4A PROCEEDI NGS OF THE I.R.L. 
December, 194s0 



se. 

W O W 3e1ev1s10n's greatest 
picture tube improvement! 

- 

Theew Rauland 
Greatly diminishes 
tube face halation 

Reduces reflection 
ambient light 

of   

• Prr::•VITre%  ?  ':"  • 

%Screen 
Nine 

Here is a scientific advance in picture tube 
technique which offers a marked, visible 

picture improvement already widely acclaimed 
by Television buyers. 
In this newest Rauland development, the tube 

face is a new, practically colorless glass contain-
ing a metallic oxide which produces uniform 
light attenuation throughout the visible range. 
This light-absorbing characteristic acts in two 
ways to increase picture contrast, clarity and 
detail. 
In ordinary tubes, light from bright picture 

areas of the screen striking the exterior tube 
face surface in angles greater than 48 degrees 
is completely reflected onto dark screen areas, 
reducing the apparent blackness. This halation 
is greatly reduced with the new Rauland "Lux-
ide" screen, because such reflected light is at-

New Tube Vastly 

Increases Contrast! 

tenuated by passing three times 
through the glass before it can 
reach the eye. 
Similarly, under normal conditions, clear glass 

picture tubes can have their maximum contrast 
only when operated in an otherwise dark rocm. 
Ambient light passing through the tube face to 
the phosphor causes the dark picture area to 
appear light in tone and causes the picture to 
"wash out." With the "Luxide" screen, such am-
bient light must pass twice through the attenu-
ating glass while light originating in the phos-
phor passes through the glass only once. The 
result is a picture with far greater contrast when 
viewed in lighted rooms, and since several more 
steps in the grey scale are available in forming 
the picture, better detail as well as greater con-
trast results. 

Write for Technical Bulletins. The Luxide screen is available in metal-
cone types 16AP4-A, 16EP4-A and 12UP4-A, and in the all-glass 121P4-A. 

THE RAULAND CORPORATION 

Pe4  7-1-ziLo  Re,Le_a_iLciz_ 
4245  N. KN O X  AVE N UE • CHI C A G O  41,  ILLI N OIS 0 .1 
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SP ACE  SAVE RS  6 0/Aroir 

Write for Sprague 
Engineering Bulletin 

No. 303 for com-

plete details. 

  sPe 
PIONE 

SPRAGUE 
MI NI ATURE 

:DR Y ELECTROLYTICS 
Types 16D and 18D 

These exceptionally small capacitors really solve 
space problems in miniaturized electronic and radio 
equipment. And their performance characteristics actual-
ly surpass those of ordinary metal encased tubular dry 
electrolytic capacitors! 
Sealed against moisture, Types 16D and 18D electro-

lytics are normally furnished for operation at 85° C. to 
meet the high operating temperatures common in 
crowded assemblies. Type 18D has an outer insulating 
tube over the metal case, whereas Type 16D does not 
have this extra covering. 

ftp SPRAGUE ELECTRIC COM M 
North Adams, Mass. 

ELECTRIC  AND  ELECTRONIC  DEVELOPMENT 

14A 
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grinding 
by skilled operators 

enables AlSiMag to meet 

unusual dimensional tolerances 

After firing, AlSiMag is extremely hard. Further 

finishing requires special tools, great skill. We have 

the tools and the skill and can meet almost any tolerance 

required. The closer tolerances involve commensurate 

cost. Even if you think your requirements are 

impossible, ask us. It is probable that we can solve 

your problem . . . well within practical cost 

limits. Ability to consistently comply with dimensional 

and physical requirements is another reason why 

American Lava Corporation is known as Headquarters 

for Custom Made Technical Ceramics. 

AMERICAN  LAVA  CORPORATION 
4  111  T N 

Y E A R  O F  C E R A M S  C  L E A D E R S H I P 

C H AT T A N O O G A  5,  TE N N E S SE E 

OFFICES, METROPOLITAN AREA, 671 Broad St., Newark, N. 1., Mitchell 2.8159  • CHICAGO, 9 South Clinton St., Central 6-1721 
PHILADELPHIA,  1649  North  Broad  St.,  St•v•nson  4-2823  •  LOS  AN GELES,  232  South  Hill  St.,  Mutual  9076 
NE W EN GLAND, 38-8 Brattl• St., Combridg•, Mass., Kirkland 7-4498  • ST. LOUIS, 1123 Washington Ave., Garli•ld 4959 



a simplified, outstandingly 

dependable LINE SWITCH 

for Stackpole Controls 

t 

43nly .888" in diameter by .312" 
hick, this Type A-10 double. 
pole, single-throw line switch 
fits even the smallest Stackpole 

controls. Rated 1 ampere at 250 volts AC-DC 
or 3 amperes at 125 volts AC-DC, it com-
bines outstanding ruggedness of design 
with ample-sized contacts and positive con-
tact wiping action. Stationary contacts are 

(Interior views approximately 

21/2  times actual size of switch) 

mounted on a fiber surfaced Bakelite base 
to reduce arc tracing. The base is held se-
curely in the can. Throughout, the switch is 
constructed for long, trouble-free service 
and in suitable ratings for portable and auto 
radios and numerous other applications. A 
similar single-pole design (Type A-11) with 
dummy terminal is also available. 

Write for Stackpole Bulletin RC-7 

ELECTRONIC COMPONENTS DIVISION 

STACK POLE CARBON CO MPANY, ST. MARYS, PA. 

STACKPOLE 
VARIABLE RESISTORS FOR MODERN RADIO AND TELEVISION NEEDS 
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SUBSTANTIAL POWER 
At Microwave Frequencies with Direct Crystal Control 

ow, with two new Sperry Klystron tubes, stabilized frequency control 
is possible at 10,000 mc. with 1 watt continuous wave power output. 
These multiplier tubes, the SMC-11 and the SMX-32, permit direct 
crystal control at microwave frequencies with this power level. 

Starting with a 5 mc. crystal, the frequency is multiplied to 830 mc. by use 
of an Exciter. The SMC-11 Klystron multiplies the 830 mc. to a frequency 
of 5,000 mc. The SMX-32 then multiplies this frequency to 10,000 mc. 
with the same accuracy which exists in the control crystal ( ± 0.0005 %). 

This practical achievement of 1 watt power output with 
continuous accuracy of frequency control at 10,000 mc. 
exists only through the use of these two Sperry Klystrons. 

Write our Industrial Department for further information. 

817/0801E COMPANY 
DIVISION OF THE SPERRY CORPORATION 

GREAT NECK. NEW YORK 

WRVS YORK •   • NE W 

LOS ARREARS • SAN ARANCISCO • 
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NE WS and NE W PRODUCTS 
DECEMBER , 1949 

Miniature Sockets in Mycalex 
.\ nett  organization, Mycalex Tube 

Socket Corporation, operating under ex-
clusive license of Mycalex Corporation of 
America have started the manufacture of 
7 pin miniature tube sockets, utilizing 
precision molded Mycalex as an insulator. 
The sockets are obtainable in Mycalex 410 
which was developed for applications re-
quiring close dimensional tolerances not 
possible in ceramics and at much lower 
loss factor than mica filled phenolic with 
advantage in economy, the manufacturer 
claims; and in Mycalex 410X which has 
been developed to compare favorably with 
general purpose bakelite in economy but 
with a loss factor of only about one-fourth 
of that material 

Illustrated are two views in actual size 
of the 7 prong socket. Sockets with dif 
ferent nunibers of prongs are in the de-
velopment stage.  - 
These sockets are manufactured to 

precise specifications and fully meet RMA 
standards. Further information is obtain-
able from Mycalex Tube Socket Corpora-
tion, 30 Rockefeller Plaza. New York 20, 
N. Y 

New Low-Priced Oscillograph 
A new low-priced, lightweight oscillo-

graph especially designed for use in schools, 
colleges, and industrial laboratories has 
been announced by General Electric Co., 
Meter and Instrument Div., Schenectady 
5, N. Y. 

Affessaa 
Compact and simple in design, the 

Fyne PM-18 instrument is said to be 
easily operable by inexperienced personnel, 
in the laboratory, or in the field. It can 
be used either for visual indications, or for 
taking oscillograms of current and voltlive 
phenomena. 
Additional information is contained in 

Bulletin GEC-580 which is available by 
writing to the company. 

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

Prodelin Transmission 
Line 

A new 51.5-ohm air-dielectric coaxial 
transmission line (rigid) with center con-
ductor impedance equivalent to that of air. 
for use in any given position of the spec-
trum up through the microwave fre-
quencies, is available from the manu-
facturer, Product Development Co. Inc., 
526 Elm St., Arlington, N. J. 

Physical properties of a new press-fit 
construction provide a line with accurate 
physical tolerances that will withstand 
high-impact shock or exposure to rapid 
temperature changes. A threaded self-
sealing coupling has also been developed 
for use at frequencies where a minimum 
VSWR is required. 

New 75-Watt Lamp Ballast 
A new lamp ballast has been developed 

by the engineering department of Acme 
Electric Corp., 44 Water St., Cuba, N. Y. 
for use with the new 75-watt, 96-inch T-12 
slim-line lamp. 

The manufacturer claims that this 
ballast provides an output of 75 watts, 
0.425 amperes, a minimum of 700 volts 
starting and 195 volts operating. 1Vi4h 
these electrical characteristics the lamp 
can be expected to operate with a 4,800-
lumen output after 100 hours, and an 
average brightness of 1,600 foot lamberts. 
This represents an average of 64 lumens 
per watt. 

New Standard Signal 
Generator 

Measurements Corp., Boonton, N. J., 
have announced the production of a new 
standard signal generator covering the 
wide frequency range of 20 cps to 50 Mc. 

This instrument, the Model 82, was de-
signed to provide in one signal generator a 
continuously variable signal source for 
most measurements at audio, supersonic, 
and radio frequencies. Two oscillators are 
employed to cover the frequency range. 
The low frequency oscillator, continuously 
variable from 20 cps to 200 kc, has a 
metered output from 0 to 50 volts across a 
resistance  of  7,500 ohms.  A radio-
frequency oscillator covering the range 
from 80 ke to 50 Mc provides output from 
0.1-micro% olt to 1 volt, and may be modu-
lated with the low-frequency oscillator. 
An improved mutual-inductance type 

attenuator is said to insure a higher degree 
of accuracy than may be obtained with the 
resistor or mutual-inductance type at-
tenuator of earlier design. 

Recent Catalogs 

• • • An illustrated brochure describing 
the greatly expanded facilities of The 
Franklin Institute Research and Develop-
ment Laboratories may be obtained by 
writing to Administration Div., The Frank-
lin Institute Laboratories, Benjamin Frank-
lin Pkwy., at 20th St., Philadelphia 3, Pa. 

• • • The sixth edition of "Johnson An-
tenna Handbook" was recently published 
by the E. F. Johnson Co., Waseca, Minn., 
and is now available from Johnson Jobbers 
at 60 cents a copy. 

• • • Just released by Triad Transformer 
Mfg. Co., 2254 Sepulveda Blvd.. Los 
Angeles 64, Calif., a 16-page catalog, TR-
49, describing and pricing the entire line of 
Triad transformers for original equipment, 
radio and television, replacement, and 
amateur applications. 

(Continued on page OM) 
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POROSIII 

UHF 
SIGNAL 
GENERATOR 
Covers the Range of 400-1000 MC. 
The LAVOIE LA-418 Signal Generator, newest addition to the 

LAVOIE LABORATORIES' line of precision electronic equipment ... 

Provides: 

* DIRECT READING Frequency Dial. 

* DIRECT READING Attenuator calibrated in 
D g (0 TO - 120 DBM) U  Volts. 

* INTERNAL and EXTERNAL Pulse Modulation 
sine wave modulation external. 

A complete descriptive folder is 
available promptly on request. 

WRITE FOR TECHNICAL BULLETIN LA-418 

ZavoiecT_alorakria 
RADI O ENGINEERS AND MANUFACTURERS 

MORGANVILLE. N. J. 

Specialists in the Development and Manufacture of UHF Equipment 

PROCEEDINGS OF THE I.R.E.  NI:member, 1949 
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WHY mina  on 

YOUR  HEAD? 
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• 

1 FACTORY — 1 SOURCE 

1 NEDA DISTRIBUTOR = 100 FACTORIES 

WHY chase around the countryside, from 

factory to factory, looking.for this or that odd electronics, 

part, when your NEDA Distributor carries the diversified 

supplies you need? 

Why lose valuable time, scheduling a pilot run, when your 

NEDA Distributor has the quantities you !iced in stock? 

Why stand on your head, trying to explain what you want, 

when your NEDA Distributor understands your specifica-

tions and gives you intelligent cooperation, on all your 

electronics needs? 

On the industrial ,front, more and more engineers and purchas-

ing agents are doing business with the NEDA Distributor . . . 

because he expedites your purchase of radio and electronics parts 

with greater selection . . . faster delivery . . . and on-the-spot 

consultation and service. 

FOR 
EXAMPLE: 

NEDA Distributors Carry 

Square-wave Generators 
Master Music Systems 
Cathode Ray Tubes 
Electron Multipliers 
Audio Oscillators 
Multiwire Cable 
Terminal Blocks 
Television Parts 
Paging Systems 
A-N Connectors 
Communicators 
Power Supplies 
Voltohmmeters 
Potentiometers 
Oscillographs 
Transformers 
Microphones 
Condensers 
Thyratrons 
Amplifiers 
Photocells 
Recorders 

1 Rheostats 

Cabinets 
Resistors 
Chassis 

NATIONAL ELECTRONIC DISTRIBUTORS ASSOCIATION 
INC ORPORATED 

2214 LaSALLE-WACKER BUILDING, 221 N. LaSALLE ST., CHICAGO 1, ILLINOIS 

Consult the list of NEDA members on the opposite page. 

21 % 
PROCEEDINGS OF THE IRE.  December, 1949 



WHEN YOU NEED A DISTRIBUTOR CONSULT THIS NEDA LIST 

ALABAMA 

BIRMINGHAM 
James W Clary Co. 

MOBILE 
Nelson Radio & Supply Co. 

TUSCALOOSA 
Allen & Jemison Co. 

ARIZONA 

PHOENIX 
Radio Parts of Arizona 

ARKANSAS 
FORT SMITH 

Wise Radio Supply 
LITTLE ROCK 

Southern Radio Supply 
David White 

Radio Supply Co. 
TEXARKANA 

Lavender Radio Supply Co. 

CALIFORNIA 

GLENDALE 
R. V. Weatherford Co. 
LONG BEACH 
Scott Radio Supply 
LOS ANGELES 

Radio Products Sales, Inc. 
Universal Radio Supply Co. 

OAKLAND 
W. D. Brill Co. 
Electric Supply Co. 
Wave Miller & Co. 
E. C. Wcnger Co. 
SACRAMENTO 

Sacramento Electric 
Supply  Co. 

SAN BERNADINO 
Inland Electronic Supply 

SAN DIEGO 
Coast Electric Co. 

Electronic Equipment Distr. 
SAN FRANCISCO 

Associated Radio Distrs. 
C. C. Brown Co. 

Kaensper-Barrett Dealers 
Supply Co. 

San Francisco Radio & 
Supply Co. 

Smith & Crawford 
Wholesale Radio & Electric 

Supply Co. 
Zack Radio Supply.Co. 

SAN JOSE 
Frank Quement, Inc. 
STOCKTON 

Carter W. Dunlap Wholesale 
Radio Co. 

COLORADO 

PUEBLO 
L. B. Walker Radio Co. 

CONNECTICUT 

BRIDGEPORT 
Hatry & Young 
HARTFORD 

Hatry & Young, Inc. 
NEW BRITAIN 
United Radio Supply 
NEW HAVEN 
Hatry & Young 

Thomas H. Brown Co. 
NEW LONDON 
Hatry & Young 
STAMFORD 
Hatry & Young 
WATERBURY 
Hatry & Young 

The Bond Radio Supply 

DISTRICT OF COLUMBIA 

WASHINGTON 
Electronic Wholesalers, Inc. 
Kenyon Radio Supply Co. 
Rucker Radio Wholesalers 
Silberne Radio & Elec. Co. 

FLORIDA 

MIAMI 
Herman Radio Supply Co. 
Walder Radio & Appliance 

GEORGIA 

AUGUSTA 
Prestwood Electronics Co. 

COLUMBUS 
Radio Sales & Service Co. 

IDAHO 

BOISE 
Craddock's Radio Supply 
Kopke Electronics Co. 

ILLINOIS 

BELLEVILLE 
Lurtz Electric Co. 

BLOOMINGTON 
Alverson Sales Co. 
CHICAGO 

Allied Radio Corp. 
J. G. Bowman & Co. 
Chauncey's, Inc. 

The Luidco Sales Corp. 
Pilgrim Distributing Co. 

Radio Parts Co. 
Walker-Jimieson, Inc. 

MOLINE 
Lofgren Distributing Co. 

PEORIA 
Herberger Radio Supply 
ROCK ISLAND 

Tr-City Radio Supply 
SPRINGFIELD 
Wilson Supply Co. 

INDIANA 

CROWN POINT 
Hub Appliance & Supply Co. 

FORT WAYNE 
Pembleton Laboratories 
INDIANAPOLIS 

Van Sickle Radio Supply Co. 
VALPARAISO 

J. G. Bowman & Co. 

IOWA 

COUNCIL BLUFFS 
World Radio Laboratories 

DAVENPORT 
Midwest-Timmerman Co. 

DES MOINES 
Gifford-Brown, Inc. 
Iowa Radio Corg. 

Radio Trade Supply Co. 
DUBUQUE 

Boe Distributing Co. 
FORT DODGE 

Ken-Els Radio Supply Co. 
SIOUX CITY 
Duke's Radio Co. 
WATERLOO 

Ray-Mac Radio Supply 

KANSAS 
TOPEKA 

The Overton Electric Co. 
WICHITA 

Excel Distributors 
Interstate Distributors, Inc. 

KENTUCKY 

LEXINGTON 
Radio Equipment Co. 
LOUISVILLE 

Peerless Electronic 
Equipment Co. 

Univetsal Radio Supply Co. 
OWENSBORO 
Central Electronic 
Supply Co., Inc. 

LOUISIANA 
ALEXANDRIA 

Central Radio Supply 
LAFAYETTE 

Radio Electronic Supply 
LAKE PROVIDENCE 
F. H. Schneider & Sons 

MONROE 
Hale & McNeil 
NEW ORLEANS 

Wm. B. Allen Supply Co. 
Columbia Radio & Supply Co. 

Shuler Supply Co. 
Southern Radio Supply Co. 

SHREVEPORT 
Koelemay Sales Co. 

MAINE 

AUBURN 
Radio Supply Co., Inc. 

PORTLAND 
Maine Electronic Supply 

MARYLAND 
BALTIMORE 

Kann-Ellert Electronics, Inc. 
Radio Electric Service Co. 
Wholesale Radio Parts 
HAGERSTOWN 

Zimmerman Wholesalers 

MASSACHUSETTS 
BOSTON 

De Mambro Radio Supply Co. 
Hatry & Young of Mass., Inc. 

A. W. Mayer Co. 
The Radio Shack Corp. 

BROCKTON 
Ware Radio Supply Co. 

CAMBRIDGE 
Electrical Supply Corp. 

LAWRENCE 
Hatry & Young 
MELROSE 

Joe's Radio Shop 

Melrose Sales Co. 
NATICK 

Willett Radio Supply, Inc. 
NEW BEDFORD 
C. E. Beckman Co. 
PITTSFIELD 

Pittsfield Radio Co. 
ROXBURY 

Gerber Radio Supply Co. 
SPRINGFIELD 
Hatry & Young 
T. F. Cushing 

Springfield Radio Co., Inc. 
Springfield Sound Co. 
WORCESTER 

Radio Electronic Sales Co. 
Radio Maintenance Supply 

MICHIGAN 
ANN ARBOR 

Wedemeyer Electronic 
Supply Co. 

BATTLE CREEK 
Electronic Supply Corp. 

DETROIT 
M. N. Duffy & Co. 

Ferguson Radio Supply Co. 
K-L-A Laboratories 

of Detroit 
Radio Electronic Supply Co. 

Radio Specialties 
FLINT 

Lifsey Distributing Co. 
Radio Tube Merchandising 
Shand Radio Specialties 

JACKSON 
Fulton Radio Supply Co. 

LANSING 
Electric Products Sales Co. 

Offenhauer Co. 
LAURIUM 

Northwest Radio of Michigan 
MUSKEGON 

Industrial Electric Supply 
PONTIAC 

Electronic Supply Co. 

MINNESOTA 
DULUTH 

Northwest Radio 
MINNEAPOLIS 
Bauman Company 
Lew Bonn Co. 

Northwest Radio & 
Electronic Supply Co. 
Radio Maintenance Co. 

The Stark Radio Supply Co. 
ST. PAUL 

Electronic Distributing Co. 
Hall Electric Co. 

MISSISSIPPI 
JACKSON 

CabeII Electric Co. 

MISSOURI 
CAPE GIRARDEAU 
Suedekum Electronic 

Supply Co. 
JEFFERSON CITY 

Central Missouri Distrib: 
JOPLIN 

M. Brotherson 
Four State Radio & Supply 

KANSAS CITY 
Burstein-Applebee 
Manhattan Radio & 
Equipment, Inc. 
McGee Radio Co. 
ST. LOUIS 

Walter Ashe Radio Co. 
Ebinger Radio & Supply Co. 
Interstate Supply Co. 

Radon ics 
Van Sickle Radio Co. 
SPRINGFIELD 

Harry Reed Radio & Supply 

NEBRASKA 
LINCOLN 

Hicks Radio Co. 
Leuck Radio Supply Co. 

OMAHA 
J B Distributing Co. 
Radio Equipment Co. 

NE W HAMPSHIRE 
CONCORD 
Evans Radio 
DOVER 

American Radio Corp. 
MANCHESTER 

Radio Service Laboratory 

NE W JERSEY 
BRIDGETON 

NEWARK 
Continental Sales Co. 
Krich-Radisco, Inc. 
Aaron Lippman & Co. 
PHILLIPSBURG 

Carl B. Williams Co. 

NE W YORK 
ALBANY 

Fort Orange Radio 
Distributing Co. 
E. E. Taylor Co. 
AMSTERDAM 

Adirondack Radio Supply 
AUBURN 

Dare's Radio Service 
BINGHAMTON 

Federal Radio Supply Co. 
BROOKLYN 

Green Radio Distributors 
National Radio 

Parts Distributing Co. 
BUFFALO 
Dymac, Inc. 

Genesee Radio & Parts Co. 
ELMIRA 

Fred C. Harrison 
GLEN FALLS 

Ray Distributing Co. 
HEMPSTEAD 

Davis Electronics Corp. 
Standard Parts Corp. 

ITHACA 
Stallman of Ithaca 
JAMAICA 

Chanrose Radio Stores, Inc. 
Norman Radio Distrs., Inc. 

KINGSTON 
Arace Brothers 

MOUNT VERNON 
Davis Radio Distributing Co. 

NEW YORK 
Arrow Electronics, Inc. 
Bruno-New York, Inc. 
H. L. Dalis, Inc. 

Federated Purchaser, Inc. 
Fischer Distributing Co., Inc. 
Milo Radio & Electronics 
National Radio Distributors 

0 & W Radio Co. 
Powell Radio Supply 

Sanford Electronics Corp. 
Slate & Co. 

Stan-Burn Radio & 
Electronics Co. 

Sylvan-Wellington Co. 
Terminal Radio Corp. 

United Radio & Electric Co. 
Wilco Radio Distributors 
POUGHKEEPSIE 
Chief Electronics 
ROCHESTER 

Rochester Radio Supply Co. 
SCHENECTADY 

Electric City Radio Supply 
SYRACUSE 

Roberts & O'Brien 
Stewart W. Smith, Inc. 

TROY 
Trojan Radio Co., Inc. 

UTICA 
Beacon Electronics, Inc. 
Electronic Laboratories & 

Supply Co. 
WHITE PLAINS 

Westchester Electronic 
Supply Co. 

NORTH CAROLINA 
ASHEVILLE 

Freck Radio & Supply Co. 
Long's Distributing Co. 

CHARLOTTE 
Radiotronic Distr., Inc. 
GREENSBORO 

Johannesen Electric Co., Inc. 
GOLDSBORO 

Signal Radio Supply 
RALEIGH 

Carolina Radio Equipment 
Southeastern Radio Supply 
WINSTON-SALEM 

Dalton-Hege Radio Supply 
Lambeth Electric Supply Co. 

NORTH DAKOTA 
FARGO 

Dakota Electric Supply Co. 

OHIO 
AKRON 

The Sun Radio Co. 
ASHTABULA 

Morrison's Radio Supply 
CINCINNATI 

Chambers Electronic Supply 
Herrlinger Distributing Co. 
Hughes-Peters, Inc. 
Radio & Refrigeration 

Supply Co. 
The Schuster Electric Co. 

Steinberg's, Inc. 
United Radio, Inc. 
CLEVELAND 

Radio & Electronic 
Parts Corp. 

Winteradio, Inc. 
COLUMBUS 

Electronic Supply Co. 
Hughes-Peters, Inc. 

Thompson Radio Supplies 
Whitehead Radio Co. 

DAYTON 
Hughes-Peters, Inc. 
Srepco, Inc. 
LIMA 

Lima Radio Parts Co. 
TOLEDO 

Toledo Radio Specialties 
Warren Radio Co. 
YOUNGSTOWN 
Ross Radio Co. 

OKLAHOMA 
OKLAHOMA CITY 
Miller Jackson Co., Inc. 
Radio Supply, Inc. 

TULSA 
Patterson Radio Supply Co. 

Radio, Inc. 
S & S Radio Supply 

OREGON 
EUGENE 

Carlson, Hatton & Hay, Inc. 
MEDFORD 

Verl G. Walker Co. 
PORTLAND 

Appliance Wholesalers 
Bargelt Supply 

Portland Radio Supply Co. 
Stubbs Electric Co. 
Tracey & Co., Inc. 

United Radio Supply, Inc. 

PENNSYLVANIA 
ALTOONA 

Hollenback's Radio Supply 
BETHLEHEM 

Buss Electric Supply 
ERIE 

J. V. Duncombe Co. 
Jordan Electronic Co. 
Warren Radio, Inc. 
HARRISBURG 

Radio Distributing Co. 
JOHNSTOWN 

Cambria Equipment Co. 
PHILADELPHIA 

A. C. Radio Supply Co. 
Allied Electric Appliance 

Parts, Inc. 
Almo Radio Co. 

Barnett Brothers Radio Co. 
Consolidated Radio Co. 
Emerson Radio of Pa., Inc. 
Herbach & Rademan, Inc. 
Nat Lazar Radio Co. 

M & H Sporting Goods Co. 
Radio Electric Service Co. 

of Pa., Inc. 
Raymond Rosen & Co. 
Albert Steinberg & Co. 

Eugene G. Wile 
PITTSBURGH 
Cameradio Co. 
John Marshall Co. 
Radio Parts Co. 

Superior Distributing Co. 
Tydings Co. 
ST. MARYS 

B & R Elettric Co. 
SCRANTON 

Scranton Radio & Televison 
WILLIAMSPORT 

Williamsport Radio Supply 
YORK 

J. R. S. Distributors 
York Radio & 

Refrigeration Parts 

SOUTH CAROLINA 
COLUMBIA 

Dixie Radio Supply Co. 

SOUTH DAKOTA 
SIOUX FALLS 

Power City Radio Co. 
Warren Radio Supply 
WATERTOWN 

Burghardt Radio Supply 

TENNESSEE 
CHATTANOOGA 
Curie Radio Supply 
JACKSON 

L. K. Rush Co. 
KNOXVILLE 

Chemcity Radio & Electric 
Roden Electrical Supply Co. 

MEMPHIS 
Bluff City Distr. Co., Inc. 
Boyd Electronic Supply 

NASHVILLE 
Electra Distributing Co. 

TEXAS 
ABILENE 

R & R Electronic Co. 
AMARILLO 

R & R Electronic Co. 
West Texas Radio Supply 

AUSTIN 
The Hargis Co. 
BEAUMONT 

Montague Radio Distr. Co. 
CORPUS CHRISTI 
Electronic Equipment & 

Eng. Co. 
Wicks-DeVilbiss Co. 

DALLAS 
All-State Distributing Co. 
Crabtree's Wholesale Radio 

Ra-Tel, Inc. 
Wilkinson Brothers 

DEN ISON 
Denison Radio Supply 

FORT WORTH 
Electronic Equipment Co. 
Fort Worth Radio Supply Co. 
"Scooter's" Radio Supply 

Bill Sutton's 
Wholesale Electronics 

HOUSTON 
R. C. & L. F. Hall, Inc. 

Sterling Radio Products Co. 
LUBBOCK 

R. & R. Supply Co., Inc. 
SAN ANTONIO 
Mission Radio, Inc. 

WACO 
The Hargis Co., Inc. 
WICHITA FALLS 

Clark & Gose Radio Supply 
Mooney Radio Supply Co. 

VIRGINIA 
DANVILLE 

Womack Electric & Supply 
NORFOLK 

Ashman Distributing Co. 
Radio Equipment Co. 

Radio Parts Distributing Co. 
Radio Supply Co. 
RICHMOND 

Johnston-Gasser Co. 
Radio Supply Co. 
Winfree Supply Co. 
ROANOKE 

H. C. Baker Sales Co., Inc. 
Leonard Electronic 
Supply Co. 

WASHINGTON 
SEATTLE 

General Radio Inc. 
Harper-Meggee, Inc. 

Radio-Electric Supply Co. 
Seattle Radio Supply, Inc. 
Western Electronic 

Supply Co. 
Herb E. Zobrist Co. 

TACOMA 
C & G Radio Supply Co. 
Wible Radio Supply Co. 

WEST VIRGINIA 
BLUEFIELD 

Whitehead Radio Co., Inc. 
CHARLESTON 

Chemcity Radio & Electric 
HUNTINGTON 

Electronic Supply, Inc. 
King & Irwin, Inc. 
PARKERSBURG 
Randle & Hornbrook 

WISCONSIN 
GREEN BAY 

Northern Electrical Dist. 
MADISON 

Radio Distributors 
Satterfield Radio Supply 

MANITOWOC 
Harris Radio Corp. 
MILWAUKEE 

Acme Radio Supply Corp. 
Central Radio Parts Co. 
Electro-Pliance Distrib. 
Marsh Radio Supply Co. 
Radio Parts Co., Inc. 

RACINE 
Standard Radio Parts Co. 

WAUSAU 
Radio Service & Supply 

WYOMING 
CHEYENNE 

Houge Radio & Supply 
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WILCOX ...First Choice for Transatlantic Airline Com munication 

The whirling propellers of the international air 

lines make daily mockery of the vast space of the At-

lantic Ocean. Intercontinental passengers and cargo 

come and go hourly at New York, Miami, Gander; 

Shannon, Ireland, and Lisbon, Portugal. These Euro-

pean and American airports are equipped with 

modern long-range, multichannel WILCOX Trans-

mitters. 

Oslo, Norway, and Stockholm, Sweden, use 

WILCOX Transmitters as basic communications 

equipment, and radio beacon service is provided at 

Reykjavik, Iceland, by WILCOX Type 96-200 Trans-

mitters. 

Thus, the giant airliners of the world's major 

airways are protected in flight and guided safely 

to the runways of Europe's and America's principal 

ports of entry. 

WRITE TODAY.. .for complete information on 

air-borne, ground station, point-to-point, or shore-

to-ship communications equipment. 

A 
WI LC O X  ELE CT RI C  CO M P A N Y 
K A N S A S  CI T Y  MI S S O U RI 

i'kut  (lb I IlL iR E.  December, 19.19 



FIXED RESISTORS 
Bradleyunits will carry 100% 
load for 1,000 hours .. . at 
70C ambient temperature 
with a resistance change of 
less than 5%. In standard 
R. M. A. values from 10 ohms 
to 22 megoh ms, except 
1-watt unit available from 
2.7 ohms to 22 megohms. 

ADJUSTABLE RESISTORS 
Type J Bradleyo meters are rated at 2 watts 

with a big safety factor. The solid-molded 
resistor unit is not affected by heat, cold, 
moisture, or wear. Can be furnished with 
line switch. Available in single, dual, and 

triple-unit designs. 

For circuits that require resistors 
of unsurpassed quality 
..5ftee* Allen-Bradley I 

BRADLEYUNITS are available in 1/2 , 1, and 
2-watt ratings.They have high mechanical strength 

and permanent electrical characteristics. 

The leads are differentially tempered to pre-

vent sharp bends near the resistor. The leads are 

easily formed to fit any spot. 
All Bradleyunits are packed in convenient 

honeycomb cartons that keep the leads straight. 

Send for Allen-Bradley resistor chart. 

TYPE J BRADLEYOMETERS have solid-
molded resistor elements. They are thick rings, 

molded to provide any resistance-rotation curve. 
After molding, heat, cold, moisture, and hard use 

do not affect the resistor. 

The resistor is molded as a single unit with 

insulation, terminals, face plate, and treaded bush-
ing in ONE piece. There are no rivets, nor welded 

or soldered connections. 

Allen-Bradley Co., 114 W. Greenfield Ave., Milwaukee 4, Wis. 

ALLE re-13 4DLEY 
FIXED & ADJUSTABLE RADIto RESISTORS 

(.11111 II I 
of radio and electronic equipment 
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6 f& Ati9/te 
TRUSCON 

TOWERS OF STRENGTH 
FIVE 

ARE  400 FT° 
HIGH 

ITOU'RE LOOKING AT 2,400 soaring feet of self-supporting radio towers—Truscon-engineered and erected for WFMJ Broadcasting Company in Youngstown, Ohio. 
These sturdy steel structures climb 400 feet above the Mahoning Valley. One tower 
carries an RCA 4-section Pylon FM antenna. Together, they give 5,000-watt WFMJ top 
coverage of the bustling eastern• Ohio-western Pennsylvania industrial area. 

Competition for Youngstown dialers is intense, with nearby Cleveland and Pittsburgh 
broadcasters pouring 50,000-watt signals into the market. Facing this problem, Truscon 
furnished a tower set-up that was exactly right for WFMJ's needs—and then erected the 
towers for best operating efficiency. 

It's one more example of the way in which Truscon engineers tackle purely local problems 
— operational or geographical — in any part of the world. Truscon can engineer and 
erect exactly the towers you need . . . tall or small . .. guyed or self-supporting . 
.for AM, FM or TV. Your phone  ca ll or  letter  to  our  home  office,  or  to  any  close-by  
Truscon District Office, will bring you helpful assistance without obligation. 

TRUSCON 
STEEL COMPANY 
YOUNGSTO WN 1, OHIO 

Subsidiary of Republic Steel 

Corporation 

TRUSCON 
SELF-SUPPORTING 
AND UNIFORM 

CROSS SECTION GUYED TOWERS 
WFMJ Broadcasting Station, Poland—Boardman 
Road, Youngstown, Ohio. 6 Truscon Self-Support-
ing Towers. One Tower is 346 ft. high with 
RCA 4-Section Light or Heavy Duty Pylon. Five 
Towers each 400 ft. high. Shows base of one lower, 

TRUSCON COPPER MESH GROUND SCREEN 



[LI I Resistors 

nes an  ypes for Every Service 
LUG TYPE 

Most popular type 
for general purpose 
applications. Con-
nected by soldering or 
bolting to lugs. Pro-
tected by vitreous 
enamel coating. 

FERRULE TYPE 

Winding termi-
nated on metal bands 
for mounting in 
standard fuse clips. 
Provides easy inter-
changeability with-
out tools. 

"DIVIDOHM" 
ADJUSTABLE TYPE 

Provided with ad-
justable lugs for 
securing odd values 
of resistance quickly 
sind easily. 

WIRE LEAD TYPE 

iiiall vitreous en-
ameled resistors 
which can be con-
nected and supported 
by their own wire 
terminals. Maximum 
size approx. 20 watts. 

EDISON BASE 
TYPE 

Mounted in ordi-
nary lamp type screw 
sockets for easy inter-
changeability with-
out the use of tools. 

PRECISION TYPE 
Low wattage resist-

ors of 71.- 1% or closer 
tolerance. Made in 
vacuum impreg-
nated, glass sealed, or 
vitreous enameled 
type units. 

FLEXIBLE LEAD 
TYPE 

Winding is con-
nected to stranded 
bare or insulated 
leads. Used where it 
is desired to have con-
necting wires a part 
of the resistor. 

BRACKET TYPE 

Have metal end 
brackets. Live brack-
et type is connected 
by bolting brackets 
to panel terminals. 
Dead bracket type 
has separate lugs. 

"CORRIB" TYPE 

Has edge-wound, 
exposed corrugated 
ribbon winding. For 
low resistances where 
100 watts or more 
must be dissipated in 
small space. 

In addition to the many types of resistors shown above, 
Ohmite offers resistors in more than sixty, different 
core sizes, and a wide range of wattages and resistance 
values. Ohmite engineers will be pleased to help you 
in selecting the right resistors for your needs. 

OH MITE MANUFACTURING CO 
4862 Flournoy Street  Chicago 44, Illinois 

Write on Company Letterhead 
for Catalog and Engineering Manual No. 40. 

Contains 96 pa reztaf useful data on the selection and 
application of r  ts, resistors, tap switches, and 

equipment. 

NONINDUCTIVE 
TYPE 

For radio frequen-
cy circuits where con-
stant resistance and 
impedance are re-
quired. Made in rug-
ged,vitreous-enameled 
type construction. 
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Atomic Instrument Com-
pany's Coincidence Ana-
lyzer, used with Geiger 
Counters, steps up ac-
curacy  of  coincidence 
experiments in cosmic ray 
and nuclear physics re-
search and general radio-
activity measurements. 

Teamwork between the engineer-
ing departments of Atomic Re-
search Company and CTC licked a 
serious time problem in the manu-
facture of the Coincidence Ana-
lyzer. Atomic Research Company 
specified what they needed in 
terminal boards and CTC saw to 
it that they got what they wanted 
in a hurry. Five Terminal Boards 
made of laminated phenolic and 
equipped with standard CTC feed-
through and single-ended lugs com-
prise CTC's contribution to this ex-
cellent piece of equipment. 
This is but one of many cases 

where CTC has cooperated with 
electronic and radio manufacturers 
with gratifying results. We are set 
up to create and produce assembled 
terminal boards to meet just about 
any specifications. Special terminal 
lugs, coils and chokes to fit particu-
lar requirements are also part of our 
custom engineering service. 

NE W COINCIDENCE ANALYZER 

USES CTC TERMINAL 

BOARDS 

WHAT IS YOUR PROBLE M' 

When you need terminal boards, 
check with us before your designs 
are too far advanced. Our engineers' 
long experience with laminated in-
sulating materials offer you expert 
analysis and satisfactory recom-
mendations, promptly. CTC's 
broad line of terminals usually 
fulfills any requirement. 

r 
Crideine oi 11%elnekteri 

Ti e (,..irretereii(eeel 

ConOonen14 

Swagers 
Short 
Lugs 

Split  Turrei 
Lugs  Lugs 

Double•End  Terminal 
Lugs  Boards  Coils 

CAMBRIDGE THE RMIONIC CORP. 

4S6 Concord Ave., Cambridge 38, Moss. 

Save Space 
and Weight 
with TRIAD 

VIS"Transfonners 

Both transformers shown above are high 
fidelity input transformers, frequency response 
from 20-20.000 cycles and 95db shielding. 
Yet the Triad transformer is only one-

seventh as large by volume, occupics one-
fourth the space and  is one-fourth  as 

heavy. In the production of today's high 
fidelity equipment, where space is at a premium, , 
that's important. 

Triad -HS" (hermetically sealed) transformers, 
built to meet JAN specifications, ore providing 
new standards of performance for quality elec-
tronic equipment — yet they cost little more than 
ordinary cased types. 
Triad builds a complete line of transformers 

for original equipment, replacement, geophysical 
and amateur applications. 

Write for 

Catalog TR-49 

2254 Sepulveda Blvd. 

Los Angeles 64, Calif. 
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CAST ALNICO  and III  RINGS 

Ogle °  -IVO PR NEM 
FOR MAGNETIC FOCUSING ASSEMBLIES 

elim 
In TELEVISION  SETS,  magnetic focusing  inates  blur; gives  clear,  sharp  
reception even during warm-up, or line  voltage fluctuatio rst focusi 

ns;  and thefi  and VI 
ng 

adjustment is the last. The thin ring-type permanent magnets of Alnico lds advancV 
produced by A.rnold for this use (several sizes are pictured here) are  cast. not 

sintered, in order to save on first cost. It's a difficult job, but Arno ' ed 
methods produce these rin gs in the desired qua lity and any quantity, without trouble,. 
No matter what the application, in any gr ade of Alnico or other materials, you 

can  depend on  Arnold Permanent Magnets. We'll welcome  your inquiries. 

r 'tf..",-ZhVoSVE.,, f,3,744 

THE A R N OL D ENGINEERING CO MPANY 

Subsidiary of 

ALLEGHENY LUDLUM STEEL CORPORATION 
147 East Ontario Street, Chicago 11, Illinois 

Specialists and Leaders in the Design, Engineering and Manufacture of PERMANENT MAGNETS 
Armigairow  
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• • • the economy of thoriated-tungsten filaments 
and improved cooling in high-power tubes 

Here is unparalleled tube value... 

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

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

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

These five new RCA tube types are 
.'musts" for designers of broadcast, 
communications and industrial elec-
tronic equipment where design and 
operating economies alike are im-
portant considerations. 
Forced-air-cooled assemblies and 

TUBE DEPARTMENT 

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

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

RA DIO CORPORATIO N of A MERICA 
H A R RIS O N, N. J, 
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Telegraph Company on the Pacific Coast. In 1925 he 
constructed and operated a radiotelegraph system be-
tween Salt Lake City and Los Angeles for the Western 
Air Express, which was followed in 1927 by develop-
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visory Committee. 
During World War II he was chief of the National 
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Certificate of Merit. 
Mr. Pratt is a member of Sigma Xi, Fellow of the 

American Institute of Electrical Engineers, Fellow of 
the Radio Club of America, and an Associate Fellow 
of the Institute of the Aeronautical Sciences. 
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By decision of the Board of Directors of the Institute, a major new service 
to the IRE membership has been established. Its genesis and purpose are 
described in the following statement from the Technical Editor.—The Editor. 

IRE Standards Publication Policy 

Standardization is essential to the orderly expansion and progress of a technological field. 
The Institute of Radio Engineers, sensible of its responsibilities in this regard, appointed 

a Committee on Standardization immediately following its foundation in 1912, and the next 
year published a report dealing with definitions of terms, letter and graphical symbols, and 
methods of testing and rating equipment. Since that time, standardization activities have played 
a permanent and prominent role in Institute affairs, resulting in the eventual formation of 
more than twenty technical, committees. These activities have contributed appreciably to the 
advancement of the electronic and communication art, bringing conformity and clarity to all 

fields of endeavor. 
The Standards publication program of the Institute has been modified from time to time in 

the past to meet the needs of a rapidly growing field. The initial Standards report of 1913 was 
succeeded by revised reports appearing in 1915, 1922, 1926, 1928, 1931, and 1933. Each report 
contained, in a single document, data on all branches of the art. Due to the rapid strides made in 
certain fields, the Committee on Standardization, during 1924 and 1925, was supplemented 
with a number of subcommittees, each one of which concerned itself with one specialized branch. 
As a result of this change in committee structure, the 1926 and subsequent Standards reports 
each were separated into several sections. Eventually it was found desirable to give these sub-
committees full standing-committee status. Accordingly there was initiated in 1938 a new 
series of Standards in which each Standard dealt with a separate field. More recently, this sub-
division has been carried further by the publication of separate Standards within each field on 
definition of terms, on symbols, and on measuring and testing methods. 
The rapid growth of the electronic and communications field has occasioned a correspondingly 

large increase in Institute membership. As a result, the method of distributing Standards here-
tofore has become increasingly inadequate. Therefore, the Board of Directors plans as a con-
tinuing procedure, subject to ur.foreseen contingencies, to publish all Standards, prepared 
by the Technical Committees of the Institute, in the PROCEEDINGS OF THE I.R.E. This is re-
garded as a valuable new service to the membership as it will make available to all members 
each Standard that is published, thereby ensuring the widest practicable distribution of Stand-
ards without additional cost to the members. As a matter of convenience, all issues of the 
PROCEEDINGS containing Standards will be identified by a red border on the spine and a cor-
responding notice in red on the front cover. In additiou, those individuals who wish to maintain 
a separate file of IRE Standards may purchase reprints, while available, of those Standards 
published in the PROCEEDINGS from Institute headquarters. 
The Institute is therefore pleased to place before the membership in this issue of the PRO-

CEEDINGS OF THE I.R.E. the first Standards to be published in accordance with the new Institute 

Standards publication policy. —The Technical Editor. 



1364  PROCEEDINGS OF THE I.R.E. Der em/pr 

Standards on 

RADIO AIDS TO NAVIGATION: DEFINI-

TIONS OF TER MS, 1 949* 

W. R. G. Baker 
H. S. Black 
G. P. Bosomworth 
J. G. Brainerd 
G. M. Brown 
R. S. Burnap 
Henri Busignies 

P. A. D'Orio 
F. C. Dyer 
D. H. Ewing 
R. C. Ferrar 
N. L. Harvey 
C. J. Hirsch 

CO M MITTEE PERSONNEL 

Standards Committee, 1948-1949 

A. B. CHAMBERLAIN, Chairman 
L. G. Cummnio, Vice-Chairman 

W. G. Cady 
P. S. Carter 
H. A. Chinn 
M. G. Crosby 
A. E. Cullum, Jr. 
Eginhard Dietze 
D. G. Fink 

L. R. Hafstad 
Keith. Henney 
J. V. L. Hogan 
L. C. F. Hone 
A. G. Jensen 
E. A. Laport 
J. A. Pierce 

Navigation Aids Committee, 1946-1949 

HENRI BUSIGNIES, Chairman, 1948-1949 
J. A. PIERCE, Chairman, 1948 
D. G. FINK, Chairman, 1946-1948 

A. B. Hunt 
William Jackson 
D. S. Little 
R. E. McCormick 
H. R. Mimno 

H. K. Morgan 
F. L. Mosley 
Marcus O'Day 
G. H. Phelps 
J. A. Rankin 

1. INTRODUCTION 

1.1. Definition 

"Navigation" is the process of finding the position 
of a vehicle, and directing it to reach a desired destina-
tion. 

Note: Navigation is inherently three-dimensional. 
It is often reduced to two dimensions by projecting all 
positions, courses, and speeds upon the surface of 
the earth. The measurement of a navigational co-
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W. 0. Swinyard 
J. R. Weiner 
H. A. Wheeler 
L. E. Whittemore 

W. M. Richardson 
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E. G. Schneider 
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R. R. Welsh 

ordinate defines a surface of position. The intersection 
of this surface of position with the surface of the 
earth is the conventional line of position. The position 
of the vehicle is at the intersection of three surfaces 
of position; it may be so defined or it may be defined 
as the intersection of two lines of position (at the 
surface of the earth). Thus altitude is ordinarily dealt 
with independently as one co-ordinate, while the 

• Reprints of this Standard, 49 IRE 12. SI, may be purchased while available from The Institute of Radio Engineers, I East 79 Street, 
New York 21, N. Y., at $0.60 per copy. A 20% discount will be allowed for 100 or more copies mailed to one address. 
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other two are converted into horizontal distance and 
direction or into latitude and longitude. When the 
vertical component of a course is of comparable im-
portance to the horizontal components it is often 
advantageous to treat the navigational process in 
terms of three appropriate surfaces of position. 
Note: Navigation is ordinarily carried out continu-

ously throughout a journey. All observed quantities 
are functions of time. 

1.2. Conditions 

Navigation must be carried on under three sets of 
conditions that apply at various distances from the 
starting point, way points, or destination; that is: 

1.2.1. At distances such that the knowledge of posi-
tion alone is adequate to determine the proper course 

to the objective. 

1.2.2. At distances such that the .operation of other 
vehicles in the vicinity becomes a vital factor in the 
choice of procedure. 

1.2.3. At distances such that the relation between 
the course of the moving vehicle and the positions of 
fixed bodies, such as docks or landing strips, assume 
paramount importance 

1.3. Operations 

Navigation consists of four basic operations: dead-
reckoning, fixing, pilotage, and homing. 

1.3.1. "Dead-reckoning" is the procedure of advanc-
ing a known position to give a position at a later time 
by addition of one or more vectors representing known 
courses and distances. 

Note: One or more of the vectors may represent 
currents in the sea or air. The distances are ordinarily 
found by measurements of speeds and time inter-
vals. 

1.3.2. "Fixing"  is the  determination  of position 
without reference to any former position. 

Note: In case the various elements of a "fix" are 
not obtained simultaneously, they may be converted 
to a common time. Having obtained two or more 
"fixes," at known time intervals, the navigator may 
determine or verify certain of the vectors which he 
uses in dead-reckoning. 

1.3.3. "Pilotage" is navigation without computation 
of position, by directing a vehicle to its destination 
through observation of landmarks in the vicinity of the 
vehicle. 

Note: Pilotage may be performed either by direct 
visual, aural, mechanical, or electronic observation. 

1.3.4. "Homing" is approaching a desired point by 
following a route such that some' navigational co-
ordinate (other than altitude) is held constant. 

1.4. Radio Fixing Aids 

The radio fixing aids to navigation may be classified 
in terms of the geometrical relation between the vehicle 
and the known points, lines, or surfaces as follows: 

1.4.1. Single Fixed Vertical Line in Space. (In two-
dimensional navigation, the identification of a single 
point on the surface of the earth.) 
Example: Zone (Z) marker. 

1.4.2. Radial Lines-of-Position 
a. Directional aids—the frame of reference is at-

tached to the vehicle. 
Example: Radio direction finding from the vehicle. 
b. Azimuthal aids—the frame of reference is fixed 

with respect to the earth. 
Example: Omnidirectional range. 

1.4.3. Distance Measurement 
a. Distance from one or more discrete points. (Cir-

cular lines of position.) 
Example: Shoran, oboe, or distance measuring equip-

ment (DM E). 
Note: The measurement involves transmission in 

both directions over the path. The measurement may 
be initiated from either the fixed points or the vehicle. 
b. Distance from a line. (Cylindrical surface of posi-

tion.) 
Example: Maintenance of a signal of constant ampli-

tude by traveling at a constant distance from a long 
wire radiating electromagnetic waves with uniform 
cylindrical symmetry. 
c. Distance from a surface. (The surface of position 

dependent upon the reference surface.) 
Example: Radio altimeter (reference is surface of 

earth). 

1.4.4. Distance-Difference Measurement (hyperbolic lines 

of position). 
The difference between the distances from two fixed 

points is measured without knowledge of either distance. 
Example: Loran, gee. 

1.4.5. Distance-Sum Measurement (elliptical lines of 

position). 
The sum of the distances of two fixed points is meas-

ured without knowledge of either distance. This process 
is similar to 1.4.3 a, except that the transmitter and re-
ceiver of the transponder are separated by a fixed known 

distance. 

1.4.6. Composite Aids to Fixing 
The basic processes and co-ordinate systems, out-

lined above, are not mutually exclusive. They may be 
combined in a wide variety of ways (including the use of 
computers) to form numerous specific navigational sys-
tems. The various "elements of a fix" (i.e., co-ordinates 
of position) may be determined by different basic meth-
ods, of which the following are typical examples: 
a. Polar co-ordinate methods 
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Examples: Radar-PPI (combining 1.4.2 a and 1.4.3 
a), omnidirectional range plus distance-measuring 
equipment (combining 1.4.2 b and 1.4.3 a). 
b. Point identification (combining 1.4.1 and 1.4.3 c). 
Example: Zone (Z) marker plus altimeter. 

c. Hyperbolic-elliptical 
bining 1.4.4 and 1.4.5). 
d. Intersection of two 
Examples: Beam-type 

(ILS), Ground control of 

co-ordinate methods (corn-

identifiable surfaces. 
instrument approach system 
approach radar (GCA). 

2. DEFINITIONS OF STANDARD NAVIGATION NO MENCLATURE 

The following table presents a summary of suggested 
standard nomenclature (defined elsewhere) as the rela-
tion of navigation coordinates to the plan, enroute 
indication, and result. 

Co-ordinate Navigational 
Plan 

Instrument 
Indication Result 

Horizontal Compo-
nent of Direction 

Vertical Component 
of Direction 

Horizontal Compo-
nent of Path 

Vertical Component 
of Path 

Path (3 Dimensions) 

Horizontal Compo-
nent of Speed 

Vertical Component 
of Speed 

Time Schedule 

Course 

Slope Angle 

Course Line 

Altitudes 

Path (or Flight 
Path) 

Estimated Ground 
Speed 

Estimated Rate of 
Climb 

Estimated  Time 
at Each Point 

Heading 

Pitch Attitude 

Position 

Position 

Position 

Speed (any 
method) 

Rate of Climb (or 
Dive) 

Time (at any 
point) 

Course made good 

Slope angle made 
good 

Track (or Hori-
zontal Track) 

Vertical Track 

Track (or Flight 
Track) 

Ground Speed 

Vertical Speed 
• 

Elapsed Time (Be-
tween any Points) 

Three terms used in navigation, "bearing," "heading," 
and "course," are defined on later pages. When these 
words are used without modifier, the reference direction 
from which measurements are made is indefinite. Thus, 
the definitions of these three terms involve measure-
ment of angles from references which are unstated. 
A number of modifiers are used with these words to 

define the reference. For example, we may have "true 
bearing," "true heading," and "true course." Each of 
these is defined hereafter. The modifier "true" gives the 
reference direction as true north. The angles for bearing, 

heading, and course in their "true" sense can be meas-
ured by any desired means. 
The modifiers and their reference directions are as 

follows: 
True. The reference direction is true north. Azimuth 

is the same as true bearing. It is suggested, however, 
that the word "azimuth" be reserved for celestial angles 
used in navigation and for other purposes, such as sur-
veying. Thus, for purely terrestrial navigational use, 
the term "true bearing" is preferred. 
Magnetic. The reference direction is magnetic north. 
Compass. The reference direction is the north mark 

on the compass card of a magnetic compass (or re-
peater). Deviation has an effect on the angle of the north 
point of the card with reference to magnetic north. 
Further, the calibration of the compass card may not be 
correct. However, the reference as stated is the north 
mark on the compass card and the reference reading 
is obtained at the lubber line on the compass case as 
indicated on the marked compass scale. "Corrected com-
pass" means "magnetic," which is given above. 
Relative. The reference direction is the vehicle's head-

ing, which is the forward direction along the vehicle's 
longitudinal center line. "Relative heading" and "rela-
tive course" should not be used. The proper terms are, 
respectively, "heading" and "drift angle." 
Grid. The reference direction is the top of a grid 

which, for polar navigation, is a grid of rectangular co-
ordinates superimposed over the polar regions. One line 
on this grid coincides with the Greenwich meridian. 
North on this grid is the direction upward on'the chart, 
usually the direction of the North- Pole from Green-
wich. 

3. DEFINITIONS OF TER MS 

ADF. Automatic direction finder, specifically as 
used in aircraft. 
Aided Tracking. A system of tracking a signal in 

bearing, elevation, or range, or any combination of 
these variables, in which a constant rate of motion of 
the tracking mechanism is maintained such that the 

motion of the target can be followed. The operator ad-
justs the rats by controlling an error parameter. 
Airborne Radar. A radar set providing information in 

an aircraft about the relative position of fixed identifica-
tion points or other aircraft. 

Air Position Indicator (API). A dead reckoning corn-
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puter which integrates headings and speeds to give a 
continuous indication of position with respect to the 
air mass in which the vehicle is moving. 
Altitude. Vertical distance above sea level. 
Ambiguity. The condition obtaining when naviga-

tional co-ordinates define more than one point, direc-
tion, line of position, or surface of position. 
Angle of Elevation. The angle measured at the ob-

server between the horizontal plane and the line to the 

object. 
A-N Radio Range. A navigational aid that establishes 

four radial equisignal zones, a deviation from the zones 
being indicated by the audible Morse Code letters A or 
N and the on-course indication being a continuous tone. 
Approach Navigation. Navigation under such condi-

tions that the approach to a dock or runway becomes of 
major importance. 
Approach Path. That portion of the flight path in the 

immediate vicinity of the landing area where the flight 
path is ordinarily defined in three dimensions. 
A-Scope. A cathode-ray indicator with a horizontal 

or vertical sweep, giving signal amplitude and distance. 
Signals appear as vertical or horizontal deflections on 

the time scale. 
Aural Radio Range. A radio range facility whose 

courses are normally followed by interpretation of the 
transmitted aural signal. 
Automatic Tracking. Tracking in which a servomech-

anism follows the signal automatically. 
Auto-Radar Plot. See Chart Comparison Unit. 
Azimuth. Same as true bearing and usually associated 

with celestial navigation. 
Azimuth-Stabilized PPI. A PPI on which indicated 

north is fixed with respect to the heading of the vehicle, 
usually at the top of the screen. 
Baseline. The geodesic between two stations that 

operate in conjunction for the determination of navi-
gational co-ordinates. 
Bearing. The angle in the horizontal plane between a 

reference direction and the line jointing the observer 
with an object, usually measured clockwise from the 
reference direction. 
B-Scope. A cathode-ray indicator in which a signal 

appears as a spot with bearing as the horizontal co-
ordinate and distance as the vertical co-ordinate. 
Boundary Marker. A marker facility, in an instrument 

landing system, which is installed near the approach end 
of the landing runway and approximately on the lo-
calizer course line. 
Carrier Controlled Approach (CCA). A radar system 

for aiding landing on aircraft carriers. 
Center Line. The locus of the points equidistant from 

two reference points or lines. 
Chain. A network of similar stations operating as a 

group for the determination of position. 
Challenge. See Interrogation. 
Challenger. See Interrogator. 

Chart Comparison Unit. A device for positioning a 
radar map on a navigational chart. 
Coder. See Pulse Coder. 
Coding Delay. An arbitrary time delay in the trans-

mission of pulse signals, usually inserted at a trans-

mitting station. 
Compass Bearing. The angle in the horizontal plane 

between the direction of magnetic north on the com-
pass card and the line joining the observer and the ob-
ject, usually measured clockwise. 
Compass Course. The directng in the horizontal 

plane of intended travel with respect to the direction of 
magnetic north on the compass card, usually measured 

clockwise. 
Compass Heading. The angle in the horizontal plane 

between the direction of magnetic north on the compass 
card and the line along which the vehicle is pointing, 
usually measured clockwise. 
Corner Reflector. A reflecting object consisting of two 

or three mutually intersecting conducting surfaces. 
(Definition of Antennas Committee.) 

Note: Corner reflectors may be dihedral or tri-
hedral. Trihedral reflectors may be used as radar 
targets. 
Corrected Compass Course. Same as Magnetic Course. 
Corrected Compass Heading. Same as Magnetic Head-

ing. 
Count Down. The ratio of the number of interrogation 

pulses not answered to the total number of interrogation 
pulses in a transponder beacon. 
Course. The direction of intended travel projected in 

the horizontal plane expressed as an angle from a refer-
ence direction, usually measured clockwise. 
Course Line. The horizontal component of path of 

proposed travel for the vehicle. It comprises course and 
the element of distance. 
Course Error. The angular difference between the 

planned course and the course made good by an air-

craft. 
Course (Line) Computer. The equipment which pro-

vides the means by which any arbitrary course line may 
be set up and flown, such as that used in connection 
with ODR and DM E equipment. 
Course (Line) Deviation Indicator. A cross-pointer 

instrument indicating deviation from a course line. 
Course Made Good. The resultant direction the vehicle 

bears from a point of departure or waypoint, usually 
measured clockwise from true north. 
Course (Line) Selector. An instrument providing 

means to select the course to be flown. 
Crossing Angle. The angle at which two lines of posi-

tion, or courses lines, intersect. 
C-Scope. A cathode-ray indicator in which a signal 

appears as a spot with bearing as the horizontal co-
ordinate and elevation angle as the vertical co-ordinate. 
Dead Reckoning. Determination of position by ad-

vancing a known position through the addition of one 
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or more vectors representing known courses, times, and 
speeds. 

Decoder. A circuit which responds to a partieular 
coded signal and rejects others. 
Desired Track. See Path. 
Destination. The point of intended arrival. 

Differential Gain Control. (Also called Gain Time 
Control or Sensitivity Time Control.) A device for alter-
ing the gain of a radio receiver at the times when 
various signals are expected, in order to reduce the dis-
crepancy in amplitude between the signals at the output 
of the receiver. 

Directional Homing. The procedure of following a 
path such that the objective is maintained at a constant 
relative bearing. 

Direction Finder (DF). A radio aid to navigation 
that determines the direction of arrival of a radio signal 
by measuring the orientation of the wave front or of 
the magnetic or electric vector of a radio wave. 
Distance Measuring Equipment (DME). A radio aid 

to navigation that determines the distance from a 
transponder beacon by measuring the total time of 
transmission to and from the beacon. 
Distance Mark. A mark on a cathode-ray indicator 

which indicates the distance from a radar set to a target. 
Drift Angle. The angular difference between the 

heading and the course made good. 

Electrical Distance. The distance traveled by radio 
waves in a unit of time. A convenient unit of electrical 
distance is the light microsecond, or about 983 feet 
(300 meters). In this unit the electrical distance is 
numerically equal to the transmission time in micro-
seconds. 

Elements of a Fix. The specific values of the naviga-
tional co-ordinates necessary to define a position. 
Equiphase Zone. The region in space within which 

the difference in phase of two radio signals is indis-
tinguishable. 

Equisignal Zone. The region in space within whic 
the difference in amplitude of two radio signals (usuall 
emitted by a single station) is indistinguishable. 
Fan Marker. A vhf radio beacon, in an instrumen 

landing system, having a fan-shaped radiation patter 
and located along an airway radio range leg to provide 
position fix. 

Fix. Position determined without reference to an 
former position. 

Flag Alarm. A semaphore-type flag provided in 
navigational indicator to warn the pilot that a system 
failure has occurred. 

Flight-Path. The path in space planned for an aircraft 
flight. 

Flight-Path Computer. A computer including all of 
the functions of a course line computer and in addition 
providing means for controlling the altitude of the air-
craft in accordance with any desired plan of flight. 
Flight-Path Deviation-Indicator. An instrument pro-

viding an indication of deviation from flight path. 

Flight Track. 
an aircraft. 
Gain Time Control. See Differential Gain Control. 
Geodesic. The shortest line on the surface of the earth 

between two points. 
Glide Path. See Glide Slope. 
Glide Slope. (Previously called Glide Path.) An in-

clined surface of signal extending upward at an angle to 
the horizontal from the point of desired ground contact. 
Glide Slope Facility. The means of providing a glide 

slope. 

Grid Bearing. The angle, usually measured clockwise, 
between grid north and the initial direction of the arc 
of a great circle through an observer and a point. 
Grid Course. A direction of intended travel projected 

in the horizontal plane expressed as an angle from grid 
north, usually measured clockwise. 

Grid Heading. A direction in the horizontal plane ex-
pressed as an angle from Grid North to a line along 
which a vehicle is pointed, usually measured clockwise. 
Grid North. An arbitrary reference direction used in 

connection with the Grid System of navigation. The 
reference direction is the top of a grid which, for polar 
navigation, is a grid of rectangular co-ordinates super-
imposed over the polar regions. One line on this grid 
coincides with the Greenwich Meridan. North of this 
grid is the direction upward on the chart, usually the 
direction of the North Pole from Greenwich. 

Ground Controlled Approach (GCA). A ground radar 
system providing information by which aircraft ap-
proaches may be directed via radio communications. 
Ground Distance. The horizontal component of dis-

tance from one object to another. 

Ground-Position Indicator (GPI). A dead-reckoning 
tracer, similar to an air position indicator with provision 
for taking account of drift. 

Ground Surveillance Radar. A radar set operated at a 
fixed point for observation and control of the position of 

h aircraft or other vehicles in the vicinity. 
Heading. The angle in the horizontal plane between a 

reference direction and the line along which the vehicle 
t is pointing, usually measured clockwise. 

Homing. Following a course directed toward a point 
a by maintaining constant some navigational coordinates 

(other than altitude). 

Instrument Landing System (ILS). A radio system 
which provides in the aircraft the directional, longi-

a tudinal, and vertical guidance necessary for landing. 
Interrogation. Transmission of a radio-frequency pulse 

or combination of pulses intended to trigger a trans-
ponder or group of transponders. 

Note: Sometimes called Challenge. 
Interrogator. See Interrogator-Responsor. 
Interrogator-Responsor (IR). A radio transmitter and 

receiver combined to interrogate a transponder and dis-
play the resulting replies. 

Note: Sometimes called Challenger. 
Lattice. A grid of identifiable lines of position laid 

The track in space actually traced 6\ 
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down in fixed positions %% it h respect to the transmitters 
that establish it. 
Leader Cable. A navigational aid consisting of a cable 

around which a magnetic field is established, marking 
the path to be followed. 
Line of Position. A line along which two navigational 

co-ordinates are constant; known values of these co-
ordinates establish the navigator's position as some-
where along this line. 
Localizer. A radio facility which provides signals for 

lateral guidance of aircraft with respect to a runway 
center line. 
Long-Range Navigation. Navigation at distances 

such that knowledge of position and objective alone are 
sufficient to permit determination of the proper course. 
Magnetic Bearing. The angle in the horizontal plane 

between the direction of magnetic north and a line join-
ing the observer and the object, usually measured clock-
wise. 
Magnetic Course. The direction in the horizontal plane 

expressed as the angle of intended travel with respect to 
the direction of magnetic north. 
Magnetic Deviation. Angular difference between com-

pass reading and magnetic heading. 
Magnetic Heading. The angle in the horizontal plane 

between the direction of magnetic north and the line 
along which the vehicle is pointing, usually measured 
clockwise. 
Marker. In an instrument landing system, a radio 

facility providing" a signal to designate a small area 
above it. 
Master Station. The station of a synchronized group 

of stations that governs the emissions of the group. 
Matching. In navigation, the process of bringing two 

quantities into suitable positions for measurement of 
their relative value. 
Middle Marker. A marker facility which is installed 

approximately 3,500 feet from the approach end of the 
runway on the localizer course-line. 
Minimum Distance. The shortest distance at which a 

navigational system will function. 
Moder. See Pulse Coder. 
Moving Target Indicator (MTI). A device which lim-

its the display of radar information primarily to moving 
targets. 
Navigation. The process of finding the position of a 

vehicle and directing it to reach a desired destination. 
Navigational Co-ordinate. A quantity whose measure-

ment serves to define a surface of position (or a line of 
position if one surface is already known) containing the 
vehicle. 
North-Stabilized PPI. See Azimuth-Stabilized PPI. 
Offset-Course Computer. An automatic computer 

which translates reference navigational co-ordinates 
into those required for a predetermined course. 
Omnibearing. The bearing, usually magnetic, of an 

omnidirectional range station from a vehicle. 
Omnibearing Indicator. An instrument providing au-

tomatic and continuous indication of the omnibearing. 
Omnibearing Converter. An electromechanical device 

which combines the omnibearing signal with vehicle 
heading information to furnish electrical signals for the 
operation of the pointer of a radio magnetic indicator. 
Omnibearing-Distance Facility. A radio facility, hav-

ing an omnidirectional range in combination with 
distance-measuring equipment. 
Omnibearing-Distance Navigation (R-THETA). Ra-

dio navigation utilizing a polar-coordinate system as a 
reference, making use of omnibearing-distance facilities. 
Omnibearing Selector. An instrument capable of being 

set manually to any desired omnibearing, or reciprocal 
thereof, which controls a course line deviation indicator. 
Omnidistance. The distance between the vehicle and 

an omnibearing-distance facility. 
Omnirange (or Omnidirectional Range). A facility pro-

viding navigators with direct indication of the bearing 
of the omnirange facility from the vehicle. 
Outer Marker. In an instrument landing system, a 

marker facility installed at approximately 5 miles from 
the approach end of the runway on the localizer course 
line.  • 
Path. The proposed route of a vehicle in space. In 

surface navigation, the proposed route on the surface. 
Phase Localizer. A localizer in which two signals are 

compared in phase to obtain lateral guidance. 
Pilotage. Navigation without explicit determination 

of position, by directing a vehicle to its destination by 
observation of landmarks. 
Pitch Attitude. The angle between the longitudinal 

axis of the vehicle and the horizontal. 
Polar Grid. See Grid. 
Position. The location of a vehicle as determined by 

specific values of three or more navigational co-ordinates. 
Plan Position Indicator (PPI). A cathode-ray indi-

cator in which a signal appears on a radial line. Dis-
tance is indicated radially and bearing as an angle. 
Pulse Coder. A circuit which sets up a plurality of 

pulses disposed in an identifiable pattern. 
Pulse Interval. The interval between the leading 

edges of successive pulses in a sequence characterized by 
uniform spacing; recurrence interval. 
Pulse Spacing. The interval between the leading edges 

of successive pulses. 
Pulse Train. A group of pulses of similar characteris-

tics. 
Quadrantal Error. Angular error of a measured bear-

ing caused by disturbances due to the characteristics of 
the vehicle or station. 
Racon. An abbreviation of "radar beacon"; a re-

sponder beacon for use with a radar set. 
Note: See Transponder. 

Radar. A device that measures the distance and 
direction of objects by reflection of radio waves. 
Radio-Autopilot Coupler. Equipment providing means 

by which an electrical navigational signal will operate 
the automatic pilot to allow automatic flight. 
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Radio Beacon. A radio facility, usually a non-direc-
tional radio transmitter, providing signals for radio 
direction-finding observations. 
Radio Direction Finding. Radiolocation in which only 

the direction of a station is determined by means of its 
emissions. 
Radiolocation. Determination of a position or of a 

direction by means of the constant velocity or recti-
linear propagation properties of the Hertzian waves. 
Radio Magnetic Indicator (R MI). An instrument 

which presents a combined display of vehicle heading, 
relative and magnetic bearings, and omnibearings of 
the radio station being utilized for navigation purposes. 
Radio Navigation. Navigation by means of radio 

signals. 
Radio-Range. A radio facility providing radial equi-

signal zones. 
Range. See Operating Distance, and Radio Range. 
Range Mark. See Distance Mark. 
Recurrence Rate. See Repetition Rate. 
Reference Direction. The direction used as a reference 

for angular measurements. 
Reference Line. A line passing through a reference 

point and an observer. 
Relative Bearing. The angle, usually measured clock-

wise, between the heading of a vehicle and the initial 
direction of the arc of a great circle through an observer 
and a point. 
Relative Course. See Drift Angle.  • 
Relative Heading. The heading itself. "Relative" is 

superfluous. 
Repetition Rate. The rate at which recurrent signals 

are transmitted. 
Reply. A radio-frequency pulse or a combination of 

pulses transmitted by a transponder as a result of an 
interrogation. 
Resolution. The degree to which nearly equal values 

of a quantity can be discriminated. 
Responder Beacon. See Transponder. 
Responder. A receiver in a transponder whose function 

is to receive the signals transmitted from a beacon. 
Scanning. A periodic motion given to the major lobe 

of an antenna. 
Note: Definition of Antennas Committee. 

Searchlighting. Projecting the radar beam continu-
ously at an object instead of scanning. 
Sensing. The relative direction of motion of a devia-

tion indicator needle resulting from departure of a 
vehicle from the desired flight path. 
Service Area. The area within which a navigation aid 

is of use. 
Short Distance Navigation. Navigation which is 

predicated upon aids spaced less than 200 miles apart. 
Slant Distance. The distance from an object to an-

other object not at its own elevation. Used in contrast 
to ground range. 
Slave Station. A station of a synchronized group 

whose emissions are controlled by a master station. 

Slope. The projection of a flight path in the vertical 
plane. 
Slope Angle. The direction of a flight path expressed 

as an angle projected on the vertical plane. 
Slope Deviation. The difference between the projecion 

in the vertical plane of the actual path of movement of 
a vehicle and the planned slope for the vehicle expressed 
in terms of either angular or linear measurement. 
Sonar. The general name for sonic and/or ultrasonic 

underwater echo-ranging and echo-sounding systems. 
Stable Element. A gyroscopic instrument which main-

tains a true vertical and shows angles of deviation of 
the ship's deck or aircraft's axis from the true horizontal. 
Stabilization. A system for maintaining a device in a 

desired direction in space despite the motions of the 
ship or aircraft. 
Star Chain. A group of navigational radio trans-

mitting stations in Y form with the master facility in 
the Center and three (or more) slave facilities around 
the circumference of a rough circle. 

Surface of Position. A surface that is defined by a 
constant value of some navigational coordinate. 
Terrain Clearance Indicator (Sometimes called Abso-

lute Altimeter). A device measuring the distance from an 
aircraft to the surface of the sea or ground. 

Tilt. The angle which an antenna axis forms with 
the horizontal. 
Time Gain Control. See Differential Gain Control. 
To-Front Indicator. An instrument to show whether 

the numerical reading of an Omnibearing Selector for 
an "on course" indication of the omnibearing indicator 
represents the bearing toward or away from a vhf 
omnirange. 

Tone Localizer. A localizer which transmits two 
modulation frequencies for amplitude comparison. 
Track. The projection on the earth's surface of the 

actual path followed by a vehicle. 

Tracking. The process of keeping radar beams or the 
cross hairs of an optical system set on a target. 

Track Homing. The process of following a line of posi-
tion known to pass through an objective. 
Transponder. A transmitter-receiver facility whose 

function is automatically to transmit signals when the 
proper interrogation is received. 
Transponder-Beacon. See Transponder. 
Triplet. Three radio facilities operated as a group for 

the determination of positions. 

True Bearing. The angle measured clockwise be-
tween true north and the initial direction of an arc of a 
great circle through an observer and a point. 
True Course. A direction of intended travel projected 

in the horizontal plane expressed as an angle measured 
clockwise from true north. 

True Heading. A direction in the horizontal plane ex-
pressed as an angle measured clockwise from true north 
to a line along which a vehicle is pointed. 
True Homing. The process of following a course such 
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that the true bearing of a vehicle as seen from an 
objective is held constant. 
Variation. The angular difference between true and 

magnetic bearings. 
VHF Omnirange. A vhf radio navigation station pro-

viding direct indication of the magnetic bearing (omni-
bearing) of that station from a vehicle. 
Visual-Aural Radio Range. A radio range which pro-

vides aural sector identification and visual course indi-
cation. The visual course of this range defines the pri-
mary navigation course and is flown by visual means. 

The aural sector identification results in an aural course 
at 900 to the visual course. 
Visual Radio Range. Any range facility the course of 

which is flown by visual instrumentation not associated 
with aural reception. 
Way-Point. A course line point the co-ordinates of 

which are defined in relation to established radio navi-
gation aids. 
Zone (Z) Marker. A vhf radio facility located at air-

ways radio range stations to indicate position above 
such ranges. 

4. SUPPLE MENTARY DEFINITIONS 

The following supplementary list offers brief descrip-
tions of a number of navigation aids known chiefly by 
recently adopted names that are not yet universally 
recognized. The definitions are recorded for informa-
tion but not for standardization. 
Babs. Blind Approach Beacon System. A pulse-type 

ground-based navigation beacon used for runway ap-
proach at airfields. 
Benito. A continuous wave navigation system measur-

ing range and azimuth from one or more ground stations. 
The range is determined by a phase comparison method. 
Consol. British- code word for Sonne. 
Decca. A continuous wave differential distance hy-

perbolic radio aid to navigation in which the receiver 
measures and integrates the relative phase difference 
between the signals received from two or more syn-
chronized ground stations. 
Electra. A German continuous wave navigation sys-

tem using radio beacons providing multilobe equisignal 
patterns. 
Eureka. The ground radar beacon of the Rebecca-

Eureka navigation system. 
GCI. Ground Controlled Interception. A radar system 

by means of which a controller at the radar may direct 
an aircraft to make an interception of another aircraft. 
Gee. A medium range hyperbolic radio aid to naviga-

tion whose position lines are determined by measuring 
the difference in time of arrival of synchronized pulsed 

signals. 
Gee H. A combination of the Gee and H systems of 

navigation. 
H. A radar air navigation system using an airborne 

interrogator to measure distance from two ground re-
sponder beacons. 

Note: See Shoran. 
Lanac. Laminar Navigation Anti-Collision. This sys-

tem consists of air and ground radar and beacon equip-
ments with height coding of the aircraft transmitter 
pulses. 
Loran. A long range pulsed hyperbolic radio aid to 

navigation whose position lines are determined by the 
measurement of the difference in the time of arrival of 
synchronized pulses. 
MEW. Microwave Early Warning. A high power 

long-range, 10-centimeter early warning radar with a 
number of indicators, giving high resolution and large 
handling capacity. 
Navar. A co-ordinated series of radar air navigation 

and traffic control aids including both air and ground 
equipments. 
Navaglobe. A long range continuous wave lf naviga-

tion system of the amplitude comparison type. 
Oboe. A radar navigation system consisting of two 

ground stations measuring distance to an airborne re-
sponder beacon and relaying information to the air-
craft. 
POPI. Post Office Position Indicator. A continuous 

wave If navigation system of the phase comparison 

type. 
Rebecca. The airborne interrogator responder of Re-

becca-Eureka, a radar responder beacon system. 
SBA. Standard Beam Approach. A continuous wave 

approach system using a localizer and markers. 
Shoran. Short Range Navigation. A precision posi-

tion fixing system using a pulse transmitter and receiver 
and two transponder beacons at fixed points. 
Sonne. A radio aid to navigation that provides a 

number of equisignal zones which rotate in a time se-
quence so that a navigator may determine his true bear-
ing from the transmitter by observation of the instant 
at which he hears the equisignal. 
Teleran. Television and radar navigation system. 

Television image of ground PPI and map and weather 
data are presented in the aircraft. 
Tricon. A radar system in which the receiver records 

the coincidence of received pulses from a group of three 
ground stations pulsed in variable time sequence. 
VOR. Vhf phase comparison omnidirectional radio 

range system developed by the Civil Aeronautics Ad-

ministration. 
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1. INTRODUCTION 

These Standards cover definitions of terms and meth-
ods of testing communication receivers designed to re-
ceive frequency-modulated (FM) waves in the fre-
quency range from 25 to 225 megacycles. In view of the 

several bands presently allocated for communications 
services in this range and the possibility that these bands 
may be modified from time to time, carrier-frequency 
limits for the individual sub-bands are not specified. 

2. DEFINITIONS OF TERMS 

2.1. Test Frequencies 

In general, the test frequencies for the various desig-
nated sub-bands consist of one frequency near the lower 
edge of the sub-band, one near the upper edge, and one 
near the center. When measurements are to be made at 
a single frequency only, that frequency should be chosen 
near the center of the sub-band unless the equipment is 
designated for a specific frequency, in which case its 
specified operating frequency should be used. 

2.2. Test Input Signals 

Input-signal intensities may be expressed in either of 

two ways: 
(a) In terms of available power, in which case the in-

put is expressed in decibels below 1 watt. 
(b) In terms of input voltage, in which case the in-

put is expressed in microvolts with the input impedance 

specified. 

2.3. Available Power 

The available power is the power delivered by a gen-
erator to a matched load. It is equal to E2/4R where E 
is the open-circuit voltage of the generator and R is the 
internal resistance of the generator plus the dummy-
antenna resistance. It is expressed in decibels below 1 
watt. A signal generator may be calibrated in terms of 
the available signal power and used on that basis though 
not matched exactly by the load impedance. If a signal 
generator is to be used with various values of dummy-

antenna resistance, it should be calibrated in terms of 
the open-circuit voltage, and the available power should 
be calculated from the above formula. In this report, 
when values of power input are spoken of, it should be 
understood that the available power is meant. 

2.4. Standard Input Values 

Five values of standard input are specified for the pur-
pose of certain tests. "The values of standard input volt-
age are equivalent to the corresponding values of stand-
ard input power for receivers designed for input imped-
ances of 50 and 70 ohms. 

2.4.1. Standard Mean-Signal Input 

The standard mean-signal input is either 123 decibels 
below 1 watt or the equivalent signal measured in micro-

volts (10 
ohms). 

microvolts at 50 ohms, 12 microvolts at 70 

TABLE I 

(a) Standard Input 
Powers, decibels 
below 1 watt 

(b) Standard Input Voltages 
in Microvolts 
(Open Circuit) 

50 ohms input  70 ohms input 
impedance  impedance 

143  1  1.2 
123  10  12 
83  1,000  1,200 
43  100,000  120,000 
23  "1 volt  1.2 volts 

2.5. Standard Test Modulation 

Standard test modulation in tests on frequency-mod-
ulation communication receivers refers to a signal that 
is frequency-modulated at 1,000 cycles with a deviation 
of 70 per cent of maximum rated system deviation. In 
this report, maximum rated system deviation is taken as 
15 kilocycles, so that the deviation due to standard test 

modulation is 10.5 kilocycles. 

2.6. Usable-Sensitivity Test Input 

The usable-sensitivity test input is the least input sig-
nal of a specified carrier frequency having standard test 
modulation which, when applied to the receiver through 
the standard dummy antenna, results in standard test 
output with the ratio of the root sum square, signal+ 
noise+distortion, to the root sum square, noise+distor-
tion, equal to at least 12 decibels. This test discloses the 
influence of the selective circuit of the receiver and of 
internal receiver noise on the usable sensitivity of the 

receiver. 

2.7. Deviation-Sensitivity Test Input 

The deviation-sensitivity test input is the minimum 
deviation at 1,000 cycles of a carrier wave of standard 
mean-signal input value (Section 2.4.1) required to give 
standard test output (Section 2.9) when all controls are 
adjusted for greatest sensitivity. The deviation sensi-
tivity is expressed in kilocycles or as a percentage of 

maximum rated system deviation. 

2.8. Quieting-Signal-Sensitivity Test Input 

The quieting-signal-sensitivity test input is the least 
unmodulated signal input which, when applied to the 
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receiver through the standard dummy antenna, reduces 
the receiver noise output by a factor of 20 decibels. It 
is expressed in dedibels below 1 watt or in microvolts 
with input impedance specified. 

Note. This is not the same characteristic as that de-
scribed in Section 2.09 of Standards on Radio Receiv-
ers: Methods of Testing Frequency- Modulation Broad-
cast Receivers, 1947, which has the same title. It is 
believed that the above test is more applicable to 
communication receivers and more easily made with 
available field test equipment. 

2.9. Standard Test Output 

Standard Test output is equal to one-half of the rated 
power output of the receiver. 

2.10. Rated Power Output 

The rated power output is as specified by the manu-
fact urer. 

2.11. Standard Dummy Antenna 

The standard dummy antenna comprises a resistor 
connected in series with the high terminal of the signal 
generator, of such value that the total impedance pre-
sented to the receiver is equal to the rated receiver in-

STANDARD 

Fl SIGNAL 

G' NERATOR 

SO“, -Z or 

704, 

UN BALANCED 

ANTENNA 

INPUT 

FM 
—  COMMUNICATION 

RECEIVER 

Fig. 1—Standard communication dummy antenna and method 
of connection. 

put impedance. It is intended to simulate the mean 
value of the impedance of a typical transmission line 
connected to an antenna. (See Fig. 1.) 

2.12. Standard Pre-Emphasis Characteristic 

The standard pre-emphasis characteristic has a rising 
response, with modulated frequency, of 6 decibels per 

octave. This is the characteristic obtained by linear 
phase modulation. 

2.13. Standard De-Emphasis Characteristic 

The standard de-emphasis characteristic has a falling 
response with modulating frequency, the inverse of the 
standard pre-emphasis characteristic or 6 decibels per 
octave. This characteristic may be approached over the 
usable audio-frequency range by taking the voltage 
across the capacitor when a capacitor and a resistor are 
connected in series and fed from a constant-voltage 
source. Deemphasis is usually incorporated in the audio 
circuits of the receiver. 

2.14. Frequency Deviation 

Frequency deviation, in frequency modulation, is the 
peak difference between the instantaneous frequency of 
the modulated wave and the carrier frequency. 

2.15. Maximum System Deviation 

Maximum system deviation is the greatest deviation 
specified in the operation of the system. The maximum 
system deviation is usually 15 kilocycles. 

2.16. Selectivity 

Selectivity is the extent to which a receiver is capable 
of differentiating between the desired signal and dis-
turbances of other frequencies. 

2.17. Spurious Response 

Spurious response is receiver response which exists 
because of other than all desired normal frequency 
translations in the receiver. 

2.18. Squelch 

Squelch is a means whereby a receiver is prevented 
from producing audio frequency output in the absence 
of a signal having predetermined characteristics. A 
squelch circuit may be operated by signal energy in the 
receiver pass band, by noise quieting, or by a combina-
tion of the two (ratio squelch). It may also be operated 
by a signal having special modulation characteristics 
(selective squelch). 

3. REQUIREMENTS AND CHARACTERISTICS OF TESTING APPARATUS 

3.1. Signal Generator 

A frequency-modulated signal generator is required 
for testing frequency-modulation radio receivers. 
The signal generator should cover at least the carrier-

frequency ranges of the various sub-bands being con-
sidered. It preferably should also cover the intermedi-
ate-frequency ranges and frequency ranges required for 
spurious-response tests. 
Single-ended output terminals should be provided. 

These terminals should be on the end of a flexible cable. 

The output meter of the signal generator should indi-
cate the open-circuit voltage at the terminals, and the 
internal impedance should be stated. 

The generator should be capable of being frequency 
modulated at rates from 300 to at least 3,000 cycles per 
second, and at deviations from zero to at least rated 
system deviation and preferable to twice that value. It 
should be provided with a deviation indicator reading 
from zero up to the maximum deviation. 

The modulation circuit of the generator should be 
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provided with a pre-emphasis network providing 6 
decibels per octave pre-emphasis over the audio-fre-
quency range of 300 to 3,000 cycles. A switch should be 
provided for cutting this pre-emphasis network in or out 
of the generator circuit at will. 
The generator syould provide a frequency-modulated 

signal at 400 and at 1,000 cycles up to maximum rated 
system deviation with less than 2 per cent root-sum-
square distortion. Amplitude modulation resulting from 
the frequency modulation should be kept to a minimum. 
The frequency and amplitude modulation of the out-

put voltage due to power-supply ripple should be negligi-
ble, in comparison with the effects under observation. 

3.2. Audio-Output and Distortion-Measuring Devices 

Apparatus for the measurement of distortion, re-
quired for Sections 4.1 and 4.2, should consist of distor-

tion meter of the type which integrates the total noise 
and distortion, while balancing or filtering out the 
fundamental frequency of the audio signal. 

3.3. Standard-Signal Generator for Two-Signal Test 

For certain tests of radio communications receivers, 
two radio-frequency input signals are required simul-
taneously, and consequently two standard-signal gener-
ators are employed. The recommended method is to use 
a dummy antenna on each signal generator of twice the 
standard dummy antenna resistance. The terminals of 
the two-dummy antennas are then connected in parallel 
and to the input terminals of the receiver. By this ar-
rangement, the impedance connected across the receiver 
input terminals is the normal value, and the open-circuit 
signal voltages are half the values indicated by each 

generator. 

4. TEST PROCEDURES 

4.1. Usable-Sensitivity 

A calibrated signal generator is connected to the in-
put of the receiver under test through a standard 
dummy antenna (Section 2.11). The signal generator is 
adjusted to the receiver frequency, and standard test 
modulation (Section 2.5) is applied. A distortion meter 
of the type which integrates the total noise and distor-
tion while balancing or filtering out the 1,000-cycle fun-
damental frequency of the signal is connected to the 
output of the audio-amplifier. 
The signal generator output is adjusted to the mini-

mum signal which will provide standard test output 
from the receiver. The signal +noise+distortion to noise 
+distortion ratio is then measured, and, unless found 
to be 12 decibels or more, the signal is increased, holding 
the receiver audio output constant at standard test out-
put by means of the receiver audio gain control, until 
this value is obtained. The signal required to produce 
this result is the usable sensitivity. Measurements 
should be made at each of the test frequencies (Section 
2.1). 

4.2. Two-Signal Selectivity 

Two signal generators of similar characteristics shall 
be equally coupled to the input of the receiver in such a 
fashion that they do not react upon one another, and in 
combination present an impedance match to the input 
circuit. Both signal generators shall be modulated 
equally at 70 per cent of maximum system deviation 
(Section 2.15), with signal generator No. 1 at 1,000 
cycles and signal generator No. 2 at 400 cycles. 
With the output of No. 2 at zero, No. 1 shall be set 

to the receiver frequency and its output adjusted until 
the receiver input equals that impressed on its terminals 
when one of the standard input values (Section 2.4) is 

applied through the standard dummy antenna (Section 
2.11). 
Signal generator No. 2 shall then be set at a frequency 

differing from No. 1 and its output increased until the 
signal +noise +distortion to noise +distortion ratio de-
creases to 6 decibels. During this measurement the 
modulation products from signal generator No. 2 are to 
be considered as noise. 
The selectivity of the receiver at the frequency be-

tween the two signal generators is then specified by the 
ratio of their radio-frequency output amplitudes. 
If the total audio output of the receiver drops by 6 

decibels at a smaller radio-frequency ratio than that re-
ferred to above, the selectivity is specified by the ratio of 
radio-frequency amplitudes when this occurs. 
The selectivity characteristic of a receiver may be dis-

played by a plotted curve showing the variation of 
radio-frequency amplitude ratio, plotted in decibels as 
the ordinate, with frequency differences as the abscissa. 
Both scales should be linear. 
These same data should be obtained with desired 

signal values corresponding to each of the standard in-
put values (Section 2.4) within the limitations of the 

measuring equipment. 

4.3. Spurious Response 

The desired-signal input values are the same as used 
in the selectivity measurements, and the interfering in-
put voltage is referred to the desired-signal input. Pro-
ceed as in the measurement of two-signal selectivity, ex-
cept that the interfering signal is tuned to produce peak 
response for the spurious mode under te3t. The spurious 
response of the receiver at the given interference and 
test frequencies is specified by the ratio of the radio-
frequency output amplitudes of the two-signal gener-

ators. 
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1. MISTUNING 

1.1. The degree of mistuning is represented by the 
total signal output distortion resulting when the re-
ceiver is adjusted to a frequency other than the desired 
signal frequency. The measurement is made by setting 
the signal generator to standard input voltages succes-
sively, modulating the signal generator to 75 kc devia-
tion at standard test output. The signal generator is 
then adjusted off tune by successive increments, the 
volume control is adjusted for standard test output, and 
the total distortion in per cent (or db) is measured. For 
each value of input signal a curve is plotted, having as 
abscissa the frequency difference of detuning, and as 
ordinate the distortion expressed in per cent, or db. Dis-

tortion components will comprise all frequencies pres-
ent except the fundamental frequency of the modulating 
tone. In these tests the signal generator is adjusted off 
tune on each side of the signal frequency. 
1.2. The standard measurement will comprise setting 

the signal generator on each side of the signal frequency 
and noting the amount of mistuning that will produce 
10 per cent distortion, expressing the degree of mis-
tuning as the average of the measured plus and minus 
frequency excursions. The signal input for this test shall 
be the standard mean signal input (1,100 microvolts). 
This mistuning test should be correlated with the 

frequency drift test, Sec. 4.05.20. 

2. DO WN WARD MODULATION 

2.1. This test will define the ability of the receiver to 
withstand the effects of downward amplitude modula-
tion. In this test it is assumed that the principal forms of 
distortion are caused by the downward component of 

modulation. 
2.2. The test is made at the standard mean-carrier fre-

quency (98 megacycles). Frequency modulation is im-
pressed at a 400-cycle modulation rate at 30 per cent of 
maximum rated system deviation and the volume con-

trol is adjusted for standard output. The input signal is 
then simultaneously amplitude modulated at a 100-
cycle rate. By means of a band cut-off filter, the 100-
cycle modulation is eliminated in the receiver output. 
The amplitude modulation is then increased until the 
total distortion reaches 10 per cent. The percentage 
modulation at this point is the downward modulation 
capability of the receiver. The test is made at all values 
of standard input signal voltages. 
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INTRODUCTION 

In 1945 a report entitled "Standards on Piezoelectric 
Crystals: Recommended Terminology" was prepared by 
the Committee on Piezoelectric Crystals and issued by 
the Institute. The present report involves not only 
much new material, but also a revision of certain por-
tions of the earlier report. 

Part I of the 1945 report (corresponding to Part 1 of 
this Standard) remains unchanged, with the following 
exceptions: The use of left-handed axes for left crystals 
is now abandoned (see Sections 1.9, and 1.11 to 1.14); 
and the 1945 rules for rotated plates are now supplanted 
by the rules in the present report. 
In Part II (corresponding to Part 2 of this Standard), 

Sections 11 and 13 have been revised. Otherwise, Part II 

E. S. Seeley 
R. F. Shea 
J. R. Steen 
\V. N. Tuttle 
L. C. Van Atta 
K. S. Van Dyke 
D. E. \Vatts 
L. E. Whittemore 

P. L. Smith 
J. M. Wolfskill 

remains in effect. The introduction of new crystals, 
some belonging to classes for which no satisfactory con-
ventions have existed, makes desirable a self-consistent 
set of conventions, sufficiently comprehensive to include 
all piezoelectric crystal classes. This necessitates cer-
tain changes in the definitions of the axes of quartz and 
in the algebraic signs of piezoelectric and elastic con-
stants, as described in Sections 1.12 to 1.14. These 
changes result not only in agreement with the crystal-
lographers, but, fortunately, in better conformity with 
shop practice as it has developed. 

Part 3 of the new Standard presents basic equations, 
symbols, and units of piezoelectric theory. It has been 
prepared in view of the growing tendency to express 

• Reprints of this Standard, 49 IRE 14. SI, may be purchased while available from The Institute of Radio Engineers, 1 East 79 Street, 
New York 21, N. Y., at $0.80 per copy. A 20% discount will be allowed for 100 or more copies mailed to one address. 
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elastic stress and strain as dependent upon the electric 
displacement, rather than upon the electric field, and 
also in view of the increasing use of mks units. The 
formulation in terms of displacement is especially useful 
in cases where there is a gap between crystal and elec-
trodes, also in dealing with crystals whose constants 
show a marked dependence on temperature. In the lat-
ter case it is found that the "constants" have more 
nearly constant values when expressed in terms of dis-
placement than in terms of field. 
When there is no gap between crystal and electrodes 

it is often found more convenient to use Voigt's formu-
lation, with the piezoelectric constants expressed in 
terms of electric field strength rather than displace-

ment. 
The equations are interconvertible. The Voigt piezo-

electric constants d and e are related to the more recent 
constants g and h by the dielectric constant. For some 
purposes it is convenient to use expressions involving 
combinations of constants from both formulations. In 
doing so it is necessary, of course, to use the same sys-
tem of units, esu or mks. 

AUTHORSHIP AND ACKNOWLEDGMENT 

This Standard is the result of several years of confer-
ences involving all of the members of the Committee. 
Its form and its completeness, which in effect make it 

an introduction to theformal treatment of piezoelectric-
ity, come from the fact that it is basically a collection 
of several papers prepared for the Committee by indi-
vidual members and their collaborators serving as sub-
committees. There would have been entire justification 
for the separate publication of these papers by their in-
dividual authors, but it has been the view of the Com-
mittee that the advantages of unification into a system 
such as the Standard is intended to establish could best 
be gained by bringing all papers into a common publi-
cation with agreement as to symbols, conventions, and 

equations. 
The authorship of the several parts of the Standard is 

as follows: Part 1 is an elaboration of memoranda pre-
pared for the Committee by W. L. Bond, entitled 
"Crystal Axis Nomenclature," October 25, 1946, and 
"Axes For Triclinic Crystals," June 16, 1947. Part 2 
stems from a memorandum by W. L. Bond of August 
19, 1946, on "Crystal Rotation Systems." Part 3 is an 
expansion of a memorandum by Paul L. Smith, "The 
Piezoelectric Relations, Symbols and Units," June 3, 
1946, in which he had the collaboration of H. G. Baer-
wald of the Brush Development Company. The 
adopted formulation of the theory is based on equations 
first presented by the latter in a wartime report' to the 
NDRC. 

1 H. G. Baerwald, OSRD Report No. 287, Contract No. OEMsr-
120. 1941. 

1. Definitions of Axcs for Piezoelectric Crystals 

1.1 Crystals and Their Classification 

For the guidance of those who are not familiar with 
crystallography, the following summary of those prin-
ciples to which reference will be made later in this 
Standard may be helpful. 
The term "crystal" is usually applied to solids that 

possess structural symmetry. In a crystal the atoms 
may be thought of as occurring in small groups, all 
groups exactly alike, similarly oriented, and regularly 
aligned in all three dimensions. If each group is regarded 
as bounded by a parallelepiped, the latter can be looked 
upon as one of the ultimate building blocks of the crys-
tal; they are stacked together in all three dimensions 
without any spaces between. Such a building block is 
called a unit cell. Since the choice of the particular set 
of atoms to form a unit cell is arbitrary, it is evident 
that there is a wide range of choice in the shape and 

dimensions of the unit cell. In practice, that unit cell is 
selected which is most simply related to the actual crys-
tal faces and X-ray reflections, and which has the sym-
metry of the crystal itself. Except in a few special cases 
the unit cell has the smallest possible size. 
Depending on their degrees of symmetry, crystals 

are commonly classified in seven systems: triclinic (the 
least symmetrical), monoclinic, orthorhombic, tetrag-
onal, hexagonal, trigonal, and isometric. Some authori-
ties, however, treat trigonal crystals as a division of the 

hexagonal system. 
The seven systems in turn are divided into point-

groups (classes) according to their symmetry with re-
spect to a point. There are thirty-two such classes, of 
which twelve are of too high a degree of symmetry to 
show piezoelectric properties. Thus twenty classes can 
be piezoelectric. Every system contains at least one 
piezoelectric class. 
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1.2. General 

In determining a suitable nomenclature for the many 
new crystals that are finding their way into the piezo-
electric field, it seems wise to make use of the nomen-
clature of the highly developed science of crystallog-
raphy. This facilitates the use of data already recorded 
by crystallographers. Such data are, for example, atomic 
cell dimensions and angles, optical properties, and inter-
facial angles, all of which can be useful for establishing 
orientations of piezoelectric plates. In crystallography, 
the properties of a crystal are described in terms of the 
natural co-ordinate system provided by the crystal it-
self. The axes of this natural system are the edges of the 
unit cell. In a cubic crystal these axes are of equal 
length and are mutually perpendicular; in a triclinic 
crystal they are of unequal lengths and no two are 
mutually perpendicular. 
The faces of any crystal are all parallel to planes 

whose intercepts on the natural axes a, b, c are small 
multiples of unit distances or else infinity, so that their 
reciprocals, when multiplied by a small common factor, 
are all small integers or zero. These are the indices of 
the planes. In this nomenclature we have, for example, 
faces (100), (010), (001), also called the a, b, c faces, 
respectively; in the orthorhombic, tetragonal, and iso-
metric systems these faces are normal to the a, b, c 
axes. Other examples are faces (111) (the unit face), 
(121), etc. As referred to a set of rectangular axes X, Y, 
Z, these indices will in general be irrational except for 
cubic crystals. 
On the other hand, the theoretical treatment of elec-

tricity and elasticity, which is fundamental in piezo-
electric applications, has been developed with rectangu-
lar axes. One must therefore adopt some arbitrary rela-
tion between the a, b, c axes of crystallography and the 
rectangular X, Y, Z axes. Unless all workers in the field 
agree to use the same nomenclature, there will be great 
confusion. Data expressed in terms of one abc-XYZ 
relation look very different from the same data in 
terms of another abc-XYZ relation. 

Fig. 1—Axes of triclinic crystals. 
The line 1—/ is on a small circle with pole Z and angle o For h to 
left of p. <90°. For b to right of 0. y>90° 

1.3. The Triclinic System 

If there are neither symmetry axes nor symmetry 
planes present in a crystal, it is triclinic. The lengths 
of the three axes are in general unequal, and the angles 
a, 13, and 1, are also unequal. a, (3, 7 are the angles be-
tween b and c, c and a, and a and b, respectively, as 
shown in Fig. 1. Fig. 2, a triclinic crystal, shows that 

Fig. 2—Aminoethyl ethanolamine hydrogen d-tartrate, triclinic. 
class 1. 
The Z axis is along c, Y normal to (010), X perpendicular to V 
and Z. 

the a axis has the direction of the intersection of the 
faces b and c (extend the faces to intersection if nec-
essary), the b axis has the direction of the intersection 
of faces c and a, the c axis has the direction of the inter-
section of faces a and b. According to the best current 
usage the positive directions of a, b, and c are taken so 
as to make a greater than 900, and  also greater than 
90°. This convention determines uniquely the positive 
senses of all axes. (Many old works record the comple-
mentary angle, i.e., the angle between —a and +c as 
#.) The a, b, and c axes are in general to be chosen as the 
three shortest noncoplanar interatomic distances, with 
c the shortest unit distance, b the longest. 

• 

1.3.1. The X, Y, Z axes 

The most logical relation is that which associates the 
X. V. Z axes most closely with the a, b. c axes, respec-

rr• 
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tively. There are six equally simple ways of completing 
the specification: X along a and Y in the ab plane; X 
along a and Z in the ac plane; Y along b and X in the 
ab plane; Y along b and Z in the bc plane; Z along c and 
Y in the bc plane; or Z along c and X in the ac plane. 
In physics and technology Z is commonly pictured as 
the vertical axis, while in crystallography c is usually so 
pictured. Hence we take Z along c and have only the 
choice of .Y in the bc plane or X in the ac plane. The 
choice now accepted is to let Y be normal to the ac 
plane; this automatically places X in the ac plane. 
The rules for the rectangular axes, together with their 

positive directions, are summarized as follows (see Figs. 

I and 2): 

+Z is parallel to +c, hence parallel to the 

(100) and (010) planes. 
+X is perpendicular to c in the ac plane, point-
ing in the general direction of +a. X is thus 

parallel to (010). 
+ Y is normal to the ac plane (010), pointing in 
the general direction of +b, and forming a 
right-handed axial system with Z and X. 

1.4. The Monoclinic System 

If a crystal has but a single axis of twofold symmetry, 
or but a single.plane of reflection symmetry, or both, 
it belongs to the monoclinic system. Either the twofold 
axis or the normal to the plane of symmetry (they are 
the same if both exist, and this direction is called the 
unique axis in any case) is taken as the b axis. Of the 
two remaining axes, modern crystallographers always 
make c the smaller. The angle )3 between +a and +c 

is always obtuse (a special convention has to be adopted 
when this angle is obtuse at some temperatures, acute 
at others). This convention determines uniquely the 
positive directions of all axes for classes 2 and 2/m. In 
class m there are two alternatives. The choice between 
them is indicated in Section 1.16. Since the axes chosen 
by early workers may not give the smallest possible cell, 
a new cell with a smaller volume can be chosen. 
Many physicists seem to prefer to make Z the unique 

axis of monclinic crystals. This is the convention 
r•  adopted by Voigt, and continued by Cady in his book 

"Piezoelectricity." Nevertheless, in most crystallo-
graphic literature 1) is taken as the unique axis in the 
monoclinic system. Henceforth "Z along c, Y along b" 
is to be the standard abc-X YZ relation for monoclinic 
crystals, as illustrated in Fig. 3. According to this con-

vention, with the unique axis b taken as the Y axis, the 
stresses T and strains S are related through the matrix 

ok_ 
W. C.. Cady, "Piezoelectricity." McGraw-Hill Rook Co  Neu 

York, NJ Y . 1946 

equations S=sT and T =cS, where the compliance con-

stant s takes the form3 

Su  S12  S13  0  S16  0 

312  S22  S23  0  526  0 

513  323  333  0  S36  0 

0  0  0  544  0  546 

S i 6  Sa6  Sa6  0  S66  0 

11  0  0  346  0  S66 

( 1 ) 

The stiffness constant c takes an analogous form. Also, 
electric displacement and elastic stress are related 
through the matrix equation D =dT, where the piezo-
electric strain-constant d takes the form, for class 2 

(17 a twofold axis), 

,1 = 

0 

d21 

0 

0  0  (114 0  die 

d22  d23  0 

(1  0 

d25 0 

d34  0 d36 

(2). 

while for class m (a plane of- reflection-symmetry per-
pendicular to 17) 

d= 

d 1 1 d12 (113  0  d16  0 

0  0  0  (124  0  (1 26 

d31 d32 daa  0  d36 

(3) 

The matrices (1), (2), and (3) replace those that have 
hitherto been in common use according to Voigt's con-
vention. To each elastic or piezoelectric constant on the 
new convention there corresponds one on the old, with 

the same numerical value. 

b =V 

Fig. 3—Axes of monoclinic crystals. 
a and c are perpendicular to b but not to:each other 

For comparison with the new matrices (1), (2), and 
(3), the corresponding expressions according to Voigt's 

' See part 3 of this Standard 
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convention will now be given. The Voigt matrix for 
elastic compliance, now abandoned, is 

S11 $12  SI3  0 0 S16 

$12  522  $33  0  0  S26 

Si3  $23  $33  0  0  S36 

0  0  0  544  545  0 

0  0  0  545  h. 0 

S16  S2I  S36  0 0  S66 

with an analogous form for c. 

For class 2, the Voigt matrix (in which Z is a twofold 
axis), now abandoned, is 

0  0  0  d14 d15 0 

d=  0  0  0  d24  d23  0 

d31  d32  d33  0  0  d36 

while for class m (reflection-plane perpendicular 
the Voigt matrix, now abandoned, is 

d= 

d11 d32 d13 

d21  d22  d23 

0  0 

0  0 

0  (1 

die 

d26 
0  d34  d36  0 

(5) 

to Z) 

(6) 

If we know the s and d matrices for Voigt's convention, 
we can put them in standard form by means of the fol-
lowing matrices: 

5 = 

522' S23' S12' 0  1 S26  0 

$23' S33' " fl S13  0  

S12' 313' S11' 0  Si.Si6 

0  0  0  S35' 0  S W 

S26'  S36' S16" 0  1 S66  0 

0  0  0  S461 0  544 ' 

where the subscripts of the primed values are those ac-
cording to Voigt. 

(4) 

Monoclinic, class 2 

0  0  0  d25'0 

d= d321 (33' U  0 

0  0  0  d24' 

z=c 

(36' 

0 

11 1  24 

1 14' 

v= b 

(7) 

(8) 

Fig. 4—Lithium sulfate monohydrate, a monoclinic crystal, class 2. 
The specimen here shown is left-handed. On extension along the 
b axis, the +b end becomes negatively charged. 

Monoclinic, class m 

142  23  21 ' (1 1 11  1 0  I/261 0 

d = 0  0  0  d35' 0  da  (9) 

d121 d13' du 0  dill' 0 

Examples of monoclinic crystals are shown in Figs. 
4, and 5, and 6. 

Z = C 

y - b 

Fig. 5—Ethylene diamene d-tartrate (EDT), a monoclinic crystal, 
class 2. 
On extension along the b axis, the +b end becomes positively 
charged. 

Z = C 

Fig. 6—Dipotassium d-tartrate (DKT), a monoclinic crystal, class 2. 
On extension along the b axis, the +b end becomes positively 
charged. 

1.5. The 'Orthorhombic System 

Crystals having three mutually perpendicular two-
fold axes or two mutually perpendicular planes of re-
flection symmetry, or both, belong to the orthorhombic 

Z = c 

I   

Fig. 7—Rochelle sa t, an orthorhombic crystal, class 2 22. 
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system. The unit cell is a right-angled parallelepiped 
with the a, b, c axes of unequal length, and with unit 
distances co <ao <bo. Either end of any two axes may be 
taken as positive. The third axis is then given the proper 
sense to form a right-handed system. The following con-
vention has been universally adopted: "X along a, Y 
along b, Z along c." 
An example of an orthorhombic crystal is Rochelle 

salt, Fig. 7. 

1.6. The Tetragonal System 

Crystals having a single fourfold axis (or a fourfold 
inversion-axis) belong to the tetragonal system. The c 
axis is always taken along this fourfold axis, and the Z 
axis lies along c. The a and b axes are equivalent and are 
usually called as and a2. The X axis may be parallel to 
either as or a2; that is, to either a or b in Fig. 8. There 
are thus two possible sets of X and Y axes. 
The orientation of a and hence -of X is not so easily 

settled. There are seven classes of tetragonal crystals, 
five of which can be piezoelectric; these are classes 4, 4, 
4 2 m, 4 2 2, and 4 m m. Three of these have no twofold 
axes to guide in a choice of an a axis; however, for all of 
them except class 4 2 m there is no alternative to the 
choice of an a axis in such a way as to make the unit cell 
of smallest volume. In class 4 2 m, which has a twofold 
axis, the smallest cell may not have its a axis parallel 
to this axis. There are twelve possible arrangements of 
matter (space-groups) that have symmetry 4 2 m. Of 
these twelve, six have the smallest cell when the a axis 
is an axis of twofold symmetry, and six have the small-
est cell when a is chosen at 45 degrees to twofold axes 
(while still perpendicular to the c axis). The "Interna-
tional Tables for the Determination of Crystal Struc-
ture" give preference to the choice: "a along a twofold 
axis," and hence do not use the smallest possible cell. 
For piezoelectric studies this choice is more convenient 
than the smallest-cell choice. Since there is such good 
precedent for letting a lie along a twofold axis, there 
seems little likelihood of a conflict here. 
In summary, it may be stated that for all tetragonal 

crystals having axes of twofold symmetry, one of these 
axes is taken as the a axis. When there is no twofold 
axis, the a axis is parallel to one of the two equal di-
mensions of the smallest unit cell. Arbitrarily take one 
end of the c axis as positive. Then use section 1.16 as a 
guide for the sense of the a axis as well as, in class 
2m, for the choice of the a axis. 
The +Z and +X axes coincide with the +c and 

+as (or +as) axes respectively. The + Y axis is such 
as to complete the right-handed rectangular axial sys-
tem. 

1.7. Application to Crystals of the ADP Type 

Ammonium dihydrogen phosphate (ADP, Fig. 8), 
potassium dihydrogen phosphate (KDP), and the di-
hydrogen arsenates of ammonium and potassium, are 

all in class 4 2 m. Since with these crystals the particu-
lar faces that would be needed to determine the positive 
senses of the a axes are usually absent, the following 
empirical rule is adopted. It is based on the fact that 
compression along a line 45 degrees from the a and b 
axes polarizes the crystal in the c direction, causing op-
posite charges to appear at the ends of the c axis. 
Stretching along the same line reverses the signs of the 
charges. 
The rule is that the direction of a stretch (extension) 

that causes a positive charge to appear at the end of the 
Z axis which is chosen as the positive end, should lie 
in the quadrant between the positive directions of the 
X and Y axes. There are obviously two choices of posi-

b 

Fig. 8—Ammonium dihydrogen phosphate (ADP), a tetragonal 
crystal, class 4 2 m. Potassium dihydrogen phosphate (KDP) is 
similar. 
On extension along the diagonal pp, the +z end becomes nega-
tively charged. 
Typical etch figures are shown on various faces. 

tive directions, since the rule still holds if both axes are 
reversed. The rule is in accord with Section 1.16, (4) 

and (9). 

1.8. The Hexagonal and Trigonal Systems 

These systems are distinguished by an axis of sixfold 
(or threefold) symmetry. This axis is always called the 
c axis. According to the Bravais-Miller axial system, 
which is most commonly used, there are three equiva-
lent secondary axes, as, a2, and as, lying 120 degrees apart 
in a plane normal to c. These axes are chosen as being 
either parallel to a twofold axis or perpendicular to a 
plane of symmetry, or if there are neither twofold axes 
perpendicular to c nor planes of symmetry parallel to 
c, the a's are chosen so as to give the smallest unit cell. 
According to the present convention, the Z axis is 

parallel to c. The X axis coincides in direction and sense 
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with any one of the a axes. The Y axis is perpendicular 
to Z and X, so oriented as to form a right-handed sys-
tem. This rule applies to both right- and left-handed 
crystals. 

The axes of tourmaline are shown in Fig. 9 

X = 0 

X=0 

Z =C 

Fig. 9— Tourmaline, a trigonal crystal, class 3 m. 
The I' axis lies in the plane of symmetry. On extension aliing Y 
the + Y end becomes positively charged. On extension along Z 
the +Z end becomes positively charged. 

1.9. Application to Quartz 

The axes according to the present convention are 
shown in Fig. 10. With both right and left quartz the 
X, Y,Z axes form a right-handed system. The effect of 
these changes on the signs of elastic and piezoelectric 
constants and on the formulas for rotated axes is dis-
cussed in Section 1.12. 

X=0 

Z=C 

LEFT HAND 

X=0 

RIGHT HAND 

Fig. 10—Left and right quartz crystals, trigonal, class 3 2 

'For right quartz both X and Y axes are reversed with respect 
to the 1945 convention. For left quartz the Y axis is reversed, while 
the X axis is unchanged 

1.10. The Isometric (Cubic) System 

The three equivalent axes are a, b (=a), and c (=a), 
often called al, 02, and a3. They arc chosen parallel to 
axes of fourfold symmetry, or, if there is no true four-
fold symmetry, then parallel to twofold axes. The 
X, Y, and Z axes form a right-handed system parallel 
to the a, b, and c axes. 
An example is sodium bromate, Fig. 11 

Zr 03 

- U2 

Fig. 11—Right crystal of sodium bromate, an isometric crystal. 
class 2 3, 

1.11. Axes of Enantiomorphous Forms 

In the following piezoelectric classes, both right and 
left forms are possible: triclinic 1, monoclinic 2, ortho-
rhombic 2 2 2, tetragonal 4 and 4 2 2, trigonal 3 and 3 2 
hexagonal 6 and 6 2 2, and isometric 2 3. 

If a right crystal is placed in any orientation in front 
of a mirror, the image as seen in the mirror represents 
the corresponding left crystal. If the right crystal has 
right-handed rectangular axes, the axes of the left 
crystal will then appear left-handed. Nevertheless, it is 
standard crystallographic practice to use right-handed 
axial systems for all crystals, whether right or left. This 
convention is adopted in the present Standard for piezo-
electricity. Under this convention the left form should 
be regarded as the crystallographic inversion of the 
right form, rather than as its mirror image.6 
The signs of all elastic constants are the sante for left 

and right crystals. Piezoelectric constants, however, 
have opposite signs for left and right crystals. 

1.12. Special Conventions for Quartz 

The rules given in the foregoing paragraph will no%% 
be applied to ordinary quartz, class 3 2 (alpha-quartz, 
the form occurring at temperatures below the «41 in-
version point at 573° C). 

The present convention for axes of right and left 
quartz has been stated in Section 1.9 (see Fig. 10). This 
choice of axes. involves certain conventions respecting 

'The inversion of any solid figure is produced by drawing from 
each point a line through an arbitrary point P and continuing this 
line for an equal distance beyond P. An inversion is equivalent to a 
180 degree rotation about any axis through P followed by reflection 
in a mirror perpendicular to this axis of rotation at the point P 
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the elastic constants c14 and si4, as well as the piezoelec-
tric constants d11= —d12= —d24/2, eu = —e12  —eu, d14 
= —du, and eu= 
Elastic constants: under this convention, for both 

right and left quartz, c14 is negative, s14 is positive.* 
As may be verified from the well-known fundamental 

equations ((11) and (12) in part 3), the piezoelectric con-
stants of quartz must have the following algebraic signs 
in conformity with the present axial system: 

Right quartz: du negative, eu negative. 
du negative, el, positive. 

Left quartz: d11 positive, ell positive, 
d14 positive, el, negative. 

When the piezoelectric constants g and h, occurring 
in (13) to (16) of part 3, are specialized for quartz, they 
become gu, g14, hu, hu, corresponding to Voigt's du, d14, 
eu, en, respectively. In all cases their signs are the same 
as those of du, d14, ell, and e14, respectively. 

1.13. Summary of Rules for Determining the Axes 
and Hand of Quartz Crystals According to the 

Present Recommendations 

(A) The +X axis should coincide with a +a crystal-
lographic axis, and the Z axis should coincide 
with the c crystallographic axis, as in Fig. 10. 

(B) On extension, the positive ends of the a axes, and 

TABLE 1 

Hermann- 
al  Mauguin et  Syst Axes 

Symbol 

Axes 

+/— 
Schoen-
flies 

Symbol  
Example 

Crystallographic Rectangular 

c a b X Y Z 

 ' 

Triclinic 
co <ao<bo 
a & $>90° 

1 

1 

• _L (010) 

1 (010)  c 

CI 

.52 
- 

Aminoethyl ethanola-
mine hydrogen d-tar-
trate (A ET) 

Copper sulfate penta-
hydrate 

Monoclinic 
co<ao 
a=y= 
40° 

m 
2 

2/m 

/m 
2 

2 

1(100) 
1 (100) 

1 (100 ) 

b 
b 

b 

c 
C 

C 

X or Z C1,-=C, 
C2 

C2A 

Clinohedrite 
Ethylene diamine d-
tartrate (EDT) 

Gypsum 

Orthorhombic 
co<ao<bo 
(for 2 2 2 & 
2/m 2/m 2/m 
a=t3=7=90°) 

2 2 2  2 

2 m m  2 
- 2/m 2/m 2/m  2 

2 

/m 
2 

2 

/m 
2 

a 

a 
a 

b 

b 
b 

c 

c 
C 

Z 

V=D2 

C2. 
V A= D2A 

Rochelle salt (except 
between Curie 
points) 

Hemimorphite 
Barite 

c al a2 

retragonal 
ao= bo 

'1. = 0 = 1, =90° 

4 m in 

4 2 in 

4 2 2 

4/m 2/m 2/m 
4 

4 
4/m 

4 

4 

4 

4 
4 

4 
4 

/m 

2 

2 

2 
t 

I' 
t 

/m 

2 

2 

2 

(al) 

(al) 

(al) 

(ai) 
(as) 

(ai) 
(al) 

(as) 

(as) 

(as) 

(as) 
(as) 

(al) 
(as) 

c 

c 

c 

c 
c 

c 
c 

Z 

Z 

* 

• 
Z 

Z 
• 

Cly 

V d = D2d 

D, 

/34, 
CA 

SA 
C43 

Silver fluoride mono-
hydrate 

Ammonium  dihydro-
gen phosphate 
(ADP) 

Nickel sulfate hexahy-
drate 

Zircon 
Barium antimony! tar-
trate 

CasAlsSi02 
Scheelite 

Isometric 
a0= b0 Co 

=90° 

2 3 
4 3 m 

4 3 2 
2/m 3 

4/m 3 2/m 

2 
4 

4 
2 
4 

2 
4 

4 
2 
4 

2 
4 

4 
2 
4 

(as) 
(cti) 

(al) 
(al) 
(ai) 

(at) 
(as) 

(as) 
(a2) 
(as) 

a, 
a, 

a, 
as 

as 

Z 
Z 

• 
• 

• 

T 
Tel 

0 
TS 
Oh 

Sodium chlorate 
Zinc blende 
(Sphalerite) 

None known 
Pyrite 
Sodium chloride 

c a, as L a3 
Trigonal 

(a0), = (ao)2= 
(ao)2 

3 

3 
3 m 
3 2 

3 2/m 

3 

3 
3 
3 
3 

t 

t 
1m 
2 
2 

/m 
2 
2 

/In 
2 
2 

al 

al 
Cti 
al 
al 

c 

C 
C 
c 
c 

any 
two 

Y, Z 
X 
X 

Cs 

CU= S6 
CAA 
DA 
D, d 

Sodium periodate tri-
hydrate 

Dolomite 
Tourmaline 
a-quartz 
Calcite 

Hexagonal 
(ao)i = (ao)2= 

(ao), 

6 
B m 2 
6 
6 m m 
6 2 2 

6/m 
6/m 2/m 2/m 

8 
6 
6 
6 
6 
6 
6 

t 
2 
t 
/m 
2 

2 

2 

/m 
2 

2 

2 

/m 
2 

2 

al 

al 

a, 
a, 
al 

al 
al 

C 

C 

c 
c 
c 
c 
C 

X, Y 
X 
Z 
Z 

C20 
alit 
C, 
Coft, 
n, 
C40 
DA0 

None known 
Benitoite (1) 
Nephelite 
Wurtzite-2H 
(3-quartz 
Apatite 
Beryl 

• Equations for the elastic constants of quartz for rotated axes, as, for example, equations (50)—(54) in footnote reference 2, remain tin 
changed, owing to the reversal in sign of certain direction cosines on passing from the old to the present axial system 
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therefore of the X axes, become negatively 
charged with right quartz, positively charged 
with left quartz. 

(C) For right-handed quartz, the conoscope inter-
ference rings expand when the analyzer is turned 
clockwise by the observer. 

1.14. Choice of Axes for Piezoelectric Crystals 

Axes are assigned to crystals according to Table I. 
Crystal classes are listed, using the full Hermann-
Mauguin symbols to designate the class. The method of 
selection of both the crystallographic axes and the 
rectangular axes of physics and engineering is to be read 
from the table. a, b, c are the crystallographic axes (Sec-
tions 1.3 to 1.10, and 1.13); ao, ho, co refer to the dimen-
sions of the unit cell along these axes; X, Y, Z are the 
rectangular axes, which should always form a right-
handed system, whether for a left or a right crystal (Sec-
tions 1.9 and 1.11 to 1.13). a, (3,7 are the angles between 
the pairs of crystallographic axes (Section 1.3). Both the 
Schoenflies and the Hermann-Matiguin symbols are 
given, although the use of the latter is preferred. 

Explanation of Table I 

In the column "llermann-Alauguin Symbols" those 
classes which are piezoelectric are placed at the left. 
Under "Axes," the numerals 2, 3, 4, 6 mean an axis 

of two-, three-, four- or six-fold symmetry; 4 (read 4 bar) 
a fourfold, 6 a sixfold axis of inversion; m an axi in a 
plane of symmetry; /m an axis perpendicular to a plane 
of symmetry. 

a, b, c are the crystallographic axes; X, Y, 2. the 
rectangular axes. In sonic systems all, or two, of these 
axes are physically indistinguishable and said to be 
equivalent; the same symbol is then often repeated for 
the several equivalent axes, using a different subscript 
for each, as ch, a2, as. 

:10,4 co are the edge lengths of the unit cell, parallel 
to the a, b, c axes, respectively. 

a, 15,7 are the angles between c and b, a and c,b and a, 
respectively. 

The procedure for determining the a, b, c axes of any 
crystal involves satisfying a series of conventions. The 
first convention is indicated under the name of each 
system, and gives general rules for identification of axes 
in terms of the relative magnitudes of the several unit 
distances and of the angles between the crystallographic 
axes. With triclinic crystals, and with orthorhombic 
classes 2 2 2 and 2/m 2/m 2/m, this one rule (Section 
1.3) unambiguously prescribes all crystallographic axes 
and their senses. With monoclinic crystals a further rule 
is imposed, namely that the b axis is defined in terms of 
the symmetry according to the third colunn under 
"Axes." With the remaining systems the c axis is the 
first to be identified and is always the axis of high sym-
metry. Where the symbol f appears there is no special 
rule beyond that for the choice of the c axis, except that 

the remaining axes shall be selected in such a way as to 
give the smallest cell consistent with the specification 
of c. 
Parentheses around al and a2 in columns 6 and 7 

(tetragonal and isometric classes) indicate that the 
designation is arbitrary as to 11 II Ii of the two crystal-
lographic axes perpendicular to ( Z) shall be X and 
which shall be I'. Except for class -1 2m, either choice of 
sense may be made for the Z a xis, after naming the X 
axis, and the choice ‘vill not affect the signs of the con-
stants. The only restriction is that the axial system 
shall be right-handed. In three tetragonal classes (4 2 2, 

4/m 2/m 2/m and 4/m) and three isometric classes 
(4 3 2, 2/m 1 and 4/m 3 2/m) this choice is trivial in 
the sense that the signs, %•alties and matrix positions of 
elastic, dielectric or pici,,electric constants are in no 
way affected thereby. These six classes are designated 
by an asterisk (*) in ri oIii 1111 9. 

The cultittin lie. id  " +/ — :1xes" indicates classes 
for which the rules ti\  do not uniquely determine the 
axial system, part icularly with respect to the senses of 
certain axes. A single axial symbol appearing in this 
column indicates that the sense of the axis named re-
mains to be chosen hy the first worker in the field, 
and that the signs of certain of the piezoelectric con-
stants ‘‘ ill depend upon the choice, See Section 1.16 
for guidaii«. in making this choice. Two letters in this 
column indicate that the two axes named may be sim-
ilarly chosen, in general the first choice affecting the 
signs of cert.till piezoelectric c(instants and the second 
choice affecting those of sonic others. In the two sit na-
tions named, there may also be certain piezoelectric con-
stants whose signs are not affected by the choices. Filial-
ly, in class 3, as indicated, the senses of any two axes 
remain to be chosen and the choice affects the signs of 
the piezoelectric constants. 

1.15. The Hermann-Mauguin Symbols" 

In this system of not  an axis of rotation is indi-
cated by one of the numbers 1, 2, 3, 4, 6. The number 
indicates through its reciprocal the part of a full rota-
tion about the axis which is required to bring the crystal 
into an equivalent position in regard to its internal 
St ructural proper! ies. The number 1 indkates no sym-
metry at all, since any structure must come back into 
coincidence after a complete rotation, while 2 indicates  rp. 
a twofold axis of rotation. 1, 2, 4, 6 indicate axes of 
rotary inversion. i implies a simple center of inversion. 
2 is equivalent to a reflection plane and since reflection 
planes are so important a feature of the structure the 
symbol for such a plane, m, is written instead of 2. If 
an axis has a reflection plane perpendicular to it, this 
fact is written as part of the symbol for that axis by 
following the- number which describes the symmetry of 
the axis  iii ilic notation /tn. 

'Adapted front W. II. Bragg and W. L. Bragg, "The Crystalline 
State," vol. I, pp. 85-86, G. Bell and Co., London, 1933. 
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The designation for any class of symmetry is made up 
of one, two, or three symbols, each indicating an element 
of the symmetry. The first symbol in general refers to the 
principal axis of the crystal if there is one, indicating the 
type of symmetry of that axis and the existence of a re-
flection plane perpendicular to that axis, if any. The 
second symbol refers to secondary axes of the crystal, 
giving similarly the character of the symmetry involved 
and including reference to a reflection plane perpendicu-
lar to it if such exists, or refers to a reflection plane alone 
if no secondary axes exist. In the isometric system the 
secondary axes are the threefold axes inclined to the 
principal axis. The third symbol names tertiary axes if 
they exist, such as those parallel to (1120) in the hexag-
onal system or (110) in the tetragonal system, or cor-
responding planes. 

1.16. Positive Sense Guide 

In lieu of other guiding factors, the following is sug-
gested as a rule for guidance in setting up the axial sys-
tem for crystals which are piezoelectric. Axial senses (as 
well as the selection of the Z axis or the choice between 
X and Y axes when this needs to be made) shall be those 
which provide a positive sign for the first one of the 
following constants which does not vanish: da3, dn, d22, 
d36, d31. This selection of the group of sense-determining 
constants is somewhat arbitrary, giving emphasis to 
the crystallographic importance of the Z axis and to 
providing positive signs for the piezoelectric constants 
of extensional strain along axial fields. If the first ap-
plication of the rule is not sufficient to determine 
uniquely the senses of all axes, then the rule is to be ap-
plied again to the second one of the constants which 
does not vanish; and again to the third if necessary. For 
crystals which are enantiomorphic, the rule should be 

applied as stated to the right crystal; for left crystals, 
the rule should read "negative" instead of "positive" 
in each reference to a piezoelectric constant. The senses 
of axes in the left crystal should be such as to reverse 
the signs of all piezoelectric constants with respect to 
those of the right crystal. 
The effects of the application of the rule in the several 

classes may be summarized as follows: 

(1) A positive du determines the sense of the Z axis 
in classes m, 2 m m, 4 m m, 4, 3, 3 m, 6, 6 m m. 

(2) A positive du determines the sense of the X axis 
in classes 3, 3 2, 6, 6 m 2. 

(3) A positive d22 determines the sense of the Y axis 
in classes 3 m, Z. 

(4) A positive du determines the distinction be-
tween X and Y axes in class 4 2 m. 

(5) A positive d14 =d determines the distinction be-
tween X and Y axes in classes 2 3, 4 3 m after 
any one of the three crystallographic axes has 
been chosen arbitrarily as Z axis. 

(6) A positive du determines the sense of the Z axis 
in class 4. 

(7) The senses of all axes are trivial and reversals 
such as to maintain a right-axial system do not 
affect the signs of piezoelectric constants in 
classes 2 2 2, 4 2 2, 6 2 2. 

(8) The senses of X and Z axes are trivial in class 2, 
and reversals such as to maintain a right-axial 
system do not affect the signs of piezoelectric 
constants. 
The senses of X and Y axes are trivial in classes 
4 2 m, 2 3, 4 3 m, 2 m m, 4 m m, 4, 6, 6 m m. 

(10) The sense of the Y axis is trivial in classes 3 2, 
6 m 2. 

(9) 

2. Standard for Specifying Crystal Plate Orientation 

2.1. All crystal plate specifications for orientation are 
to be determined by a "Rotational Symbol." This sym-
bol is a set of letters and angles that indicate a way in 
which the orientation of the plate, assumed to be rec-
tangular, can be derived from one of six initial orienta-
tions by successive rotations about plate edges. 
The initial orientation is that in which the thickness, 

length and width fall along the X, Y, and Z axes, but 
not necessarily respectively. The X, Y, and Z axes for 
the various crystal systems are defined in part 1. 

A. The first two letters of the symbol indicate the initial 
orientation used. 
(a) The first letter is x, y, or z and indicates the 

direction of the plate thickness before any rota-
tions have been made. 

(b) The second letter is x, y or z and indicates the 
direction of the plate length before any rotations. 

(c) These two letters completely specify unrotated 

plates. Figs. 12 to 17 show the six possible cuts 
that require no rotation. 

Fig. 12—An (xy) cut. 
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I3 —A (xz) cut 

Fig. 14 —A (yx) cut 

Fig. IS—A (yz) cut. 

B. The remaining letters of the symbol indicate the 
plate edges used as axes of rotation. 
(a) The third letter of the symbol is t, I, or w ac-

cording to whether the thickness direction, 
length direction or width direction is the axis of 
first rotation. If one rotation suffices there are 

Fig. 16 —A (zx) cut 

Fig. I 7—A (zy) cut 

Fig. 18 —A (yzw) cut, positive single rotation about X. 

only three letters in the symbol. Several com-
monly used single rotation cuts of quartz are 
shown in Figs. 18 to 21. 

(b) The fourth letter is t, 1, or w according to the 
edge used for the second rotation. If two rota-
tions suffice there are only four letters in the 
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X 
Fig. 19 —A (yzw) cut, negative single rotation about X. 

Fig. 20 —An (xyt) cut, —18° rotation about X 

Fig. 21 —A (yzi) cut, rotation about Y. 

Fig. 23—A triple-rotation cut (yztu,t), produced from Fig. 22(c) 
by 15° rotation about I. 

(a)  (b)  tc) 

Fig. 22 —A double-rotation cut (yaw) arrived at by 30' rotation about  followed by 40" rotation about w 
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symbol. A double-rotation cut is shown in Fig. 
22. 

(c) The fifth letter is 1,1, or w according to the edge 
used for the third rotation. There need be no 
more than five letters in the symbol. A triple-
rotation cut is shown in Fig. 23. 

C. The symbol is to be followed by a list of rotation 
angles CF, 9, 'If; angles negative in sense will be indi-
cated by a negative sign. 

(a) A positive angle means rotation counter-clock-
wise as seen looking toward the origin from the 
positive end of the axis of rotation. 

(b) The positive ends of the axes t, 1, and w are the 
ends that initially pointed in the positive direc-
tions of the three coordinate axes X, Y and Z. 

D. Right-handed crystals and left-handed crystals (see 
Fig. 10) use exactly the same symbol and angle list 
to give elastically equivalent plates. As is explained 
in Section 1.12, the signs of all piezoelectric con-
stants for right crystals are opposite to those for left 
crystals. Nevertheless, the numerical values of the 
piezoelectric constants are the same for left as for 
right crystals (see also Section (b) below). 
(a) A left-handed crystal is considered as the crys-

tallographic inversion of a right-handed crystal 
rather than as its mirror image (see Section 
1.11). 

(b) The case of crystals that exist in both right-
handed and left-handed forms, as is the cape for 
quartz, will now be discussed. Consider a plate 
R made from a right-handed crystal according 
to some one orientation specification. What ori-
entation specification will produce, from a left-
handed crystal, a plate L with properties identi-
cal to those of plate R? The answer is that it is 
impossible to orient the L plate so that all its 
properties are identical with those of the R plate. 
It is, however, possible so to orient L as to have 
its elastic properties identical with those of R, 
and the piezoelectric properties differing only in 
sign. This "equivalence" is satisfactory in most 
piezoelectric work. A left crystal can be so posi-
tioned with respect to a right crystal that it can 

be considered as the right crystal inverted 
through a center of inversion. (Place them in a 
mirror-image relation first, then rotate one of 
them 180° in the plane of the mirror.) In this 
relative position, we can describe the two crys-
tals on identical systems of axes. Each face 
(hkl) of one crystal is now matched by a parallel 
face, (hig) of the other crystal; the plate R of 
one crystal is now parallel to the plate L of the 
other crystal, R and L having the "equivalence" 
mentioned above. Hence the rotation-system sym-
bol is the same for both plates. If when sawing to 
produce a given orientation the crystals are sup-
ported on two or more faces (reference faces) 
which rest on surfaces of a sawing fixture, this 

fixture will serve for both right and left forms if 
the crystal has a second face parallel to each 
reference face. This is ordinarily the case for all 
but crystals of low symmetry, such as triclinic 
asymmetric crystals. 

E. As examples of the association of familiar angles, a 
quartz AT plate, with its length along the X axis, is 

designated as (yxl) 35 1/4°. A BT cut is (yxl) —49°. 
It is to be noted that most manufacturers are accus-
tomed to the descriptions 35 1/4° rotated Y cut and 
—49° rotated Y cut respectively for these two crys-
tals. The designation of the familiar 45° X cut 
Rochelle salt plate is xyt 45'; of the 45° Z cut plate 
of ADP, zxt 45'; and of the Y cut of EDT, yx. 
It is convenient to add the angles and the dimen-

sions to the rotation symbol to complete the crystal 
plate specification. For example, as in Fig. 23, 
(yztwl) 307150/400 means (yztwl) with 43=30° 
about 1,  =15° about w, and  =40° about 1. A 
statement of the final required dimensions will now 
complete the specification, so that a full specifica-
tion might read: 

(yztwl) 30°/15°/40° 

1= 0.80 ± 0.01 mm 

1= 40.0 ±0.1 mm 

w= 9. 03 ± O. 03 mm. 

F. It might be thought that an independent set of rota-
tion systems would result if the rotations were about 
X, Y, and Z in some order instead of about t,1 and 
w. For example, we might extend our nomenclature 
to cover such a symbolization as (yxxyz). Here the 
yx tells us that the thickness was originally along Y 
and the length originally along X. The xyz tells us 
that the first rotation is about the X axis, the sec-
ond about the Y axis, and the third about the Z 
axis. For single rotations there is no difference be-
tween this and the previous system as, for example, 
a (yxx) is identical with a (yxl) since x and 1 coincide 
in this case. For multiple rotations it can be shown 
that a simple relation connects the two sets, 

(yxxyz)a,43/7 being in fact equivalent to (yxwil)-y 
/13/«. (Note that although x, y, z coincide initially 
with 1, 1, w, respectively, the /tw is reversed with re-
spect to wil and the order of the angles is also re-
versed in writing the equivalent symbol.) For exam-
ple, a quartz GT cut is either a (yx11) 51°/45° or 
alternatively a (yxyx) 45°/51°. The (yxwtl) form is 
to be preferred for the reason that most designers 
think in these terms, not in the (yxxyz) terms. This is 
because the (yxwt1) type preserves the direction of 
one crystal edge for each rotation and hence pre-
serves certain plate properties but allows other 
properties to vary, thus permitting their improve-
ment. The (yxxyz) type preserves no edge direction 
of a plate except in the case of singly rotated cuts. 
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3. The Piezoelectric Relations, Symbols, and Units 

3.1. General  3.2.2. The Electrical Variables 

Piezoelectric investigations usually involve the elastic 
and dielectric constants of the material as well as the 
piezoelectric. As in other fields, confusion has arisen 
through the use of different symbols for the same quan-
tity and of the same symbol for different quantities. 
Additional difficulties have come from Voigt's selection 
of a compressive stress as positive. This is not in accord 
with accepted usage by elasticians, nor is it followed by 
all writers on piezoelectricity. 
A suitable notation for the quantities of interest in 

piezoelectricity should provide a single symbol for each 
quantity with the various components designated by 
subscripts to permit the use of either the matrix or 
tensor methods of writing the equations. This require-
ment precludes the adoption of either of the two most 
widely used notations for stress and strain. Piezoelectric 
notation is further complicated by the fact that, in gen-
eral, the electrical, mechanical and sometimes the 
thermal conditions of measurement must be specified 
before a unique meaning can be given to the constants 
of the material. It is therefore highly desirable to pro-
vide a notation where the boundary conditions can be 
specified in the symbol. 
In order to promote uniformity and accuracy of pres-

entation, a set of standard symbols is here presented. 
Wherever possible these symbols conform to accepted 
usage in the field concerned. A table relating them to 
those used by various authors is also given. The piezo-
electric relations that serve to define the constants of 
the material, together with the various relations among 
these constants, are given in both matrix and tensor 
form. These relations are written in rationalized mks 
units, and a set of factors is given for converting from 
cgs electrostatic units to rationalized mks units. For 
comparison with Voigt's notation, the relations are also 
given, in matrix form, with electrostatic units and 
Voigt's symbols, but calling the stress positive when 
tensile. 

3.2. Specification of the Variables 

3.2.1. The electrical state of a medium is known when 
two vector quantities such as electric field and electric 
displacement are specified. The elastic state is known 
when two second-order tensor quantities, stress and 
strain, are specified. Piezoelectricity is concerned with 
the interaction between the electrical and elastic be-
havior of a crystal and therefore with relations involv-
ing the two electrical and the two elastic variables. 
All quantities are referred to rectangular axes desig-

nated by X, Y, and Z, or by X1  X21 and X s. These 
axes are related to the crystallographic axes as explained 
in part 1 of this Standard. 

The electrical variables are chosen as the electric field 
(E) and the electric displacement (D). The electric dis-
placement is chosen as the second electrical variable in 
preference to other possible variables (e.g., polariza-
tion) as being more useful from an engineering and ex-
perimental point of view. 
The components of the electric field and electric dis-

placement are designated by Ei and Di, respectively. 
The subscript i takes the values 1, 2, 3 and denotes the 
axis along which the component is directed. 

3.2.3. The Elastic Variables 

The elastic variables are stress (T) and strain (S). 
The tensor components of stress T are designated by 
two subscripts (1=1, 2, 3 and j = 1, 2,3). Since Tii= To, 
only 6 of the 9 components are independent, and the 
stress components can be written with a single subscript 
T7,(p=1 • • • 6). T, can be related to Ti; in different 
ways. The usual convention is represented below. 
The relations of the Tii to 7'„, and to the components 

of stress as written in certain texts, are as follows (the 
abbreviated form is the basis of the matrix notation 
used below). 

Tensor 
Form 

Tit 

T22 
Tas 

T13 

Abbrev. 
Form 

T2 
Ts 

Te 

Voigt 

X. 
Yy 
Z, 

Y, 
Z, 
X„ 

Other 
Texts 

ax. 

(rz: 

Normal stresses 

Shearing stresses. 

The tensor strain components are designated by Sip 
As with the stress components, Si; =So, so that only six 
of the strain components are independent and the strain 
components can also be written with a single subscript 

Sgp=1 • • • 6). 
The relations between the strain components in dif-

ferent notations are as follows: 

Tensor Abbrev. 
Form  Form 

Si' 

S22 
S33 

2S23 
2S13 
23'12 

Si 
52 
Ss 

S4 

Ss 

S. 

Voigt 

x, 

Y. 
z, 

Y. 
Si 

xy 

Other 
Texts 

ex: 1 
elm 
e., 

'Yys 

'Yxy 

Normal strains 

Shearing strains. 

Components of elastic displacement are designated by 
ui(j = 1, 2, 3) and are related to the strain components 

as follows: 
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.s, = 

=  2S211 

S6 =  2S111 

Se = 2S12 

du, 
5 11 =  — 

dx, 

dUe 

S2 =  522 =  — 
dx2 

dug, 
SR = — 

dxs 

du, 

x2 

dug = 
dx3 

du2 

dx1 

du2 

dxg, 

dus 

dui 

dx2. 

A normal strain is positive when extensional, negative 
when compressional. A shearing stress, and also a shear-
ing strain, is positive when a rectangle becomes de-
formed so that an acute angle lies in the quadrant be-
tween the positive directions of the axes that form the 
sides of the rectangle. 

3.3. The Piezoelectric Relations 

3.3.1. General 

When T, and Eg are chosen as the independent vari-
ables, the piezoelectric equations for the most general 
case (that of a triclinic crystal) are: 

S1 = 

52 =  

S3 = 

54 =  

.36 = 

S6 = 

D1= 

D2= 

D3 = 

The 36 compliance constants s form a matrix relating 
strain S to stress 7'. In matrix notation this relation 
may be written S=sgr. Similarly the 18 piezoelectric 
strain-constants d form a matrix relating S to E or D 
to T. In matrix notation the piezoelectric contributions 
to S and D are written as S=dRE, D=dT, where d, 
signifies a transposed matrix. 
It will be observed that the d-matrix appearing in the 

first three equations (10) has six rows and three col-
umns, while in the last three equations it has three rows 
and six columns; in the latter case the rows and columns 
are interchanged, and the d-matrix in the first six equa-
tions is a transposed matrix with respect to the one hav-
ing three rows and six columns. The transposed d-matrix 
has the special designation ds. It should be noted that 
the transposed matrix (three columns) is to be used 
wherever a piezoelectric constant is associated with an 
electric vector, the latter being regarded as a matrix 
with one column and three rows. 

3.3.2. Equations in Voigt's Notation 

Before passing to the formulation that is of chief 
concern in this report, we give for comparison the four 
familiar equations of state according to Voigt, in cgs 
electrostatic units, but with the stress X positive when 
the strain x is positive, using matrix notation. 

x = $8.7C + dgE  X = cEx — egE 
(not standard)  (11) 

P = dX  nEE  P = ex + nzE 

SE1 IT i + 5512 T2 + 5E I3 T3 + 513 14 T4 +S 8 16 T5 +SE I6 T6 

SR42 T1 ± S822 T2 + SE23 T3 + 5E 24 T4 +S ° 26 T5 +S E 28 T13 

SE137.1 ±SE23 T2 + 5E33 T3 + SE 34 7. 4 +SE 35 7. 6 +5E 38 7.6 

SE I4 T1 + SE 24 T2 + 3E 34 7' 3 + 3E 44 7' 4 + 5E 45 7' 6 + 3E 46 TO 

SEI6 TI-FSE26 T2 + SE36 T3 + SE4 5T4 +S E H Tb +S E 56 T8 

SEI6 T i + SE28 T2 + SE38 T 3 +SE 48 T4 + 5E 68 T6 +S E 66 T8 

d11 T1 + d12 T2 4 4 13 T3  + d14 T4 + d167.6 4 -(118 T6 

d21 T1 ± d22 T2 + d23 T3  44 24 T4 + d26 T6 4 4267'6 

d3I TI -1-4 32 T2 + d33 T3  + d84 T4 + 46 n  + (in n 

where sz is the elastic compliance at constant field-
strength, in matrix notation (3.3.8), e the dielectric 
permittivity,7 and d the piezoelectric strain-constant. 
Rationalized mks units are implied in the equations, 
and throughout this report, unless otherwise stated. 
Since, according to the definitions given above, a posi-
tive stress is associated with a positive strain, the signs 
of all terms containing stress differ from those used by 
Voigt. 

7 The term "permittivity" is synonymous with "capacitivity" 
as defined in Standards on Abbreviations, Graphic Symbols, Letter 
Symbols, and Mathematical Signs, 1948. The word "permittivity" 
is adopted for this Standard because of its almost universal use in 
piezoelectric and dielectric theory. 
In order to minimize the number of subscripts the well-established 

symbols So and K are used in this Standard instead of the symbols 
e. and e, given in Standards on Abbreviations, etc., 1948, referred to 
above. 

+d11E1-Fd21E2 

4-di2Ei+d22E2 

-1-d13E1-1-d23E2 

+ d14 E1 + d24 E2 

+dI5E1+d25F2 

+ 4134 E3 

±  (132 E3 

+  (133 E3 

+,134E3 

± d35 E3 

d us.F1+ d 26E2 ± (136E3 

er nE F er 12E2+ 6T nEs 

-4- ET 12E1 - F er 22E2+ cr 23E3 

+ ea '13E1+0.23E2+ 0.33E3 

(10) 

where P is the polarization, and ni and nr are the dielec-
tric susceptibilities at constant stress and constant 
strain. The equations for P can be changed to equations 
for D by multiplying each side by 4ir and then adding E. 

Then, since in esu 1 +47rn =K, it follows that D=47rdX 
+KTE, and D=4rex+KEE. When these equations, 
together with those for x and X above, are converted 
to mks units, with T and S in place of X and x, the re-
sult is 

S = SET + dgE 

D.= dT + ET E 

T  cES — egE 

D = eS + 
(12) 

Here d and e are in rationalized mks units, obtained by 
dividing the quantities in esu by 3(104) and 3(105), 
respectively. The two equations at the left are the same 
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as (10) in matrix notation. Those at the right are equiv-
alent to another set of equations similar to (10), but 
with S, and E, as independent variables. 

3.3.3. Recommended Equations of State in Matrix Nota-
tion 

In many piezoelectric investigations it is desirable to 
use as independent variables S„ and Di, or T„ and D. 
In these cases the c's and s's should have the super-
script D instead of E, indicating that they give the 
relations between stress and strain when D is held con-
stant. Two more sets of equations similar to (10) are 
needed. In one set, S and E are expressed in terms of T 
and D; in the other set, T and E are expressed in terms 
of S and D. 
It is unnecessary to write all these equations in full, 

since their content can be expressed at once in matrix 
form, as follows:8 

S = sDT  gtD  - 

E = — gT  ,TD 

T = CbS — htD 

E = — ItS  irD 

For comparison with these expressions, (12) are here 
repeated: 

S = SET 

D = (IT ± JP; 

"T = cES — etE 

D = eS  ts E. 

(12a) 

(12b) 

(12c) 

(12d) 

In the foreging equations e is the dielectric permittiv-
ity, and /3 is the dielectric impermeability, related to e 
as indicated in Tables III and IV. g and hare the piezo-
electric constants corresponding to d and e. When d and 
e are in rationalized mks units, as in (12a) to (12d), the 
relations are: 

d = erg  e = es h. (17) 

The superscripts designate the boundary conditions. 
sE is the elastic compliance when the electric field is 
constant or zero (short circuit); er is the permittivity 
when the stress is constant or zero (free crystal). 
Constants without a superscript to designate the 

thermal conditions, such as s, d, e, arc considered to be 
those measured under adiabatic conditions. Constants 
measured isothermally should be designated by a super-
script 0. 
For greater generality, (12) to (16) could include 

thermal terms as well as elastic and electric; in that case 
each coefficient belonging to any one of the three effects 
(elastic, electric, and thermal) would have to be pro-
vided with two superscripts, indicating the boundary 
conditions with respect to the other two effects. For ex-

1
 $ The form of the piezoelectric relations in (12) to (16) was first 
proposed by If. G. Baerwald, in OSRD Report Ni,. 287, Contract 
No. OEMsr-120, 1941. 

ample, a compliance constant measured adiabatically 
and at constant displacement would be so". In all ex-
pressions involving thermal effects the symbol a is to be 
used for entropy per unit volume, and 0 for absolute 

TABLE II 

Quantity 
Units' 
(mks) 

Symbols 

Stress, 
Strain, 
Elastic displacement 
Sign of tensile stress 
Electric field strength 
Electric displacement 
Absolute temperature 
Entropy per unit volume 

Elastic compliance, 
(E =constant) 

Elastic compliance 
(D =constant) 

Elastic stiffness (E =constant) 
Elastic stiffness (D =constant) 
Permittivity (T =constant) 
Permittivity (S =constant) 
Dielectric constant. relative, 
Dielectric impermeability 
(T =constant) 

Dielectric impermeability 
(S =constant) 

Dielectric susceptibility 
(T =constant) 

Dielectric susceptibility 
(S =constant) 

Reciprocal susceptibility 
(T =constant) 

Reciprocal susceptibility 
(S =constant) 

Dielectric polarization  C/m' 
Piezoelectric strain-constant'  C  m 
Eq. (12)  ---or  d 

N  V I 
Piezoelectric stress-constant" 
Eq. (12)  C/m, 

Piezoelectric strain-constant' 
Eq. (14)  m2/C 

Piezoelectric stress-constant'  N  V 
or  h Eq (16) 

C 
Coupling coefficient 

mf 

I  M 

C  012 

.V 

M 2 

N 
N of, 
F m 
F is, 

m F 

m • F 

-71 

O s 

(a) 

N 

IS 

k' 

7,00 

(b) 

is 

r, 

cl 

" I. 

K̀ 

(c) 

x 
I.  p 

S. 

01 

S. 

r, 

4 

P  P 

01  d  d 

k 

(a) As given in "Piezoelectricity," McGraw-Hill, 1946. 
(b) As given in several papers in the Physical Review, 1939-1945. 
(c) As given "Crystal Physics," Cambridge Univ. Press, 1938. 
(d) As given in "Lehrbuch der Kristallphysik," Teubner, 1928. 
(e) As given in several papers in the Physical Review, 1935-1940. 
(f) As given in OSRD Report No. 287, Contract No. OE1'%lsr-120 

(1941). 
• For numbered footnotes see Explanation of Table li on page 1394. 

temperature. Further consideration of the treatment of 
thermal effects lies outside the scope of this Standard. 
This superscript notation can be extended to mixed 

boundary conditions. For example, in the important 
practical case of thickness vibrations, the elastic con-
stant governing the vibration would properly be desig-
nated as cgg°., indicating that the transverse compo-
nents of the field E are constant and that the normal 
component of the displacement D is constant. This is 
the meaning to attach to c in thickness vibrations, al-
though the superscript may be omitted. 
In equations (12) to (16) all symbols denote matrices. 

S and T are column matrices of 6 terms; E and D col-
umn matrices of 3 terms; e and s symmetrical matrices 
of 6 columns and 6 rows; and d, e, g, h, 6 columns and 3 
rows; e and 13, symmetrical matrices of 3 columns and 3 
rows. 

3.3.4. The four piezoelectric constants (d, e, g, and It) 
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are related as indicated above, but each presents a dif-
ferent aspect of the piezoelectric relationship and is use-
ful for a particular set of conditions. For example, d 
measures the strain in a free crystal for a given applied 
field, e the stress developed by a given field when the 
crystal is clamped, g the open circuit voltage for a given 
stress, and h the open circuit voltage for a given strain. 

3.3.5. In Table II are listed the symbols adopted for 
this Standard and also those used by various authors for 
elastic, electric, and piezoelectric quantities. 

Explanation of Table II. The numbered paragraphs relate 
to the numerical superscripts in the table. 

1. Xz for stress and xx for strain indicate that the 
notation used was Xx, Y, Z., Y., Zz, X, for stress 
and x., y„, zz, y., z, and x„ for strain; or, alterna-
tively,•Xl • • • X 6 and x1 • • • x6. 

2. Other superscripts are to be used for other bound-
ary conditions as necessary; e.g. for zero polariza-
tion or infinite air gap. 

3. eo is the permittivity of free space. In the electro-
static system eo is equal to 1 and e = K, numerically. 
In the mks system eo =8.85 X10-'2 farad/meter = 
1/(36r X109) farad/meter. See footnote 7. 

4. The numbers in parentheses refer to equations (13) 
to (16) which define the different piezoelectric con-
stants. The piezoelectric constant f was introduced 
by Mason9 to designate the ratio of elastic stress 
to charge-density on the electrodes, in cgs esu. As 
can be seen from (15), the piezoelectric stress-con-
stant h corresponds to f, but represents the ratio 
of stress to displacement rather than to charge-
density. The constants d and e have long been 
used, following Voigt; g was introduced by Baer-
wald.8 

5. The letters referring to the units of the mks sys-
tem have the following meaning: 
N =newton, the unit of force =106 dynes. 
m =meter, the unit of length =100 centimeters 
l7=volt, the unit of potential =1/300 statvolt 
C = coulomb, the unit of charge =3 X109 stat-
coulombs 

F= farad, the unit of capacitance =9 X10" stat-
farads. 

3.3.6. The relations among the constants in (13) to (16) 
are given in matrix notation in Table III. Units are 
rationalized mks. 

TABLE 111 

d=e.sE =erg 
e =dc8 = esh 
g = hs° = Ord 
h=g0 =tise 

er  =dcEd, =esEe, =de, 
j38 hsph, = gcbg, -= hg, 
cp—cR =eitise = kWh= lige 
—  = gorg=daf3Td=d,g 

' W. P. Mason, "A dynamic measurement of the elastic, electric, 
and piezoelectric constants of Rochelle Salt," Phys. Rev., vol. 55, 
pp. 775-789; June, 1939. 

Matrices of the c, s, d, e, and e constants applicable 
to each of the crystal classes except the monoclinic are 
given by Cady. 1° For the revised forms of the mono-
clinic matrices see Section 1.4. From the matrices and 
the relations in Table III the other constants may be 
obtained. 

3.3.7. Tensor Notation 

In full tensor notation (12) to (16) are written: 

=  d iimEm  Sii = spiiktTkt  giiman 

D = dnkirkt  eT ritn Ern 

Tkl =  eklin Em 

Dz = ezoSo  eS nm Ern 

Em = — gmLITIci  13T rts„ Dn 

TkI =  Cr'ijkl Sij —  hk1„ Dn 

Ez, = — h„,;;Sii 13s,„„Dz 

where subscripts repeated in the same term indicate 
summation. All subscripts take the values 1, 2, 3. 
The relations among the constants in tensor notation 

are•given in Table IV. In this Table, /is the idemfactor 
relating a tensor with its reciprocal. 

CEiirg SEppkI = Iiin 

Cb ijpgS Dpgkt = 1,1*,Or„er„„  = 

'AR pn  = imn 

TABLE l V 

enkz =  =d,„,cE„ki 
gust = riTnIndrnk 1 = hnip5 h g, k 

link! = Osnrnernkl 

Ec n = dnklenzki 
fismn —0T„,„ =h„kign,kz 

sE ,,kt — sb „,i =d„„g,„Li. 

To obtain explicit relations between the cif/a and the 
soL/  or the e„,„ and 13, it is necessary to use the matrix 
relations given in Table III, Section 3.3.6. 

3.3.8. Since, according to Section 3.2.3, the shearing 
strain components in the matrix notation (Section 3.3.1) 
are set equal to twice the tensor strain components (e.g., 
S4=2S23) the numerical values of the tensor compo-
nents of some of the constants are not equal to the cor-
responding components in the matrix notation of Sec-
tion 3.3.3. The relations are given in Table V. The sub-
scripts i, j, k, and / take the values 1, 2 or 3 in all the 
terms in the Table; p and q take the values given in the 
first column. 

TABLE V 

when p, q= 1, 2,3 
P=i, 2,3, and q=4, 5,6 

p, q=4, 5, 6 

when  2„3 
p=4, 5, 6 

do; =dip 
45= 4/2 

Siijj =  S pq 

•  =  

siikt= s„/4 

,g,i; =gip 
• = gin/2 

The tensor components of c, e, and h are equal to the 
corresponding components in the matrix notation. 

3.3.9. Units 

It is proposed that numerical values of all the quanti-
ties involved in the piezoelectric relations be given in 

IS See footnote reference 2 
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rationalized mks units. To aid in using these units, fac-
tors for converting from cgs electrostatic units to ra-
tionalized mks units are given in Table VI. 

TABLE VI 

CONVERSION FACTORS: cgs ELECTROSTATIC TO mks 
(RATIONALIZED) UNITS 

The conversion factors are given as dimensionless expressions each equal to 
unity, except that for 0 and ip the value is 4s. and for Land D. 1/41. They may be 
inserted as factors into an equation without changing its validity. Insertion of the 
appropriate conversion factors into an equation in which cgs electrostatic units 
are explicit converts the equation to a form which is explicit in mks rationalized 
units. 

Quantity  j Symbol Conversion Factor 

Mechanical force  12 
Elastic strain  S 
Elastic stress  T 
Elastic displacement  it 
Elastic compliance  $ 
Elastic stiffness  c 

Electric potential  V 
Electric field  E 
Electric charge  0 

Electric displacement 

Dielectric permittivity 

Dielectric impermea-
bility  0 

Dielectric constant. 
relative  It 

Dielectric polarization 

Dielectric susceptibility 
Piezoelectric constant  d 

Piezoelectric constant 

Piezoelectric constant 

Piezoelectric constant 

10-, newton per dyne 
I  numeric =relative deformation 
10-1 newton/meter, per dyne/cm, 
10-1 meter per centimeter 
10  meter,/newton per cm/dyne 
10-1 newton/meter, per dyne/cm, 

300 
3 X10, 
X10-9 
1 

volt per statvolt 
volt/meter per statvolt /cm 
coulomb per statcoulomb 

  coulomb/meter, per 
12r X105 etatcoulomb/cm, 

farad/meter per statfarad/cm 
36r X105 

36r X109 meter/farad per cm/statfarad 

numeric =e/se 
X10-4 coulomb/meter, per 

statcoulomb/cm2 
(numeric) units (mks) per unit (cgs) 
X10-4 coulomb/newton per 

statcoulomb /dyne 
i X1O  coulomb/meter, per 

statcoulomb, cm* 
3 X101 meter,/coulomb per 

cm/statcoulomb 
3 X101 newton/coulomb per 

dyne/statcoulomb 

Explanation of Table VI 

The conversion factors for D, e, 13 and n are expres-
sions for either 4ir or 1/4ir instead of unity owing to the 
differences in definitions of these quantities in rational-
ized and unrationalized systems, and to the compensating 
appearance of 4.7r explicitly in the equations using these 
quantities in one system or the other. 
The term "permittivity" is synonymous with "ca. 

pacitivity" as defined in Standards on Abbreviations, 
Graphic Symbols, Letter Symbols, and Mathematical Signs, 
1948. The word "permittivity" is adopted for this 
Standard because of its almost universal use in piezo-
electric and dielectric theory. 
In  order to minimize the number of subscripts the 

well established symbols to and K are used in this Stand-
ard instead of the symbols er and er given in Standards 
on Abbreviations, etc., 1948 referred to above. 
In rationalized mks units, polarization and suscepti-

bility, as here defined, are related by the equation 
P =ne0E. This convention, though not universally 
adopted, has the advantage of assigning to P and ?I the 
same dimensions on both systems of units. It also con-
forms to good modern usage." 

" J. A. Stratton, "Electromagnetic Theory," McGraw-1-fill Book 
Co., New York, N. Y., 1941. 

3.3.10. Examples of the Use of Conversion Factors 

The following equation is equally valid whether cgs 
or mks units are regarded as implicit along with the 
numerics in the several symbols: 

E = — gT  13TD. 

Upon bracketing the symbols when they are intended to 
represent only the numerics, the equation becomes in 
cgs units (now shown explicitly) 

statvolt  cm2 dyne 
[El   = — [g1   X [71 

cm  statcoulomb  cm2 

cm  statcoulomb 
 X [D ]   
statfarad  cm2 

[OT 

Insert as unit factors, in parentheses, the several con-
version factors given in Table VI: 

[Ej statvolt (3 X 10' volt/meter) 

cm statvolt/cm 

+ [fir] 
statfarad  cm/statfarad 

x [D] statcoulomb  coulomb/meter' 

cm2 (3 X 105 meter2/coulomb\ 

statcoulomb  cm2/statcoulomb  I 

dyne (10-1 newton/meter2) 

cm2 dyne/cm2 

cm  (367r X 109 meter/farad) 

cm2 12r X 106 statcoulomb/cm2 • 

After cancelling, and dividing out the factor 3 X 104, the 
equation becomes 

volt 
1E]   . 

meter 

meter2 newton 
  X Ell   
coulomb  meter2 

meter  coulomb 
+ [or]  x [Di   

farad  meter' 

and thus the original equation 

E = —gT  13TD 

is seen to be equally valid whether the symbols imply cgs 
or mks units along with the numerics. 
Following are a few numerical examples of conver-

sion of units. They are for ammonium dihydrogen phos-
phate, based on Mason's measurements." 

Electrostatic cgs units  Rationalized mks units 

CM 

I"  OS 

1.55 X10-,  statcoulomb/dyne 
0.096 x10•  statcoulomb/cm, 
0.012 X10-, cm,/statcoulomb 
0.088 X10, dyne/statcoulomb 

5.17 X10-11  coulomb/newton 
0.319  coulomb/meter, 
0.375  meter,/coulomb 

0.0263 X10,1 newton /coulomb 

12 W. P. Mason, "The elastic, piezoelectric, and dielectric con-
stants of potassium dihydrogen phosphate and ammonium dihydro-
gen phosphate," Phys. Rev., vol. 69, pp. 173-194; March, 1946. 
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Response of Circuits to Steady-State Pulses* 
D. L. WAIDELICHt, SENIOR MEMBER, IRE 

Summary—A method of calculating the steady-state response of 
circuits to repeated pulses is given using the method of the steady-
state operational calculus. A short table of transforms which have 

been found useful in these calculations is also presented. The re-
sponse of several basic circuits to these pulses is obtained and shown 
as calculated curves, and the calculated curves are then compared 
with curves obtained experimentally. These curves have been found 
to be very useful in adjusting circuits to be used with pulses. Several 
other possible applications are discussed. 

INTRODUCTION 

UCH WORK has been done lately on the man-1N/1 

ner in which electrical circuits affect the shape 
of pulses.'.2..3 MacLachlan and others5.6.7 have 

studied the response of circuits to the impulsive type of 
pulse, i.e., a pulse in which the energy has been trans-
ferred to the circuit before the circuit has had time to 
respond. Very little work on the response of circuits to 
steady-state pulses of the impulsive type has been (lone, 
however, and it is the purpose of this paper to examine 
this type of response. 

ANALYSIS 

When considering the impulsive type of pulse, the main 
requirement to be satisfied is that the duration of the 
pulse be much shorter than any of the time constants or 
natural periods of oscillation of the circuits used. For 
example, a one-microsecond pulse width should be satis-
factory for a circuit whose smallest time constant is of 
the order of ten microseconds, and whose highest natural 
frequency is of the order of 100 kc. If the above is sat is-
fled, the shape of the particular pulse used should have 
very little effect on the results. The area E is a satisfac-
tory measure of the strength of a pulse, and a unit 
pulse will be defined as one with unit area. 
The pulse voltage wave form of Fig. 1(a) has the 

steady-state direct transform' 

S(e) = — (1 — 6-P2 ). 

a P 

* Decimal classification: R141.3. Original manuscript received by 
the Institute, February 24, 1949; revised manuscript received, Sep-
tember 26, 1949. 
t University of Missouri, Columbia, Mo. 
E. Frank, "Pulsed Linear Networks," McGraw-Hill Book Com-

pany, New York, N. Y., 1945. 
2 E. C. Cherry, "Pulse response," Jour. I.E.E., pt. III, vol. 92, 

pp. 183-196; September, 1945. 
3 G. N. Glasoe, and J. V. Lebacqz, "Pulse Generators," McGraw-

Hill Book Company, New York, N. Y., 1948. 
' McLachlan, "Operational form of f(t) for a finite interval with 

application to impulses," Phil. Mug., vol. 26, Ser. 7/ pp. 695-704; 
November, 1938. 

6 M. F. Gardner, and J. L. Barnes, "Transients in Linear Sys-
tems," John Wiley and Sons, Inc., New York, N. Y., pp. 252-263; 
1942. 

G. A. Campbell and R. M. Foster, "Fourier Integrals for Prac-
tical Applications," D. Van Nostrand Co., New York, N. Y., pp. 15-
19; 1942. 

'J. C. Jaeger, "Switching problems and instantaneous impulses," 
Phil. Mug., vol. 36, Ser. 7, pp. 644-651; September, 1945. 

8 D. L. Waidelich, "Steady-state operational calculus," PRoc. 
I.R.E., vol. 34, pp. 78-83; February, 1946. 

(1) 

For very small values of a, the transform approaches the 
impulsive form 

S(e) = E.  (2) 

In applying the repeated pulses to circuits, a table of 
steady-state transforms was found very useful, and a 
short table of this kind is presented in Table I. The sym-
bol hn i indicates an impulse of the first order and would 
be that of Fig. 1(a) with E =1 and a approaching zero. 
Similarly 11112 indicates an impulse of the second order 
and is that of Fig. 1(b) with E=1 and a approaching 
zero. Figs. 1(c) and (d) show impulses of the third and 
fourth order, i.e., Inz3 and Int,. 

e 

.0 a 

000 

0 p 

23 

0.0 

731 

3E 
04 

T Ito 

a 

a 3a 

30 40 

(d) 

Fig. 1 --W.ive forms of the voltage pulses of orders (a) one, 
(b) two, (c) three, (d) four. 

RESPONSE OF CIRCUITS 

In determining the response of circuits to repeated 
pulses, the first circuit to be considered is that of a re-
sistance R and a capacitance C in series. If the repeated 
pulses have the direct transform of (2), the direct trans-
form of the current i flowing is 

S(i) = E  P 1  (3) 

and that of the voltages across the resistance R and tho 
capacitance C are 
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TABLE 1 

STEADY-STATE TRANSFORM TABLE 

Direct Transform S[f(1)] = F(p) Inverse Transform .5-'[F(p)] = f(s) 

1. 1 

2. p 

3. p" 

1 
4  - 

Imi 

t-a 

1 _ e-aT 

e-r,g 
a   _ Car 

6.   
P2 

a2 

7.   
p2  a2 

p2 

8. 
P2 

a2 

COS M ( -1  —  ) 
T  2 

  where  m = aT 
2m  sin (m/2) 

/ 1 )sin m  - 

2 sin (m/2) 
where  m = aT 

COS M  —  ) 
T  2 

2T  sin (m/2)  + /mi where  in = aT 

e-cgT(/ __ 1") 

2(cosh aT - 1) 

10   
(P  a)2 

(t-T) 
[(1  0(1 - (-aT)  - aTcal 

2(cosh aT - 1) 

p2 

11.   
(1, + a)2 2(cosh aT - 1) 

[a(at -- 2)(1 -- (-aT)  HP a2Te-'71 HP lin' 

1  1  1 
12.   

(P  ori)(P + a2)  • (P  6)2 - G2 - (P  a)2 

= a + b = a +j13 

az = a - b = a - 

b =.jIi  0 

1 e-a2g 

(0,2  _  [  1-  e-air  

c .“-r) pinh bt -  sinh  - T)1 

26  L cosh aT - cosh bT  J 
e-o(i-T) pin 51 - c'T sin 13(1 - T)1 

20  L cosh aT - cos OT  J 

13.   
(P + al)(p +  - (/, a)2 - G2 • (p+ a)2 
al=a +G =a + 

02=a -b =a -j0 

b = jfi / 0 

a 
when b > a, 46 = tanh-' — 

b 

when a > b,  = tanh-1 —a 

a 
a = tan-1 — 

1 a2cat,  
(02 _ al ) L  _  ▪ 1 _ coo. j 

- a 1 cosh (bt -  _ e-ar cosh [01 - T) - 0] coi-1:)Vb2 2  

2b  cosh aT - cosh bT 

c ote-T ye  - b2 1 -sinh (bt -  sinh [6(1 - T) - 1,Gj 

2b  cosh aT - cosh bT 

ca t-TI N/ 32 + 02  cos (01 + a) - e-°T cos [0(1 -   

20  cosh aT - cosh bT 
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TABLE 1—(continued) 

Direct Transform SUM]  F(P) Inverse Transform S-'[F(p)]  f(i) 

14. 

and 

1)2   

(P  at)(P  a2)  (P -F a) — b2 (p + or -F #2 
cri =a +b=a +fifi 

a2 = a — b = a — j14 

b = jft v 0 

p = tanh-1 
2ab  

k a2-1- b2 
243  \ 

= tan-1 
a2 — 

S(eR) = E 

E  1 
S(ec) = 

RC  1 

P 

I  r  aocati .22e-2,  ] 
(a2 _ .0 L 1 _ (-air  1—  ,--cy  A- im, 

('-r)1 a2 — b21  1 sinh (hi — p) — e-"r sinh [6(t  — T) — pit 
-  + Imi 

2b  cosh ar — cosh bT 

= _.0-r)(02 4- 02) ) sin (fit — b) — t-n'T sin [0('  — T) — 3] 

2$ cosh a T — cos t3T  ± Imi 

(4) 

(5) 

By the use of transforms 4 and 5 of Table I and 
putting 0= (RC/T) and 7 = (t/T), where 0 <7 <1, 

and 

E e-r18 

i= 
[  OT(1 — ch18)-1- Mi  R  ll. 

c rie 
en = E[   ± Imil. 

OT(1 — c") 

crle 

cc = 
RC 1 — C" 

(6) 

(7) 

(8) 

The current i and the voltage across the resistance eR 
have the same shape, and this shape is shown in Fig. 2 
for various values of 0. The parameter 0 is equal to the 
time constant of the circuit divided by the period of the 
applied pulses, so a larger time constant in the circuit 

77 // 
0.0.2  0.1.0  e• 5 0 

Fig. 2—Calculated wave forms for en in a series RC circuit. 

is indicated by a larger value of 0 for a given pulse pe-
riod. The pulses of Fig. 2 are shown with a finite height 
which is as they would appear in a practical case. For 
low values of 0, the circuit approaches a differentiating 
circuit, and the wave form of Fig. 2 approaches the 
derivative of the impulse wave form which is an impulse 
of the second order. Experimental confirmation of the 
wave form for 0=1 is shown in Fig. 3, but only the tops 
of the pulses are visible in the photograph. The wave 

Fig. 3—Experimental wave form for eR(0 = 1.0) in a series RCcircuit. 

forms of the voltage cc across the capacitance are shown 
in Fig. 4, and it should be noted that no pulses appear 
in this case. For large values of 0, the circuit approaches 
an integrating circuit, and the wave form of Fig. 4 ap-

0. 0.2  0.1.0  0.5 0 

Fig. 4—Calculated wave forms for ec in a series RC circuit 
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proaches the integral of the pulse wave minus its average 
value, resulting in the saw-tooth wave shown. Again, 
the experimental wave form for 0=1.0 is shown in Fig. 5. 
A number of other circuits have responses which are 

the same as those of a series resistance-capacitance cir-

Fig. 5—Experimental wave form for ec(0=-1.0) in a series 
RC circuit. 

cuit. Among these are series resistance-inductance, 
parallel resistance-capacitance, and parallel resistance-
inductance circuits. The applied pulses for the parallel 
circuits are current pulses. 
Another circuit-that is very commonly used is that 

of an inductance in series with a capacitance. The resist-
ance is assumed zero, although it will be considered dif-
ferent from zero later on. The direct transforms of the 
current i, the voltage et across the inductance, and the 
voltage ec across the capacitance are 

and 

E  p 
5(i) —  (9) 

1 
p2 

LC 

P2   
S(et) = E 

1 
h2 4_ 
LC 

1 
.5(ec) = 

L C  1 
p2 

LC 

(10) 

By the use of transforms 6, 7, and 8 of Table I and put-
ting m = (TRILC) and 7 = (t/T) where 0 <7 <1, 

E sin m(7 — 1/2) , 
1= 

2L  sin (m/2) 

et = E 
[ m cos m(7 — 1/2) 

2T sin (m/2) 

(12) 

4- Ifni],  (13) 

and 
ET cos m(r — 1/2) 

ec =   (14) 
2tn sin (m/2) 

The current i is shown in Fig. 6 for various values of 
m, and it should be noticed that (m/27r) is the number 
of cycles of the natural frequency of oscillation which 
occur during one period of the applied pulses. When 
m = 2n7r where n is a positive integer, the circuit is 
resonant at the nth harmonic of the applied pulse wave, 
and since the resistance in the circuit is assumed zero, 

m=TT/2  m= TT  m=317 

Fig. 6—Calculated wave forms for the current in a series LC circuit. 

the response becomes infinitely large. When m becomes 
very small, the current wave form is the integral of the 
applied pulse wave form and is similar to that of Fig. 4 
for the case of 0 very large. The corresponding wave 
forms for the inductance voltage et are shown in Fig. 7, 

m c 11/2 m Tr m = 3TT 

Fig. 7—Calculated wave forms for eL in a series LC circuit. 

Fig. 8—Experimental wave form for ch(m 31,r) in a series LCcircuit. 
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and the experimental wave for m =37r is given in Fig. 
8. The effect of resistance in the circuit may be noticed 
in that the peaks of the natural oscillation of the circuit 
voltage decrease in height with time. Similar results for 
the capacitive voltage ec are shown in Fig. 9. For very 
low values of m the capacitive voltage approaches the 
second integral of the applied pulse voltage, which is a 
parabola. The paralleled inductance and capacitance 
circuit with a current-pulse wave form applied to it has 
wave forms exactly similar to those discussed above for 
the series inductance-capacitance circuit. 

m' T1/2  rn=TT  rn.31T 

Fig. 9—Calculated wave forms for ec in a series LC circuit. 

When the resistance is not negligibly small in a series 
resistance-inductance-capacitance circuit, the response 
differs largely, depending upon whether the resistance 
is small or large. From transforms 12, 13, and 14 of 
Table I and with 

r = (l/ T),  0 < r < 1, 

A/t R y  1 -1 

al  L 27 + v \--2/1 

a2 =  [ 
2L 

/ / R \ 2 1 1 

'TL- ) 

RE _aie --.IT 
en = Ri =  + 

L(a2 — al) [1 — E-''  1 - e ", 

E  r  ai 2e-'"  a2's "27- I  Elm, 
eL = I  1+ -- -, 

T(a2 — al) 1 -s "  1 — e -"2 T 

ET  

and 

ec =   
LC(a2 — al)[1 —  1 — e-'21 • 

This is the nonoscillatory case (R>2 /L/C), and a 
typical set of response curves are shown in Fig. 10 for 

eR  eL ec 

Fig. 10—Calculated wave forms for en, eL, and ec in a series 
RLC circuit with R>2N/L/C. 

the parameters al =2.0 and az =1.0. The shapes of the 
curves for en and eL resemble those of a series resistance-
inductance circuit, as evidenced in Figs. 2 and 4. The 
voltage ec across the capacitance, on the other hand, 
resembles the capacitive voltage of a series inductance-
capacitance circuit as given in Fig. 9. 
The oscillatory case (R <2  L / C) is obtained also 

from transforms 12, 13, and 14 of Table I. If r = (t/T), 
0 <r <1, 

in = 7' 
/ 1 

(2RL)2 L('   
n = (TR/2L), 

2m11 
= tan-' (ii/m),  and  5 = 

/12 —  M 2 

R Ee- "( r- 1' / in2 n' 
Ci? = Ri =    COS (M7  (7) 

L2m(cush n — cos in) 

— e " sin [m(r — 1) +  , (18) 

Et-  '(in' ± n2) 
e =  {sin (mr — 6) 

2m T (cosh n — cos m) 

Cc = 

Elm ' 
— e- -" sin int(r — 1) — oI  +    (19) 

2LCin(cosh it — cos wIsin mr 

— e-" sin m(r — 1)1.  (20) 

A typical set of response curves for the case in =3r, 
n=1.0 is shown in Fig. 11. It should be noticed that 
the curves are very similar to those of Figs. 6, 7, and 
9, except that the effect of the additional resistance is to 
damp out the oscillations. The responses of many other 
circuits may be obtained by using linear combinations 
of the transforms given in Table I. 

eR  et_  ec 

Fig. 11—Calculated wave forms for eR, ec, and ec in a series 
RLC circuit with R<2 L7C. 

In applying the above wave forms to the testing of 
amplifiers, " the pulse-generator output is applied to 

9 L. B. Arguimbau, "Network testing with square waves," Gen. 
Rad. Exp., vol. 14, pp. 1-6; December, 1939. 
" D. L. Waidelich, "Steady-state testing with saw-tooth waves," 

PROC. 1.R.E., vol. 32, pp. 339-348; June, 1944. 
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the amplifier, and the output of the amplifier is viewed 
on an oscilloscope screen. The frequency of the pulse 
generator may be varied to determine the width of the 
pass band of the amplifier and the type of distortion 
present at the edges of the pass band. For example, a 
simple resistance-capacitance coupled amplifier at low 
frequencies acts much like a series resistance-capacit-
ance circuit with the output voltage appearing across 
the resistance. The resulting wave forms are similar 
then to those of Fig. 2, and the approximate lower half-
power frequency would be that when the wave form for 
0= (1/2r) of Fig. 12(a) would appear. The upper half-
power frequency may be obtained in a similar manner, 
and the wave form to be used is that of Fig. 12(b) for 
0=27r. Resonance occurring in the amplifier may be 
found by noticing for what frequencies of the pulse 
generator the output voltage becomes very large. The 
output voltage wave forms should be similar to those of 
Fig. 9. When the sinusoidal or nearly sinusoidal wave 
form is that for m =2r, the frequency of the pulse gen-
erator is the same as the resonant frequency of the 

amplifier. 
It has been shown" that if the steady-state response 

of an amplifier is known to a saw-tooth wave of period 
T, the steady-state response to any nonsinusoidal wave 
of the same period T may be calculated. The same is 
true if a pulse wave is used. For example, if eo(t) is the 
steady-state output response voltage of a pulse of period 
T applied to an amplifier, and if e(t) is any other non-

1401 

Fig. 12 —Calculated wave forms for (a) the lower, (b) the 
upper half-power frequencies. 

sinusoidal wave of period T, then the steady-state re-
sponse e, of the amplifier to e(t) is 

e, = f e(1 — 
o 

or another equivalent form is 

r)eo(r) dr, (21) 

e, = f e(r)e0(1 — r)(17-.  (22) 
t—T 

If the equations for e and eo are known, it is possible to 
integrate (21) or (22). If equations are not known for 
either e or eo or both, a numerical solution is still pos-
sible as outlined in the previous reference.'° 

Diode Phase-Discriminators* 
R. H. DISHINGTONt 

Summary—Two sinusoidal phase-discriminators are analyzed 

and it is found that universal curves of their general phase charac-
teristics can be plotted as a function of two parameters. From these 
curves it is concluded that the resistances in series with the tubes and 

also the tube resistances themselves are the most important factors 
in determining optimum performance. 

INTRODUCTION 

  H E  PHASE- DISCRI NI I NATOR,  otherwise 
known as phase-comparator or phase-detector 

  gives a measurement of the phase difference be-
r- tween two waves. Diode discriminators, having the ad-

vantage of simplicity, indicate the phase angle by a 
voltage at the output terminals. At present, the prin-
ciples of operation are well known, but there is a notice-
able lack of an accurate analysis of the circuits."' The 

* Decimal classification: R246. Original manuscript received by 
the Institute, May 2, 1949; revised manuscript received, July 20, 
1949. Presented, IRE West Coast Convention, San Francisco, Calif., 
September, 1949. This paper was prepared while the author was en-
gaged in research at the University of Southern California, Los 
Angeles, Calif. 
t Formerly, University of Southern California, Los Angeles, 

Calif., now, The Rand Corp., Santa Monica, Calif. 
W. L. Emery, "Ultra-High-Frequency Radio Engineering," 

Macmillan Co., New York, N. Y., 1944; p. 41 . 

present paper deals with the problem by applying a 
recently introduced general method of diode circuit 
analysis.3 For all practical purposes, this gives an exact 
solution. The circuits' general characteristics are given 
graphically, and only a simple calculation must be made 
to obtain the complete phase-characteristic for any 
practical values of the circuit parameters. 

THE BASIC METHOD 

In footnote reference 3 it was shown that a tube 
and any series resistance R, have a combination char-

acteristic 

ib = Kee, (1) 

where i t is the plate current, ed is the voltage across both 
the tube and R,„ and K and a, are constants. Mathe-
matically, 

ed = eb  ibR. (2) 

2 L. I. Farren, "Phase detectors, some theoretical and practical 
aspects," Wireless Eng., vol. 23, pp. 330-340; December, 1946. 

3 R. H. Dishington, "Diode circuit analysis," Elec. Eng., vol. 67, 
pp. 1043-1049; November, 1948. 
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e4 = e5 — 

where eb is the plate voltage of the tube. To use the 
solutions presented further on, two quantities must be 
computed. First, referring to Figs. 1 and 5, 

and, from (2), 

22 

el   

Rbb 

E21 = ebb, + i2R. 

(3) 

(4) 

where edi, is the plate voltage of the tube at 12, taken 
directly off the static plate characteristic. Second, the 
exponent otc can be found very simply, as explained in 
footnote reference 3. 

THE SIMPLE SINUSOIDAL PHASE-DISCRIMINATOR 

Phase difference between two sinusoidal waves can 
be measured by the circuit in Fig. 1. The magnitudes of 
the open circuit input voltages e, and e5 are assumed 

Fig. 1—The simple phase-discriminator. 

equal. Both sides of the circuit are identical except for 
the net voltage applied to each. The driving voltages 
for T1 and T4 respectively are 

= e, -F e,} 
(5) 

Adding a fixed lead of r/2 to ev, to resolve the am-
biguity in 0 for positive and negative angles, 

• = E sin (cdt -I- 0 -I- --)  E sin cot 
2 

•  E sin (coi  0 -I-  — E sin col 
2 

Transforming (6), 

el = (el..) sin (ut  0 
4 

where 

C4 = (e4„,..) cos (  ir col +  + 
4 

•  = 2E cos (Li' 
2  4 

•  = 2E sin (--(b 
2  4 

(6) 

(7) 

(8) 

The peak values of el and e4 are functions of cb, but not 
of time. 
Equation (7) reveals that the voltages applied to the 

two opposite sides of the circuit are always 90° out of 
phase. This means that, except for a short period of 
overlap, one tube conducts while the other does not. 
Little error is introduced if both halves are assumed 
completely independent. Once this assumption is made, 
reduction to the equivalent circuit is simple, each half 
of the circuit being reduced separately. The calculated 
output of 7'4 is then subtracted from that of T1 to give 
EDC  (Fig. 1). Completely general curves for the solution 
are shown in Figs. 2, 3, and 4. To use the curves, it is 
necessary to evaluate R.. In the present circuit, R. is 
the sum of the internal resistances of e, and e, plus RI. 
The curves are plotted for various values of the ratio 
(En/el at 0= —90°. Actually En/ei ms: changes 
with 0. A correction for this is used to obtain the solu-
tion. The results give Epc/E for negative values of 0, but 
the positive angles give the same shape of character-
istic with negative voltage. 

—20  —40  —60  —80  —100 

11, PHASE SH FT 

Fig. 2—General phase characteristics of the simple discriminator 
with sinusoidal input when cit--=1.0. To find (En/ .) use the 
one value el  

—'20  —140 

The sensitivity of phase measurement for any given 
value of cx, is a function of En/e11,, which can be ex-
pressed 

En  1 e51  R. 

• Rbb i2  is  Rbb 
(9) 

Equation (9) makes it apparent that large values of Rbb 
and small values of R. tend to lower E21/e1 ma: and 
thereby increase the sensitivity. The quantity e./i2b, is 
of the order of magnitude of Rr,„ so a low RT, also in-
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Fig. 3-General phase characteristics of the simple discriminator with 
sinusoidal input when cr.= 1.25. To find (E21/ei .) use the one 
value el  ,=2E. 
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Fig. 4-General phase characteristics of the simple discriminator with 
sinusoidal input when 04=1.5. To find (E21/ei .) use the one 
value ei 

-100 -120 -1 

creases the sensitivity. (For values of RT, see footnote 
reference 3.) 
The linearity is better for values of a, near 1.0. How-

ever, unless the tube a1 is originally near unity, a, can 

only be made linear by adding RI. From the foregoing, 
this increases R, and decreases the sensitivity. For high 
sensitivity, the difference in nonlinearity of the output 
between a=1.0 and a=1.5 is very small. Therefore, 
an optimum design will have no RI, making R, as small 
as possible. 

THE BALANCED SINUSOIDAL PHASE DISCRIMINATOR 

Another well-known comparator is the balanced cir-
cuit shown in Fig. 5. The tubes and resistors R1 are the 
same for each branch. Both RC loads are also similar. 
Given the same conditions for e, and ey, the driving 

Fig. 5-The balanced phase-discriminator. 

voltages for tubes T1, 7'2, Ta, and 7.4 are el, e., 
and -e. respectively. Again, except for a slight overlap, 
each tube conducts when the other three do not. Conse-
quently, it is assumed that the two halves of the circuit 
are separable. It is conventional to show Ebb as positive 
with respect to the reference diode plate. Tube T1 is 
chosen as the reference for the top half, and inasmuch 
as the constant output voltage is actually produced 
across an RC load, Ebb will be negative for negative 
phase angles. For the same conditions, Ebb tends to make 
the plate of T4 positive. For this reason, it is important 
in the derivation to remember that for negative 4,, 
T1 operates class C and T4 operates class AB or A. The 
second half of the circuit produces an output indentical 
to the first and in series with it. Thus, the two output 
voltages are added to give the total EDC . The final solu-
tion for sinusoidal input voltages is given in Figs. 6, 7, 
and 8. Remarks on how to calculate (E2i/ei...)-se 
are exactly the same for this circuit as for the simple 
comparator. Also the effects of the various resistors on 
the sensitivity are the same as before. Examining the 
curves, it appears that unless the flat-topped phase 
characteristic of Fig. 6 is desired for some particular 
reason, better sensitivity with more over-all per-
formance is obtained with operation as near to a, = 1.5 
as possible. This means less R.; but a precaution 
is necessary here. Originally, it was assumed that 
Ebb had a constant value for each O. This is made 
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Fig. 6—General phase characteristics of the balanced discriminator 
with sinusoidal input when a,=1.0. To find (E21/e1 m,a) use the 
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Fig. 7—General phase characteristics of the balanced discriminator 
with sinusoidal input when a,=1.25. To find (E21/ei  use the 
one value el . = 2E. 
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possible by a large enough time constant RbbC. Now, 
however, the capacitor can discharge through 7.4 

for example, and unless (R.+RT)C is large, Ebb may not 

remain constant. This generally means that some R1 
must be added. 

-20 -40  -60 
1  1  

-80  -100 -120 -140 
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Fig. 8—General phase characteristics of the balanced discrimina or 
with sinusoidal input when a,=1.5. To find (E21/e3 use the 
one value el . =2E. 

CONCLUSIONS 

The total phase characteristics of two basic types of 
phase-discriminators are given in a form which enables 
quick calculation of the proper performance curve. Only 
two assumptions are made; one, that the ripple across 
the load is negligibly small; and two, that each tube 
conducts when the others are nonconducting. The first 
assumption is easily justified, and the second introduces 
only a minute error in practical cases. It appears that, 
in both circuits, the sensitivity is increased by large 
Rbb, and small RI and tube resistance. However, the 
value of R1 must be large enough in the balanced cir-
cuit to ensure the constancy of Ebb by giving a large 
time constant (R8-1-R2.)C. The slight increase in linear-
ity, over only a part of the range, which is gained by 
adding R1 is more than offset by the.undesirable loss of 
sensitivity. 

The balanced circuit seems to be less desirable than 
the simple one, but there is one important feature to 
consider. The output of the simple circuit is the differ-
ence between two large voltages. This gives inaccurate 
operation for small phase angles in a practical circuit 
where tubes and resistors are not perfectly matched. To 
its advantage, the balanced circuit output is the sum of 
two large voltages and this tends to reduce the effect of 
an error in either. 
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Loading and Coupling Effects of Standing-
Wave Detectors* 
K. TOMIYASUL MEMBER, IRE 

Summary—When measuring impedances on transmission lines, 
insensitive standing-wave detectors have the effect of yielding lower 
standing-wave ratios than the true values. Double-hump distribu-
tion curves are shown to be the result of very tight coupling of the 
detector. Detectors than can be represented by a susceptance com-
ponent may indicate unsymmetrical distribution curves. Sensitive 
detectors used on transmission lines having low power levels can 

introduce tight coupling effects. Conditions are given for a loosely 

coupled detector. 

INTRODUCTION 

I
NI PEDANCES at ultra-high frequencies, and 
higher, are usually measured indirectly either from 
the shape of a standing-wave distribution or from 

the resonance-curve distribution' .using a sensitive de-
tector. The presence of a detector disturbs the electro-
magnetic field it measures and the pointer readings are 
subject to corrections. It is desirable to know how much 
a detector disturbs the field and how to eliminate or cor-
rect for the errors involved. 
Altar, Marshall, and Hunter,2 state that, for deep 

probe penetrations in waveguides, " . . . the appearance 
of more than one maximum per half-cycle . . . is clearly 
unaccounted for by the shunt-admittance theory. .  
Dowker and Redheffer3 also report unusual effects when 
deep probe penetrations are used. Since both investi-
gators made use of voltage probes, the effects are some-
what obscured because greater coupling, and larger sus-
ceptance effects occur simultaneously. These effects can 
be separated by using a current probe. 
In the literature an interesting discussion of detectors 

is found,4 together with a partial treatment of their ef-
fects on a line having a matched generator. However, 
the important case of a loosely coupled generator and 
the unusual effects of tightly coupled detectors have not 
been considered heretofore. 

EQUIVALENT DETECTOR ADMITTANCE 

A voltage detector that is tuned to resonance can be 
represented by a pure conductance, whereas if it is sig-

* Decimal classification: R371.7. Original manuscript received by 
the Institute, December 20, 1948; revised manuscript received, May 
27, 1949. The research reported in this document was made possible 
through support extended Cruft Laboratory, Harvard University, 
jointly by the Navy Department (Office of Naval Research), the 
Signal Corps of the U. S. Army, and the U. S. Air Force, under ON R 
Contract N5-ori-76, T. 0. 1. 
t Formerly, Cruft Laboratory, Harvard University, Cambridge, 

Mass.; now, Sperry Gyroscope Co., Great Neck, L. I., N. Y. 
I D. I). King, "Impedance measurement on transmission lines," 

PROC. I.R.E., vol. 35, pp. 509-514; May, 1947. 
2 W. Altar, F. B. Marshall, and L. P. Hunter, "Probe error in 

standing-wave detectors," PROC. I.R.E., vol. 34, pp. 331'-45P; 
January, 1946. 

3 V. N. Dowker and R. M. Redheffer, "An Investigation of RF 
Probes," Radiation Laboratory Report 483-14, NDRC Div. 14, 
OEMsr-262, February 6, 1946. 

4 C. G. Montgomery, "Technique of Microwave Measurements," 
vol. 11, chap. 8, Radiation Laboratory Series, McGraw-Hill Book 
Co., New York, N. Y., 1947. 

nificantly detuned or has a large shunting capacitance, 
it can be represented by a pure susceptance. 
The loading and coupling effects of standing-wave 

detectors depend upon the combination of three admit-
tances: generator, detector, and load. When the gener-
ator is loosely coupled to the line, the effects of tightly 
coupled detectors are much more conspicuous than 
when the generator is matched. Usually detectors are 
tuned to resonance in order to obtain the maximum sen-
sitivity, but occasionally detuned detectors are used— 
for instance, in broad-band applications. In order to 
analyze the most useful combinations of generator and 
detector admittances, the loosely coupled generator and 
tuned detector are considered in Part I, the matched 
generator and tuned detector in Part II, and the detec-
tor represented by a pure susceptance in Part III. 

I. LOOSELY COUPLED GENERATOR AND 
TUNED DETECTOR 

The circuit under consideration is shown in Fig. 1. A 

vg 

-  

Yd YA 2 Gdo 

Fig. 1—Schematic circuit diagram of the transmission line 
with a detector in shunt. 

loosely coupled generator would require the generator 
admittance, yo—A:), and a tuned detector would mean 

that yd=gd. 

A. Apparent Standing- Wave Ratio 

The relationship between the apparent and true 
VSWR (voltage-standing-wave-ratio) can be computed 
from the line equations. Referring to Fig. 1 and letting 
yd= 0 for the moment, the voltage at W is 

cosh -yw -I- yr sinh yw 
V., = V,  , (1) 

(1  yr/y0) cosh -y1+ (yr + 1/3/0) sinh 

where 
= generator voltage 
=a-I-j(3, complex propagation constant 

w = distance from load 
1= total length of line 
yo= normalized generator admittance 
yr =normalized load admittance 
yd = normalized detector admittance. 

Without loss in generality, the terminating imped-
ance can be specialized to a pure conductance having a 
normalized value less than unity since any phase angle 
may be added by a section of line. For an arbitrary gene-
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rator admittance, a tuned detector (yd=gd<l), and a 
lossless line (a=0) the apparent VSWR, which is less 
than the true VSWR, 1/g,, can be calculated by com-
bining the apparent load admittance at the expected 
distribution extremes with the detector admittance. 
This yields 

VSWR„ = 
1 yo  g, yogdd 

g,  yo  g,  gd 

For a loosely coupled generator, yo--+0, and 

VSWR. = 
1 

gd 

This is the ratio of the voltage at X/4 from the voltage 
minimum to the voltage at the minimum. If the detec-
tor coupling is less than critical, this ratio is simply that 
of voltage maximun3 to voltage minimum. When the 
loading effect of the detector at a voltage minimum is 
not severe, gd<<l/g,, the true VSWR, 1/g,., and hence 
gd, can be obtained from either the width of the reso-
nance curve with the detector near the voltage mini-
mum or the width of the distribution minimum." 

(2) 

(3) 

B. Detector Deflection as a Function of Detector Coupling 

Ideally, a detector must give maximum response from 
a given weak signal. Detectors of this type must be 
tuned to resonance and thus be tuned to the same fi'e-
quencv as the signal on the resonant transmissiop line. 
From low-frequency circuit theory,° if two resonant 
circuits are coupled more tightly than a critical value, 
the secondary current will decrease from a maximum. 
At the critical value, the reflected resistance is equal to 
the primary resistance. 

Let us consider a resonant transmission line to be the 
primary and a resonant detector to be the secondary 
of two coupled circuits. The detector deflection, D, 
which is proportional to the secondary current, is given 
by: 

I DI 
k2 k,2 

where 

(4) 

k = coefficient of coupling, 

1  
k, =  _  critical coupling. 

N/Q1Q2 

Equation (4) is plotted in Fig. 2 and clearly shows the 
linear relationship of deflection to coupling when the 
latter is much less than critical. Such a curve can be 
obtained if the location of the standing-wave detector is 
fixed and the coupling varied. 

6 K. Tomiyasu, "Problems of Measurement on Two-Wire Lines 
with Application to Antenna Impedance," Cruft Laboratory Tech-
nical Report No. 48, Harvard University, June 15, 1948. 

6 Cruft Electronics Staff, "Electronic Circuits and Tubes," chap. 
7, sec. 8, McGraw-Hill Book Co., New York, N. V.. 1947. 
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Fig. 2—For loose couplings, k/k,50.1, the detector response is 
linear. Maximum deflection is obtained at critical coupling. 

C. Distribution Curves as a Function of Detector Coupling 

The distribution curves on a transmission line depend 
not only on the coupling of the detector but on the 
coupling of the generator as well. If the generator is 
loosely coupled to an unloaded line and the tuned de-
tector is displaced longitudinally, the deflections ob-
tained are exactly the same as the currents in the 
secondary of a conventional lumped-constant circuit 
whose coefficient of coupling is varied cosinusoidally. 
This can be shown readily by equating the power ab-
sorbed by the detector on the transmission line to the 
power absorbed by 'the secondary of the lumped-con-
stant circuit. For a low-damped line, the effect is the 
same as varying cosinusoidallv the coefficient of 

7 2. 

-LONGITUDINAL DISPLACEMENT (WAVELENGTHS) 

Fig. 3—Standing-wave distributions on an unloaded line for three 
detector couplings. The normalized curve A is for loose coupling, 
curve B for critical coupling, and curve C for a coupling greater than critical. 
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coupling in the lumped-constant circuit in all regions 
not near minimum deflections. 
For a sinusoidal variation in coupling on an unloaded 

line, a sinusoidal distribution will be found only if the 
detector is coupled far below critical at the distribution 
maximum. Such a distribution is shown as curve A in 
Fig. 3. If the detector is tightly coupled, the maximum 
deflection will not occur at the expected position, but 
rather at two symmetrically located peaks, one on each 
side of the expected position. This is shown by curve C. 
It is quite apparent that if a detector is over-coupled 
at the normal distribution maximum, the deflection 
will be smaller at this location than at either of the 
side peaks P, where the coupling between the two 
circuits, line and detector, has been reduced to the 
critical value. In the transition, i.e., critical coupling, 
the distribution curve will assume a flat top as shown by 
curve B. Actually, if the plots are of observed deflec-
tions, curve A would not reach the same maximum value 
as curve B or curve C, since it is coupled less than criti-
cal. In the graph, curve A has thus been normalized to 
the increased maximum value for clarity. All curves 
are symmetrical since the detector is tuned. 
From ordinary transmission-line equations, the posi-

tions of distribution extremes for a tuned detector and 
a loosely coupled generator can be shown to satisfy the 

equation 
CS gr2(g: + 2grg d — 1) ± CS gd2(C2  gr2.92)2 = 0 (5) 

where 
C = cos /3w 

S = sin Ply. 

The slope of the distribution curve is zero when cos 
flw=0 and when sin 3w=0. This is true for all values 
of gd. However, when gd equals a critical value, 

gd  g,(1 — 11,2), (for small values of g,),  (6) 

not only is the slope of the distribution curve equal 
to zero when cos Ow =1, but the second space derivative 
as well. This means that the distribution curve be-
comes "flat-topped" at the expected maximum. Hence 
for critical coupling the effective shunting conductance 
of a tuned detector is approximately equal to the ter-
minating conductance. This assumes a lossless line. 
For couplings greater than critical, the locations of 

maximum deflections are obtained from the equation 

cosOw= ±(1—g,gd)NigTrid (neglecting gy2compared to 1) (7) 

and the distribution curve is characterized by a double 
hump. 
If the detector admittance has a susceptance com-

ponent as well, the distribution curves will become un-
symmetrical within each half-wavelength. For couplings 
greater than critical, the higher peak will be indicated 
by the shift of the distribution maximum. (The shifts 
due to a susceptance detector are considered in Part 
III.) 

D. Resonance-Curve Width as a Function of Secondary 

Coupling 

A further investigation of conventional lumped-
constant circuits reveals some interesting results con-
cerning the over-all damping of the coupled system. 
The over-all damping effect can be measured by the 
width of the resonance curve.' From the secondary cur-
rent equation7 the resonance-curve width AS is given 

by 
AXI  1   

As  — _    
X0  ly/1 Q2(142 k2) 

1 
+ (22(14 2  k2) f 

(8) 

where a,=change in primary resonance wavelength 
for the half-power points, and 

Xo =operating wavelength. 
Applying (8) to special cases, a loosely coupled sec-

ondary (k2<<kc2) yields 

AX1 1/  k2\  1 

Xo  Qt  lec2 Qt 
for 1 per cent maximum error, Qi > 10. (9) 

For a critically coupled secondary (k = kc) the resonance-

curve width is 

AS = 2ASo.  (10) 

An infinite half-power width is obtained for a coupling 
coefficient of: 

1  
k  —  fort per cent maximum error Qi 100 

= kA 

In Fig. 4 the resonance-curve width from (8) as a 
function of secondary coupling is plotted. For couplings 
much smaller than critical the resonance-curve width 
AS is a constant and the effect of the tuned detector is 

negligible. 

E. Condition for a Loosely Coupled Detector 

For negligible effects a tuned detector must be 
loosely coupled to the line. If loose coupling is arbitrar-

ily defined as 

(12) 

this is equivalent to the following relationship: 

1 
gd 6 — gr. 

98 

When loosely coupled, the apparent VSWR differs by 
less than one per cent from the true value and the de-
flections are proportional to the coupling. 

7 Equation (8.10), footnote reference 6. 

(13) 
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Fig. 4—Relative resonance-curve width of a low-damped line as a 
function of detector coupling. AS0 is the width when the detector 
is very loosely coupled. 

i0 

Since the condition for loose coupling depends upon 
'critical coupling, it also depends upon the primary Q1. 
Increased dissipation in the primary decreases Q1 and 
increases kc. A larger k, reduces the possibility of over-
coupled effects. This further implies that if over-
coupled effects are not observed on an unloaded line, 
there certainly will not be any over-coupled effects 
when the line is terminated in a dissipative load. 

II. MATCHED GENERATOR AND TUNED DETECTOR 

When the generator is matched to the line (y0=1) 
all readings and effects are independent of the distance 
between the generator and the detector. This means 
that resonance-curve widths cannot be measured. 

A. Apparent VS WR 

For a matched generator and a tuned detector, the 
apparent VSWR from (2) is given by: 

VSIVR,, =--
1 1 + g,  grgd 

gr 1 + gr + g,i 
(14) 

B. Distribution Curves as a Function of Dector Coupling 

For a matched generator and a tuned detector the 
zero slopes of the distribution curve occur only at cos 
13w=0 and sin 3w=0. This means that double-hump 
curves cannot be found, and critical coupling of the 
detector does not exist. If the loading effect is signifi-
cant, the distribution curves will be altered to yield the 
apparent VSWR given by (14). The distribution curves 
will be symmetrical. 

C. Condition for a Loosely Coupled Detector 

For a line with a low-damped termination, the con-

dition for loose coupling of the tuned detector is given 
by: 

1+gr  
—1 for g,2<< 1. gd <    (15) 

99 — 100g,  99 

The error in the apparent VSWR for this condition will 
be less than one per cent. 

III. DETECTOR REPRESENTED BY A PURE 
SUSCEPTANCE 

The most apparent effect of a susceptance detector 
regardless of the coupling of the generator is an un-
symmetrical distribution curve. The analytical solutions 
for the effects of this detector are readily obtainable 
only when the generator is matched to the line. 

A.- Shift of the Distribution Extremes 

From conventional transmission-line equations, and 
assuming a lossless line, the distribution extremes are 
obtained by taking the space derivative of the absolute 
magnitude of the voltage at the detector and setting it 
equal to zero. The shifts ö of the voltage maximum 
and minimum are found to be: 

for rmin 

subject to the condition ! bdj 

—bd 
for  (16) 

2r(1  g„) 2 

Om in  

27r(1  g,)' 

(1 ± gr) 2 

,  1+ 4g, 

The fact that the susceptance  appears  squared  signifies  

that the apparent VSWR will be iden tica l for  pos itive  
and negative  susceptances  of  equal  magnitude.  

4g, 

(17) 

A negative shift means  that  the observed  location  is 
closer to the loa d than  the normal  location.  In  order  to  
clarify any am bigu ity  which may  arise  from  the  sign  of  

the susceptance,  —x/1z12. 
Both shifts are  in the same  direction  and  increase  

with increasing susceptance.  Since Li. is less than 
by a factor of gr2, Om  S indeed very small for sma ll 

values of g,. 

From (16) the magn itu de of the. susceptance can be 
determined if the loa d conductance is known. A load 
of g„= 0 wou ld be conven ient  for  its  determination.  It 
can be readily shown  that  the  combination  of  load  and  
detector admittances  at  the distr ibution  extremes  does  
not yield a pure conductance. 

B. Apparent VSII7? 

Assuming that bd2<<g,2<<1, the apparen t VSWR is: 

1  b d2 j. 
(18) 

el• 

VSWR„ 
g [ 
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C. Condition for a Loosely Coupled Detector 

If the detector has a susceptance which is less than 

.„.(1 gr)2 
I bd <   •  ,  g<<1,  (19) 

180  180 

the error in the position of voltage maximum will be 
less than one degree. 
It the susceptance is less than 

1 + 4g,  1 
b,12 < 

100g,  100g, 

the error in the apparent VSWR will be less than one 
per cent. 

;  << 1,  (20) 

OTHER REMARKS 

A study of the characteristics of coupled circuits re-
veals that for a coupling which is greater than critical, 
a maximum secondary current can be obtained that is 
the same as at critical coupling if -both primary and 
secondary are simultaneously tuned to either longer or 
shorter wavelengths, with the oscillator frequency kept 
constant.6 This is one test for determining the presence 
of over-coupled effects, and it has been verified in cir-
cuits having distributed constants. 
An experimental method of determining if the de-

tector is loosely coupled would be to change the 
coupling of the detector and compare the measure-
ments. If loosely coupled, the measurements will be 
identical. The curves of Figs. 2, 3 and 4 have been veri-
fied qualitatively on a two-wire line operating at a fre-
quency of 300 Mc. 
The analysis thus far concerns the coupled detector 

and its effect; however, identical effects can be at-
tributed to the generator which may be capacitively or 
inductively coupled to the line, for it, too, usually repre-
sents another coupled resonant circuit. The effect of a 
coupled generator is more easily corrected, provided, of 
course, the frequency and output voltage remain con-
stant, since it is subtracted out in the resonance-curve 
width method and does not appear in the standing-
wave-ratio method of measuring impedances. 

CONCLUSION 

Impedances measured by the SWR method or by the 
resonance-curve-width method are a function of the 
detector coupling if the detector is not loosely coupled. 
Impedances measured from the position and width of a 
distribution minimum will not be in error if gd<<1/gr. 
Simple crystal detectors with sensitive microamme-

ters, which often exhibit loading and over-coupled 
effects, can be used without correcting for any errors if 
the power levels on the transmission line are high. 
Moreover, such detectors as bolometers, spectrum an-
alyzers, and superheterodyne receivers, which have 
considerably higher sensitivities,"may also exhibit load-
ing and over-coupled effects when the prevailing power 
levels are extremely low. 
It is hoped that by recognizing the errors introduced 

by tight coupling, proper adjustments can be made to 
eliminate their adverse effects. 
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Analogue Studies of Losses in Reflex 
Oscillator Cavities* 

FREDERICK W . SCHOTTt, ASSOCIATE, IRE, AND KARL R. SPANGENBERGL 

Summary—An analysis is made which shows the method of ap-
plying the network analogue to the investigation of the effect of di-
electric and wall losses on cavity-resonator behavior. 
The Q and shunt resistance of re-entrant cavities operating in the 

first- and second-order TM0 type modes are investgated. The condi-
tion for a zero of shunt resistance is determined. Experimental re-
su:ts are discussed. 

I. INTRODUCTION 

p-REVIOUS PAPERSI ,2 have described the design 
of network analogues for studying the electro-
magnetic field relationships in two-dimensional 

systems, and have indicated the wide variety of prob-

* Decimal classification: R119.3. Original manuscript received by 
the Institute, December 27, 1948; revised manuscript received, 
August 8, 1949. This work was done under Navy Contract N6-
ONR-251 and supported jointly by the Office of Naval Research and 
the U. S. Army Signal Corps. 

FELLOW, IRE 

lems that may be handled. The present paper will be 
concerned with the application of such an analogue to 
the study of cavity-resonator losses in systems having 
axial symmetry. The analogue may represent either 
TM() or TE0 type waves; however, the usual mode of 
coupling is such that the TAI0 mode is desired while 

t University of California, Los Angeles, Calif.; now on leave with 
the U. S. Navy Electronics Laboratory, San Diego, Calif. 

Stanford University, Stanford, Calif.; now on leave with the 
Office of Naval Research, Washington, D. C. 

1 K. Spangenberg, and G. Walters, "An electrical network for the 
study of electromagnetic fields," Technical Report No. 1, Electronics 
Research Laboratory, Stanford University, Contract N6-ORI-106, 
Task III, May, 1947. 

2 K. Spangenberg, G. Walters, and F. W. Schott, "Electrical net-
work analyzers for the solution of electromagnetic field problems: 
Part I—Theory, design, and construction," PROC. I.R.E., vol. 37, 
pp. 724-729; July, 1949. "Part II—Operation," PROC. I.R.E., vol. 
37, pp. 866-872; August, 1949. 
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geometrically similar resonators operating in the same 
oscillation mode. 

(B) Possibility of a Zero of Shunt Resistance 

From (4) it may be seen that shunt resistance is pro-
portional to Uareuiro dad'. For the lowest TM° os-
cillation mode Ho is in time phase over the entire region 
and the above integral always has a nonzero value. For 
the second-order oscillation modes, however, Ho changes 
sign over part of the region so that essentially 

fIl oda, = fI Hol dae — f  11 01 da,  (21) 
urea  A 

where regions A and B are separated by the nodal sur-
face of Ho. 
This indicates the possibility that the total integral, 

and hence .the shunt resistance may be zero for the 
higher modes. A criterion may be established in this 
way: For the higher modes, there is always a surface 
(or line in the r-z plane) passing through a point of zero 
electric field along which there is no tangential com-
ponent of electric field. Such a surface may be called a 
nodal surface in a restricted sense only, for along it, 
the normal component of electric field is not zero. If a 
contour of integration be made to coincide with this 
"nodal" surface and the axis, it is apparent that the only 
contribution to FE•ds along such a path will be along 
the axis. It may be shown that this integral must be 
greater than zero in general. 
The magnitude of the electric field is given bY 

IE =  — grad (r11,). 
Wee re 

(22) 

Therefore, the "nodal" surface of electric field must lie 
between the zeros of rcHo. In all Tifo modes Ho (and 
reHo) is zero along the axis. Thus, the first type of 
nodal surface to be encountered in moving out radially 
is one of electric field. Since 

1 E • Ts =   oda,  (23) 
area 

and inasmuch as 110 is of the same sign over this area 
because of the integration path which has been chosen, 
the integral cannot be zero. Consequently, the shunt 
resistance cannot be zero in any such general case. 
There remains but one situation that will permit a 
zero of shunt resistance; it exists when the nodal surface 
of Ho passes through the gap. A very simple example of 
such a case is the Tlfon  mode in the elementary cylin-
drical resonator. 

(C) Cavity Q 

The work of the preceding section in the analysis of 
cavity shunt resistance points out the type of reasoning 
that must be pursued in the investigation of cavity Q. 
The criterion for the wall loading has already been 

determined. Therefore, it is simply necessary to estab-
lish the analogue of cavity Q in terms of network quan-

tities and thus obtain the desired conversion factor. 
The stored energy in the cavity is 

= flAll.ldvc  (24) 
vot 

since H o represents the rms value of the magnetic field. 
As before, an integration in the 4) direction may be per-
formed immediately because 741/0 waves are being con-
sidered. Thus, the stored energy is 

f area 

= 2w 141102r,da, 

and recalling (1) which expresses the wall loss, 
for cavity Q is obtained in the form 

(rcllo)2 
2711Cec I   —da, 

- 
• area 

2rR,,. 
J wall 

ye 

a 

(25) 

result 

(26) 

This is to be compared with a corresponding ratio 
for the network. Here also the loss corresponding to the 
wall loss has been expressed. Rewriting (8) 

1 r  V2 
P:c =   — dwN.  (27) 

R.1.) wall TN 

Hence, it is only necessary to determine the stored en-
ergy in the network. Because the time phase relation-
ships are such that the junction voltage reaches its maxi-
mum everywhere at the same instant, the network 
stored energy is 

V 2 
WN =  E 172.6,c  —daN  (28) 

area ru 

with C1 referring, as before, to the capacity per unit 
area at unit radius. 
The final expression for network Q then becomes 

= 

1.  V2 
W NCI  da,V 

area rN 
r2 

rN 
— dwu 

Taking the ratio of (26) to (29) and recalling (13), 
(14), (16), and (19), then 

(29) 

1  fr. 
Qe — —  Qv.  (30) 
X  200r 

This result, as (20), is somewhat restricted but the same 
observation may be repeated: The quantities g8h(5/X) 
and Qe(5/X) are, for a given oscillation mode, functions 
of the geometry only. 

(D) Dielatric Losses 

The only losses previously considered were those as-
sociated with the finite conductivity of the resonator 
walls. However, when the resonator is used with a 
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vacuum tube, the portion of the resonator containing 
the interaction gap must be evacuated; but it is gen-
erally not expedient to operate a tunable cavity entirely 
under a vacuum. Therefore, a glass seal is ordinarily 
placed around the gap region to permit the tunable por-
tion of the cavity to operate in air. This dielectric mate-
rial may occupy but a very small portion of the cavity 
volume and it may, in addition, have a loss factor of 
the order of 0.001, yet it may contribute very greatly 
to the total losses. 
In order to represent the dielectric loss properly, it 

must be made to exist in the proper proportion relative to 
the wall loss. That is, once a factor has been decided 
upon for the wall loss, i.e., the amount of network wall 
loading, the same factor must be used for the dielectric 
loss. Thus 

Psva11  P wal I 
.  (31) 

Pd ielectr lc Jc vity  Pd ielectr ic  network 

From (30) it may be seen that with a wall loading 
represented by R,1= 105 ohms, the wall loss in the net-
work is increased by a factor of X/2007r-O. Consequently, 
the series resistance used to represent the dielectric 
loss, which from Table I is seen to be the product of 
tan 0 by the corresponding coil reactance, must be 
given by 

XE1 tan OwNLI .5€' tan 0 
Rdl =   = (32) 

200r5  613 

where Rd = (Rdi)(rx) and Rd'  represent the series re-
sistance at unit radius. Thus (20) and (30) are not 
inviolated by dielectric loss. Rather, (32) tells how to 
represent the dielectric loss to maintain their validity. 

III. METHOD OF MEASUREMENT 

The theory developed in the previous section has 
shown that in order to determine the generalized cavity 
Q and shunt resistance, measurements of network Q 
and shunt conductance must be made. These measure-
ments are quite simple in nature; however, to obtain a 
reasonably high degree of accuracy in making network 
measurements, certain precautions must be taken. Some 
of these have been discussed in footnote reference 2, 
but there are others pertinent to the type of observa-
tions made in this study. 
When making observations of field configurations, the 

excitation source may be most conveniently connected 
to the network at a junction point through a large iso-
lating resistance. The particular junction point used for 
this purpose is quite arbitrary, the only limitation being 
that the point chosen must not lie near a node of voltage. 
When the network is driven with this precaution it ap-
pears near resonance as a parallel R—L—C circuit to the 
exciting source; this is desirable, for any harmonics 
which may be present tend to be attenuated. The mag-
nitude of the isolating resistance is also somewhat ar-
bitrary. From the standpoint of obtaining a large 
amount of excitation, this resistance should be as small 

as possible; but the impedance to ground, as viewed 
at the network junction when looking toward the source, 
should be large if the field configuration is not to be af-
fected. A suitable compromise is readily found. 

(A) The Measurement of Network Q 

In a network having a high ratio of stored energy 
to loss per cycle, the field distribution at resonance is 
independent of the manner or point of excitation. A 
suitably designed network meets this requirement and 
the Q therefore may be observed at any point. If the 
network is viewed between a junction point and 
ground, it appears as a parallel-resonant circuit and 
measurements may be made in the appropriate manner. 
Again, if the network is opened at any point, it appears 
series-resonant between the resulting pair of terminals, 
and the techniques for measuring the Q of a series cir-
cuit may be used. 
Because of the method used to observe cavity field 

configurations and because of possible harmonics in the 
voltage source, the network Q is most readily deter-
mined by the former of the two methods which is il-
lustrated in Fig. 2. If the isolating resistor is large, e.g., 
ten times the equivalent network resistance R, the cur-

Isolating Resistor 

Retwore 
JUL° tion 
Point 

2---Basic circuit for Q measurements. 

rent to the network will remain constant when the fre-
quency of the exciting source is varied slightly. The 
network Q may then be observed by noting the frac-
tional detuning necessary to reduce the response at 
point A by a specified amount. In certain cases where 
the network resonance being studied is far removed in 
frequency from an adjacent resonance, larger amounts 
of detuning may be used to advantage for obtaining in-
creased accuracy. 
The network Q which is desired is that associated with 

the losses which are represented by loading the net-
work, as previously noted in the theoretical discussion. 
Unfortunately, there are always superimposed on these 
losses the effects of the coil resistance. These coil losses 
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could also be performed to determine the effect of net-
work spacing. Re-entrant cavities were represented first 
on a section of the analyzer having the larger spacing; 
the experiments were then repeated using the "fine" 
section in the vicinity of the gap region (where the fields 
tend to have the most rapid spatial variations). It was 
found that there was no appreciable difference in either 
the field distribution or the measured cavity parameters 
as long as the nominal wavelength was represented by 
roughly fifteen network sections or more. 
As a result of these and other observations it is be-

lieved that the error associated with the measurements 
may be maintained generally within five per cent. The 
Q measurements and the shunt resistance measure-
ments made by exciting the networks as a parallel-
resonant circuit can be repeated within approximately 
five per cent of the calculated value. The bridge method 
for measuring shunt resistance produces values that 

may be consistently repeated within two per cent, 
but the results for the lowest-order mode are invariably 
low. The reason for this is not completely understood. 

(B) The Condition for a Zero of Shunt Resistance 

The verification of the criterion which has been es-
tablished for the existence of a zero of shunt resistance 
is possible by a simple example. It has been stated that 
the shunt resistance may be zero when the node of 14 
lies in the interaction gap; thus it is expected that if a 
tunable coaxial-type cavity operating in a second-
order TA/0 mode be investigated, this situation may be 
found. 

In Fig. 6 is shown a particular re-entrant cavity for 
which this effect has been observed. If for large values 
of / the cavity operates in the mode usually termed the 
"three-quarter wave mode," the field configuration in 
the coaxial portion of the resonator resembles that of a 

TE M mode and the resonant frequency is relatively 
sensitive to the length 1. When, on the other hand, the 
plunger is moved flush with the inner conductor, i.e., 
when /=s, the field is that of the TM020 mode in which 
the lines of electric field are purely axial in direction. 
Here the resonant frequency is relatively insensitive to 
the plunger position as may be seen from the normal-
ized tuning curve, and as is expected from the per-
turbation theory of Slater.5 In passing from the first 
condition to the second, the nodal surface of 14 was 
carefully observed, and it was found that the shunt re-
sistance became extremely small as the node approached 
the gap. It was of interest to note that the rate of change 
of the nodal position with respect to the length of the 
cavity was very great in this vicinity. 
It was also of interest to note the behavior of the 

other second-order mode in this region. This other mode 
has characteristics indicated by the dotted curves in 

6 J. C. Slater, "Microwave electronics," Rev. Mod. Phys., vol. 18, 
pp. 444-512; October, 1946. 
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Fig. 6—Behavior of shunt resistance of the low-frequency 
second-order TM° mode. 
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Fig. 6. These show that although the desired mode 
might not be capable of excitation for //r-_-'2.6, there is 
for the same geometry a nearby resonance for which 
the shunt resistance is not zero. 

V. METHODS OF AVOIDING A ZERO OF SHUNT 
RESISTANCE 

Before pursuing this consideration in detail, it is vell 
to consider the possible oscillation modes that may be 
excited in a cavity when operating as an integral part 
of a reflex oscillator. The lowest mode, which has a zero 
of 14 along the axis of the resonator only, is seldom used 
in tunable reflex oscillators because of the constructional 
limitations associated with the small sizes involved; this r7. 
is perhaps unfortunate, not only because of the situa- • 
lion mentioned above, but also because the lowest mode 
is nearly always far removed in frequency from any 
others. The most commonly used mode is one of the 
second-order 7'.110 modes, so designated because there 
are two nodal surfaces of Ho, one of which is along the 
axis (and is strictly only a line) and another of which is 
removed from the axis. Now it must be emphasized that 
usually only one of the second-order modes is desirable, 
but that there are, in general, two possible second-order 
mode types, which may or may not be widely separated 
in frequency. As an illustration, there is shown in Fig. 7 
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flush with the inner conductor. This is a general char-
acteristic of simple re-entrant resonators, namely, that 
the nodal surface of Ho shifts from a radial position to 
an axial position as the cavity length is decreased. 
But there are two ways in which the nodal surface 

can progress. In Fig. 7(a) it may appear that the bottom 
of the nodal surface, or that portion of the node adjacent 
to the inner conductor, would move more rapidly away 
from the plunger face than the portion adjacent to the 
outer conductor. This is so. In fact, as this node 
changes its orientation as described above, the lower 
end will pass through the interaction gap as shown in 
Fig. 8(a). If excited suitably, this cavity could tune 

A 4.7 
r1 

(b) 

Fig. 7—Position of the nodal surface of Ho for the two second-
order modes in a simple re-entrant cavity. 

a simple re-entrant cavity and the position of the nodal 
surfaces of lid, for the two possible second-order modes. 
For this particular case, the frequencies differ by 
roughly 25 per cent. In addition, the shunt resistance is 
approximately the same for both field configurations 
so that the other factors, such as the characteristics of 
the electron beam passing through the gap would deter-

r mine which of the modes would be excited. 
It is now possible to investigate what may happen 

i if a resonator is to be operated over a frequency range 
I by tuning the cavity by means of an adjustable plunger. 
If the length of the resonator is large compared with the 
other dimensions, as is usually the case at the low fre-
quency end of the tuning range, the desired field con-
figuration will be of the type shown in Fig. 7(a). Also, 
for cavities of large axial length the second-order mode 
having the lowest frequency will be the one for which 

• the direction of the lines of electrical field (which coin-
cide with contours of constant r114,) are predominately 
radial. This is necessary if there is to be a reasonable 
change in resonant frequency with change in plunger 
position; the frequency of a configuration of the type of 
Fig. 7(b) is highly insensitive to the cavity length. 
In a practical case then, if the cavity is in its low-fre-

quency position the nodal surface of Ho will lie in an 
almost radial plane. As the frequency is increased by 
moving the plunger toward the gap region, the nodal 
surface of Ho will also move in that direction. This nodal 
surface will become distorted, however, as the frequency 
is further increased, until the field configuration has 
become that of the TM020 mode when the plunger is 

(a)  (b) 

Fig. 8—Progression of the node of H in two similar cavities. 

smoothly over this range with the field behaving in the 
manner indicated, but not if the cavity were excited in the 
normal manner. The shunt resistance would become zero 
as the node of 114, passed through the gap, and the 
cavity, if excited by an electron beam, would cease to 
oscillate in the desired mode. In practice, the shunt 
resistance would decrease as the node approached the 
gap, and when it became too low the cavity would 
cease to oscillate or jump to another mode. 
Fortunately, this limitation on continuous tuning 

does not now seem to be of great importance, although it 
may become a factor to be considered if attempts are 
made to extend the tuning range of cavity resonators. 
Usually the nodal surface of 11.4, does not pass through 
the gap until the plunger is very close to the gap, cor-
responding to a frequency above the high-frequency 

limit. 
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There is, however, a simple method which may be 
used to avoid this situation. If, as the plunger is moved 
toward the gap, the node of Ho progresses in such a way 
that it does not pass through the gap, the shunt resist-
ance cannot become zero. Thus in Fig. 8(b) is shown a 
slightly different geometry for which this second-order 

TM0 mode always presents a reasonable shunt resist-
ance. 

Studies of actual reflex klystrons have revealed that, 
in at least those cases investigated, the geometry is 
such that the behavior is of the type of Fig. 8(b) and, 
therefore, this problem is avoided. As an example, there 
are shown in Fig. 9 the characteristics of the SD835 

1.6 

1.0 

a-4-x 

z" 

3 
1 

- 71 

Fig. 9—Shunt resistance and tuning curve of the SD835 
type cavity (without dielectric). 
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objective was to find a relation between the parameters 
r2/r1 and s/ri such that, as the cavity is tuned on the 
desired mode, the node of Ho will not pass through the 
interaction gap. As a result it has been observed that 
the desired nodal progression exists when (r2/r1) <2.2 
and is substantially independent of s/ri for practical 
structures in which (s/ri) <1. 

A completely general study of this type becomes 
extremely lengthy if a cavity with a large number of 
geometric variables is to be considered. In spite of this, 
however, a somewhat more complex cavity of the type 
shown in Fig. 10 has been investigated over a limited 

r2 

Fig. 10—A cavity with means for eliminating a zero of 
shunt resistance. 

range. The only significant observation is that the effect 
of the step associated with (ri/ro) >1 is to permit utili-
zation of (r2/ri) > /2.2 without encountering an undesir-
able type of nodal progression. 

Of perhaps more importance is the determination of 
slight alterations that may be made to improve the be-
havior. Numerous methods were tried and it was found 

2  that either of the two  met hods shown  by  the  dotted  lines  

in Fig. 10 tended to eliminate a zero of shunt resistance. 

6 

cavity type as the cavity length is varied. The gen-
eralized shunt resistance presented in this graph repre-
sents the effect of wall loss only and is, therefore, higher 
than the actual value, which is affected by dielectric 
loss. 

In order to obtain general information regarding the 
possibility of a zero of shunt resistance, a systematic 
study of cavities of the type of Fig. 7 was made. The 

\IL CONCLUSION 

The network analyzer is very valuable for investigat-
ing any particular cavity and provides an answer in a 
short time. It would be desirable, for the benefit of those 
not having analyzers available, to present in reports 
such as these a large amount of generalized data, so that 
any cavity might be designed by interpolation among 
such data. Unfortunately, the number of variables is 
so great that such a study is hardly feasible. As data are 
amassed, however, certain trends may be noticed which 
will be helpful to designers of cavity resonators. Further-
more, it is feasible to investigate the effect of the varia-
tion of dimensions about certain mean configurations. 
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Beam-Loading Effects in Small Reflex Klystrons* 
W . W . HARMANt, ASSOCIATE, IRE, AND J. H. TILLOTSONt, STUDENT, IRE 

Summary—Beam-loading effects in small reflex klystrons have 
been measured experimentally by the use of electronic tuning data. 
They are found to be far greater than predicted by published analyses 
and to vary more or less linearly with total oscillator load, a variation 

not previously predicted. 
An analysis of beam-loading effects produced by secondary 

electrons ejected into the intergrid space by the main electron stream 
is found to predict large loading and linear variation with load, and 

to allow the possibility of negative beam loading. 

1. PRELIMINARY CONSIDERATION 

S
IMPLE THEORIES of the reflex klystron" usu-
ally neglect the power lost from the resonator fields 
in the process of changing the velocities of the elec-

trons during their initial transit. When this is included 
in a more thorough analysis,3 it is found that the calcu-
lated effect of this power loss is equivalent to a constant 
conductance across the tube grids which is,in most cases, 
completely negligible compared with the conductance 
embodying the effects of resonator losses and other 
loads. Although the beam-loading phenomena in a 
typical small reflex klystron are calculated by Pierce and 
Shepherd to be "small and probably less important than 
various errors in the theory," when measurements are 
made the beam loading conductances are found to be 
comparable in size to the resonator conductances, and 
not at all negligible. Furthermore, the beam loading 
does not remain constant as the loading of the resonator 
is varied. Apparently other phenomena than those con-
sidered cause loading effects which overshadow the 
loading described by these analyses. 
Abraham has found' that beam loading effects in a 

single transit resonator with mesh grids are much 
greater than predicted by simple theory. By comparing 
these results with nongridded apertures, he has estab-
lished that this is due to the presence of secondary elec-
trons emitted from the grids. 
Measurements of beam loading in small reflex kly-

• Decimal classification: R355.912.3. Original manuscript received 
by the Institute, November 29, 1948; revised manuscript received, 
July 11, 1949. The research reported in this paper was made possible 
through support extended the Electronics Research Laboratory, 
Stanford University, jointly by the Navy Department (Office of 
Naval Research) and the U. S. Army (Signal Corps) under O.N.R. 
Contract N6-onr-251 Consolidated Task No. VII. The work was 
aided by the generous provisions of a Radio Corporation of America 
fellowship in electronics of which W. W. Harman was a 1947-1948 
recipient. This material appeared originally as Technical Report No. 
6, September 15, 1948, of the Electronics Research Laboratory, 
Stanford University. 
t University of Florida, Gainesville, Fla. 
t Microwave Laboratory, Stanford University, Stanford Calif. 
E. L. Ginzton and A. E. Harrison, "Reflex klystron oscillators," 

PROC. I.R.E., vol. 34, pp. 97P-113P; March, 1946. 
2 D R. Hamilton, J. K. Knipp, and J. 13. H. Kuper, "Klystrons 

and Microwave Triodes," McGraw-Hill Book Co., Inc., New York, 
N. Y., pp. 254.311-351; 1948. 
* J. R. Pierce and W. G. Shepherd, "Reflex oscillators," Bell Sys. 

Tech. Jour., vol. 26, Appendix 8, pp. 663-672; July, 1947. 
4 W. Abraham, "Loading of resonant cavities by electron beams," 

Phys. Rev., vol. 72, p. 741; October 15, 1947. 

strons indicate an even greater disagreement with pre-
dicted behavior than for the single transit resonator. 
This is thought to be due to the fact that, whereas in the 
single transit resonator the secondary electrons are pro-
duced at a relatively constant rate, in the reflex tube the 
bunched electrons of the returning beam strike the grid 
after passing through the intergrid space and produce 
a shower of secondary electrons more or less simultane-
ously. This "bunch" of secondaries traveling back across 
the grid space might be expected to have considerable 
effect on the tube characteristics. 
Secondary electrons produced by the going and re-

turning primary electron stream may, in turn, produce. 
other secondaries. These are generally unimportant be-
cause of their fewness, except in the case of much higher 
rf voltages than are encountered in the low-power tubes 
under consideration, when the multipactor action de-
scribed by Abraham may cause very heavy loading. 
This paper contains an account of the methods and 

results of making measurements of beam loading and, 
as an Appendix, an analysis which attempts to explain 
observed results in terms of loading by secondary elec-
trons ejected into the intergrid space by the main elec-
tron stream. 

II. MEASUREMENTS OF BEAM-LOADING Q 

The experimental method of measuring beam-loading 
Q is one of measuring separately the "cold" QL of the 
tube and cavity (with the accelerating voltage off but 
with the cathode hot) and the operating Qt, and comput-
ing the beam loading from the assumption 

1  1  1 

Qb  Qt  QL 

The cold Q measurement is by now too standard an 
operation to mustify elaboration here." The basic equa-
tion for the determination of the operating Q is easily 
derived from the familiar equivalent circuit for a reflex 
klystron and resonator.' The requirement for oscillation 
is that the sum of the electronic and resonator admit-
tances be zero; hence the tangents of the phase angles of 

the admittances must be equal. Thus 

(1) 

If  fo\ 
tan 22-(n  — fr) =  —  J,  (2) 

Jo  I 

where r is the repeller space transit time. Differentiating 
with respect to the repeller voltage and evaluating for 
fr = n  f =fo, we have upon rearranging 

j. C. Slater, "Operation and testing of reflex oscillators," MIT 
Radiation Laboratory Report No. 742. 
$ C. G. Montgomery, "Technique of Microwave Measurements," 

McGraw-Hill Book Co., Inc., New York, N. Y., pp. 333-342, 1947. 
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= irfo2 

di-

dV, 

df 

dV, ./T—R4-3/ 4 

— r(it + U.  (3) 

In order to obtain dr/dV, it is assumed that Jr 
when df/dV, is a minimum. If measurements are taken 
on several modes at different frequencies a curve of T 
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Fig. 1-2K28 repeller characteristic. Anode voltage, 300 volts. 

versus V, (Fig. 1) may be plotted which permits accurate 
determination of dr/dVr. 
Thus (3) provides a means of determining the operat-

ing Q: from a measurement of the electronic ?uning, 
df/dV„. The second term in (3) is usually negligible. 
The electronic tuning is conveniently measured by 

frequency modulating the klystron by superimposing a 
small sine or square wave on the repeller voltage and 
observing the resulting frequency spectrum when the 
output is beat down to a suitable frequency range. This 
may be done on a selective receiver for the square-wave 
modulation or with a spectrum analyzer type of circuit 
for the sine wave modulation. In the first case, the 
separation of the two output frequencies is measured: 
in the second, it is more convenient to measure the 
modulation coefficient of the frequency modulated out-
put by varying the amplitude of the modulating volt-
age until the carrier first goes through zero.? 
The experimental procedure may be facilitated by a 

method which requires but one cold Q measurement for 
a series of beam-loading measurements. The klystron 
and its resonator are coupled to a standing-wave detec-
tor through a coupling loop and short coaxial line which 
are left unaltered throughout the series of measurements. 
The cold Qo measurement is made by feeding power 
from a signal generator through the standing-wave de-
tector to the resonator. In the process of this measure-
ment a reference point xo on the standing-wave detector 
will be found such that the admittance of the resonator 
and connecting line at this point will vary with fre-

quency near resonance in the same manner as the ad-
mittance of an equivalent parallel resonant circuit.' 
This reference point will be the position of a voltage 
minimum when the frequency is the original resonant 
frequency of the cavity, the cavity being detuned. At 
resonance the reference point is the position of a voltage 
minimum if the cavity is undercoupled, or a voltage 
maximum if it is overcoupled. 
In making operating Q, measurements the signal 

generator is replaced by an impedance transformer and 
load. The transformer is always adjusted so that either 
a voltage maximum or minimum appears at xo when the 
klystron is supplying power. In this case, neglecting the 
reciprocal of the voltage standing wave ratio (VSWR) 
when the cavity is far off resonance, it is easily shown 
that the resonator Qo is related to the Qi of the load by 

00  (70 

Here p is the reciprocal of the VSWR for a voltage mini-
mum at xo or the VSWR for a voltage maximum at xo. 
The symbol o-o denotcs the reciprocal of the VSWR at 
resonance for the undercoupled case or the VSWR at 
resonance for the overcoupled case when power is fed 
into the cavity. Thus 

1 =  + 

(do 

which permits the determination of the loading on the 

(4) 
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Fig. 2—Measured beam loading of 2K28. 
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Fig. 3—Measured beam-loading of 6BL6. 
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(5) 

F. E. Terman, "Radio Engineers' Handbook," McGraw-Hill  J. C. Slater, "Microwave electronics," Rev. Mod. Phys. vol. 18, 
Book Co., Inc., New York, N. Y., p.578; 1943.  pp. 441-512; October, 1946. 
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cavity for a series of loads with only one Qo measure-

ment. 
III. EXPERIMENTAL RESULTS 

L  Results of beam-loading measurements are shown in 
I Figs. 2 and 3 and interpreted in Table I. The resonators 

TABLE 1 
INTERPRETATION OF DATA IN FIGS. 2 AND 3 

1/at.i 
set 

Tube  1\lanu1acturer 

A  21:28 

64 

6BL6 

II VI heon 

SN IV.1111.1 

Freq. 
(Mc) 

Transit 
time 
(cycles) 

Esti-
mated 
C'(Atif) 

3240 
3240 
3440 
3455 
3455 
3245 
4095 

21 
31 
21 
21 
31 
21 
21 

1.0 
1.0 
3.5 
3.5 
3.5 
0.8 
4.0 

used for runs A, 1.4 amt F were simple cylinders fitting 
around the grid contacting rings. The remainder of the 
runs were taken in resonators which i-ere closed sections 
of rectangular waveguides with the tube centrally lo-
cated. 
The beam-loading effects depend upon the rf voltage, 

and hence upon the net conductance at the tube grids. 
While the conductance is not easily measured directly, 
the product QtGe is a function of resonator configuration 
which may be estimated by various analytical and ex-
perimental methods. This product is conveniently ex-
pressed as an equivalent capacitance C' defined by 
coC' =  For a given resonator G, is proportional to 

1 1Q,. 
In appraising the accuracy of these measurements it 

should be remembered that the beam-loading is ob-
tained as the difference between two reciprocal Q's 
which are both difficult to determine accurately, and 
which may be large compared with their difference. 
Probably the most serious uncontrollable error is due to 
the heating of the grids when the tube is operating, since 
this causes the resonator Qo to differ slightly for the two 
measurements. 

IV. CONCLUSIONS 

Analysis of beam loading due to primary electrons 
alone predicts a small effect, independent of the exter-
nal circuit. The analysis of Appendix I, including sec-
ondary dectron effects, predicts a linear dependence of 
beam loading with the conductance appearing across the 
tube grids, such as appears in the experimental results of 
Figs. 2 and 3. Certain of the parameters appearing in the 
beam loading expression cannot be measured directly, 
so a quantitative comparison of theory with experiment 
is difficult. However, inserting what seem to be reasona-
ble values of parameters in the results of this analysis, 
it would appear that the center of the "bunch" of sec-
ondary electrons emitted from the first grid would, in 
crossing the gap, encounter fields which were, on the av-
erage, decelerating and plots of 1/Qo versus 1/Q, should 
have a negative slope. The experimental data shows 
most often a positive slope. 

Experiment indicates that beam loading in tubes with 
grids is far from the negligible quantity it is often as-
sumed to be. For cases of heavy external loading, the 
beam loading conductance may exceed the conductance 
due to resonator losses. One result of this is to com-
pletely invalidate methods of measuring beam loading 

which assume it independent of rf voltage level. These 
measurements definitely indicate that beam loading ef-
fects which are hard to calculate, and hence usually neg-
lected, may be far more important than minor second-
order corrections to reflex klystron theory which are in-
cluded because they are calculable. 
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APPEND! X I --CALCULATION OF SECOND. iv- ELECTRON 
I3EAM- LOADING EFFECTS 

The general scheme of analysis of secondary-electron 
beam loading is to compute the energy taken from or 
given to the rf field by one secondary electron which is 
emitted at an arbitrary phase angle cot =4) of the rf field 

E = — sin wi 

between the grids at an average value of emission veloc-
ity. Assuming a constant proportionality factor between 
numbers of secondaries and primaries, this energy can 
be summed over an rf cycle to yield a net energy gain or 
loss, from which a conductance can be computed. Here 
the number of primary beam electrons striking the grids 
at any phase angle is obtained from klystron bunching 

theory. 
For primary energies of less than a thousand electron 

volts experimental studies9 of secondary emission indi-
cate that the majority of secondaries emitted from the 
grids will have normal components of emission veloci-
ties which are only a few per cent of the primary electron 
velocity. A very few, perhaps a few per cent, may be ex-
pected to have velocities approximately equal to the 
primary velocity. Since a small change in velocity cor-
responds to an energy change approximately propor-
tional to the velocity, the maximum energy contribution 
per electron will come from these "direct reflection" sec-
ondary electrons. However their number is so small that 
the major effect must be attributed to the more abun-

dant low velocity secondaries. 
If the normal component of initial velocity with which 

an electron leaves a grid be uo, the velocity perpendicular 

to the grid at time I is given by 

Vie 
vi = uo f  — Edt = uo  —  (cos 4, — cos cot). (6) 

mi. In  dm.) 

9 J. H. 0. Harries, "Secondary electron radiation," Electronics, 
vol. 17, pp. 100-108, 180; September. 1944. 
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Substitution of representative values in this expression 
demonstrates that except for the very lowest velocity 
secondaries this velocity is always positive, i.e., always 
directed toward the opposite grid. This is important be-
cause in a moment we wish to average the kinetic energy 
per electron over a full cycle of transit time, and the av-
eraging is more complicated if the electrons reverse 
their direction of travel at any time. 
Now if Li is the time at which the electron reaches the 

opposite grid, we may set the distance at time ti, 

= fe• Veit = 

0/. 

Vie 
- - [(cos  wdmu°  2dm    411 

V ie 

sin 4) — 4, cos 4, 
uo0codm 

Vie 
sin wit],  (7) 

equal to d, the grid spacing. 

Considering this distance equation, we see (Fig. 4) 

EXIT VELOCITY PROPORTIONAL 
TO THIS SLOPE —, 

_A my & 

PATH WITH NO 
R-F FIELD 

"-PATH AS MODIFIED 
BY R-F VOLTAGE 

cut 

Fig. 4—Distance-time plot of secondary electrons in radio-
frequency field between two grids.  • 

that the path of an electron is represented in the dis-
tance-time plane by a straight line (first terms) of a slope 
dependent on uo with a superimposed sinusoidal varia-
tion (last term). For representative values of grid spac-
ing and initial velocity, the electron will take at least 
several cycles to travel the intergrid distance. (This is 
reasonable, remembering that the time of transit for the 
primary electrons in these tubes is in the neighborhood 
of a third of a cycle.) 

We consider for a moment two secondary electrons 
produced at the same phase angle with slightly different 
initial velocities following the trajectories shown in Fig. 
4. The exit velocity and energy depend on the slope of 
this path at the point where the electron leaves the grid 
space, that is, at the distance d. We note that the exit 
velocity changes considerably for a small change in ini-
tial velocity. Put somewhat differently, over a small 
range of values of initial velocity (i.e., average slope of 
path) the transit time (cut-0) will vary by a half-cycle 
and the change in electron velocity due to its experiences 
in the grid space will go from maximum increase to 
maximum decrease. Thus, averaging the energy change 
over a cycle of transit time is equivalent to averaging 
over a range of emission velocities. Extending this argu-
ment, we may obtain a mean value of energy averaged 
over the complete range of emission velocities by averag-
ing the energy over one cycle of transit time and substi-
tuting an average value 110 of emission velocity. 

DEPARTURE GRID 

The mean energy change per electron, as a function of 
4,, thus obtained is 

1  2r 

A W(0) =  fo (v2— u02)d(wl) 

V 12 e2 [   cos +cos22cod V 2 U om  1 
0 

2- w2d2m vi 2 (8) 

where we have introduced Go, the mean emission energ y 
in electron volts, i.e , mii02 = eUo. In this integration 
we have treated the mean velocity tic, as a constant, hav-
ing shown that cot is a rapidly varying function of uo. 
The product of this energy change with the rate (ex-

pressed as a function of 0) at which secondary electrons 
are produced, averaged over a complete cycle of 4,, 
yields the power loss (or gain) due to secondary electron 
beam loading. It may be noted that if the rate of sec-
ondary production is constant, i.e., there is no bunching 
and the primary electrons are evenly distributed 
throughout the cycle, the quantity in the brackets av-
erages to unity. We take the number of secondaries pro-
duced per second to be n = (kIT/e) where k is the ratio of 
total secondaries produced to number of primary elec-
trons incident on the grids (perhaps 0.1). 
The expression for the sum of the going (dc) and re-

turning (bunched) currents from ordinary bunching the-
ory is taken to be 

= 2/0 [i + E J „(nx) cos n(0 — 4,i)],  (9) 
n=1 

where x is the bunching parameter and eh is the phase 
angle of the rf voltage when the center of the returning 
bunch strikes the grid nearest the cathode. The total 
power loss is then 

1 
P. =  f 2 

r 7),t I (O NO 

27r 0 

keI0V 12  [  cod  om 
I1 +— ,i/  J i(x) 

c- o'd'm  V1 e 

▪ -12(2 x) 
cos 201] 

4 (10) 

with higher-order terms in the summation integrating 
to zero because of the orthogonality of the trigonometric 
functions. With typical values, the last term in the 
brackets is negligible compared with the first two, and 
will be dropped. 

We have now an expression for total power loss or 
gain resulting from the low-velocity secondaries. A sec-
ondary electron loading conductance G. is defined by 
G. = (2 P./.1712) whence the total beam loading conduct-
ance Gb = G„ ± G . becomes 

Gb  GP 2e k 1,' 
=  -I- -7-2[1 ± 'Li' , 211  om 

w d2 m  V  -11(x) cos od  (11) 

e-M 

• 
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where Go = /0/ Vo and G, is the equivalent conductance 
due to primary beam loading. 
This expression still contains the quantities x and Vi 

for which it is extremely difficult to obtain good theo-
retical or measured values. However, we note that in 
operation we shall be interested in the value of beam 
loading at the center of a mode, under which conditions 

Ye  J1(x)  Ge 
—  2rN  = — 
Go  x  Go 

where Ge is the conductance seen across the tube gap, 
which may be taken as essentially the conductance due 
to the resonator and load losses when beam loading ef-
fects are small. 
Combining (11) and (12) and noting that 1/Q1=Gi 

/coC', 

2ekVoGo 1  1 [  l 
G„    

Qb  coC'  co2d2m  

k 4/21,roe 1 
—    cos (h. 
Oda)  m QI 

(12) 

(13) 

It should be remarked that Qb is implicit in Qg by the re-
lation (1). Although (13) could be simply solved explic-
itly for 1/Qb, the form given indidates clearly the de-
pendence on the total Q, as measured. 
Equation (13) includes all the beam loading effects 

except those due to the "direct reflection" secondaries 
whose relative number is so small that they are found to 
contribute a minor portion of the total loading. 
In order to obtain an idea of the relative importance 

of the various terms, we substitute some representative 
values for small external cavity klystrons into (13) and 
obtain 

1  10-2  
—  10-4 —  cos ch. 
Qb  QS 

Examining voltage-current relations in the reflex kly-
stron we find that at the center of a mode the bunch of 
electrons returning from the repeller space passes through 
the center of the grid space at a time when the field is 
maximum decelerating, i.e., V1 sin cot is maximum, 
cot =7r/2. We should expect, then, that the proper value 
to use for  would be 7r/2 plus 6/2 (assuming negligible 
emission time of the secondary electrons). For the tube 
under consideration, this is in the neighborhood of 150 
degrees, so that the cosine is nearly unity and negative. 

APPENDIX II—GLOSSARY OF SYMBOLS 

C' =equivalent capacitance representing tube grids 

d= grid spacing 
e = charge of an electron 
E=electric field 
f= frequency 
Jo =resonant frequency of cavity resonator 
Gb= beam loading conductance 
Go =direct-current conductance equal to /0/ Vo 
G„=conductance due to bunching of electron beam 
/0=direct-current beam current 
jr = total current 

.1.„(x)= nth order Bessel function of the first kind 
k =ratio of number of secondary to primary elec-
trons 

m = mass of an electron 
n= transit time mode number 
N=repeller space transit time in cycles equal to 
Jr 

Q=circuit factor defined as the ratio of energy 
stored in the resonator fields to the energy loss 
per radian 

Qb= Q due to beam loading losses 
QI=Q due to external load . 
QL =Q due to resonator losses and load 
Qo = Q due to resonator losses 
Qe=Q due to resonator losses, load, and beam 

loading 
t= time 
uo = secondary electron initial velocity 

v =velocity 
Uo = secondary electron initial energy 
Vo =cathode-anode direct-current voltage 
VT= repeller-cathode direct-current voltage 
VI= peak radio-frequency voltage across grids 
x = bunching parameter equal to it-NOVI/ Vo 
xo=reference plane defined as the position of a 

voltage minimum with cavity detuned 
Y.= electronic admittance 
=gap modulation coefficient 
=gap transit angle in radians 
n =number of secondary electrons produced per 

second 
p =reciprocal of voltage standing-wave ratio for 
voltage minimum at reference plane, voltage 
standing-wave ratio for voltage maximum at 
reference plane 

cro = reciprocal of voltage standing-wave ratio at 
resonance for undercoupled cavity, voltage 
standing-wave ratio at resonance for over-
coupled cavity 
=repeller space transit time 
4)= phase angle of radio-frequency grid voltage 
co = angular frequency equal to 22f. 
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Fluctuation Phenomena Arising in the Quantum 
Interaction of Electrons with 
High-Frequency Fields* 

D. K. C. MAcDONALDt AND R. KOMPFNERt 

Summary—On the basis of a quantum-mechanical analysis by 
Smith' of the interaction of an electron beam with an oscillating 

resonant cavity, the fluctuations in energy flow in the beam have 
been analyzed. The expressions for the classical and quantal cases 
are compared and it is concluded that, under extreme limiting condi-
tions of operation, a just perceptible difference might be observed. 

I. INTRODUCTION 

RECENTLY Smith' has analyzed theoretically the 
energy exchange between a beam of electrons 
and a resonant cavity excited with electro-

magnetic energy. He deduces, quantum mechanically, 
that energy is always exchanged in units hp, where v is 
the frequency of excitation, and has shown on this 

basis how the transition to a "classical" process occurs 
when the excitation energy is large compared with one 
quantum. On the other hand, for energies small com-
pared with one quantum, many electrons will pass 
without suffering any energy change whatsoever, and 
thus the behavior in certain respects will differ consid-
erably from that under classical conditions. In particu-
lar, the energy fluctuations in the electron bearin will 
differ in the two cases and these we have essayed to 
analyze in this paper, assuming the validity of Smith's 
theory. 

At conventional radio frequencies (say 106-10 cps), 
a quantum of energy is so small that any difference on 
a classical or quantal basis must certainly be unob-
servable. At a wavelength of one centimeter, however 
(v ---- 3 X101° cps) the quantum corresponds to a po-
tential 

hv 
=  = 1.23 X  'vohs (1) 

and this potential is of the same order of magnitude as 
the least perceptible signal voltage at the input of micro-
wave receivers. It is, therefore, of interest to examine in 
principle the influence of the quantum hypothesis on the 
operation of microwave amplifying tubes and the sensi-
tivity of such microwave receivers. 
With electron streams originating at cathodes having 

temperatures T, around 1,000°K. as used at present, 
it is to be expected a priori that such quantum effects 
will be unobservable since in this case 

hv << kTe.  (2) 

• Decimal classification: R138. Original manuscript received 
by the Institute, December 17, 1948; revised manuscript received, 
July 20, 1949. 
1' Clarendon Laboratory, Oxford, England. 
L. P. Smith, "Quantum effects in the interaction of electrons 

with high frequency fields and the transition to classical theory," 
Phys. Rev., vol. 69, pp. 195-210; March, 1946. 

Since, however, in principle a practically mono-
energetic beam of electrons can be produced, it appears 
still worth while to investigate the question quantita-
tively. 

H. ANALYSIS 

Let us then consider the phenomenon of an electron 
beam traversing a resonant cavity at a place where 
there is an electric field parallel to the direction of motion 
of the electrons. Let us further assume that the electrons 
cros§ the cavity in a small fraction of a cycle, so that — 
in the classical case —the voltage increment given to the 
electron is equal to the instantaneous value of the 
electric field times the distance the electron is traveling 
in the field. Smith considers also a case of long transit 
time, but for our purpose it will be sufficient to treat 
the passage of an electron across the resonant cavity, 
and to assume with him, the act of energy interchange 
as instantaneous. In this case, an electron traversing the 
field at time I will then classically acquire a voltage in-
crement 

= I sin wt  (3) 
101(TC 

and F is the peak voltage across the cavity. Thus the 
voltage increment is a smoothly varying function of 
time and any increment between zero and 4- I" is possi-
ble on this view. 

In the qUanttlin case, however, it appears In )m 
Smith's detailed analysis that energy will be inter-
changed only in units of 

hv = 

that is to say, only voltage increments of integral mul-
tiples of I", are possible.' Smith ha given general ex-
pressions for the probability of such interchange as a 
function of time, and has shown that the total energy 
exchange when averaged over a long time is equal to 
that in the classical case, and also that the voltage in-
crements for large values of I" approach those of the 
classical case. 

The expression for the probability that .V quanta 
be absorbed by an electron is 

2 It is perhaps worth while to mention that theassumption is made 
here that enerity is only exchanged with the electrons in the beam, 
and only with one of them at one time. In .ITI V practical resonant 
cavity, energy will also be dissipated as heat due to currents !lowing 
in the walls. 

It can be shown that coaditions  should be realizable %%here the 
possibility of quanta being shared in either of these ways can be 
excluded. 
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(p sin cot)" 
PN = 

N! 

= 0; 

(0 5 (a  r) 

(r < cid < 2r). 
(5) 

The probability that N quanta be emitted by an elec-
tron is 

(—p sin coi)N 
ps = ep.inwe   

N! 

= 0; 

; (r  cot LC 2r) 

(0 < cot <7) 

(6) 

the ratio of the peak voltage to the "quantum" voltage, 
P=V/V, 

hv 
(1%2 =  - )• 

We are chiefly interested in the case where p<<1, where 
it is seen that energy is exchanged practically only in 
single quanta and the probability for absorbing one 
quantum becomes simply 

P1 = p sin wt;  (0  wt  7r) 

= 0 ;  (r < wt < 2r) 

and for emitting one quantum 

P1 = — p sin cot; 

= 0; 

(r 5 cot _5 27) 

(0 < co/ < r). 

(7) 

(8) 

Thus the most probable phase for an electron to ab-
sorb one quantum is around r/2 and to emit around 
37/2. 
Fig. 1(a) has been. drawn with this in mind, indicating 

however that, in actual fact, the phase of absorption 
or emission will fluctuate in a rather random fashion. 
Fig. 1(b) shows the idealized classical case for the pur-
pose of comparison, and the assumption has been made, 
arbitrarily, that the rf peak voltage V is 1/10 V,. These 
figures bring out clearly the essential difference in the 
energy exchange process on the two views. 
As mentioned above, the mean energy flow in both 

cases is the same; the fluctuations in energy flow, however, 
will clearly differ and this is the problem to be consid-
ered, since it is the fluctuation, or "noise" that will 
determine the limiting sensitivity of devices involving 
energy interchange between electron streams and elec-
tromagnetic fields. 
The total fluctuation will arise from a number of 

sources: 
(a) fluctuations in the rate of arrival of electrons 

("shot effect") at the cavity. 
(b) fluctuations in the energy content of electrons 

(thermal velocities of emission) arriving at the cavity. 
We propose to call this "chromatic noise." 
(c) fluctiations in the amount of energy transferred. 

We propose to call this effect "transfer noise." 
The first type of fluctuation is familiar; the second is 

less well known but is clearly of importance in problems 
of this type. The third contribution may arise in two 
different ways; in the classical case, if there were no 
fluctuation in the rate of arrival of electrons there 

4= 

Enerti abscabai 

-rr 

Ertevaly em.tte4i. 

iii111111111111111iiiiii  Tr -if unill1(11I1111111 

Enely emitted. 

(b) 

Fig. 1—The energy flow; (a) the quantum case, and 
(b) the classical case. 

would be no fluctuation in the rate of energy transfer. 
Since, however, the rate of arrival of electrons always 
fluctuates to some extent, this will result in a fluctuation 
of energy transfer. Clearly, the amount of energy fluctu-
ation introduced in this case will be a function of the 
degree of smoothness (quantitatively defined by the 
symbol r2) of the incident beam. 
On the other hand, in the extreme quantum case, 

where the individual probability of transfer of energy 
hi' to a single electron is small, the fluctuation in energy 
transfer, will, therefore, be essentially random irrespec-
tive of the degree of smoothness of the electron beam. 
It will be assumed in the following analysis that all 

types of fluctuations are uncorrelated and simply add.3 
Hence the total fluctuation will be the sum of the three 
types of fluctuation. Detailed analysis yields the fol-

3 In a conventional thermionic tube, the degree of space-charge 
smoothing is correlated with the energy spectrum; i.e., r2 is a function 
of temperature—nonetheless, the electrons leaving the potential 
minimum have still essentially full chromatic noise. In any event, in 
the general case, one can readily visualize a beam exhibiting no shot 
fluctuatuations which possesses full chromatic noise and, on the other 
hand, a monochromatic beam with full shot effect. 
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lowing result for the complete energy transfer spectrum: 

(1) Classical case 

(H)2 
N2e2y2 

2  b(v — v + 2N 3e4r2Z2 

(ii) Quantum case 

(Nphp)2 
2  (5(v — po)  21173e4f2Z2 4N(kT,)2 ( IV) 2 = 

(signal) 

4N(kT,)2 

(chromatic 

noise) 

(induced 

shot noise) 
Ne2v2r2 

(transfer 

noise) 

(signal)  (induced  (chromatic 

shot noise)  noise) 

4 
— Np(hv)2 — N(1 — r2)p2(hv) 2 
ir 

(9) 

(transfer noise)  (10) 

The symbols have the following meaning: 

(W)2dv =mean-square energy flow per unit time in 
an arbitrary frequency interval. 

N =number of electrons crossing the cavity per 
second 

e= charge of an electron 
V=peak voltage across the cavity  , 

b(v—p0)=Dirac function centered on vo signifying the 
signal "line" in the spectrum 

r2=shot-noise reduction factor 
Z =effective shunt impedance of the cavity 
k= Boltzmann's constant (1.37 X10-23  joules 
per degree) 

= effective temperature of electron stream as 
defined by the spread of its energy spectrum 

p =ratio of peak voltage  to  "quantum 
voltage" 

V 

hp 

V 

v, 

h= Planck's constant (6.55 X 10-'4 joule sec-
ond) 

v = frequency in cps. 

The above expressions have been obtained by deriving 
the appropriate correlation function for the various 
terms. The frequency spectrum is then obtained as the 
Fourier inversion of the correlation function. This pro-
cedure, now a well-known tool in stochastic analysis, is 
based on the theorem of Wiener and Khintchine 
(Rice% The transfer noise terms can be interpreted as 

4 S. 0. Rice, "Mathematical analysis of random noise," Bell Sys. 
Tech. Jour., vol. 23, pp. 282-333, July, 1944; and vol. 24, pp. 46-
157; January, 1945. 

'One might also have to recognize the possibility of fluctuations 
in the delay between arrival of a photon and departure of an electron. 

"shot" fluctuations of the units of energy transfer; that 
is to say  in the classical case and hv in the quan-
tum case. 
The transfer fluctuations in the latter case may be 

likened to the problem of emission fluctuations in a 
photo cell; in that case we are dealing with fluctuations 
in the rate of arrival of incident photons and fluctuations 
arising from the fact that the probability of emission 
is less than unity.6 If the photons arrived perfectly 
regularly, then this corresponds to r2= o in the above 
equation. If, however, the probability of emission is 
small, corresponding to p<<1, then the rate of emission 
of photoelectrons is essentially random corresponding 
to neglect to the last term of (10). Formally, these 
problems are both analogous to the familiar phenome-
non of partition noise in a positive-grid tube where 
the general formula for current fluctuations in the screen 
current is given by 

F2150  ±   
(OisG)2 = 2eJsG 

I so + 
(11) 

which may be written more fundamentally, for compari-
son with (10) 

oiso2 = 2e{p — p2(1 — r2)}  (12) 

where p is the probability of capture of an electron by 
the screen grid. 

Reverting to (9) and (10), it is clear that the signal 
power transferred in both cases is identical since 
p = eV/hp. The first two noise terms in either expression 
are the same. Therefore, for any significant difference 
between the two cases to be observable these must not I 
be large compared with the transfer noise. 
If we take the following values 

(= Ne) =4 10-6 amp 

Z = 103 St . 

1 
V  — V, = 1.2 X 10-6 volt  (.*. p = o.1) 

10 

then the noise in the two cases may be written 

3.2 x 10-31•r2 + 5 X io-". r2  {2.4 X 10-35  T2 (9a)3.2 X 10- 

(shot noise)  (chromat ic no ise )  34 (10a) 
(transfer noise) 

III. CONCLUSION 

It is thus evident that the classical transfer noise wilt" 
always be entirely negligible, while it would be neces-
sary to achieve extreme limiting conditions r2< .01; 
T<--1°K.) for the quantum transfer noise to become 
perceptible. It is perhaps worth noting, however, that 
for normal operating conditions with such a beam cur-
rent—say T-s-10"K.; r2,- -.1), the chromatic noise 
(5X10-26 ) would apparently dominate the induced 
shot-noise power (3X10 32). Such a case does not in 
fact usually arise in practice since the shot noise in-
creases with the cube of the current while the chromatic 
noise only increases linearly. 
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Design Procedures for Pi-Network Antenna Couplers* 
LEO STORCHt 

Summary—The design of reactive pi-networks for transforming 
a wide range of complex load impedance into a fixed resistance 
shunted by a tuned circuit is subjected to a thorough investigation. 
A very significant result is the complete analogy which is established 
between the analysis and design of the pi-network and the equivalent 
manipulation of a group of simple geometrical figures. 

1. INTRODUCTION 

V  - 1H E AUTHOR was confronted recently with the 
task of designing an antenna-coupling network for 

  a wide range of antenna impedance and frequency. 
A search of the literature of recent years disclosed the 
lack of a satisfactory account concerning coupling net-
works for the case of complex load impedances. It is the 
object of this paper to present the principal results of a 
comprehensive study of reactive pi-networks performing 
the functions of an antenna coupler. 
The design equations are derived in compact form, 

convenient for use. It is then shown how to express the 
properties and behavior of the network by a set of cir-
cular and parabolic impedance contours. The design 
process is thereby reduced to the equivalent problem of 
finding a satisfactory arrangement of these geometrical 
loci. The pictorial map provides a powerful tool for the 
choice of the network configuration and determination 
of optimum design -parameters. The directness of ap-
proach and economy of effort in comparison to conven-
tional methods are particularly in evidence when nu-
merous values of antenna impedance and frequency (e.g. 
aircraft antennas) are involved. 
Since the primary application is probably in matching 

the impedance of the antenna to that of the power am-
plifier of a transmitter, the terms "antenna coupler" and 
"antenna impedance" are used exclusively. Such a net-
work finds use, of course, wherever it is necessary to 
transform a complex load impedance into a certain re-
sistance, e.g., matching to a generator with resistive 
source impedance, and all the design procedures are 
directly applicable in such a case. 

2. ANALYTICAL DESIGN PROCEDURE 

For satisfactory operation of a radio transmitter, the 
I load presented to the output stage should be a resistance 
shunted by a parallel-tuned circuit. Since this resistance 
R, acts as plate-load for the power-amplifier tube, its 
value is determined by the tube characteristics and 
should be the same for all frequencies of operation. The 
tuned or "tank" circuit, which functions as an energy 
reservoir, is essential in producing a sinusoidal output 

• Decimal classification: R320.51 X R143. Original manuscript ireeievdedhr  tIAIiI4cire, February 18, 1949; revised manuscript re-
ceiv ,t Radio Corporation of America, Camden, N. J. 

signal in spite of class C operation. The values of its two 
reactances (Fig. 1(a)) depend on the desired value of 
"loaded Q" (Q,.).  Since the antenna impedance ZAt 
which symbol may also stand for the input impedance of 
the transmission line feeding the antenna, will hardly 
ever have the required value, it is necessary to trans-
form it to this value by means of an antenna-coupling 
network. 
The three-element, reactive, pi-network is a suitable 

choice for the antenna coupler. Economical in the num-
ber of required components, it is capable of handling an 
extremely wide range of impedance, allows close control 
of the loaded Q, and contributes to harmonic suppres-
sion when the shunt arm on the input side is capacitive. 

2.1 Shunt Arms X1 and X3 

The problem is to make the circuit of Fig. 1(c) equiva-
lent to the loaded tuned circuit of Fig. 1(a) by the 
proper design of the nondissipative p1-network.1 

,34 

(a) (b) (c) 

Fig. 1—Antenna-coupler equivalent circuits. 

Because of unavoidable stray capacitances to ground, 
and in order to contribute to the suppression of har-
monics, let the input shunt arm be made capacitive: 

Or 

R, 

Comparing Fig. 1(a) and Fig. 1(b) 

jR, 
RP   

121-1- jX. = 
14( 1+ NO  

jRp  1 ± QL2 
R, 

R„ = 

Qh 

Rp  R, 
1+ QL2 QL2 

QLRp 
X, =   (3) 

1+ QL2 QL 

(1) 

(2) 

R, 

1 Residual dissipation in the coils can be accounted for by ad-
justing R. in (Fig. 1(c)), if desired. 
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since 1 -FQL22-_-:QL2 (QL is about 10 to 20). 
Proceeding from Fig. 1(b) to Fig. 1(c): 

ZA•jX3 
 +iX2 
ZA +3X3 

R4X32+jRA 2X3+iXAX3(XA+ X3) 

RA2+ (XA X2)2 

Solving. the real part of (4), 

RAX32 
R. =   

RA2 + (XA -I- X3) 2 

for 1/X3 and inverting 

X3 = 

— — 1 
XA 4/Re 

RA R, 

R. 

RA2 + xA2 
R. = 

RA 

-FiX2. (4) 

(5) 

(6) 

(7) 

the equivalent, parallel-resistance component of ZA. 
Since X3 must be real, it is necessary that 

R.  R,.  (8) 

A graphical representation of this restriction, which 
hardly results in any practical difficulties, since usually 
Re>>R., is given in section 3.1. When (8) is satified,(6) 
generally supplies two possible-values for X3. There will 
be both an inductive and a capacitive solution when 

( RA2 4-- XA2 1 > _XA2 

RAI?.  )  K42 

Or 

RA > R,.  (9) 

But when RA<R., both solutions of X3 are reactances of 
opposite type to XA. 

2.2 Series Arm X2 

From the imaginary part of (4), after eliminating X3 
by (6) and setting X8= —Xi by (3) and (1): 

X2 = — [X1 ± -‘/ R.(R. — R.)].  (10) 

The choice of either the plus or minus sign in both (6) 
and (10) supplies a matched pair of values. The "minus" 
pair is referred to as X2' — X3' and the "plus" pair as 

2.3 Simplification of the Equations for X3 and X2 

For values of ZA not in the vicinity of quarterwave 
resonance or its odd multiples 

RA2 ± XA 
R. — R. = 

RA 

X42 

RA 

usually is a very good approximation. 

In that case 

[x2 •--z — xi + 
XA 

/RA 

R, 

1! December 

, 

Equations (11) and (12) reduce the labor of numerical 
calculations substantially over a wide range of fre-
quency. 

3. IMPEDANCE LOCI AND GEOMETRICAL 
DESIGN PROCEDURE 

3.1 The X3 Loci 

In section 2, the solution of pi networks to transform 
specified antenna impedances into a resistance R„ has 
been obtained. The converse problem of determining 
what values of ZA can be matched by a given range of 
X3 is also of great practical importance when a wide 
range in antenna impedance is involved. 

3.1.1 The P1 Parabola. Equation (5) can be written as 

Or 

R42 — 
RA 
R8  • X32 + (XA + X3)2 = 0 

(RA X32 )2+ ( XA ± X3) 2 = (L.32y. 
2R,/  2R, 

(13) 

This circle in RA co-ordinates represents the locus 
of all ZA's that require the value of X3 given by the nega-
tive of the ordinate of the center (Fig. 2). It is tangent to 
the XA-axis and has the center at 

X32 
R = — 

2R, 

Eliminating the parameter X3, there follows 

X2= 2R, • R.  (14) 

The centers of all impedance circles (13) lie on this 
parabola Pi of (14), which is fixed as long as R. is con-
stant. 

Although X3 is unchanged, X2 varies in accordance 
with (10) as ZA moves around any of the circles (13). 

3.1.2 Graphical Solution for X3. In order to solve (6) 
graphically, it is only necessary to find the circles (13) 
which pass through the given Z. Their centers lie on a 
parabola P2 
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(X — X4 2 = 2RA • (R — R A )  (15) 
2 

since they must be equidistant from the X-axis and the 
point ZA. Consequently, the two points of intersection 
of Pi and P2 (Fig. 2) are the centers of the two circles 1 which pass through ZA and thereby determine the two 

Fig. 2-- -Geometrical properties of X3 solution. 

possible values of ( — X3). Actually, parabola P2 need 
not be drawn, since the two desired centers can be lo-
cated very rapidly on P1 by trial and error with the help 
of a compass. 

3.1.3 Matching Region of ZA for X 3  Variable Between 
Specified Limits. From (13) can be deduced the region of 
the ZA plane which can be matched properly when X 3 is 
varied between assigned limits. It consists of the area 
swept out by the circles (13) as the parameter X3 varies 
from the lower to the upper limit. 
Part of the boundary is an arc of circle C1 (Fig. 3), to 

which all circles C2 of (13) are tangent. By (14), the di-
rectrix of Pi is R= — (R./2) and its focus is at (R./2, 0). 
Since all C2 circles are tangent to the X axis, R./2 short 
of the directrix, they also extend to within R./2 of the 
focus. Consequently, the circle C1 with radius R./2 and 
centered at (R1/2, 0) is tangent to all the C2 circles. Fig. 
4 shows how to find the complete boundary by locating 
the transition (tangency) points  T4 and joining the 
hree circle arcs and a segment of the X axis; the shaded 
island between the intersecting arcs of the two C2 limit 
circles is excluded from the matching region. 

Since none of the C2 circles crosses the boundary of 
its area is prohibited to ZA. Since the equation of CI is 

(  R1)2 R.2 
or 

2  4 

R42 + X42 — R.RA = 0 

Fig. 3—The C2 family of circles for X3 and the P1 locus. 

Fig. 4--Z4 matching region for given range of Xs. 

(16) 
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this restriction amounts to  constants for a given problem. Writing (7) as 

RA2 + X A2 RA 2 + X A2 — RARE = 
R,  0, or R „ R.  (17) 

RA Or 

This is identical with (8), represented graphically by the  R, 2  R.2 
exclusion of Z4 from within circ le Ct.  (RA — --)  X.4 2 = --

2  4 
3.1.4 Matching Regions for Inductive or Capacitive X 3 

Shunt Arm (Limits 0 and co). Evidently, letting X s vary 
from 0 to — co in Fig. 4 should provide a graphical il-
lustration of the totality of values ZA may assume when 
X s is capacitive. The circle for X3 min =0 is obviously 
the origin. The X3 -= ± co circle reduces to the straight 
line R A = R,, which follows by setting the denominator of 
(6) equal to zero. 

Therefore, any Z4 located in regions B and D of Fig. 
5 can be matched by a capacitance of required value in 
the X 3 arm. In the inductive case, the matching area 
consists of regions C and D, which is obtained by reflec-
tion about the axis of reals. This completes the geometri-
cal representation of (6), (8) and (9) concerning the X s 

arm. 

RE GION FOR EVERT ZA 
HAS 

A NO MATCH POSSIBLE 
TWO CAPACITIVE 
soLu ri ons 

Two INDUCTIVE 
SOLUTiONS 

ONE CAPACITIVE AND 
ONE INDUCTIVE 
$ouvrsON 

Fig. 5— P ossible X a solutions. 

3.1.5 Characteristics of the X3 Arm. In terms of Fig. 5, X ls 

is capacitive in B and D and inductive in C, while Xs "  

is capacitive in B and inductive in C and D. On th e 

boundary of C1, there is only one solution X s 

= (RA 2± X )/ — X A  since R=R,. Along R A = R, one 
solution is X3 = (RA 2+ X.,12)/ —2X,, and the other is co 
(an open circuit). 

3.2 The X2-Loci 

3.2.1 Graphical Solution for X 2 (C12 Circles). Evidently, 
Xy in (10) is constant when Re is fixed, X1 and R. being 

December 

(1 8) 

it•is seen to be the equation of a circle, which has a di-
ameter R,, passes through the origin, and has its center 
on the R A axis (Fig. 6). From similar triangles, as it is 

Rae 

garK, 

R. — 

Fig. 6 — T he CI? fa mil y of circles for X . 

Re 

- Rs 

- 

Fig. 7 — Geo metrical properties of X2. 
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shown in Fig. 7. 

N/R,•(R. — Rs) = AB H ACI.  (19) 

Consequently, the two solutions of X 2 can be identified 
as 

X2' = EB,  X2" = EC.  (20) 

The X 2 values for a given ZA can be located graph-
ically as follows: 
(a) Find the C12 circle which passes through the given 

Z. The bisector of the ZA vector intersects the RA axis 
at its center. 
(b) Move around this circle to locate the two points of 

intersection with the line R= R. (points B and C in Fig. 
7). 
(c) The X 2 values are the vertical segments along 

R = R. measured from X =Xi (E) to these two points. 
X2' is directed upwards and is inductive. X2" may be in-
ductive or capacitive, depending on C being above or 
below E. It is zero (a short circuit) when C coincides 
with E. 

3.2.2 Characteristics of the X2 Series Arm. Important 
conclusions can be drawn from (10) and Fig. 7. X2' is an 
inductive reactance larger than I X11 for any value of 
ZA, while X 2"  may be inductive, a short circuit, or 
capacitive. When X 2 "  is zero (short circuit), the equiva-
lence of Fig. 1(a) and Fig. 1(c) requires that 

R. = R,  (21) 

must hold. This also follows from a comparison of the 
first part of (4), X 2=0, with (2). Therefore, the -C12 cir-
cle, for which Re= R„, constitutes a border line for val-
ues of X 2 " . Inside, Rs<R,, and X2" is inductive by 
(10), while outside of it X 2 "  is capacitive since R.> R. 
As a practical consideration, it is desirable to restrict the 
choice of the X 2 11 - X3" pair to ZA values inside the C12 

circle. Otherwise, the X 2 arm may require excessively 
' large capacitances for ZA's just outside of the Rs=12, 
circle. The limit circle CI, from which ZA is excluded by 
(17), turns out to be the smallest allowable C,2 circle 
with 1?1=R,. 

3.2.3 Matching Region of ZA for X2 Variable Between 
Specified Limits. Any ZA lying within the crescent-
shaped area between the two C12 circles corresponding 
to X 2 min and X 2 max can be transformed into Rp, pro-
vided Xa takes on the necessary values. It follows from 
the previous section that when X 2 may be any inductive 
reactance, 0<X2< 00, any ZA in the right-half plane 
outside the CI limit circle can be matched properly. 
Also, when X 2 may be any capacitive reactance, but is 
not allowed to become inductive, 0 > X2> — 00, any ZA 
outside the r12 circle (R.= Rp) may be matched prop-
rl y. 
Knowing how to obtain the matching regions when 

X2 and Xa separately vary between specified limits, any 

ZA lying within the area common to both of the regions 
can be matched properly without X 2 or X 3 exceeding its 
limits. 

4. MINIMUM AND MAXIMUM VALUES OF 
X2 AND X 3 

When numerous values of ZA are involved, their plot 
on the impedance plane will usually form a series of 
curves or cover a certain area. The extreme values of X2 
and X 3 can be deduced directly from each pair of C2 and 
C12 circles tangent to it from the outside and inside (or 
passing through the extreme tip in case of a curve). 
This geometrical approach will be outlined in connec-

tion with the rectangular grid in the ZA plane. Lack of 
space does not permit including the complete derivation 
and other interesting aspects of this method. 

4.1 Impedance Locus: ZA=RA.-FiXA (RA. fixed) 

The Cu circle tangent to this vertical line is deter-
mined by R.=RA, (Fig. 6). Inserting this value in (10) 
leads to L2 I min and L2 "  max or C2" max, depending on 
RA,<R, or RA,>R„, in terms of the operating fre-
quency. When RA. <R., the smallest R. occurs at the 
intersection with circle CI and is Rs, so that coL2' min-
coL2" max= —X1. 
Since the C2 circles tangent to the ZA locus must also 

be tangent to the XA axis, the abscissa of the center is 
R4./2 (Fig. 3). Therefore, by (14) and the geometry of 
the figure 

X 3 =  ±  V  =  XA•  (22) 

Letting Rn. vary from 0 to 00, the ZA values requiring 
minimum I Xal lie on parabola P2 (Fig. 3) by (22): 

XA2 = R.RA.  (23) 

Ca' max is obtained from the upper branch and L3 "  

min from the lower one. Also, Ca" max and La' min 
in the strip RA <R, occur at the intersection with the 
upper and lower halves respectively of the C1 circle. 

4.2 Impedance Locus: ZA=RA-FjX4.(XA. fixed) 

From Fig. 6, R. min/2 = XA.I when I XA.I >R./2, 
which leads to an extreme value for L2 1 and L2" or 
C211 . For IXA.I <R,/2, R. min 
The pertinent Xa I min values follow from the tan-

gency equations 

Xa2 
XA.+ X3, 

2R. 

X 32 
-- = — (X A.+ X3), 
2R, 

for XA.> 0  (24) 

for XA. < 0  (25) 

since the vertical distance from the line X A= X4 to 
the center of a tangent C2 circle is equal to its radius 
X32/2R.. 
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Letting X,. vary from — 00 to + 00, the ZA's requir-
ing I Xal min lie on two parabolas P3 and P4 (Fig. 8),2 
such that the solidly drawn segments apply to C3 ' max, 
and their reflections about the axis of reals to L3 "  min. 

Fig. 8—The parabolic loci P3 and Pg. 

A vertical line through a point on these loci with ordi-
nate X A, intersects the applicable branch of PI at 1X31 

2 Derived by substituting K3 =  2R—s-R; in (24) and (25), squaring, 
and transforming to principal axes. 

min, valid for the whole ZA locus X A = X Ac. The apex of 
P3 is at (R„/8, (-3)/8 R.), its focal distance is R1/4 0, 
and its axis of symmetry is inclined at 450 with respect 
to the axis of reals. P4 is the reflection of P3 about the 

axis of reals. 
Ca" max and 1.3' min are obtained on approaching the 

X4 axis, and X3 Min = — X ne. 
Since any area in the ZA plane can be viewed as a 

bounded portion of the rectangular grid, it is instructive 
to be familiar with the behavior of X2 and X 3 along the 
ZA loci RA =RA, and XA=XAe. 

5. CoNcLusfoNs 

Complete correspondence is established between the 
behavior of the pi-network antenna coupler and a set of 
simple geometrical figures. This reduces the design 
process to an equivalent problem in elementary analytic 
geometry, with the great advantage that the behavior 
of all design factors under any imposed set of conditions 
can be clearly visualized and studied with ease. Thus the 
way is opened to an optimum design in terms of the re-
quirements (desired pi-network configuration, value of 
QL, restrictions on size and ratings of components, etc.). 
Even when numerous antenna impedance values are 
involved, numerical calculations are reduced to a mini-
mum since the values required for the components fol-
low directly from the tangency points of bile geometrical 
representation. This contrasts very favorably with the 
laborious, point-by-point computations of the conven-
tional design procedure, which, in addition, offers no as-
surance of obtaining the complete range of the com-
ponents or devising the most economical design. 
Equations (1), (3), (6), (7), and (10) with the approxi-

mate expressions (11) and (12) provide, in convenient 
form, the means for calculating and checking the react-
ance values where required. 
Due to the lack hf space, only the basic aspects of this 

geometrical technique could be presented. The author 
hopes to cover ramifications and some interesting appli-
cations to aircraft antennas in another paper. 

CORRECTION 

It has been brought to the attention of the editors that an inadvertant error 
was made in the professional affiliations of Ronold King and K. Tomiyasu, 
authors of the paper, "Terminal Impedance and 'Generalized Two- Wire-Line 
Theory," which appeared in the October, 1949, issue of the PROCEEDINGS OF 
THE I.R.E. Dr. Tomiyasu has joined Sperry Gyroscope Company, Great Neck, 
L. I., N. Y., leaving Harvard University, where Dr. King is still engaged as a 
professor of applied physics. 
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The Application of IF Noise Sources to the Measure-
ment of Over-all Noise Figure and Conversion 

Loss in Microwave Receivers* 
LESLIE A. MOXONt 

Summary—The "noise diode" technique is now well-established 
for the absolute measurement of receiver noise figure at frequencies 
up to about 300 Mc. A method is described of extending this technique 
to much higher frequencies, using a frequency changer to produce 
the required rf test signal from an if noise source. An experimental 
procedure has been developed which enables the signal level to be 
accurately evaluated, subject to such limitations as those of Dicke's 
reciprocity theorem which are of little practical significance for the 
applications so far considered. As in the low-frequency case, meas-
urements are in general independent of receiver bandwidth, there 
is no stray radiation problem, and the receiver output indicating 

device may follow any law within wide limits. 
The necessary components are easy to *construct and can be 

calibrated without the use of additional apparatus. The system is 
particularly well suited to mixer crystal measurements since both 
conversion loss and over-all noise figure can be measured with equal 
facility, and the latter is readily analyzed in terms of conversion loss 

and noise ratio. 

I. INTRODUCTION 

T
HE TEMPERATURE-LIMITED diode is now 
well-established as a method of measuring receiver 
noise figure at frequencies up to about 300 Mc, 

and possesses the merits of extreme simplicity and high 
accuracy. The diode anode current flows through a re-
sistance R and (the diode impedance being normally 
much greater than R) the combination forms a signal 
generator of output impedance R and available power 
eIBR/2 where e is electron charge, I the anode current, 
and B the receiver bandwidth. If I is given the value re-
quired to double the noise power in the receiver, the 
receiver noise factor defined with respect to a tempera-
ture of 290° K, is given by the well-known expression 

N = 20IR.  (1) 

Some success' has been obtained in extending this tech-
nique up to about 3,000 Mc but suitable diodes are dif-
ficult to construct, corrections have to be made for 
transit time, and the absolute accuracy so far obtained 
is relatively poor. This paper describes a new technique 
of measurement2 which has been evolved using an if 

* Decimal classification: R261.51 X R361.115. Original manuscript 
received by the Institute, December 8, 1948; revised manuscript re-
ceived, June 30, 1949. 
t Royal Naval Scientific Service, Surrey, England. 
1 R. Kompfner, J. Hatton, E. E. Schneider, and L. A. G. Dresel, 

"The transmission-line diode as a noise source at centimetre wave-
length," Jour. IEE, vol. 93, part IIIA, pp. 1436-1443, no. 9; 
March-May, 1946. 

2 Described in various unpublished reports dating from 1944, and 
briefly mentioned in an earlier publication (L. A. Moxon, Wireless 
World, January, 1947). 

noise source in conjunction with a mixer to provide an 
accurately known microwave rf signal for measurement 
of noise figure and mixer conversion loss. 
The basic principle is as follows. Given two identical 

mixers, a known amount of if noise can be converted 
to rf and back again to if, the if output of the second 
mixer being measured by means of another noise genera-
tor connected across the output terminals to provide a 
reference signal. The total decibels loss in the double 
frequency-changing process being thus determined, it is 
merely necessary to divide by two to find the loss in 
either mixer subject to the assumption of reciprocity 
which will be justified later. From the losses in the 
first mixer and the known if noise level we can determine 
the rf noise level. Instead of two identical mixers, any 
three mixers may be used and the total loss measured 
for each of the three possible combinations; solution of 
the three equations gives the loss in each of the mixers. 
In practice, variations between mixers are almost en-
tirely due to crystals so that it is only necessary to inter-
change crystals, and the full procedure is necessary only 
for the initial calibration, after which either noise-
factor or conversion loss can be determined from a 
single reading of diode current. 
There are certain practical difficulties to be overcome; 

for example, attenuation must be inserted between the 
mixers to enable them to be adjusted independently and, 
(preferably assisted by directive feeds) to confine each 
local oscillator to its own mixer. The amount of at-
tenuation required is fairly small (10-15 db) but makes 
it advisable to use an amplifier between the first noise 
diode and mixer. To simplify the theory, the two local 
oscillators are tuned twice the if apart so that a single 
noise sideband is used. 
This technique retains in comparison with continuous-

wave signal generator methods of noise figure measure-
ment many of the main advantages of the lower fre-
quency diode noise sources; for example, there is no 
stray radiation problem, accurate knowledge of band-
width is unnecessary, and difficulties connected with the 
indication of receiver output are minimized. The 
amount of attenuation required, and therefore the per-
centage accuracy with which it must be measured, is an 
order of magnitude less than in the cw signal generator 
case. 
Another feature claimed for this technique is the 

readiness with which it lends itself to improvization. 
Given a receiver to be measured for noise factor, there is 
no need to have test equipment specially developed for 
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the purpose; the main requirements are a spare mixer 
and local oscillator, and the other items are easily con-
structed if not already at hand. 

II. TYPICAL LAYOUT AND EXPERIMENTAL PROCEDURE 
FOR PRECISION MEASUREMENTS 

Fig. 1 illustrates an actual arrangement intended pri-
marily for 10-cm mixer crystal measurements, but read-

ILOCAL  TUNED FOICE  i  LOCAL 
nc cLaron  TI C I I'  —1.- OSCILLAFEM 

III  (I) 

0100E 

r. 
AMPLIFIER 

1,1111111 

ootk 
(NO AMPUFIE 

R.F. 

TI MATOPP-h•-
CIO - tOdbl 

WIMP 
I I M O! 

•NO 
26( 0ETt 

0100E 

" SIONAL AAAAAAA ON"  "a m mo" 

Fig. 1 

OUTPUT 

ily adaptable for measuring the noise factor of other 
receivers, traveling-wave tubes, etc. In addition to the 
basic essentials outlined above, provision was made for 
the measurement of mixer noise ratio and if impedance. 
The rf circuitry employed waveguides throughout. The 
local oscillators were of the Heil type (CV230) and 
coupled to the mixers through variable attenuators and 
simple directive feeds giving about 6 db of directivity. 
The mixers were of a conventional waveguide type with 
double slug tuning and had a bandwidth of about 80 
Mc for a standing-wave ratio better than 2.0 with most 
crystals. The if for both the receiver and the noise am-
plifier was 13.5 Mc the bandwidths being of the order 
of 1.5 and 10 Mc, respectively. The if noise figure was 
approximately 2 db, and the local oscillator contributed 
noise of the order of 0.05 to 0.2 units of crystal noise 
temperature ratio. 

The Noise Amplifier 

Let us first consider the case when the switch is in the 
lower position, i.e., no amplifier between noise source 
and mixer. The noise figure of the receiver is given by 
the usual expression 

Nr„ = L.12(Ns1  — 1), (2) 

where NV is the if noise factor, I is the mixer noise tem-
perature ratio, and L,n2 the conversion loss. A noise 
figure N' may be assigned to the entire system to the 
right of the switch, and is obviously given by 

= NrecLoilLo, (3) 

where L„,i is the conversion loss of the first mixer and 
L. is the attenuation inserted between the mixers. If the 
noise source doubles the noise output power P., of the 
receiver when adjusted to a current Ii, N' is given by 
2011R in accordance with (1). The CV172 "noise diode" 

has frequently been run for short periods at 50 milli-
amps or more, and a load of about 400 ohms provides an 
impedance match for the average crystal; this cor-
responds to a value of 400 for N'. Lowest practicable 
values of N,,,c and L„,i are of the order of 7 and 4 re-
spectively, giving a permitted value of anything up to 
400/28 or 11.5 db for L.; this was just about sufficient 
from the point of view of preventing interaction between 
the mixers, and it was possible to work with a smaller 
change of receiver noise output, but there was not much 
in hand for dealing with anything short of the best pos-
sible performance, and an amplifier was therefore in-
cluded. Using selected crystals it was possible to meas-
ure the insertion power gain G p  directly by operation 
of the switch, but in less favorable circumstances it 
might be necessary to resort to more elaborate measures. 
The bandwidth of the noise source should of course 

exceed that of the receiver but difficulties may be en-
countered if it is unduly wide; thus with the amplifier 
out of circuit an appreciable error was found due to 
noise generated at three times the desired intermediate 
frequency, which produced a sideband at the receiver 
image frequency. This effect was eliminated by means 
of a 40.5 Mc series-tuned circuit across the noise diode 
load, but was not observed at all on another occasion 
when working with a 45 Mc if, due presumably to the 
greater shunting effect of the mixer rf by-passing ca-
pacitance. 

Two types of noise amplifier have been used, the first 
consisting of a single stage having an anode load of 400 
ohms to match the crystal impedance. The noise diode 
was connected in parallel with the grid circuit, which 
was also loaded with 400 ohms, the value in this case 
being determined by bandwidth considerations. The 
second type, with which most of the measurements have 
been made, had similar input and output arrangements 
but used 3 tubes in an inverse feedback circuit employ-
ing a 65-ohm resistance common to the cathodes of the 
first and last stages, the voltage gain being very ap-
proximately the ratio of the resistances (400/65) and 
therefore relatively stable. The internal noise level of 
the feedback amplifier was rather high, equivalent to 
3 ma of noise diode current, but this was easik; measured 
and allowed for. Although the feedback circuit was 
satisfactory at 13.5 Mc, difficulties arose at higher fre-
quencies owing to phase shifts caused by stray capaci-
tances. 

The Altenuator 

The attenuator consisted of two wedge-type sections, 
one variable and one fixed, calibrated by direct meas-
urement of insertion loss. Attenuation should be suf-
ficient to prevent the tuning of one mixer from affecting 
the other, and to ensure that the crystal current pro-
duced in either mixer by leakage from the local oscil-
lator of the other does not exceed about 10-20 micro-
amperes. If the latter condition is not satisfied, the 
second local oscillator may become appreciably modu-
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lated with if noise via the first mixer, and errors can also 
be caused by noise-modulated power from the first 
local oscillator reaching the second mixer and combin-
ing there with the two noise sidebands to produce un-
wanted if output. Additional attenuation acts against 
the leakage power as well as against the various noise 
sidebands, so that the unwanted effects decrease more 
rapidly than the wanted noise and a simple check is 
therefore to increase the local oscillator power and re-
measure the apparent insertion loss of the attenuator 
which should be unchanged. Most of the 10-cm measure-
ments were made with La equal to 14.5 db and with 
6 db of directivity in each of the local oscillator feeds, 
the leakage effects being undetectable under these con-

ditions. 

Evaluation of Conversion Loss and Noise Factor 

In order to evaluate the conversion loss it is neces-
sary to know the available if noise output power P„ 
from the second mixer. If Rm2 is the if output resistance 
of this mixer, and the noise diode connected across it is 
adjusted to a current /2 such that it gives the same in-
crease of receiver output as the current Ii of the diode 
feeding the first mixer, P,, is proportional to /2Rm2, 
and defining mixer conversion loss as available power 
output/actual input power, we have the relationship 

= /iR//2R.2.  (4) 

Perfect matching_ has been assumed between each 
mixer and the attenuator, and also between the first 
mixer (if impedance  and the load resistance of its 
noise diode. The easiest way to make L.1 equal to L m2 

is to select crystals by comparison in the first mixer. 
Let L.1 can then be evaluated from (4). 
Adjusting I to double P„,„ we can substitute 2011R 

for N' in (3) and obtain 

Nrec = 20/1R/L.ILa.  (5) 

It was found that adjustment of the mixers for maxi-
mum power output usually gave a standing-wave ratio 
better than 1.5, and taking R=400 ohms the value of 
R/R.1 or R/R.2 lay between 0.7 and 1.4 for normal 
crystals at 0.5 ma rectified current, so that mismatch 
errors are unlikely to be appreciable. On the other hand, 
ignorance of R.2, since this quantity enters directly into 
equation (4), could lead to an error of ± 1.5 db in LIL.,2; 
i.e., with L,,,i =L.2 an error of 0.75 db in L„,1, and there-
fore in noise-figure measurements, would be likely. 
Measurement of R.2 is therefore necessary. It is to be 
noted that La, L.2, Rm2, and to some extent the noise 
ratio, are dependent on the rf impedance presented to 
the mixer, not only at the signal but also at the image 
frequency.5 It is therefore desirable to have a good 
match at both frequencies, and the appropriate value of 

'E. W. Herold, R. R. Bush, and W. R. Ferris, "The conversion 
loss of diode mixers having image frequency impedance," PROC. 
T.R.E., vol. 33, pp. 603-609; September, 1945. 

of if should be employed in measuring R.2, dc or If 
bridge methods being unsuitable for accurate work. 
If it is required to make measurements on, say, a 

number of crystals, the full process described above need 
only be carried out once. From inspection of (5) we see 
that the value of ./1 required (for example) to double 
the total noise power in the receiver is directly propor-
tional to Lmi and to  II is also proportional to L m2 

if t is constant, but changing the crystal in the second 
mixer alters I as well as L.2, and the simplest procedure 
is therefore to measure Lmj for any crystal, the value for 
other crystals being determined by comparison in the 
first mixer. Similarly, to determine N,ec the crystals are 
compared in the second mixer. If a noise amplifier is 
used, /1 is of course replaced by the product of the power 
gain G, and the observed current. L.2 may be obtained 
from (2), after t and Nw have been determined sep-
arately, but this is a more complicated procedure and, 
for a given crystal, L.1 should be equal to L.2. 

Measurement of the IF Impedance of the Mixer 

Fig. 2(a) illustrates the if input circuit used in most 

(b) (a) 
Fig. 2 

of the measurements. At any given frequency it can be 
represented by the equivalent circuit of Fig. 2(b) by 
means of the following relationships: 

R' = R„,(1  w2C„,2R.2)  (6) 

C' = C.(1 + 1/0,2C.2R.2).  (7) 

It is to be noted that C' and therefore the tuning point 
of the circuit, is dependent on both C. and R., the 
slope dC'/dR„, being a maximum, for a given value 
of R„„ when 12„,=1/wC„,. When the value of C. was 
chosen to give minimum noise figure, R. and 1/coC„, 
were found to be of the same order, and to make use of 
this fact for measurement of R„, it was only necessary to 
provide a calibrated tuning control on the input cir-
cuit, an if signal, and a sensitive resonance indicator.' 
For calibration, a range of small carbon resistors of 
known value was made up in crystal capsule form and 
inserted in place of the mixer crystal. The change of 
resonant frequency over the desired range of R.2 was 
small, but with care it was possible to measure R.2 to 
within about 5 per cent, leaving a possible error of the 
order of ±0.1 db in the determination of L,,a. 
It is not always possible to satisfy the input circuit 

conditions required by this method, and there is a 
simple alternative.5 The crystal is replaced by a set of 

4 Method attributed to E. E. Schneider. 
'H. C. Torrey and C. A. Whitmer, "Crystal Rectifiers," Radiation 

Laboratory Series, Vol. 15, McGraw-Hill Book Co., New York, N. Y. 
page 230; 1948. 
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resistances as in the previous method, and the incre-
mental noise output power for some fixed value of diode 
current is observed for each resistance. The larger the 
resistance, the greater the increment, and a calibration 
curve may be drawn accordingly. Since mixer noise 
affects only the total output level and not the incre-
ment, observation of the latter for any mixer crystal 
enables its if impedance to be read from the calibration 
curve. 

Noise Ratio Measurement 

In a standard method of noise ratio measurement, 
the mixer is coupled to the first if tube by a circuit 
which gives a more or less constant output impedance 
as the input impedance is varied. The receiver noise 
output is then dependent only on the noise ratio and not 
on the impedance of, the mixer, and is proportional to 
the quantity (Nif-l-t —1). N ,, is constant if the output 
impedance is constant and t can therefore be evaluated 
from observation of the change of noise output ob-
tained on replacing the mixer by a resistance R,, which 
need not be exactly equal to that of the mixer. The re-
quired conditions for this method should be satisfied 
for the circuit of Fig. 2(b) when R„.=1/ Cm, but an 
experimental check revealed some second-order anoma-
lies attributable to using a small capacity across L as 
the tuning control, and to the effect of tuning on the 
phase relationship between tube shot noise and induced 
grid noise. With the tuning control adjusted for 
Rc=400 ohms and fixed, inctease of R, from 300 to 
550 ohms caused an increase of NI, from 1.6 to 1.8 and 
a decrease of 10 per cent in output noise power, so that 
for accurate measurements by this method it was neces-
sary to obtain a rough estimate of R„,2 and apply cor-
rections. 

Alternatively, if R„,2 is known accurately, we can in-
crease the current /2 of the diode connected across it 
until the total noise power is doubled; then if R,„2 has 
a noise ratio t, we have 

Nsf t — 1 = 20/2R.2.  (8) 

N 1, is found by making 1=1, i.e., replacing R„,2 by an 
ordinary resistance, so that knowing /2, R„,2 and N 1, 

we can obtain I. 
Good agreement was obtained in practice between the 

two methods. It is of interest to note that if (Nif+/-1) 
is determined by the first method, the value of R.2 
can be deduced from (8). 

Receiver Output Measurement 

The second detector of the receiver consisted of a low 
impedance diode (Type VR92), and the rectified current 
was used as an indication of noise output giving a linear 
law over at least the desired range of 0.5 to 1.5 volts. 
The diode characteristic has proved stable over a period 
of years and holds for most tubes of the same type after 
ageing to reduce the standing current. The if amplifier 

December l 

itself was linear up to the highest output level required. 
Initially the diode was replaced by a thermistor bridge, 
but this was found to be an unnecessary complication. 
The output indicating device can usually be cali-

brated, whatever its law (provi,lcd this is independent of 
gain setting), by means of the noisc source using the fol-
lowing procedure suggested by L. A. G. Dresel. Let re-
ceiver noise alone give an output reading 01; to evaluate 
the noise factor N from (1) it is necessary to know /z, the 
diode current which produces noise equal to the receiver 
noise. Let a current I„ increase the output to a reading 
02 and let the gain then be turned down so that 02 is re-
duced to Oi; if the current is now increased to a value I, 
such that the output reading is again 02, the ratio r of 
Tr+ I„ to /z must be the same as that of /z±/, to L+Iy. 
This leads to the relation 

Ix = 1„2/(1:— 2I„).  (9) 

To obtain an accurate result from (9), I,/21„ should 
not be less than about 2. This means that a value of at 
least 3 is desirable for r, and more diode current is re-
quired than if the detector law is already known, hut 
this presents no difficulty with normal values of N 11. 

III. PRACTICAL RESULTS AND DISCUSSION 

The double-mixing noise generator technique was 
first employed as a means of obtaining an accurate com-
parison of two receivers at 10 C MS after difficulties had 
been experienced with alternatives which included 
crystal and klvstron noise generators and cw signal 
generators. As a method of relative measurement it was 
found simple to construct and use, and comparisons 
with two cw signal generators gave agreement on abso-
lute level within 1 db. At this stage the technique had 
not been fully developed and the probability of errors 
of the order of + 1 db would have been fairly high. The 
cw signal generators were certainly no more accurate 
than this, so the agreement may have been largely for-
tuitous. Working at 3 cms, G. Eichholz and T. J. Bu-
chanan obtained agreement between the new technique 
and other methods of measurement within about 0.25 
db, but this again may have been largely due to chance, 
and it was realized that various possible sources of error 
required investigation. For this purpose a 10-cm meas-
uring equipment was set up as illustrated in Fig. 1 and 
already described, facilities being provided for thor-
oughly checking each stage of the procedure. These in-
cluded standingwave measuring equipment for checking 
rf matching, and a resonant cavity for measurement (by 
elimination) of local oscillator noise. The procedure de-
scribed above was evolved mainly on the basis of expe-
rience with this equipment. 

In one typical experiment, two dozen crystals were 
measured fot conversion loss in both the first and the 
second mixers, and comparison of the results showed a 
scatter of the order of +0.5 db which it was at first 
thought might be due to reciprocity failure; the worst 
pairs of crystals were therefore taken, the over-all con-
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version loss was measured with one of the crystals in 
each mixer, and the crystals were then interchanged, 
and the measurements repeated. This was done several 
times with as much care as possible, and the total loss 
figures showed a spread of only about  db. This means 
that, in general, reciprocity failure (if any) is not greater 
than C+ db where C is the same for all crystals of the 
type tested (British "Red Dot" silicon crystals). The 
number of crystals was not large enough for all possibil-
ity of more serious variations to be excluded, but evi-

10.0   

5.0 
5.0  6.0  7.0  80 

CONVERSION LOSS tab) (DOUBLE MIXING METHOD) 

Fig. 3 

o 18218  CRYSTALS 

• BRITISH  C5364/CV291 

dence from other sources' indicates (a) that for silicon 
crystals reciprocity failure is (by measurement) less 
than 0.2 db; (b) that any systematic or constant error C 
is inappreciable; and (c) for germanium crystals re-
ciprocity does not hold in general, although even in 
this case it would appear that calibration would be rea-
sonably accurate if carried out with crystals selected to 

have the lowest possible loss. 
Measurements of conversion loss by the above method 

on twelve 1N21B crystals and six British crystals which 

• See pp. 125-127 and 212 of footnote reference 5. 

had previously been measured in one of the standard 
test sets7 showed good agreement, as plotted in Fig. 3. 
The crystal or diode mixer is commonly represented 

by an equivalent passive linear network, and reciprocity 
is implicit in any such representation. Reciprocity is also 
the basis of methods of conversion loss measurement 
based on the effect of if impedance on rf impedance or 
vice versa, such as that due to R. H. Dicke." Dicke has 
pointed out, however, that full reciprocity holds only on 
certain assumptions, and a full discussion of this subject 
can be found elsewhere.' It is perhaps sufficient here to 
state that the necessary assumptions are not completely 
satisfied in practice, mainly because of variation of bar-
rier capacitance with applied voltage. One would expect 
such an effect to be very variable from crystal to crystal, 
and the failure to observe any change in total loss when 
the crystals in the two mixers are interchanged confirms 
the more direct evidence, already mentioned, that rec-
iprocity failure is of negligible practical significance for 
silicon crystals. 
An apparent failure of reciprocity could arise from the 

practice of tuning the two local oscillators twice the if 
apart, assuming a lack of syminetry in the variation 
with frequency of the impedance presented to the recti-
fying contact of the crystal; this is because mixer con-
version loss is dependent to some extent on the image 
frequency and (if appreciable) the harmonic frequency 
impedances seen by the nonlinear element. Lack of sym-
metry coupled with the staggering of oscillator frequen-
cies means that these impedances can be different for the 

two mixers, even though the latter are physically iden-
tical. This effect should be detectable by comparing the 
over-all losses for the two possible tuning positions of 
each local oscillator in turn, but has not so far been ob-

served. 
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The Effect of Antenna Size and Height Above 
Ground on Pointing for Maximum Signal* 
A. H. LAGRONEt MEMBER, IRE, AND A. W. STRAITONt, MEMBER, IRE 

Summary—During April, 1947, the Electrical Engineering Re-
search Laboratory of The University of Texas made measurements of 
the variation of signal strength and phase of 3.2-centimeter radio 
waves with heights up to 200 feet for a 27-mile desert path in Ari-
zona.'.1 

This paper presents the results of a study of the vertical angles-of-

arrival which would be indicated by pointing antennas of various sizes 

and at various heights for maximum signal strength in three of these 
measured fields. 

A comparison is also made of the response of the antennas for 

various angles of tilt in these measured fields with the response of 
the antennas in an assumed field made up of two plane waves com-
ponents. 

I. INTRODUCTION 

1 HE PURPOSE OF this investigation is to study 
the effect of antenna size and height above 

  ground on the apparent angle-of-arrival of the 
radio wave as indicated by pointing the antenna for 
maximum signal. 
The study is made by determining the angle at which 

maximum signal is received as a function of antenna 
height and size for three field measured wave fronts. 
The three fronts selected for the study were cases in 
which low angle radiation had introduced additional 
wave components at the receiver due to trapping or 
earth reflections. The field measured data were taken for 
a wavelength of 3.2 centimeters over a 27-mile path at 
the Naval Electronics Laboratories' desert site near 
Gila Bend, Ariz. 

The field measurements were made with the phase 
difference equipment built by the Electrical Engineer-
ing Research Laboratory of The University of Texas 
for measuring the difference in phase at 3.2-cm wave-
length between the fields of two antennas separated 
vertically by ten feet and the signal strength at each 
antenna.' The procedure for obtaining the data involved 
raising the receiver vertically, while holding the trans-
mitter at a fixed level. 

II. M ETEOROLOGICAL CONSIDERATIONS 

The field measured data were taken such that each 
case analyzed represents a condition typical of a 24-
hour meteorological cycle as observed at the desert site 
in Arizona.' Data for the 0021 curve, Fig. 1, were taken 
when a ground based duct was known to exist over the 
radio path. Data for the 0605 curve were taken when 

• Decimal classification: R326.8 XR221. Original manuscript re-
ceived by the Institute, March 31, 1949; revised manuscript received, 
August 18, 1949. This work was conducted under Office of Naval Re-
search Contracts N5ori-136, T. I. 0. 
t Electrical Engineering Research Laboratory, The University of 

Texas, Austin, Texas. 

the duct was breaking up and meteorological conditions 
in general were irregular. Data for the 0857 curve were 
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Fig. 1—Field measured phase-front and signal strength curves. 

taken after the duct had disappeared and normal day-
time conditions had set in. No attempt is made to cor-
relate these meteorological observations with the indi-
cated angle-of-arrival in this paper, except to note 
briefly the magnitude of the error in each case. This 
correlation is considered elsewhere.' 

III. M ETHOD OF DETERMINING THE INDICATED 

ANGLE-OF-ARRIVAL 

The method used is that of vector addition. This 
method consists of summing up the signal strengths at 
the appropriate phase angles along the face of the an-
tenna for various angles of antenna tilt. The resulting 
signal strength is plotted against angle of antenna tilt, 
and from the plot, the angle which gives the maximum 
signal is determined. This angle of tilt is the. indicated 
angle-of-arrival. 

This method necessarily assumes that each portion of 
the wave front can be regarded as a secondary source or 
Huygens source of known electric intensity, phase, and 
polarization and that the receiving antenna has trans-
mitting characteristics such that it generates a wave 

A. W. Straiton, W. E. Gordon, and A. It LaGrone, "A method 
of determining angle-of-arrival," Jour. A ppl. Phys., vol. 19, pp. 524-
533; June, 1948. 

'E. W. Hamlin and W. E. Gordon, "Comparison of calculated 
and measured phase differences at 3.2 centimeters wavelength," 
PROC. I.R.E., vol. 36, pp. 1218-1223; October, 1948. 

3 F. E. Broolcs, Jr., and C. W. Tolbert, "Equipment for measur-
ing angle-of-arrival by the phase difference method," Electrical Engi-
neering Research Laboratory, University of Texas, Report No. 2; 
May, 1946. 

4 J. R. Gerhardt, "Meteorological measurements in Arizona dur-
ing March and April, 1946," Electrical Engineering Research Labora-
tory, University of Texas, Report No. 5; February, 1947 
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that is uniform in phase and magnitude in the plane of 
the face. As a receiver, equal signals at any two points 
along its face produce equal response. This method is 
described by Friis and Lewis.5 In general, an antenna 
with variations in response to equal signals along the 
face would indicate approximately the same angle-of-
arrival as a somewhat smaller antenna of the character-
istics assumed above. 
The antenna itself is assumed to have a rectangular 

opening, to be vertically mounted, and to have a width 
so small that horizontal variations in phase and signal 
strength in the wave front are negligible. 

IV. EXAMPLE OF METHOD 

Data: 0605 April 26, 1947. The data were taken 
from the phase front and signal strength curves in Fig. 1. 
A 100-foot antenna centered at 90 feet was assumed. 
The data consists of 50 signal strength magnitudes and 
relative time phase angles spaced evenly along the an-
tenna face. 

The solution is made by using the following equation: 

360 /„ sin 0) 
E =[ E E. cos (4)„ 

jE E„ sin (4)„ 
360 1„ sin 0\1 L 

X  N 

where, 

N= total number of field increments taken 
En =relative electric field intensity of increment n 

(E./ Emax) 
0.= time phase of E. in degrees 
1„= distance in feet from the electrical axis of the an-

tenna to E. as measured along the antenna face 
0 =antenna tilt angle. (For 0=00, antenna face is 
vertical) 

X =wavelength =0.105 ft. (3.2 cm) 
L =vertical dimension of antenna face in feet 
E =relative antenna response. 

The curves in Fig. 5 show a plot of relative antenna 
response I El, versus angle of antenna tilt, 0. The angle-
of-arrival as indicated by maximum signal strength for 
the 100-foot antenna centered at 90 feet is —0.0500. 
This angle is shown plotted at 90 feet for the 100-foot 

r antenna in Fig. 3. 

V. THE INDICATED ANGLE-OF-ARRIVAL FROM 
ANALYSIS OF THE FIELD-MEASURED PHASE 

FRONT 

The indicated angle-of-arrival versus height as ob-
tained from the field-measured phase fronts is shown in 
curve form in Figs. 2, 3, and 4 for several antenna sizes. 
On each curve in this series, the angle-of-arrival of a 

H. T. Friis and W. D. Lewis, "Radar antennas," Bell Sys. Tech. 
Jour., vol. 26, p. 219; April, 1947. 

single ray, arbitrarily positioned, is shown for com-
parison. The single-ray curve, for a homogeneous 
atmosphere and a path length of 27 miles is a straight 
line with a slope of 0.0406° per hundred feet. 
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Fig. 2—Indicated angle-of-arrival at 0021. 
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Fig. 3—Indicated angle-of-arrival at 0605. 
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Fig. 4—Indicated angle-of-arrival at 0857. 
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A comparison of the field-measured and the single-ray 
indicated angle-of-arrival curves shows that the average 
slope of the field-measured curves agrees reasonably well 
with the slope of the single-ray curve, and that the field-
measured curves fluctuate considerably with height. The 
fluctuation noted in the field measured indicated angle-
of-arrival is evidence of the complexity of the wave 
front at the receiver. 

In the field-measured cases, the greatest fluctuation 
in the indicated angle-of-arrival with height was ob-
served in the two-foot antennas, and the least in the 
100-foot antennas. This difference can be explained by 
the fact that the small antenna integrates over such a 
small portion of the wave front that any localized varia-
tion in phase has an important part in determining the 
tilt angle for maximum signal indication, and hence, 
the indicated angle-of-arrival. The large antenna, on the 
other hand, integrates over such a large portion of the 
wave front that localized variations are averaged out in 
the large signal received, and have little effect in deter-
mining the indicated angle-of-arrival. 

Another point of interest in the field measured indi-
cated angle-of-arrival is the sudden change in the angle 
observed in the 50-foot and 100-foot antenna curves in 
Fig. 3. (The indicated angle-of-arrival is shown by a 
solid line.) This phenomenon is not observed in any of 
the other antenna curves in this set nor in the sets shown 
in Figs. 2 and 4. This case is discussed in a later section. 

VI. ERROR IN THE INDICATED ANGLE-OF-ARRIVAL 

The error in the field measured indicated angle-of-
arrival, relative to the angle-of-arrival of a single ray 
in a homogeneous atmosphere, can be obtained by com-
paring the field-measured curves with the single-ray 
curves in Figs. 2, 3, and 4. 

The error is shown tabulated in Table I for the differ-
ent antenna sizes. The meteorological conditions which 
existed at the time the field data were taken are also 
shown. The error is calculated by taking an average of 

the two greatest deviations in the indicated angle-of-
arrival, one above and one below, from the angle-of-
arrival of the single ray. 
Example: Fig. 2, two-foot antenna: 

Greatest deviation above (at 30 feet)  = 0.125° 
Greatest deviation below (at 105 feet) = 0.050° 
Error indicated (0.125+0.050)1/2  = ± 0.088°. 

TABLE I 

ERROR IN THE INDICATED ANGLE-OF-ARRIVAL 

Antenna 
Size L 
(Feet) 

Fig. 2 
Ground Based 

Dud 

Fig. 3 
Transitional 
Period 

Fig. 4 
Normal 
Daytime 

2 
6 
10 
20 
50 
100 

±0.088° 
+0.088° 
+0.088° 
±0.085° 
+0.038° 
+0.013° 

+0.3820 
+0.311 ° 
±0.234° 
+0.150° 
±0.107° 
±0.084° 

+0.102° 
+0.084° 
+0.072° 
±0.052° 
±0.022° 
±0.012° 

VII. ANTENNA RESPONSE FOR VARIOUS ANGLES OF 

TILT IN M EASURED FIELDS 

1. One Hundred-Foot Antenna. The series of curves in 
Fig. 5 show in detail the signal strength received versus 
angle of antenna tilt of a 100-foot antenna for the field-
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Fig. 5-One-hundred foot antenna patterns from field-
measured phase front. 

measured wave front taken at 0605. The tilt angle at 
which maximum signal occurs is taken to be the indi-
cated angle-of-arrival and the points are plotted at the 
indicated height on the 100-foot antenna curve in Fig. 3. 
The curves in Fig. 5 show the interfering wave in the 

field-measured wave front which was suggested by the 
fluctuations in the indicated angle-of-arrival with 
height, Figs. 2, 3, and 4. The interfering wave appears 
as a strong second lobe in the antenna response pattern 
in this series of curves. In a similar study of the other 
two wave fronts, at 0021 and 0857, the interfering wave 
appeared relatively weak with respect to the main wave, 
yet strong enough to be identified as a second wave 
component and not as a minor lobe -of the antenna re-
sponse pattern. 

The case shown by the curves in Fig. 5 is of particular 
interest because of the break observed in the angle at 
which maximum signal is received (solid line) in the 100-
foot antenna curve in Fig. 3. A study of the curves in 
Fig. 5 shows the antenna maximum signal being deter-
mined by one wave components at the lower receiver 
levels and by another at the higher levels. This shift of 

the maximum signal from one wave component to the 
other is also.observed to be abrupt, since both wave 
components are clearly defined at the height at which 
the change occurs. It should be noted that the plot in 
Fig. 3 includes the angle-of-arrival of each wave com-
ponent for all antenna heights in this unusual case. 
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2. Fifty-Foot Antenna. The set of curves in Fig. 6 
shows in detail the signal strength received versus angle 
of antenna tilt of a 50-foot antenna for the field-meas-
ured wave front taken at 0605. The tilt angle at which 
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Fig. 6—Fifty-foot antenna patterns from field-measured phase front. 

maximum signal occurs is taken to be the indicated 
angle-of-arrival and the points are plotted at the indi-
cated receiver heights on the 50-foot antenna curve in 
Fig. 3. 
As in the case of the 100-foot antenna analysis of this 

wave front, Fig. 5, these curves show two interfering 
waves of the same order of magnitude. The antenna 
maximum signal indication is again observed to shift 
from one wave component at the lower receiver levels to 
the other wave component at the higher receiver levels. 
The individual wave components are not as distinct 
at the point where the break occurs in this case as they 
were for the 100-foot antenna; however, the separate 
maxima are discernible. 
The indicated angle-of-arrival curve for the 50-foot 

antenna in Fig. 3 includes the angle-of-arrival of both 
wave components for all antenna heights, where both 
were readable. 
3. Twenty-Foot Antenna and Smaller Antennas. The 

small antennas which were used in the study of the 
wave fronts did not show a break in the indicated angle-
of-arrival in the 0605 case as did the 50- and 100-foot 
antennas. A detailed study of the 20-foot antenna pat-
terns did show evidence of the second wave component, 
but the antenna did not leave sufficient resolution to 
separate the components near the heights where their 
magnitudes were equal. The 10-, 6-, and 2-foot antenna 
patterns did not definitely show the second wave com-
ponent. 
4. Discussion. A study of the 0605 phase front curve, 

Fig. 1, for this unusual case suggests the possibility of 
two separate wave fronts, an upper and a lower, which 
merge at a height of about 100 to 110 feet. This is ap-
proximately the elevation at which the break in the 
indicated angle-of-arrival is observed in both the 50-
foot and 100-foot antenna curves in Fig. 3. The two 

wave-front concept would also account for one signal 
being the stronger at elevations above 110 feet and the 
weaker below 100 feet. 

VIII. ANTENNA RESPONSE AT VARIOUS ANGLES OF 

TILT FOR AN ASSUMED FIELD 

For comparison with the field-measured wave fronts, 
an assumed front made up of two plane waves, a and /3, 
was analyzed. The method of analysis was by vector 
addition. The result of the analysis is shown in curve 
form in Fig. 7. In the analysis, a and /3 were related as 

• • o • • 
aft arm TItT  - • 
UNIT • 0 S M. OUT fIt 

Fig. 7—Antenna response for phase front composed 
of two plane waves. 

follows: the a wave was assumed to have a magnitude 
of 1.0 and to always arrive horizontally, i.e., at 0=00. 
The /3 wave was assumed to be one-half the magnitude 
of a and to arrive at some angle below horizontal (nega-
tive 0) as indicated by the position of the 13 arrow. The 
relative time phase of a and 13 was assumed as indicated 
on each curve. The antenna tilt scale is calibrated in 
terms of antenna size L, where L is the vertical dimen-
sion in feet; hence, the curves are not restricted to a 
given size antenna. 
A study of the curves in Fig. 7 shows graphically that 

complex response patterns such as those in Figs. 5 and 6 
can be obtained from two plane waves, and indicates 
the factors which determine the pattern. The effect of 
these factors on the indicated angle-of-arrival is also 
clearly shown. The controlling factors are found to be 
the relative time phase and the angular separation of 
the two wave components. Other factors, which would 
affect the indicated angle-of-arrival, but which were not 
shown directly by the analysis, would be the relative 
magnitude of the wave components and the introduc-
tion of further components. 

IX. COMPARISON OF THE THEORETICAL W AVE-FRONT 

CURVES WITH THE FIELD- MEASURED W AVE-FRONT 

CURVES 

A comparison of the curves in Fig. 7 with those ob-
tained from the field-measured wave fronts reveals a 
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remarkable amount of similarity in some of the curves, 
and a few cases where the curves are almost identical. 
This fact strongly suggests that the wave components 
of the measured field were those of the assumed field. If 
this is true, then a field-measured wave front which 
yields a curve that agrees identically with a curve from 
an assumed wave front, will have wave components of 
the same relative magnitude, time phase, and angular 
separation as those of the assumed front. In this man-
ner, wave components in a field-measured wave front 
could be separated. 

X. CONCLUSIONS 

1. For the field-measured data, antennas under 10 
feet in size were found to be small enough to follow the 
localized height variation in phase; thus, the phase dif-
ference method (footnote reference (3)) agrees with the 
vector addition method in determining the indicated 
angle-of-arrival for these antennas. 
2. The large antennas were found to be relatively 

insensitive to the localized phase variation, but were 
considerably affected by the major phase variations 
noted. For these larger antennas the phase difference 
method does not give the tilt angle Which results in 
maximum signal and the vector addition method is 

necessary. 
3. The effect of antenna size and height above 

ground on the angle-of-arrival as indicated by pointing 
for maximum signal is shown in curve form in Figs. 2, 3, 
and 4 and in Table I for three measured fields. The in-
accuracies of this method of finding the angle-of-arrival 
of a radio wave are generally well known; however, this 
study, in addition to calculating the magnitude of some 
of these errors, shows how the error fluctuates with an-
tenna size and height above ground. 
4. Comparing the antenna signal strength response 

curves for field-measured data with similar curves ob-
tained by analysis of an assumed wave front offers a pos-
sible means of separating the wave components in the 
field-measured wave front. 

Design of Tunable Resonant Cavities With 
Constant Bandwidth* 
L. D. SMULLINt, ASSOCIATE, IRE 

PROBLEM of some interest in micro-
wave circuit design is that of making 
a tunable filter whose loaded Q, or 

whose frequency bandwidth is constant over 
the tuning range. It is well known that a 
cavity using inductive irises as the coupling 
elements has a rapidly varying QL and that 
the bandwidth may change by almost a 
factor of 2 when the cavity is tuned over a 10 
per cent range. It can be shown, however, 
that the use of capacitive irises results in a 
reasonably constant bandwidth. 
If one computes the way in which the 

coupling susceptance should vary with fre-
quency in order to make a cavity with con-
stant loaded Q (QL) or constant bandwidth, 
one obtains the curves shown in Fig. 1. (The 
loading due to cavity losses has been neg-
lected, which is reasonable for values of 
QL-'"--'IC0 —300.) Here we have the abscissa 
proportional to X/X, where X is the free-
space wavelength of the applied signal, and 
X,, is the cut of wavelength of the wave guide. 
Obviously, a given value of loaded Q can be 
obtained by the use of either an inductive or 
a capacitive coupling iris, and these two 
branches are shown in Fig. 1. Also plotted 
in Fig. 1 are the curves showing the fre-
quency dependence of waveguide inductive 
and capacitive irises. It is clear that a 

• Decimal classification: R119. Original manu-
script received by the Institute. June 13. 1949: ab-
sbtract received. August 30, 1949. This work has been 
supported in part by the Signal Corps. the Air Ma-
tet iel Command. and 0.N.R.. and is abstracted from 
Research Laboratory of Electronics Technical Report 
No. 106. April 5. 1949. 
1' Research Laboratory of Electronics. Massa-

chusetts Institute of Technology. Cambridge. Mass. 

capacitive ipis has a frequency dependence 
that will be in between that required for 
constant QL and constant bandwidth. The 
inductive iris, however, has a frequency 
characteristic of just the opposite slope from 
that required for constant QL or bandwidth. 
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Capacitive irises have the disadvantage 
that one can only get values of about 
B/ Y0510 without going to very minute 
openings. Thus it does not appear possible 
to make cavities with QL greater than about 
300 by this method. 
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Fig. 1—Frequency dependence of coupling susceptance necessary 
to give constant QL or constant At 
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R. H. Dishington was born on March 21, 
1919, in Green Bay, Wis. He received the 
B.E.E.E. degree from the University of 

Southern California 
in 1942, and at that 
time entered the test 
course of the General 
Electric Co. Early in 
1943 he did radio re-
search for  Bendix 
Aviation, Ltd., and 
taught night classes 
in electronics at the 
University of South-
ern  California.  In 
June of that year Mr. 
Dishington became a 

lecturer in electrical engineering at that Uni-
versity. Since the fall of 1947, he has been 
engaged in research work with The Rand 
Corp., Santa Monica, Calif. 
Mr. Dishington is an associate member 

of AI EE. He served on the electronics com-
mittee of the Los Angeles Section in 1943-
1944. He is also a member of Eta Kappa Nu. 

R. H. DISHINGTON 

• 

Rudolf Kompfner was born in Vienna, 
Austria, on May 16, 1909. He attended the 
Realschule and Technische Hochschule in 

RUDOLF KOMPFNER 

Vienna,and was grad-
uated from the fac-
ulty of architecture 
in 1933. In 1934 he 
came to England to 
continue his study in 
architecture  pri-
vately, and became 
the director of a 
building firm in 1937. 
Throughout  these 
years,  he devoted 
much of his spare 
time to television, 

radio, and physics. 
Mr. Kompfner entered the Admiralty 

service in 1941 as temporary experimental 
officer, taking up duty first in the physics 
department at Birmingham University. 
Since 1944 he has been associated with the 
Clarendon Laboratory at Oxford University, 
England. 

For a photograph and biography of W. 
W. HARMAN, see page 1435 of the November, 
1949, issue of the PROCEEDINGS OF THE 
I.R.E. 

4, 

For a photograph and biography of 
FREDERICK W. SOKYFT, see page 780 of the 
July, 1949, issue of the PROCEEDINGS OF 
THE I.R.E. 

A. H. LaGrone (M'48) was born in 
Pauola County, Texas, on September 25, 
1912. He received the degrq of B.S. in 

electrical engineering 
from the University 
of Texas in 1938. 
After four years as 
distribution engineer 
with the San Antonio 
Public Service Co., 
San Antonio, Texas, 
he was commissioned 
in the U. S. Naval 
Reserve, and was or-
dered to active duty 

A. H. LAGRONE  with the Navy in 
June, 1942. While in 

the Navy, Mr. LaGrone was instructor in 
radar at the Massachusetts Institute of 
Technology and later Radar Officer aboard 
the U.S.S. Gillette, D. E. 681, in the Atlantic. 
At the conclusion of the war, Mr. La-

Grone, then a lieutenant commander, was 
ordered to inactive duty and accepted the 
position of radio engineer with the Electrical 
Engineering Research Laboratory, the Uni-
versity of Texas. Mr. LaGrone also attended 
the University of Texas and was awarded 
the degree of M.S. in electrical engineering 
in 1948. 
Mr. LaGrone is a member of Eta Kappa 

Nu and Tau Beta Pi. 

Keith MacDonald was born in Glasgow, 
Scotland, on July 24, 1920. He received the 
M.A. degree in mathematics and natural 

philosophy in 1941 
and the Ph. D. degree 
in. 1946, both from 
Edinburgh  Univer-
sity. He served in the 
army as a radar and 
telecommunications 
officer from 1941 to 
1946. 
Since 1946, Dr. 

MacDonald has been 
a research fellow in 
physics,  Clarendon 
Laboratory, Oxford, 

England, working chiefly on properties of 
metals at very low temperatures, at the same 
time maintaining his interest in noise prob-
lems and fluctuations analysis. 

KEITH MACDONALD 

• 

For a photograph and biography of K. 
TOMIYASU, see page 1156 of the October, 
1949, issue of the PROCEEDINGS OF THE 
I.R.E. 

Leslie A. Moxon was born on March 15, 
1909. He received the London University 
B.Sc. degree in electrical engineering in 1929, 

following a 3-year 
course at the City 
and Guilds Engineer-
ing College. For the 
next two years he 
carried out research 
on  high-frequency 
ammeters under the 
auspices of the De-
partment of Scien-
tific and Industrial 
Research, afterwards 
joining the staff of 
Murphy Radio Ltd., 

where he was responsible for the develop-
ment of broadcast receivers and research on 
associated problems until 1940. 
In 1941 he joined H. M. Signal School in 

Portsmouth, England, where he took charge 
of a section concerned with the development 
of radar receivers; and he is now a member of 
the Royal Naval Scientific Service. 
Mr. Moxon is the author of various 

technical papers, and of a book entitled, 
"Recent Advances in Radio Receivers," 
recently published by the University Press, 
Cambridge, England. He is an Associated 
Member of the British Institution of Elec-
trical Engineers. 

LESLIE A. MOXON 

Leo Storch was born on March 3, 1921, 
in Vienna, Austria. In January, 1944, he re-
ceived the B.S.E.E. degree cum laude 

from the School of 
Technology, College 
of the City of New 
York.  He  was 
awarded the M.A. 
degree by the Gradu-
ate School of Stevens 
Institute of Technol-
ogy in June, 1947. 
From February, 

1944, to July, 1947, 
Mr. Storch was an 
assistant engineer in 
the Test Set Design 

and Development Department of the West-
ern Electric Co. in Kearny, engaged in the 
circuit design for a wide variety of measur-
ing equipment. 
From August, 1947, to June 1948, he was 

associated in the capacity of engineer with 
the Teleregister Laboratories in New York, 
N. Y., where he was active in various phases 
of an electronic computer development 
project. 
Since June, 1948, Mr. Storch has been a 

member of the advanced development group 
in the aviation radio section of RCA Victor 
in Camden, N. J. He has been principally 
concerned with the design of antenna tuning 
and loading networks for wide-band aircraft 
communications transmitters. 

LEO STORCH 



144-1 PROCEEDINGS OF THE I.R.E. December I 
Contributors to the Proceedings of the I.R.E. 

A. W. Straiton (M'47) was born in Tar-
rant County, Tex., on August 27, 1907. He 
received the B.S. degree in electrical engi-

neering in 1929, the 
M.A., in 1931, and 
the Ph.D. in 1939, all 
from The University 
of Texas. 
Dr.  Straiton 

spent one year at 
Bell Telephone Lab-
oratories, after which 
he taught at Texas 
College of Arts of In-
dustries as assistant 
professor,  associate 
professor, and pro-

fessor of electrical engineering, successively. 
From 1941 to 1943, he was head of the De-
partment  of  Engineering,  Institutional 
Representative of E.S.M.W.T., and director 
of the Pre-Radar Training courses. Since 
1943, he has been associate professor of 
electrical engineering at The University 
of Texas. He was recently made director of 
the Electrical Engineering Research Labora-
tory. 
Dr. Straiton is a member of Sigma Xi, 

Tau Beta Pi, Eta Kappa Nu, the American 
Institute of Electrical Engineers, and the 
American Society for Engineering Educa-
tion. 
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James H. Tillotson (S'45) was born in 
Oak Park, Ill., on November 14, 1923. He 
received the B.S. degree in electrical engi-

neering from Purdue 
University in 1945, 
and the M.S. degree 
in 1947 from the 
same  institution. 
Since 1947, he has 
been a graduate stu-
dent at Stanford Uni-
versity, employed as 
a research assistant 
in the  Electronics 
Research  Labora-
tory, and also in the 
Microwave Labora-

tory at the University. 
Mr. Tillotson is a member of Sigma Xi, 

Tau Beta Pi, and Eta KapPa Nu. 
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For a photograph of KARL R. SPANGEN-
BERG, see page 780 of the July, 1949, issue 
of the PROCEEDINGS OF THE I.R.E. 

D. L. Waidelich (S'37-A'39-SN1'44) ‘kas 
born on May 3, 1915, at Allentown, Pa. lie 
received the B.S. degree in electrical engineer-

ing in 1936, the M 
degree in 1938, boil] 
from Lehigh Univer-
sity, and the Ph.D. 
degree  from  Iowa 
State College in 1946. 
He was a teaching as-
sistant at Lehigh Uni-
versity from 1936 to 
1938, and since 1938 
has been a professor 
of electrical engineer-
ing at the University' 
of Missouri. 

During 1944 and 1945, Dr. \Vaidelich was 
with the U. S. Naval Ordnance Laboratory 
in Washington, D. C., as an electrical engi-
neer. For various summers he has a lso worked 
with the Bell Telephone Laboratories, New 
York, N. Y., the Westinghouse Electric Cor-
poration at Bloomfield, N. J., and the U. S. 
Naval Electronics Laboratory at San Diego, 
Calif., as a consulting engineer. In 1946 he re-
ceived mention by Eta Kappa Nu as one of 
the outstanding young electrical engineers in 
America. He is a member of the American 
Institute of Electrical Engineers, the Ameri-
can Society for Engineering Education, 
Sigma Xi, Tau Beta Pi, and Eta Kappa Nu. 

D. L. WAIDEL1CH 

Chemical Composition and Struc-
ture of the Atmosphere* 

Several year ago while investigating 
various atmospheric conditions and their 
effects upon high-speed racing engines while 
burning high-performance low-mileage alco-
hol blends, we ran across some interesting 
data upon the chemical composition and 
structure of the atmosphere. For one thing, 
there appears to be a gravitational strati-
fication of the air, with a gradual change in 
chemical composition with altitude, until 
finally little more than the light hydrogen 
and helium remain at 1,000 to 2,000 miles. 

• Received by the Institute, August 8, 1949. 

Another interesting fact seems to be that 
many trace gases are contained in the air 
in appreciable percentages (ammonia, hy-
drogen, carbon dioxide, nitric oxides, etc.) 
other than water vapor and the inert gases. 
These vary in their concentration with local-
ity, altitude, and time. We often wondered 
how much this condition has effected radio-
wave propagation. Various papers on this 
subject do not appear to take the above 
factors into consideration. 
Turning to the field of astronomy, the 

gravitational stratification of the rerrestial 
atmosphere can be carried out still further. 
Recent theories of an "exploding universe" 
appear less credulous on the assumption that 
starlight spectroscopic frequency shifts are 
due largely to tenuous dust and gas clouds 

in interstellar space. Hence it might be 
reasoned that the earth's stratosphere does 
not end abruptly at several hundred miles, 
but gradually thins out into the highly 
rarefied gas and dust-filled space between 
the planets and the parent sun. The earth 
may also be ringed by faint dust rings 
similar to the prominent rings of Saturn, 
and the sun may be exploding columns of 
gases into space. These may account for 
some of the peculiar long-time-interval 
echoes and doppler shifts noted in radio-
wave propagation studies. Jansky appar-
ently suspected some such effects a good 
many years ago. 

TED POWELL 
5719 69th Lane 

1\laspeth, L. I., N. Y. 
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Simplified Frequency Stabilization* 

Previous attention to the problem of fre-
quency stabilization of a reflex klystron has 
emphasized maximum stability rather than 
simplicity of operation and ease of AM. 
There is a large class of instrumentation 
problems in microwaves that does not re-
quire the maximum obtainable stability 
and does depend on AM. Hence there may 
be some general interest in one design of a 

put is square-wave amplitude-modulated. 
Approximately 1 per cent of the power de-
livered by a klystron (such as a 2K39) is 
diverted by a directional coupler to a fre-
quency discriminator composed of an un-
matched hybrid junction, a phase changer, 
and a resonant cavity. The phase changer is 
adjusted to deliver equal modulated power 
to the detectors terminating the E- and H-
arms of the hybrid when the cavity is detuned 
from resonance and the A FC switch is set 

Fig. I 

ck,Poto 

rnecTwg• 

Fig. 2 

compromise stabilizer that has proven itself 
in laboratory use. 
Fig. 1 is a block schematic of a unit 

which is simple in operation and whose out-

• Received by the Institute. July 20. 1949. 

to "off." The cavity is then tuned to reso-
nance which again equalizes the power in the 
E- and If-arms, and the AFC switch is 
turned to "on." Subsequently, any tendency 
toward frequency change will cause an in-
crease in power in one arm and a decrease in 
power in the other arm as a function of the 

cavity phase characteristic near resonance. 
Since there is a 1800 phase reversal in the 
reflection from the cavity at resonance, the 
direction of frequency drift will determine 
whether the H-arm increases and the E-arm 
decreases or vice versa. Hence the amplified 
and rectified detector components may be 
used to control the g„, of the modulator tube 
and, consequently, the amplitude of the 
square-wave output. When this square wave 
is added to the steady-state klystron re-
flector voltage by derivative coupling, the 
total reflector voltage at the "on" oscillating 
condition is controlled by the discriminator 
and, consequently, the frequency of oscilla-
tion is stabilized. 
With a slight modification, this stabiliza-

tion scheme can be made to operate either 
with CW or with AM output (see Fig. 2). 
In this case the sampled power diverted to 
the discriminator is sinusoidally modulated 
by a crystal, amplified, rectified, and used 
to control the g„, of the modulator tube as 
before. However, for this case, a 7 Mc sine 
wave is derivatively coupled to a rectifier 
and the controlled direct current output is 
added to the steady-state reflector voltage. 
Conversion from AM to CW operation is 
accomplished by a single gang switch. 
Stabilization of the order of 1 part in 106 

is obtained for either the AM or CW case. 
The ease of operation in comparison to usual 
methods is, of course, the outstanding fea-
ture. Unskilled personnel are consistently 
able to "lock on" an arbitrary frequency in 
about 15 seconds after the klystron has been 
set. 

OWEN A. TYSON 
Antenna Research Branch 
Naval Research Laboratory 

Washington 25, D. C. 

Patent References in Technical 
Papers* 

It has become impressed upon me more 
and more through the past forty years, that 
papers published in the PROCEEDINGS OF 
THE I.R.E., and most other technical and 
scientific bodies, include very scant refer-
ences to patents, either in footnotes or in 
appended bibliographies. 
Patents constitute one of the largest, 

most comprehensive, and very frequently, 
the only source of technical information on 
many subjects, yet references to them by 
technical writers seem to be, for the most 
part, studiously avoided. This is true also of 
technical reference books. 
Would it not be a very useful service if 

this were brought to the attention of our 
technical authors? 

B. F. MIESSNER 
Van Beuren Rd., 

RFD #2, Morristown, 
N. J. 

• Received by the Institute. August IS. 1949. 
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Resistance Attenuating Networks* 

The equations for the components of a 
resistance attenuating network in terms of 
hyperbolic functions are well known. The 
derivation given below is of interest because 
of its simplicity, and because it leads to a 
novel form for the equations. 
Consider first the T network of Fig. 1, 

where the series arms are each equal to Ro 
and the shunt arm is a short circuit. This 

Fig. 1—Prototype resistance attenuating 
pad. 

network obviously has a characteristic im-
pedance equal to Ro and infinite attenuation. 
Now consider the general "m" derived sec-
tion, shown in Fig. 2, obtained from the 

l77 R0  /77 Ro 

2f7) 

Fig. 2—"m" derived resistance attenuating 
( I +m 

pad loss =20    db. 
1—m 

network of Fig. 1. This section has the same 
characteristic impedance (Ro) for all values 
of m (but only for 0 <m <1 will the network 
be realizable). It is readily shown that if the 
network of Fig. 2 is fed from a generator of 
impedance Ro and terminated in a like im-
pedance that the ratio of load current to 
generator current is 

I — m  

/o  I m 

Thus the loss of the network is 

I + m 
loss = 20 log (T-L--m-) decibels. 

SIDNEY BERTRAM 
Ohio State University 

Columbus, Ohio 

• Received by the Institute. August 24, 1949. 

Ground-Wave Field-Strength Cal-
culation* 

With regard to the paper by H. L. 
Kirke of the B.B.C. in your May, I949,' 
issue, I should like to draw your attention to 
the fact that the recovery effect predicted, in 
my paper' to which he refers has been sub-
stantiated by an experiment on a wave-
length of 4m.' We have just completed a 
further test on 100 m. across a land/sea 
boundary also agreeing with the predicted 
result, and it is hoped to publish an account 
of these two experiments as part of another 
paper in the P.1.E.E later in the year., 
My purpose in writing is to say that al-

though my method is empirical in the 
neighborhood of a boundary, these experi-
ments suggest that it is in•fact a close ap-
proximation to the truth in this important 
region, where the other methods described 
by Mr. Kirke are definitely inadequate. 
The experiments analyzed in his paper 

certainly imply that where the conductivity 
changes are complex, one method or another 
under the conditions assumed may happen 
to fit the measured values best, and that 
the Somerville method, which has the merit 
of simplicity, is adequate in many cases. As 
Mr. Kirke admits, however, it is purely 
empirical, having no other theoretical basis 
than that it is "a move in the right direction" 
from the P! P. Eckersley method, so that it 
obeys the reciprocity condition only ap-
proximately and not of necessity. 
My own method is admittedly in effect 

the P. P. Eckersley method made reciprocal, 
but I have given considerable theoretical 
justification for it well away from the 
boundary, more particularly at the short-
wave limit. Mr. Kirke points out that, as 
opposed to the other methods, it can even 
zive an increase in field-strength on cross-
ing a boundary from low to high conductiv-
ity. This is something of an understatement, 
for the increase can be spectacular, as is 
shown by the experiments referred to above, 
and can be of profound practical impor-
tance, as our further paper will reveal. 
I feel, therefore, that in adopting any 

particular method in the absence of a com-
plete mathematical solution of the prob-
lem, its possible limitations should be clearly 
realized, especially in the neighborhood of a 
boundary, and where the reciprocity condi-
tion is concerned. The recovery effect can 
now be regarded as a well-established 
propagation phenomenon, and one which 
must be taken into account in problems of 

• Received by the institute. May 23. 1940. 
I H. L. Kirke. "Calculation of ground-wave field-

strength over a composite land and sea path,• Pm9C. 
I.R.E.. vol. .57. pp. 489-497; May. 1949. 

2 G. Millington. "Ground-wave propagation over 
an inhomogeneous smooth earth,  • Proc. LEE.. vol. 
96, Part III. no. 39. pp. 53-64; 1949. 

G. Millington 'Ground-wave propagation across 
a land/sea boundary." Nature. vol. 163. p. 128; 1949. 

G. Millington. 'Ground-wave propagation across 
a land/sea boundary 100 m." Nature. vol. 104. p. 114; 
1949. 

ground-wave coverage over a composite 
path. 
Theoretically, with horizontal polariza-

tion the effect should be reversed, but it 
would be confined close to the surface, and so 
it would be difficult to detect and of little 
practical significance. 

G. MILLINGTON 
Marconi's Wireless Telegraph Co. Ltd. 

Baddow Research Lab. 
Chelmsford, Essex, England 

Kirke's Reply* 

r..Nlillington, in his letter to the Editor, 
mentions that he has carried out experiments 
on waveIengths of 100 in. and 4 m. 1 have 
seen the results of these experiments, which 
show a very marked recovery effect on pass-
ing from land to sea. The experiments were 
carried out under more extreme conditions 
than were possible in the experiments men-
tioned in my paper, and also show that 
under certain conditions it is better to site 
a transmitter farther away from the service 
area if by doing so the initial path can be 
over sea. 
While, as pointed out in my paper. the 

Somerville method gives better correspond-
ence  with  practical  results  than  the 
Eckersley method, there is no doubt that it 
does not give an adequate allowance for the 
recovery effect on passing from land to sea, 
nor does it give a sharp enough drop when 
passing from sea to land. 
As pointed out in Mr. Millington's letter, 

while the Somerville method.is adequate in 
many cases and has the merit of simplicity, 
it would be unwise to place complete re-
liance on that method in all cases. 
Although  the Somerville method  is 

rapid in use, the additional labor involved 
in the use of the Millington method is not rs 
great, and even if the Somerville method is 
used it would be wise to carry out a few 
check calculations using the Millington 
method, particularly in the neighborhood 
of a boundary. 
The results of Mr. Millington's experi-

ments when published will be of considerable 
interest. 

H. L. KIRKE 
British Broadcasting Corp. 

London, W. 1, 
England 

• Received by the Institute, July 18, 1949. 
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Correspondence 

Note on Transit-Time Deteriora-

tion* 

It is the aim of this note to give a simple 
derivation and a generalization of some 
formulas which were published recently. 
We start with transit time deterioration 

of the density modulation of an electron 
beam due to the velocity distribution of the 
electrons.' Let I be the dc beam current 
and lo exp (jut) the ac convection current at 
the beginning of the beam. Let p(  dV be 
the probability of an electron velocity be-
tween V and ( V-Fd V) volts in the beam. 
Then the convection current i(t) at the in-
stant t at a distance d from the beginning of 
the beam is: 

s(i) = f i0 exp jw(t — r) p(V)dV 

= io exp (iod)f(w),  (1) 

if it is observed that the electrons having a 
velocity between V and ( V-Fd V) and ar-
riving at this point at the instant t started at 
a time (1—r), where r is the transit time of 
the electrons along the distance d and: 

f(w) = f exp (—jtar)p(V)dV.  (la) 

We apply this result to an investigation 
of transit time deterioration of the space-
charge reduction of shot effect in electron 
beams.' Consider an electron beam satisfy-
ing the conditions:  . 
1. Saturated shot noise in the beam cur-

rent. 
2. No correlation between the fluctua-

tions in electron velocity and in electron 
density at the beginning of the beam. 
3. The velocities of the individual elec-

trons are completely random. 
After conditions 1 and 3, the arrival of an 

electron at any point of the beam is an in-
dependent event occurring at random, so 
that we have for the total noise current at 
any part of the beam: 

io2 = 2e1Av.  (2) 

Traveling along the beam, the initial 1 density fluctuations decrease due to the 
velocity distribution, but on the other hand 
the initial velocity fluctuations are trans-
formed into density fluctuations, such that 
(2) remains valid. Let the first effect give a 

I-. contribution 11 and the second one a con-
tribution io to the total noise current io. 

1 After condition 2 these contributions are un-
• correlated and have to be added quadrati-
: cally, so that: 

io2 =  ii2.  (3) 

' As i12 follows from (1) we have: 

= 2e/,nw [1 —1 f(w)1 21.  (4) 

* Received by the Institute. September 2. 1949. 
I M. J. 0. Strut t and A. van der Lid. *Application 

c of velocity modulation tubes for reception at uhf and 

tshf, PROC. I.R.E.. vol. 36, pp. 19-23; January. 1948. I D. K. C. MacDonald. sTransit time deteriora-
tion of space-charge reduction of shot effect.' Phil. 

I   Meg.. sm. 7, vol. 40. pp. 561-568; May. 1949. 

Condition (4) was derived under the 
three conditions mentioned previously. But 
obviously 122 only depends upon the magni-
tude of the velocity fluctuations, so that (4) 
remains valid even if conditions 1 and 2 are 
no longer satisfied. i gives the correct ex-
pression for the transformation of velocity 
fluctuations into density fluctuations along 
the beam, as long as condition 3 is satisfied, 
even though it may happen that i, and to are 
correlated and cannot be added quadrati-
cally, if conditions 1 and 2 do not hold. 
We now apply this result to the case of a 

"shifted" Maxwellian velocity distribution 
discussed  by  several  authors":  p(V) 
•dV=0  for  V< Vo;  p(V)dV=exp 
(—.1 V/ VT) d(AV/ VT) for V Vo in which T 
is the cathode temperature,  V= ( V— Vo) 
and Vr = kT /e = T/11,600 volts. 
Let ro be the electron transit time along 

the distance d for those electrons having an 
initial velocity Vo, then the transit time r 
for the electrons having an initial velocity 
(Vo-FA V) is: 

r = ro[V 0/(V ± V)1112 

=  TO — iTO(A Vi VOL  (5) 

if (A V/ Voi<<1. Introducing this result into 
(la) we obtain: 

2V 0/VT   
f(W) = exp ( —./wro) (6) 

2Vo/Vr — jutro 

Substituting this into (1) we obtain: 

,  2 Vo/Vr 
i(t) = io exp Lito(1 — To)  „  / (7) 

L V 0/ V T  iWTO 

equivalent to a result derived previously by 
Barlow.' 
Substituting (7) into (4) we obtain: 

(407 0) 2 
/22 =  2eltim 

(2 V01 V1)2 Oro' 

a formula which was recently obtained by 
MacDonald.' 

A. VAN DER ZIEL 
University of British 

Columbia 
Vancouver, B. C. 

Canada 

M. J. 0. Strutt and A. van der Ziel. Discussion 
on: "Application of velocity modulation tubes for re-
ception at tad and std," PROC. 1.R.E.. vol. 37. pp. 
896-900; August. 1949. 

Field-Strength Observations Made 

During the Total Eclipse of the Sun* 

During the total eclipse of the sun which 
occurred on November 1, 1948, the follow-
ing observations were made at Eastleigh 
Aerodrome, Nairobi, Kenya Colony, re-
garding the propagation of electromagnetic 
waves. It is thought that they may be of 
interest in view of the fact that this station 
was within the path of totality. 
Observations were made on an army 

communications receiver Type R 206, 

* Received by the Institute. July 12, 1949. 
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Mark II, using a short, vertical antenna of 
small effective height; this equipment is in 
daily use in the electronics section of the 
East African Meteorological Department, at 
Eastleigh Aerodrome. 
The electronics section had planned to 

release additional radio sondes for the pur-
pose of sounding the atmosphere during the 
three days centered round the eclipse. Two 
days before the eclipse, it occurred to the 
writer that it would be interesting to ob-
serve the changes in field strength of a 
short-wave station whose line of propaga-
tion or some part of it would roughly coin-
cide with the path of the total eclipse. The 
choice fell on the station W WV in Washing-
ton, D. C., broadcasting on 15 Mc because 
it seemed likely that, at the time of the 
eclipse (0424 G.M.T.), its transmissions 
would be received along a great-circle path 
via S.E. Australia and the Pacific ocean, 
i.e. approximately the same line as that of 
the eclipse. Unfortunately, it was not pos-
sible in so short a time to install a direc-
tional antenna. The receiver is not equipped 
with a field-strength indicator and the 
writer had to rely on his experience in judg-
ing strength of reception and readability. 
The observations made are plotted in 

Fig. 1 and show distinctly the change in 
reception conditions. It will be seen that the 
reception of W WV disappeared completely 
during the period of the total eclipse, and re-
verted to normal by the time that the sun 
was completely unobscured. Field-strength 
observations (mean values) for the day pre-
ceding and the day following are also shown 
and it can be stated that these are quite 
typical. 
It is realized that the observations de-

scribed above were made without adequate 
preparation and, consequently, the results 
should be treated with extreme reserve. It 
is felt, however, that such a deafly defined 
change in reception conditions correspond-
ing with the eclipse of the sun were worthy 
of report and that, on future occasions, it 
would be worth organizing a properly pre-
pared series of observations. 
The report is published by kind permis-

sion of the acting director of the East 
African Meteorological Department. 

J. GROSS 

P.O. Box 973 
Nairobi, Kenya Colony 
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Institute News and Radio Notes 

TECHNICAL COMMITTEE NOTES 

Approval of the formation of a technical 
committee on Instruments and Measure-
ments by the Board of Directors was an-
nounced at a September session of the 
Standards Committee on Instruments and 
Measurements. Serving as Chairman is 
Professor Ernst Weber of the Polytechnic 
Institute of Brooklyn. Millard A. Baldwin, 
Jr., of the Bell Telephone Laboratories, 
Murray Hill, N. J., was appointed Televi-
sion Co-ordinator by the Standards Com-
mittee. He u ill be chairman of a small sub-
committee for the co-ordination work within 
the IRE and with other organizations in 
order to expedite production of urgently 
needed standards on television and video 
techniques. Approval was granted for the 
Standards on Reference Designations (for the 
identification of electrical, electronic and 
mechanical  parts and  their associated 
graphical symbols) prepared by the Symbols 
Committee.... The Electron Tubes and 
Solid-State Devices Committee, at a meet-
ing September 16, reported that it will coin-
plete definitions for publication in the Feb-
ruary issue of PROCEEDINGS. . . . The Elec-
ronic Computers Committee met on Sep-
tember 14 at the Computational Laboratory 
of Harvard University with Jay W. For-
rester, Chairman, presiding. At present the 
Committee is concerned chiefly with the for-
mulation of the Committee's scope and sub-
committee structure to give equitable cover-
age to analog and digital computers, with 
the compilation of a comprehensive com-
puter bibliography, with the preparation of 
a dictionary of standard computer defini-
tions, and with methods of interchange and 
dissemination of information on electronic 
computers.... L. C. Van Atta presided 
at the September 12 session of thz• Antennas 
and Wave Guides Committee. A. G. Fox, 
Chairman of the Subcommittee on Wave 
Guides, reported that his group had formu-
lated several recommendations for presen-
tation to the Committee. The definitions 
were adopted by the main committee. Other 
terms will be submitted to the attention of 
the Wave Propagation Committee and the 
Circuits Committee for definition.... The 
Joint Technical Advisory Committee, at an 
all-day session September 22, was concerned 
principally with the presentation of the 
JTAC's report to the FCC at the September 
hearing on Allocations for Television Broad-
cast Services. Donald G. Fink, Chairman, 
presented JTAC's testimony at the hearing. 

NATIONAL BUREAU OF STANDARDS 
PUBLISHES ELECTRICAL MEASURE 

"Establishment and Maintenance of the 
Electrical Units" is the title of a new booklet 
published by the National Bureau of Stand-
ards and available from the U. S. Govern-
ment Printing Office. It describes the sys-
tem of electrical measurement using "abso-
lute" units, adopted by the International 
Conference of Weights and Measures, offi-
cially instituted January 1. 

STANDARDS NOTICE 

This issue of the PROCEEDING' 
contains the following standard,: 
Standards on Piezoelectric Crystals, 
1949; Standards on Radio Aids to 
Navigation,  Definition  of Terms, 
1949; Standards on Railroad and 
Vehicular Communications;  Meth-
ods of Testing, 1949; Standards on 
Tests for Effects of Mistuning and 
Downward Modulation, 1949. 
It is the aim of the Board of Direc-

tors to include the standards in the 
PROCEEDINGS unless unforeseen con-
tingencies arise so as to make them 
available to all members. All issues of 
the PROCEEDINGS containing such 
standards will carry a mention of that 
fact on their front covers in red, and 
will be indicated by a red band on the 
spine of such issues. Reprints of such 
standards, while available, may be 
purchased from IRE headquarters. 
A list of available standards and 

their prices may be found on the back 
page of the Annual Index facing page 
33a in this issue. 

IRE ANNOUNCES INCEPTION OF 
ANTENNAS, PROPAGATION GROUP 

An IRE Professional Group on Antennas 
and Propagation has been formed with mem-
bership to include those having professional 
interest in antennas and propagation (in-
cluding waveguides). IRE members who 
wish to enroll may do so by forwarding a 
card to the Membership Committee, Pro-
fessional Group on Antennas and Propaga-
tion, The Institute of Radio Engineers, 1 
East 79 Street, New York 21, N. Y. 
The group held a three-day meeting in 

conjunction with the CRS! in kVashing ton, 
D. C., beginning October 31. A West Coast 
meeting is planned for next Spring. 

CRYSTAL OSCILLATOR PLATES 
USED FOR HIGH FREQUENCIES 

Crystal grinding methods and machinery 
have been investigated by the National Bu-
reau of Standards in order to overcome dif-
ficulties in supplying very thin quartz crys-
tal oscillator plates having fundamental fre-
quencies up to 100 Mc or even higher. 
Improved equipment, capable of producing 
0.001-inch thick quartz crystals with 41 high 
degree of parallelism and flatness, can be 
used for grinding equally thin wafers from a 
variety of other materials. The Bureau has 
found that a promising application is the 
production of extremely thin dielectric plates 
for miniature radio condensers. 

MEMBERS ARI APPOINTED To 
RESEARCH, DEVELOPMENT BOARD 

Army, Navy, and Air Force representa-
tives who will serve on the Research and 
Development Board, Department of De-
fense, have been announced by the Secretar-
ies of the three Departments. They have been 
chosen in accordance with the recently re-
vised directive from Secretary of Defense 
Louis Johnson to the Board, which provides 
that one member from each of the three 
military Departments shall be either an Un-
der or Assistant Secretary of the depart-
ment. 
Army representatives are Archibald S. 

Alexander, the Assistant Secretary of the 
Army, and General Mark W. Clark, Chief, 
Army Field Forces. Navy members are Dan 
A. Kimball, Under Secretary, and Rear Ad-
miral R. P. Briscoe, Director, Fleet Opera-
tional Readiness Division, Office of the Chief 
of Naval Operations. Representing the Air 
Force are Arthur S. Barrows, Under Secre-
tary, and Lieutenant General Benjamin \V. 
Chidlaw, Commanding General, Air Ma-
teriel  Command,  Wright-Patterson  Air 
Force Base, Dayton, Ohio. 
Dr. Karl T. Compton, chairman of the 

corporation of the Massachusetts Institute 
of Technology, who has been Chairman of 
the Research and Development Board since 
October 15, 1948, will continue to direct the 
activities of the seven-man board. 
The Board, since its formation under the 

National Security Act of 1947, has been 
charged with preparing an integrated pro-
gram of research and development for mili-
tary purposes. It has been given the added 
responsibility of determining that such pro 
grams are carried out by military depart-
ments, and of directing changes in emphasis 
upon existing programs and projects, in-
cluding the curtailment of programs or 
projects deemed to be unwarranted. 

HAVERFORD COLLEGE ESTABLISHES 
S.S.R.S., NEW SCIENCE SOCIETY 

The formation of the Society for Social 
Responsibility in Science hag been estab-
lished at Haverford.College, Haverford, Pa., 
by a group of scientists and engineers from 
several states who convened at a week-end 
session. In part the aims of the group are 
stated as a wish "to foster throughout the 
world a tradition of personal moral responsi-
bility for the consequences for humanity of 
professional activity, with emphasis on con-
structive alternatives to militarism; to em-
body in this tradition the principle that the 
individual must abstain from destructive 
work and devote himself to constructive 
work, according to his own mural judgment." 

BUENOS AIRES SECTION MEETING 

The celebration of the tenth anniversary 
of the inception of the Buenos Aires Section 
of the IRE was observed at its annual Engi-
neering Week, held from October 31 to No-
vember 6. 
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RADIO STATION W WV'S SIGNAL 
IMPROVES PROPAGATION SERVICES 

Improvement of one of the technical ra-
dio broadcast services of the National Bu-
reau of Standards' Central Radio Propaga-
tion Laboratory will result from the new 
broadcast signal of the Bureau's radio sta-
tion W WV. This signal, a warning of un-
stable conditions in the ionosphere, provides 
additional data on ionospheric disturbances, 
information of vital significance to the 
Armed Services and the communications in-
dustry in maintaining uninterrupted long-
distance radio communications. It became 
effective on November 1. 
Heretofore two grades of propagation 

conditions have been recognized in the no-
tices given at nineteen and forty-nine min-
utes past each hour by station W WV, which 
continuously broadcasts standard radio fre-
quencies, time announcements, and the 
standard musical pitch in addition to the 
radio propagation disturbance notices. 
The Letter "N" (in International Morse 

Code) repeated several times has signified 
normal conditions, while the letter "W" has 
constituted a warning that disturbed condi-
tions were present or expected within 12 
hours. A third category, indicating unstable 
conditions, and denoted by the letter "U," 
is now being used when the forecasters at the 
CRPL's warning center expect satisfactory 
reception of short-wave communication or 
broadcast services employing high-power 
transmitting equipment operating on the 
recommended frequency, but poor results on 
less well equipped services. 
Such conditions often occur as major dis-

turbances subside. Alihough point-to-point 
communication links are able to resume re-
liable operation, mobile services, and short-
wave broadcasts continue to experience 
difficulty. The propagation disturbance no-
tices, broadcast in International Morse 
Code, primarily refer to the North Atlantic 
Radio circuits. 

COAST AND GEODETIC SURVEY 
PUBLISHES NEW WORLD CHART 

Publication  of a new world chart 
centered on the control tower at La Guardia 
airport has been announced by the United 
States Coast and Geodetic Survey. 
The new chart, suggested by E. 0. 

Cutler, consulting engineer, is produced 
on the azimuthal equidistant projection, 
valuable for radio and aeronautical opera-
tions. This projection has found wide appli-
cations in recent years for determining true 
distances and azimuths from a given point to 
any other point on the globe. 

Distances and directions can be deter-
mined with a high degree of accuracy from 
the point of tangency which is the center 
point located at LaGuardia Airport control 
tower. A straight line drawn on the chart 
from New York City to any other point on 
the earth's surface shows the shortest route 
to that point and places traversed by such a 
route can be seen at a glance. 
The chart, number 3042, is available at 

$0.40 a copy at any U. S. Coast and Geo-
detic Survey Office and at many booksellers. 

RESEARCH BOARD RESPONSIBILITY 
EXTENDED BY DEFENSE SECRETARY 

Extension of the authority and responsi-
bility of the Research and Development 
Board in compliance with the terms of the 
recent amendments to the National Security 
Act will result from a directive issued by 
Secretary of Defense Louis Johnson. 
According to Dr. Karl T. Compton, 

Chairman of the Research and Development 
Board, "Another significant step has just 
been taken toward the achievement of a 
truly effective program of military research 
in the United States. The Research and De-
velopment Board now has, in addition to the 
responsibility for formulating a complete 
integrated program of research and develop-
ment for military purposes, the authority to 
determine whether its program is being car-
ried out by the three military departments. 
"In specific terms, this means that the 

board may, as it deems necessary, direct 
changes in the programs of the services, in-
cluding the initiation of new projects, the 
increase of effort in certain areas, and the de-
crease or curtailment of effort in other areas." 

Calendar of 

COMING EVENTS 

1949 Annual Meeting, National Soci-
ety  of  Professional  Engineers, 
Houston, Texas, December 8-10 

Southwestern IRE Conference, Baker 
Hotel, Dallas, Texas, December 
9-10 

AAAS 116th Annual Meeting, New 
York City, December 26-31 

1950 IRE National Convention, New 
York, N. Y., March 6-9 

1950 IRE Technical Conference, Day-
ton, Ohio, May 3-5 

Armed Forces Communications As-

sociation  1950 Annual Meeting, 
April 26, Photographic Center, 
Astoria, L. I., N. Y.: May 12, 
New York City: May 13, Signal 
Corps Center, Fort Monmouth, 
N. J. 

GENERAL ELECTRIC TELEVISION 
EQUIPMENT INSTALLED IN ITALY 

Installation of the first American televi-
sion transmitter in Europe at Turin, Italy, 
has been announced by the General Electric 
Company. Telecasting began from Turin on 
September 11, and covers approximately 50 
miles in Northwest Italy. 
The main features of the installation are 

a studio equipped with three cameras and 
programming facilities, a microwave link to 
relay the programs to the transmitter site, 
and a 5-kw transmitter of the latest design. 

SMPE RECOMMENDS ALLOCATIONS 
FOR TELEVISION IN THEATERS 

Frequency allocations for theater televi-
sion have been requested from the FCC by 
the Society of Motion Picture Engineers un-
der the chairmanship of D. E. Hyndman. 
According to the proposal, programs for the-
ter television would be picked up from re-
mote field locations, television studios or 
theaters, then would be sent to a central 
studio or transmitter, and then distributed 
to theaters that wish to present the program 
on their screens. Channels of radio frequen-
cies would be required to carry the picture 
and sound from point of origin to theaters 
either on a local basis, between nearby cities, 
or on a nation-wide basis, depending on its 
commercial success. 
Society engineers are of the opinion that 

picture quality would have to he as good as 
motion pictures are today. They recom-
mended that the Commission provide wide 
enough channels to allow development in 
that direction. 
Improved quality would have to begin 

from the present broadcast standards of 525-
line black and white television. Channels 50 
Mc wide, it was estimated, would be needed 
to give high-quality pictures in black and 
white, and subsequently in full color also. 
According to the SMPE, as many as 60 

different channels might be needed for a 
complete and thoroughly competitive na-
tion-wide television system. In any given la 
cality, fewer channels might provide ade-
quate service. 
Conferences have been held by SMPE 

recently with Theater Owners of America, 
the Motion Picture Association, and several 
other industrial groups in an attempt to 
provide the industry with a well-rounded 
picture of what theater television means 
technically. 

NEW COAXIAL CABLE Now SERVES 
PHILADELPHIA-NEW YORK AREA 
Hundreds of additional telephone con-

versations and three more television chan-
nels between New York and Philadelphia 
have been placed in service by the introduc-
tion of a new Bell System coaxial cable, ac-
cording to the Long Lines Department of the 
American Telephone and Telegraph Com-
pany. It will connect at Philadelphia with an 
already existing cable to form part of an-
other communication link supplying more 
long-distance telephone and video program 
facilities both south and west of the city. 
For television purposes it will be equipped 

to provide two more channels from New 
York to Philadelphia and one more in the 
reverse direction. A total of five channels will 
be available to carry programs in the south-
bound direction and two for northbound 
transmission. 
At Philadelphia, the new cable joins an-

other coaxial link leading to Baltimore and 
Washington. It is a joint project of the New 
York Telephone Company, the New Jersey 
Bell Telephone Company, the Bell Tele-
phone Company of Pennsylvania, and the 
Long Lines Department of the AT& T. 
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IRE EXECUTIVE COMMITTEE 
APPROVES NEW GROUPS 

Approval of the Professional Group on 
Vehicular and Railroad Radio Communica-
tions and establishment of the Professional 
Group on Broadcast and Television Re-
ceivers has been granted by the Executive 
Committee of the IRE. 
Officers of the Professional Group on 

Vehicular and Railroad Radio Communica-
tions are as follows: A. B. Buchanan, 
chairman, F. T. Budelman, vice-chairman, 
P. A. Penh°How, secretary; and administra-
tive committee members: E. C. Denstaedt, 
C. N. Kimball, R. H. I. Lee, D. E. Noble, 
Waldo Shipman, R. C. Stinson, and H. E. 
Weppler. 
Following a recommendation for the 

formation of a Professional Group on Broad-
cast and Television Receivers, an adminis-
trative committee was ,named as follows: 
J. E. Brown, Virgil M. Graham, R. A. Hack-
busch, D. D. Israel, I. J. Kaar, and Henry 
C. Sheve. 

ANNUAL SPRING EXHIBITION 

OF BRITISH RADIO INDUSTRY 
Announcement has been made of the sev-

enth annual exhibition of British Compon-
ents, Valves and Test Gear for the radio, 
television, electronic and telecommunication 
industries. It will be held Monday, April 17, 
to Wednesday, April 19, 1950, in the Great 
Hall, Grosvenor House, Park Lane, London, 
W.I. 
Admission is by invitation of the organiz-

ers, the Radio and Electronic Component 
Manufacturers' Federation, 22 Surrey Street, 
Strand, London, WC2. 

RADIO INVENTIONS, INC. NOW IS 
NAMED HOGAN LABORATORIES, INC. 

The corporate name of Radio Inventions, 
Inc., John V. L. Hogan's research and de-
velopment laboratory which specializes in 
facsimile, has been changed to Hogan Labo-
ratories, Inc. 
It is felt that the change in name is ap-

propriate at this time, because Mr. Hogan is 
now devoting full time to the supervision of 
the engineering and development work of 
the laboratory, and because the organization 
has been called upon by the government and 
private industry to undertake projects far 
afield from that implied by the former cor-
porate name. The company was founded in 
1929, and will remain unchanged in person-
nel and location. 

STRUCTURAL PRODUCTS PRODUCE 

ALL-GLASS TELEVISION BULBS 

All-glass rectangular television bulbs are 
being produced successfully by the American 
Structural Products Company, subsidiary of 
Owens-Illinois Glass Company, according to 
Stanley J. McGiveran, President of the 
Company, which is a subsidiary of Owens-
Illinois Glass Company. 
The new rectangular bulb is the result of 

extensive research, and will give television 
tube manufacturers an ideal all-glass bulb 
designed to receive 100 per cent of the trans-
mitted television picture. 

Industrial Engineering 
Notes' 

TELEVISION NEWS 

The FCC has announced extension of the 
color phase of its television hearing into 
December with the report that no impor-
tant decisions on color television, the lifting 
of the TV "freeze," or expansion of television 
broadcasting into the UHF will be made 
before 1950. Outlining a schedule for com-
pleting the color phase of the television 
hearing, the FCC said cross-examination of 
the witness will not begin until December 
5.... Five members of the FCC, members 
of the RMA Television Committee, leading' 
industry engineers, and others, viewed pro-
longed demonstration of the proposed CBS 
color television system at the FCC television 
hearing in Washington. RCA gave a similar 
demonstration of its proposed electronic 
color television system before a similar audi-
ence.... It also viewed a demonstration 
by Color Television, Inc., at San Fran-
cisco. . . . The Radio Technical Commission 
of the Ministry of Communications and 
Public Works recently adopted regt la tions 
and standards bra Prazilian television serv-
ice, according to information received by the 
U. S. Department of Commerce. The regu-
lations provide for 12 channels and tuo dif-
ferent standards because the areas to be 
served have different power supplies. The 
government adopted a 525 line system uith 
60 cycles for the Sao Paulo area, and 625 
lines with SO cycles for the Rio de Janeiro 
area. Conces ions already have been granted 
for tuo stations at Rio de Janeiro and one at 
Sao Pat lo.... United States pr,..paratory 
work for the sixth meeting of the Interna-
tional  Radio  Consultative  Committee 
(CCIR) of the International Telecom-
munications Union has been started by the 
Study Croup to further plan for the meeting 
at Praha, Czechoslovakia, in 1951. Curtis 
B. Plummer, of the FCC, is Chairman of 
the U. S. Preparatory Committee for Study 
Group No. 11, uhich will consider television 
problems, including questions relating to 
single sideband. The group is working on 
recommendations and questions to be con-
sidered in drafting the U.S. position. 

FCC ACTIONS 

Appearing as Chairmen of the RMA-IRE 
Joint  Technical  Advisory  Committee, 
Donald G. Fink was the Lrst witness when 
the FCC television hearing opened Al onday 
morning, September 26. li is direct testimony, 
consumed only an hoar, but his direct ex-
amination by several Commissioners and 
FCC legal and technical aides occupied the 
remainder of the day. After describing the 
methods utilized in evaluating some nine 
rozsible color television systen.s, Chairman 
Fink said, "JTAC is of the opinion that suf-
ficient information is not available on these 
systems, and on their operation in the field, 
to permit a definite comparison of their 
suitability for public service." Mr. Fink 

1 The data on which these NOTES are based were 
selected, by pern.ission. front "Industry Reports.' 
issues of Sept. 19. Sept. 23. Sept. 30. Oct. 7. Oct. 14. 
published by the Radio Manufacturers' Association, 
whose helpful attitude is gladly acknowledged, 

cited numerous technical differences between 
the nine systems and emphasized that JTAC 
has not taken sides on the claims of the 
various proponents of color TV systems. Ile 
explained that JTAC does not oppose color 
television, but believes that further demon-
strations and tests are needed before a final 
decision is made by the FCC. "Folio ing the 
determination to standardize on a particular 
color system, and prior to the finil adoption 
of standards for commercial use," he said 
"a public field test of at least six months 
duration should be undertaken to assure 
that the proposed service can, in fact, be 
rendered." . .. The FCC has granted a 
petition of the Allen B. DuMont Labora-
tories, Inc. for comparative demonstrations 
early in November of Llack-and %bite versus 
color receivers. The petition asked that pro-
ponents of color systems be required to in-
clude comparable demonstrations of black-
and-u hite commercial systems under "con-
ditions controlled by the Commission and 
that this topic be the subject of public 
presentation before the Commission in ad-
vance of any such demonstrations." The 
FCC was also asked to consider the "avail-
ability of the equipment employed by the 
sponsored systems for utilization under com-
mercial conditions." ... Total investment 
in taxi radio equipment is "nearing $30 
million," FCC Commissioner George E. 
Sterling said in an address at the annual 
convention of the National Association of 
Taxicab Ouners at Buffalo, N. Y. Two-way 
radio for cabs has been authorized by the 
FCC for "two-thirds of all the taxicabs in 
the United States." There are approximately 
2,700 authorized radio taxicab stations 
serving a total of 55,000 cabs. Many instal.a-
lions are completed and in use, others are 
underway, Commissioner Sterling added. 

NEW HEATER COMPENSATION METHOD 

Scientists at the National Bureau of 
Standards have developed a new method of 
compensating for line-voltage changes in 
'stabilized current power supplies. The Bu-
reau reports that in the new circuit arrange-
ment, heater-voltage fluctuations are used to 
compensate for the line-voltage fluctuations, 
thus increasing the stability of the output 
voltage. It reports that the new method can 
be used to good advantage in power supplies 
for such constant-current devices as direct-
current amplifiers and microwave oscillators. 

CATHODE-RAY TUBE SALES RISING 

Sales of television-receiver type cathode-
ray tubes increased during the second quar-
ter of the year, according to the RMA. Sec-
ond quarter sales of 77,054 TV picture tubes 
values at $23,123,698 were reported by tube 
nu.nufacturers, as compared with 686,620 
units valued at $21,971,869 in the first quar-
ter of 1949. 

RADIO SALES DECREASED IN JULY 

July sales of appliance and specialty 
wholesalers, including radios, dropped 10 
per cent under sales in June and 8 per cent 
below those of July, 1948, according to the 
Department of Commerce. Sales during the 
first seven months of 1949 were 6 per cent 
below the corresponding 1948 period. 
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IRE People 

Frank B. Jewett (F'20), for many years 
vice-president of the American Telephone 
and Telegraph Company, and former presi-
dent of the National Academy of Sciences, 
has been awarded the 1950 medal of the In-
dustrial Research Institute, Inc. 
The medal is awarded annually for "out-

standing accomplishment in leadership or 
management of industrial research w hich 
contributes broadly to the development of 
industry or the public welfare." 
Dr. Jewett served as president of Bell 

Telephone Laboratories from its incorpora-
tion from 1925 until 1940. Previously he had 
served as assistant chief engineer, chief en-
gineer, and vice-president of the ‘Vestern 
Electric Company, manufacturing, and sup-
ply unit of the Bell System. 
During World War 11, Dr. Jewett was a 

major contributor to the activities of the 
National Research Council and the National 
Defense Research Committee of the Office of 
Scientific Research and Development, the 
top civilian agency which co-ordinated the 
efforts of thousands of civilian scientists. He 
has been honored by many universities, col-
leges, and professional societies, and was 
president of the National Academy of Sci-
ences from 1939 to 1947. 

Clinton Richards Hanna (M'28-SM'43), 
associate director of the research labora-
tories, Westinghouse Electric Corporation, 
Pittsburgh, Pa., has been awarded the 
Howard N. Potts Medal in recognition of his 
initiative in the conception and develop-
ment of the Tank Gun Stabil.zer. The in-
vention won for Dr. Hanna a Presidential 
Citation in 1912. This device helps to attain 
accuracy of fire while a tank is in motion on 
rough terrain, and secures a greater number 
of aimed hits than were formerly possible. 
Dr. Hanna's achievements include the 

design of the Silverstat, an automatic volt-
age regulator first used for control of gen-
erators and used since 1938 on motors, tur-
bines, or wherever automatic-voltage control 
is required. He directed development of the 
Westinghouse Photophone, one of the first 
successful methods of producing sound mo-
tion pictures. 
More than ninety patients here and 

abroad are held by Dr. Hanna and he is the 
author of many technical works, included 
among which are 'The Function and Design 
or Horns for Loud Speakers," "Design of 
Telephone Receivers for Loud Speaking 
Purposes," and "Loud Speakers of High 
Efficiency and Load Capacity." 
Dr. Hanna, who is a native of Indianapo-

lis, received the bachelor's degree from Pur-
due University in 1922. In 1926 Purdue 
awarded him the professional L.E. degree, 
and in 1945 an honorary doctor of engineer-
ing degree. 
He joined the %Vest inghouse Corporation 

in 1922 and was active in the development of 

loud speakers and sound motion picture ap-
paratus until 1930. He was then made 
manager of the development division of the 
research department, becoming manager of 
the electromechanical division in the same 
department in 1936. He has held his present 
post since 1944. 

• 

Charles J. Breitwieser (A'37), chief of 
electronics and engineering laboratories for 
the San Diego, Calif., Division of Consoli-
dated Vultee Aircraft Corp., has been 
awarded an honorary degree of Doctor of 
Science from the University of North Da-
kota, his alma mater. 
He was cited for his contributions in the 

field of guidance and control of guided mis-
siles; his efforts in the development of a high-
voltage, alternating current, electrical sys-
tem for large aircraft; his pioneering in 
radiotherapy and electrosurgery and in the 
general field of hyperpyrexia, or artificial 
fever; and his achievements in the fields of 
radio and television. The degree was con-
ferred by his father, Dr. J. V. Breitwieser, 
Dean of the University's School of Educa-
tion and summer school director. 
A native of Colorado Springs, Dr. Breit-

wieser was graduated from the University of 
North Dakota in 1930 with a degree of 
bachelor of science in electrical engineering. 
He earned the M.S. degree from California 
Institute of Technology in 1933. 
He became associated with Consolidated 

Vultee in 1942 as a staff engineer in charge 
of radio and electrical engineering. He holds 
patents for an aircraft wing flap synchro-
nizer, a new system of radio communication, 
and also for electromedical equipment. He 
is a member of the Research and Develop-
ment Board for the National Military Es-
tablishment. 
Dr. Breitwieser's articles have been 

published in the Archives of Physical Medi-
cine, the Pacific Journal of Homopathy 
the Journal of the Osteopathic Association of 
America, and other journals in this country 
and abroad. 

Everhard H. B. Bartelink (A'29-M'37-
S11,1'43), has been named assistant to the 
director of research at General Precision 
Laboratory, Pleasantville, N. Y. Formerly 
he was head of the radio department of the 
General Telephone Corp. 
Dr. Bartelink, who was born in Zutphen, 

Holland, received the degree in electrical 
engineering from Delft University, and the 
Ph.D. in physics from Munich University. 
In addition to the General Telephone Corp., 
he has served on the technical staffs of the 
Netherlands Telephone Company, General 
Electric, and Radiation Laboratory at MIT. 

August J. Mundt (M*45), formerly gen-
eral superintendent of training and per-
sonnel of the Western Union Telegraph 
Company, has been appointed Dean of 
Coordination at Walter Hervey Junior 
College. He retired in September from West-
ern Union after twenty-seven years of serv-
ice, both as an engineer and in personnel 
work. 
Dean  Mundt  was graduated  from 

Princeton University in 1915, and com-
pleted studies at Princeton University 
Graduate School of Engineering in 1917. He 
was an instructor in physics and electrical 
engineering at Princeton. 
In his new association he will supervise 

the co-operative education program at 
Hervey and co-ordinate activities of the 
students in the work-study plan. He will be 
in charge of all student on-the-job employ-
ment in the engineering, business, and lib-
eral arts curricula. 
Dean Mundt is a member of the Ameri-

can Society for Engineering Education, and 
the American Institute of Electrical En-
gineering. For the past five years, he has 
been a member of the N. Y. Engineers 
Committee on Student Guidance; he was 
formerly a member of the Electrical Tech-
nology Advisory Commission for the New 
York State Institute of Applied Arts and 
Sciences. 

Ross H. Reynolds, Jr. (A'46) has been 
appointed a district representative for the 
General Electric Company's electronics de-
partment. He will be responsible for sales of 
marine electronic equipment in the New 
England, New York, and Atlantic districts 
of the department. 
Mr. Reynolds, who has been with Gen-

eral Electric since 1940, is a native of Ra-
leigh, N. C. He received the electrical en-
gineering degree from North Carolina State 
College. When he joined General Electric, 
he was assigned to the instrument engineer-
ing section at the West Lynn, Mass., Works. 
From 1941 until 1946 he served in the U. S. 
Army as a member of the Signal Corps. He 
served overseas for two and one-half years, 
holding the rank of major. 
Rejoining the electronics department of 

GE in April, 1946, he was assigned to radar 
engineering at Syracuse. In July, 1948, he 
was transferred to broadcast sales. 
Mr. Reynolds is a member of the Ameri-

can Institute of Electrical Engineers. 

W. M. Gottschalk (S'41-A'45) has been 
appointed to the microwave and tube section 
of the newly created Research Division of 
the Raytheon Manufacturing Company, 
Waltham, Mass. 
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Joseph F. Bozelli (A'46) has been ap-
pointed assistant sales manager of the 
L. S. Brach Manufacturing Corp. of New-
ark, N. J. He will supervise and direct a 
new television antenna promotion for the 
Brach Corp., active in the electronic and 
electrical fields for over forty-two years. 
Formerly, he was sales engineer with the 

JED Mfg. Co. of Brooklyn, N. Y., in charge 
of manufacturing accounts, and earlier he 
had been sales production manager with the 
Fred Goat Co., also in Brooklyn. He has 
been associated with electronics for the last 
10 years. 
Mr. Bozelli holds a pilot's license and 

was a member of the Civil Air Patrol for 
three years. With 100,000 miles logged on 
Passenger Air Lines, he was recently ad-
mitted to United Air Lines' exclusive 100,-
000 Mile Club. 
Mr. Bozelli's appointment coincides with 

a new television antenna and television 
accessory program soon to be announced. 

Books 

William C. Hahn (A'36-SM'45), 
research associate in electronics at 
The Knolls research laboratory of 
the General Electric Company, die, I 
recently en route to the hospital 
Mr. Hahn had been associated with 
General Electric since his gradua 
tion from Massachusetts Institutt. 
of Technology, where he earned tht 
B.S. degree in 1923. Upon his com-
pletion of a student engineerim: 
course, GE sent him to its Chicag,. 
office. From 1933 he worked in tilu. 
engineering general department al 
Schenectady. 
A native of Illinois, Mr. Hahn 

was 48 years old at the time of his 
death. He attended high school in 
Kenosha, Wis., and for three years 
was a midshipman at the U. S. 
Naval Academy, Annapolis, Md. 
Mr. Hahn was a member of the 

American Institute of Physics, the 
New York State Society of Profes-
sional Engineers, the Schenectady 
GE  Engineers  Association,  the 
Whitney Club, and the GE Quarter-
Century Club. 

Martin M. Freundlich (A'38-SM'45) has 
pla( II in charge of the newly estab-

li.litd  (111w  laboratory in the Applied 
l'hysi( , Si( I i'm of Airborne Instruments 

y,  Mineola,  L. I., N. Y. Dr. 
I reimdlii Ii, %%Im ha, been prominent for 
many  iii  III vactium-tube research and 

, will conduct research on 
agc haws and other vacuum devices 

‘11411 v ill help facilitate the laboratory's 
expanding program of electronic research 
and development. 
lie has been engaged in television re-

-catch at Columbia Broadcasting System 
i.)r more than ten years. There, in his tube 
laboratory, he did pioneer research on 
tubes for color television and also on early 
projection television tubes. 
During the war Dr. Freundlich was oc-

cupied at North American Phillips for a 
period of one and one-half years v. ith the 
development of radar and television cath-
ode-ray tubes. 

Atmospheric Electricity by J. Alan Chalmers 

Published (1949) by Oxford University Press. 114 
Fifth Ave. New York 11, N. Y. 163 pages +6-page 
index +6 page references. 36 figures. 5 X9. $3.75. 

In preparing this book the author sets for 
himself a twofold purpose: first, of providing 
the reader with an introduction to the sub-
ject of atmospheric electricity; and second, 
to give the research worker a comprehensive 
literature survey of previous work in the 
field through citing and briefly discussing 
248 references. 
"Atmospheric Electricity" is divided into 

twelve chapters under titles: Historical In-
troduction; Fundamental Principles and 
General Summary; The Ions in the Atmos-
phere; The Earth's Vertical Field; The Con-
ductivity of the Air; The Air-Earth Current; 
Point Discharge Currents; Precipitation 
Currents; The Transfer of Charge; The 
Thunder-Cloud; The Lightning-Flash; and 
the Separation of Charge. 
Presentation of the subjects listed is 

largely through a chronological discussion of 
the references cited without seriously at-
tempting to integrate all the various contri-
butions into coherent reading. The omission 
of very important work recently done in the 
United States is indeed unfortunate. For ex-
ample, the excellent contributions of Work-
man and Holzer have been neglected; the 
work of Byers and his group of thunder-
storms has been omitted; no adequate dis-
cussion has been made of the detection and 
significance of radiation (sferics) originating 
in electrical storms or of the relationship of 
precipitation static to atmospheric electric-
ity. In the same vein of criticism, there ap-
pears a lack of recognition of important 
research reported by German workers in the 

field. The deliberate omission of ionospheric 
exploration by radio methods and cosmic 
rays is understood and appreciated, for a 
lack of connection exists between such in-
vestigations and the area of activity which 
the book emphasizes. 
It is not a lengthy treatise, and in the 

pages allowed it is perhaps unfair to expect 
a fully comprehensive treatment. The mate-
rial presented is interesting, easily readable, 
and almost nonmathematical. Its reading 
public should be largely physicists interested 
in atmospheric phenomena, meteorologists, 
and, to a limited extent, radio engineers con-
cerned with such activities as radio-sonde 
techniques, sferics, etc. However, almost any 
technically minded person would enjoy an 
evening browsing through the contents and 
acquiring more conversance with the tan-
talizing subject of atmospheric electricity. 

HAROLD A. ZAIIL 
Signal Corps Engineering Laboratories 

Fort Monmouth. N. J. 

Pulses and Transients in Communication 
Circuits by Colin Cherry 

Published (1949) by Chapman and Hall Ltd., 
London. 310 pages +5-page index 4-xvi pages. 129 
figures. 51X81. 

The most important function of this new 
volume will be to help engineers to put 
transient analysis in its proper perspective 
in the subject of communications theory. 
It is intended "as an introduction to circuit 
transient analysis for communications en-
gineers ... using, whenever, possible, rigor-
ous physical arguments and only elemen-
tary mathematics .... Electric waveforms 
are dealt with, rather than analytical func-
tions, thus giving the book a geometrical or 
'oscillographic' flavour." 

The first three chapters of the book dealing 
with the basis of network analysis, the fre-
quency spectra of modulated wave pulses 
and transients, and the steady-state, put the 
reader's knowledge of transients and net-
works on a sound footing. Chapter 4, which 
treats the transient response of networks, is 
followed by an excellent chapter which dis-
cusses the "use and abuse" of idealized re-
sponse characteristics in transient analysis. 
•A chapter on multistage amplifiers includes 
useful sections on the constancy of the band-
width-gain product and on the relation 
between signal-to-noise ratio and frequency 
response. Chapter 7 deals with assymetric 
sideband channels, including suppressed 
sideband radio and television working. The 
final chapter on reflection and echo effects 
is largely relevant to the ptilse-testing of 
networks, on which the author is an expert. 
The book covers the subject quite com-

prehensively and with a practical emphasis 
that lends conviction. Although the theoreti-
cal treatment of Fourier-analysis in Chapter 
2 may be bettered else‘‘ here, the clear ex-
position of its application to wave forms and 
their spectra is excellent. The statements of 
fundamental theorems of network analysis 
are also made very clearly in the early 
chapters. 
A comprehensive list of references is 

provided at the end of each chapter and a 
list of symbols is also given. The book is 
well illustrated and is free from obvious 
errors. It is recommended as an up-to-date 
contribution to literature for the graduate 
engineer in radio, radar, television, and 
teaching. 

J. RENNIE WHITEHEAD 
Ministry of Supply 
London, England 
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I Books (continued) 
Photoelectricity and Its Application by 
Vladimir K. Zworykin and E. G. Ramberg 

Published (1949) by John Wiley and Sons. Inc.. 440 
Fourth Ave.. New York 16. N. Y. 478 pages +10-
Page subject index -f-s-pase author Index +xil pages. 
6 X91. 

In the early 1930's there were a number 
of books on photoelectricity which rather 
thoroughly covered the subject up to that 
time. Since then particular aspects have 
been covered, but there has been an increas-
ing need for a more inclusive up-to-date 
 ary. 
"Photoelectricity and Its Application" 

emphasizes the great progress in recent 
years. For this reason the treatment is en-
tirely new and not a revision of the former 
book on "Photocells and Their Applica-
tions" by Zwory kin and Wilson. 
The authors discuss radiant energy, 

thermal and gaseous sources, and photo-
metric measurements. The general theory of • 
the emissive effect is reviewed, and photo-
cathode surfaces discussed in some detail. 
Two chapters are devoted to the materials 
and methods of preparing such tubes. The 
vacuum, the gas-filled, the multiplier, and 
the image tubes each have a chapter, as do 
the photoconducive, and the photovoltaic 
effects. More than half the book is devoted 
to numerous circuits and applications. Some 
of the newest applications are clearly de-
scribed as the television camera tubes, light 
beam signalling, infrared detection, and the 
use of multipliers at very low light levels. 
There is a short chapter on photo cells in 
the future, followed by an appendix of five 
tables covering the atomic elements, units 
and conversion factors, physical constants, 
and relative luminosity factors. MKS units 
are used throughout. 
While the treatment is in general up-to-

date, a couple of comments may be made in 
this respect. On page 24 the new candle 
based on 60 candles per square centimeter 
for the brightness of a black body at the 
freezing temperature of platinum is referred 
to as an expected future use. Actually it has 
been an accepted standard since January 1, 
1948, and corresponding to it, on page 477, 
1 watt =660 lumens of radiation at 5,550 
A. U. 
In the discussion of electrometer tubes 

and circuits on page 255 and following, one 
does not find a reference to an important 
bridge circuit of improved stability which 
utilizes a single electrometer tube containing 
two anode and grid structures with a com-
mon filament (G.E. Co. tube No. 5674). In 
this manner, fluctuations in the emission are 
balanced out, which is not possible with 
separate tubes. 
The book covers so much ground that 

the treatment necessarily is condensed. 
Mathematical discussions are confined to 
footnotes, and the subject is clearly pre-
sented with excellent figures. It is well 
recommended for anyone interested in 
photoelectricity, and especially so for those 
concerned with the more practical aspects. 

E. F. KINGSBURY 
Bell Telephone Laboratories, Inc_ 

Murray Hill. N. J 

Patent Law by Chester H. Biesterfeld 

Published (1949) by John Wiley and Sons. Inc.. 
440 Fourth Ave.. New York 16. N. Y. 236 pages +5-
page Index +3-page appendix +18-page table of cases 
+2-page bibliography +s-ill pages. 6X9. $4.00. 

Mr. Biesterfeld's book on patents, which 
is a second edition to the previous volume, 
covers the subject with a reasonable compre-
hension and explanation. It reviews the ori-
gin of the creation of the Patent Law of the 
United States under the Constitution and of 
the prior authorization in England, and gives 
the broad general background required to 
understand the theory and purpose of such 
legislation by Congress. It also covers, gen-
erally, each individual form of patent, al-
though it stresses least those in the electronic 
field. The present trend toward electrical 
patents being applied in so many fields 
is not so thoroughly covered in the book as 
patents on other subjects. 
The information given in the book under 

the topic heading is reasonably complete, 
and the author's explanation of varying de-
cisions and of the trend of judicial determi-
nation of these conflicting considerations is 
most interesting, informative, and gives .1 
very good view of how in many instances 
legislation and judicial construction  is 
changing in the field, and how we might con • 
sider under each topic the present estab-
lished rule and trend. 
It is impossible, of course, in one volume 

to do any more than highlight the decision, 
indicating the judicial construction of the 
various questioned points involving patents 
and their adjucation and construction, but it 
would seem that within the confines of one 
small volume the author has done a very 
competent job, and the book dues give an) - 
one interested in each of these disputed ques-
tions the general controlling decisions, and 
the author's conclusion as to their mean-
ing. 
The book would appeal to engineers, 

lawyers who practice not exclusively in 
patents, and inventors who need to know the 
general rules to aid them in their activities. 
The book presents the facts clearly on 

each subject, to some extent following the 
general presentation of a college lecture 
course, and is easily readable and can be un-
derstood by anyone having the slightest 
background or education in the subject. It is 
carefully laid out on the various subjects and 
is in no way repetitious. The book, being a 
re-issue and a second edition of an existing 
one, has had all possible inconsistencies 
ironed out, and follows througls 311 the vari-
ous details of patent construction and deci-
sions in a very smooth and uniform develop-
ment. 
This reviewer's conclusion of the book is 

that it is a worthwhile edition, bringing the 
first book up-to-date, and that the author's 
conclusions as to the varying decisions and 
trends of the courts construing patent law 
are worthwhile, and will reward any reader 
who examines the book thoroughly. 

HAROLD R. ZEAMANS 
50 East 42 St. 

New York 17. N. Y 

Electrical Transmission of Power and Sig-
nals by Edward W. Kunbark 

Published (1949) by John Wiley and Sons. Inc., 440 
Fourth Ave.. New York 16, N. Y. 439 pages +21-page 
Index +xl pages. 215 figures. 6 X9. WOO. 

Written for undergraduate students in 
electrical engineering, the text assumes 
knowledge of the usual courses on dc and ac 
circuits with lumped parameters. The pur-
pose of the text is to give the students their 
first detailed treatment of circuits with dis-
tributed parameters. 
The book deals with basic transmission 

theory and its applications to three particu-
lar fields: power, telephony, and ultra-high 
frequencies. To avoid unnecessary duplica-
tion and save the student time, a feature of 
the book is the idea that these three topics 
may be advantageously developed from a 
single theoretical treatment, and the book 
has been written with this underlying objec-
tive. 
The theoretical treatment has three main 

divisions:  transmission-line  parameters, 
steady-state phenomena, and transient phe-
nomena. The chapters  hich deal with trans-
missiondine parameters occupy 86 pages, 
and deal w ith various types of lines ranging 
tr   simple t,-conductor lines to more 
com plicated arrangements using stranded 
and ground-return conductors. [he chapters 
which logically fall under steady-state phe-
nomena occupy 143 pages. [he topics cov-
ered are: smooth transmission lines, lumpy 
lines, transmission line charts, impedance 
matching filters, and skin effect. The theory 
id smooth transmission lines is approached 
through setting up and solving the differen-
tial equations instead of the LICA unent 
w herein a smooth line is regarded as the lim-
iting Lase of a recurrent ladder network. The 
treatment of the other topics is conventional. 
rransient phenomena are covered in a single 
chapter of .34 pages. Some of the more impor-
tant transient phenomena are described and 
formulas are developed for the transients in 
loss-free lines. 
The application of the theoretical treat-

ment to particular types of transmission sys-
tems is dealt with in four chapters which oc-
cupy a total of 119 pages. These chapters 
are entitled,'Electric Power Transmission," 
"Telephone and Telegraph Transmission," 
"Radio Frequency Transmission Lines," and 
"Waveguides." The material presented in 
these chapters is largely of an introductory 
nature. 
Another noteworthy feature of this book 

is the 51-page appendix which lists the sig-
nificant characteristics of a wide variety of 
transmission lines. This should prove valua-
ble not only to students, but also to those 
working in the fields of communication and 
power transmission. 
In general, this new volume fulfills the 

objective of rigorously setting forth funda-
mental transmission theory in a straightfor-
ward manner, and shows how this theory 
may be applied to widely different types of 
transmission systems. 

H. S. BLACK 
Bell Telephone Laboratories. Inc. 

Murray Hill. N. J. 
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Books (continued) 
Electronic Time Measurements, Edited by 
Britton Chance, Robert I. Hulsizer, Edward 
F. MacNichol, and Frederick C. Williams 
Published (1949) by McGraw-11M Book Co., 

Inc.. 330 W. 42 Street, New York, N. Y. 525 
pages +10-page index +xviii pages. 356 figures. 6 X91. 
67.00. 

One of the most important functions of a 
radar system is the accurate location of the 
objects from which reflections take place. 
In order to do this, an accurate measure of 
the time interval between emission of the 
pulse from the transmitting antenna and 
reception at the receiving antenna is re-
quired. In the so-called hyperbolic naviga-
tion system an accurate measure of the time 
interval between the arrival of two or more 
pulses is necessary. This book covers the 
fundamental factors involved in making 
both such measurements and describes the 
status of practical apparatus for making 
them during and up to the end of World 
‘Var II. Although most of the material is 
based on the author's personal experience 
at the MIT Radiation Laboratory, a cer-
tain amount treated more sketchily is based 
on the developments in other laboratories. 
The arrangement of material is logical 

and is exceptionally well co-ordinated for 
a book written by so many individuals. 
Although the book should be easy reading 
for technical graduates with a good under-
standing of nonlinear circuits, the less ini-
tiated i% ill find a prior reading or at least 
reference to Vol. 19 of The Radiation 
Laboratory Series useful, if he is interested 
in an understanding of circuit details in 
addition to the broad aspects of the material 
that is covered. The treatment is descriptive 
rather than mathematical, and is replete 
with detailed circuit diagrams showing the 
application to numerous equipments. 
In the early part of the book a general 

review is given of various systems for meas-
uring distance and speed by the timed 
transmission of radio waves, including phase-
and frequency-modulation systems, but the 
remainder of the volume is devoted almost 
entirely to the techniques used in pulse ap-
paratus. The general techniques used for 
the timing of pulses is covered in one chap-
ter. Following this are three chapters con-
cerned v, ith the generation of fixed and mov-
able indices, i.e., covering essentially the 
generation of a series of accurately deter-
mined scale markers. Following this the 
methods are described which are used in 
systems where the determination of the 
timing of the received signal depends largely 
on operator manipulation or observation. 
The various types of cathode-ray tube dis-
plays are included in this section. The next 
two chapters deal with methods for deter-
mining the time of arrival of the received 
pulse by means of equipment whose accuracy 
depends in the main on an automatic posi-
tioning of the reading or operating index by 
means of the received pulse. In this section 
angular  position  measurement  is also 
treated briefly. The last three chapters do 
not follow the logical sequence of the book 
too well, and could, with equal or perhaps 
better logic, have been placed in one of the 

other volumes of the Radiation Laboratory 
series. Chapters 10 and 11 cover Special 
Data Transmission Systems and Relay 
Radar Systems, and Chapter 12 deals with 
Delay and Cancellation of Recurrent Wave 
Trains. Although the use of storage tubes 
for this purpose is briefly referred to, it is 
not treated in detail and the chapter is 
mainly devoted to the mercury delay line 
system. Readers interested in storage tube 
or electrical circuit methods would do bet-
ter to read chapters in Vol. 19 of the Radia-
tion Laboratory Series. 
"Electronic Time Measurements" will for 

many years be the outstanding reference 
work on the subject, and should have a 
place in any library where there is an inter-
est in the development of circuits for this 
purpose. 

IRVING WOLFF 
'RCA Laboratories 
Princeton, N. J. 

Invention and Innovation in the Radio In-
dustry by W. Rupert MacLaurin 

Published (1949) by the Macmillan Company, 
New York. N. Y. 265 pages +6-page index +7-page 
biuliography -1-xvi pages. 51 X6 j. $6.00. 

Based upon a series of studies of inven-
tion and innovation, financed through a 
Rockefeller Foundation grant, the volume 
is an excellent exposition of the impact of 
invention upon the structure of the radio 
industry. Is is not a history of radio, but 
deals in part with the inventions of some of 
the pioneer scientists and engineers. 
Distinctions are made between the re-

search scientist, the inventor, and the busi-
ness innovator in their respective relations 
to technological changes, and stress is placed 
on the author's opinion of the value of scien-
tific research in industrial organizations. 
The author states: "In the United States 
it was not until the large and well-estab-
lished electrical companies turned their 
attention to radio that research became more 
business-like and more co-ordinated. At the 
same time, it lost some of its spark and 
originality." 
Mr. MacLaurin includes considerable 

authentic material dealing with the sta-
tistical history of radio manufcturing com-
panies, and the economic, industrial, and 
patent circumstances which affected their 
growths, or which accelerated their liqui-
dation. He presents useful information about 
the functioning of industrial laboratories, 
manufacturing processes, and merchandising 
and sales. The book includes a considerable 
amount of well-organized data on the gen-
eral subject of radio patents. There is sta-
tistical material dealing with various of the 
early struggles in the courts in the connec-
tion with the legal establishment of priority 
of discovery. 
The author certainly was not at pains to 

minimize Marconi's technological contribu-
tions to radio, even though in particular 
paragraphs he emphasizes Marconi's use 
of researches and inventions of others. The 
record presented of de Forest's radio 
achievements is excellent, but is not en-

hanced by reliance upon a discredited, scur-
rilous article which appeared in a popular 
weekly a few years ago. 
There is a discrepancy in the name of 

the inventor of the Ultraudion circuit, but 
all in all the book is remarkably authentic in 
the coverage of invention and discovery. It 
should find wide acceptance among radio 
executives, research scientists, engineers, 
and students. In the text there is high in-
spiration, for in the accounting of what has 
thus been accomplished in radio, television, 
and related arts, a vision takes shape of 
what lies ahead in the way of opportunity. 

DONALD MCN1COL 
25 Beaver Street 
New York. N. Y. 

FM Transmission and Reception by John F. 
Rider and Seymour D. Uslan 
Published (1949) by John F. Rider, Publishers. 

Inc.. 404 Fourth Ave.. New York 16. N. Y. 30 pages 
+ 10-page appendix +4-page bil.liography +5-page in-
dex +%i pages. 201 figures. 5j X8+. 

This is the ninth printing of a book which 
was first printed in 1948. It differs from pre-
vious printings chiefly in the inclusion of a 
set of questions at the end of each chapter, to 
make the text more useful to technical 
schools, as well as to the reader who uses the 
text for self-study. 
The book is divided into two parts. In 

the first, the underlying theory of frequency 
and phase modulation is discussed as well as 
the propagation of FM signals, the basic 
characteristics of FM transmitters, and an 
analysis of those in use today. The coverage 
of FM transmitters is especially complete. 
The second part of the book discusses the 

latest types of transmitting and receiving 
antennas. Every stage in an FM receiver is 
explained carefully, with special attention to 
the four different types of FM detectors. The 
last two chapters take up the alignment and 
servicing of FM receivers. 
In discussing actual hardware and cir-

cuits in transmitters and receivers, the au-
thors do a very workmanlike job. The same 
cannot be said of the first two chapters, on 
fundamental theory. Here many pages are 
spent trying to explain the difference be-
tween "phase modulation" and "frequency 
modulation." Since neither system of modu-
lation is often used in its pure form, it seems 
unfortunate that the authors felt it necesary 
to perpetuate the apparent differences, which 
usually only lead to confusion in the mind of 
the student. In an effort, as stated in the 
preface, to keep mathematics at a minimum, 
the instantaneous frequency is erroneously 
defined as the reciprocal of the period. This 
definition leads to a wrong result in the ex-
ample given on page 15. It would seem that 
a student in a technical school should be ma-
ture enough to be introduced to the concept 
of instantaneous frequency as the time rate 
of change of the carrier phase angle, but no-
where in the book is this brought out explic-
itly. 

C. W. CARNAHAN 
Sandia Corporation 
Albuquerque, N. M. 

("I 
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Clarity in Technical Writing* 

HERBERT B. MICHAELSONt, MEMBER, IRE 

Sum mary —Logical sequence of ideas and simplic-
ity of literary style are the fundamental basis for clar 
ity in technical writing. If a paper follows the general 

form of introduction, development, application, and 

conclusion, it should be readily understandable. 

I. INTRODUCTION 

N TECHNICAL PAPERS intended for 
ji publication the material must be well 
organized and the ideas skillfully ex-

pressed if the all-important goal of clear, 
effective writing is to be achieved. Numer-
ous postwar research and development proj-
ects have stimulated widespread publication 
of results in every field of engineering, and, 
because of this mushrooming growth of tech-' 
nical literature, all forms of engineering writ-
ing must now meet increasingly higher 
standards of quality. The purpose of this 
paper is to discuss briefly some of the prin-
ciples of organic structure and literary style 
which are essential to clarity in technical 
writing. 

II. ORGANIZATION OF MATERIAL 

If a writer is to accept the responsibility 
for making his paper unquestionably clear, 
he must carefully arrange his written ma-
terial in some orderly sequence and build it 
upon a logical framework. There is cer-
tainly no standard outline upon which all 
forms of scientific and engineering writing 
can be based; the broad principles discussed 
here, however, may serve as a general guide. 
The Summary: The purpose of a sum-

mary or abstract is to give the reader an 
immediate understanding of the entire piece 
of writing. Since a good summary will often 
consist of only one or two short paragraphs, 
it must deal exclusively with the essential 
theme. There should be no attempt to pro-
vide introductory background material, to 
present experimental details, or to support 
the writer's conclusion or final results. The 
abstract instead should be a triple-distilled 
essence of all the material presented in the 
paper. 
The Introduction: While the function of 

the summary is to condense the entire sub-
tance of the paper into a few sentences, the 
introduction serves a different purpose. This 
section should begin with a general orienta-
tion of the reader by a short historical review 
of related work, or by an explanation of why 
the project was undertaken. These intro-
ductory remarks should then lead up to a 
precise statement of the problem. After the 
reader has been oriented and the problem 
well defined, the introduction can be brought 
to a close with a brief explanation of how 
the problem is to be attacked. 

• Decimal classification: R050. Original manu-
script received by the Institute. May 26, 1949. 

Product Development Laboratories, Sylvania 
Electric Products Inc.. Kew Gardens, L. I., N. Y. 

The Process of Development: Having laid 
a sound foundation for the construction of 
the main body of the paper, the writer can 
next proceed to develop the fundamental 
idea. Whether the article is concerned with 
a basic research project, an engineering de-
velopment, a general survey, a mathe-
matical derivation, or any other technical 
treatment, the separate ideas should be 
presented in logical succession. The interests 
of clarity can best be served by arranging 
the subject matter so that there is an 
obvious relationship between cause and 
effect and a progressive growth of the cen-
tral idea. An example of this type of de-
velopment is a description of a piece of 
laboratory apparatus followed by a discus-
sion of the actual experiment with the 
apparatus. Another example is design an-
alysis of specified equipment, followed by a 
description of its construction. Still another 
is an evaluation of the factors comprising an 
engineering problem and a discussion which 
will lead up to recommendations for its solu-
tion. Regardless of the nature of the topic, 
its development will be aided by some 
orderly progression of ideas, such as from 
the known to the unknown, the simple to 
the complex, or the component parts to the 
integrated whole. In forging the chain of logic 
the writer must include every link. 
The Application: After a fundamental 

idea or process has been introduced, ex-
plained, and logically developed, an indica-
tion may be given of how it may be applied, 
since the ultimate goal of all technical work 
is some sort of practical application. Fre-
quently an abstract idea which is difficult to 
explain will be earified when the writer 
shows its relationship to practical considera-
tions that are easily understood. Moreover, 
a paper dealing with a tangible process, 
such as the development of a new measuring 
technique, should present a clear picture of 
the new method by showing how it may be 
applied in practice and how it is superior to 
previous techniques. Likewise, a report on 
design work should give an indication of the 
applications of the product or equipment. 
Since most technical writing is concerned 
with a highly specialized concept of science 
or engineering, the theme will often be more 
clearly understood if its relation to actual 
practice is made clear. 
The Conclusion: While similar in scope 

to the abstract, the conclusion is written for 
a somewhat different reason. The abstract 
tells the reader in advance what the paper 
contains; the concluding section may either 
summarize, interpret, evaluate, or make 
recommendations.  Usually,  it will  be 
weighted with opinion, which is seldom the 
case in the more factual abstract. Other 
functions of the conclusion are to indicate 
the trend of future work and to make any 
necessary acknowledgments. When the con-
cluding section of a technical paper is in-
adequate, the writer has neglected to clarify 

his central theme by a recapitulation or at 
least a commentary on the significance of the 
work. No matter how well the information 
on the subject has been presented in the 
body of the article, the concluding portion 
will contribute added strength and meaning 
if properly written. 
The proportions of the paper to be de-

voted to the introduction, development, 
application, and conclusion will depend en-
tirely upon the scope of the subject and 
manner of treatment. In fundamental re-
search, the process of development is gen-
erally the lengthiest portion, with little 
emphasis on applications. An article de-
scribing new products or machinery would, 
on the other hand, more likely devote most 
space to the section on application. Survey 
articles and reviews of the literature deal 
largely with information ordinarily found 
only in the introduction and conclusion. 
Regardless of how the various sections may 
be proportioned, however, the general prin-
ciples of organization suggested here may be 
applied to any type of technical writing. 

RELATION OF STYLE TO MEANING 

When the material for the paper has 
been organized on a sound basis, the writer 
can turn to considerations of literary style. 
There is an important relationship between 
style and intelligibility, and the merit of a 
technical article is based upon the manner 
of presentation, as well as the content. When 
dealing with difficult or complicated con-
cepts, the tone must be adapted to the par-
ticular class of readers for which it is in-
tended. Where a discussion of a highly 
specialized or difficult topic is written for 
popular consumption, the author can treat 
the subject as if it were pleasant and com-
prehensible, rather than create a barrier to 
understanding by stressirg the complexity 
of the problem. 
In addition to tailoring the article to fit 

the requirements of clarity of any given 
group of readers, the writer should likewise 
emphasize some portions of the piece and 
subordinate others, depending on reader 
interest. For example, recent literature in 
physics journals on the transistor crystal 
amplifier deals mostly with physical theory, 
while the articles about the same crystal 
amplifiers in the engineering magazines em-
phasize practical applications. The process 
of subordination of ideas is vitally important 
not only in the over-all construction of the 
paper, but also in the details, down to the 
organization of paragraphs and even sen-
tences. An example is the following sentence: 
The gears did not mesh properly, and the 
machine would not operate. The true rela-
tionship between proper meshing of the gears 
and the operation of the machine is not 
immediately clear. Subordination of the 
first clause to the second could be accom-
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plished by a more lucid construction: Since 
the gears did not mesh properly, the ma-
chine would not operate. A little care in 
properly subordinating ideas throughout the 
paper will greatly enhance the clarity of 
meaning. 
Another important aid to intelligibility 

is the use of transitional words, phrases, and 
sentences to serve as connecting bonds be-
tween separate ideas. Expressions such as 
moreover, in addition to, however, for example, 
yet, and on the other hand are especially 
helpful in the section dealing with the 
process of development. In technical writing, 
connectives should be used liberally as an 
aid to coherence and unity. The writer's 
words tend to reflect any discontinuity of 
thought or mental uncertainty; the de-
liberate use of transitional constructions will 
therefore serve the double purpose of clarify-
ing the author's own thinking and of provid-
ing a smoothly flowing procession of ideas 
for the reader. 
Finally, the keynote of all technical writ-

ing should be simplicity. If the subject is 
highly technical, the use of correct term-
inology is essential, but this is not to be 
confused with the use of ornate or intricate 
expressions. If, indeed, the chief concern of 
the author is to impress his readers with 
high-sounding wordage, he may well suc-
ceed in doing so, but the essential meaning 
of his paper is likely to be obscure. There is 
no effective substitute for a simple, direct 
style of writing if clarity is the ultimate aim. 

IV. CONCLUSION 

One of the prime requisites for lucidity 
in a technical paper is a basic structure con-
sisting of introduction, development, ap-
plication, and conclusion. If the ideas are 
presented in logical sequence, and if the 
literary technique is simple and direct, the 
goal of clarity will be achieved. One cri-
terion of the intrinsic worth of any piece of 
technical writing is the manner in which it 
is constructed, because its completeness of 
information and creativeness of thought will 
be of little value to the reader if he cannot 
readily understand the written word. 
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The Engineer and Industry* 

Summary -This paper is directed to the engineer 
just beginning his career in an industrial firm. In-
formation regarding the organization of such firms 
and how the engineer fits into it is covered. His 
typical reactions observed over the years are shown. 
The importance of co-operation, human relations, and 
trust in others is emphasized. The time required be-
tween the birth of an idea and a product is reviewed 
in narrative form. The importance of the engineer in 
society is given. 
There have been many discussions of the technical 

requirements of an engineer, hut not enough has been 
said about the other parts of an organization into 
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which an engineer must fit. This paper is intended to 
explain some of the reactions of an engineer in in-
dustry, and to present the views of both the manage-
ment and the engineer. 

SCHOOL TO INDUSTRY 

THE ENGINEER and his mental 
processes are important to himself 
and to management. The thoughts 

and reasoning of an engineer from the time 
of his graduation from an engineering col-
lege through several years of experience in 
an industrial firm can be arbitrarily divided 
into four parts for the purpose of this discus-
sion. The four parts in chronological order 

are: (1) idealism, (2) disillusionment, (3) en-
lightenment, and (4) realism. 
The period of time required for each part 

varies with individuals and conditions. It is 
not maintained that all engineers can divide 
their career into these four parts, because the 
problem is too complex and subtle to allow 
such an arbitrary attack. However, it is be-
lieved that the four parts are roughly typical 
of a large percentage of engineers. It also ap-
pears that veterans who have had war expe-
rience before completing college will enter in-
dustry with a more mature viewpoint. This 
condition alters the phases of the engineer's 
career, so that it does not so closely follow the 
parts outlined in this discussion. However, 
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the parts listed are typical enough to war-
rant expansion and discussion. 

IDEALISM 

The engineer graduates. He is full of 
, boundless enthusiasm and ideals. He is anx-
ious to start, obtain his just rewards of satis-
faction, and receive material gain for his long 
years of sacrifice and study. He also wants to 
make his contributions to science and engi-
neering. Upon obtaining a job as a junior en-
gineer in a firm doing electronic development 
and manufacturing, he is ready to "go." 
He thinks of the firm that he has selected 

as a great giant of efficiency and marvelous 
undertakings. Everything is done perfectly, 
everyone understands him, untold facilities, 
instruments, and people are at his com-
mand. In other words, he is awed and im-
pressed. He absolutely relies on the great-
ness, integrity, and perfection of the com-
pany of his choice. This blissful state may 
last one or two years and it may only last a 
few months, but it is not permanent for the 
average man. He rapidly enters the most de-
pressing phase of his career. 

DISILLUSIONMENT 

The engineer is now beginning to see the 
imperfections and gross inefficiencies in his 
firm. It is beyond his powers of comprehen-
sion how management can be so inefficient, 
short-sighted, heartless, "plain dumb," and 
still exist. He sees errors in judgment, waste-
fulness, unfairness, and lack of competence 
on the part of his associates, supervisor, and 
management, including ..all other depart-
ments. Everything is done wrong, no one will 
allow him to make it operate properly or lis-
ten to his ideas. If business is run this way, it 
is no wonder that the world is in such a sad 
state, he reasons. He complains about every-
thing, but still goes along and tries. He either 
reaches the next stage soon, or gives up and 
tries another job. In one time out of 100 he 
was right, and has selected the wrong Com-
pany; but in most cases, if he adopts this 
philosophy and retains it, he will flit from one 
position to another and end a failure. How-
ever, most men outgrow this stage soon, and 
in a few years regain some of the ideals and 
enter the third part of their careers. 

ENLIGHTENMENT 

The engineer has begun to realize the 
value of expediency and compromise. He has 
learned that any organization is composed of 
human beings, and can be only as good as 
r the aggregate of these individuals. The value 
I of other types of work becomes apparent to 
him. He finds that each person has his own 
ideals, beliefs, and troubles. All people are 
not equally capable, honest, industrious, or 
conscientious, and they never will become so. 
There are superior, average, and poor em-
ployees. Any organization which he can find 
will be similarly constituted, because people 
are human. The management is not perfect, 
but they also have their problems, and are 
I usually honestly doing their best within their 
own experience and ability, and with the 

people and facilities available to them. He 
now has learned that a Company is not a 
machine. It is people, working together co-
operatively for a common purpose: the sale 
of a product at a profit to all concerned. His 
profit is in the form of salary, prestige, satis-
faction, and the feeling of accomplishment. 
The customers' profit is in the form of a use-
ful product at a reasonable cost. The man-
agement's profit is the same as his; money, 
prestige, and satisfaction. The stockholder's 
profit is a return on the investment, which 
represent savings over a long period of time. 
In other words, he has learned the value 

of his own work and the part it plays com-
pared to others' work; the value of tolerance 
and understanding; the necessity for rules, 
procedures and regulations; the importance 
of the work of all of his associates who are not 
engineers, such as accountants, salesmen, as-
semblers, buyers, and many others. He can-
not create or build a product alone, but all 
together, the people in his firm can and do. 
His technical judgment and knowledge have 
increased to the point that his superiors 
learn to rely on it. In other words he "be-
longs," perhaps not as idealistically as when 
he began, but his enthusiasm is more valua-
ble. He is a recognized part of his organiza-
tion, contributes his work as a part of a team 
knowing that he is of no value alone; and that 
the others are of no value without him. 
The engineer is in the rewarding part of 

his career. He may not be at the peak in 
earning capacity and his use of leisure time; 
but he is ready for the fourth and ultimate 
part of his career. 

REALISM 

The engineer is now a vital and smooth-
working part of his organization. He may or 
may not be the chief engineer, but he is defi-
nitely responsible for certain products and 
truly has a wealth of facilities, equipment, 
and people at his command. Everyone is help-
ing him and he is helping everyone else, be 
they engineers, salesmen, accountants, or 
toolmakers. 
He listens to the other man's viewpoint, 

carefully evaluates it as related to his own, 
and then acts. True, he makes compromises 
every day. Sometimes a technical nicety is 
sacrificed to fit a cost estimate or a machine, 
or even an idiosyncrasy of a customer, sales-
man, or of his boss; but he knows that it is 
all for a purpose in the end—the sale of a sat-
isfactory product at a profit. 
He realizes that modern industry is com-

plex and requires a well-integrated team of 
engineers, assemblers, toolmakers, salesmen, 
accountants, supervisors, buyers, and count-
less others; and he respects each one of them 
for his knowledge and experience in a par-
ticular field of modern business. 
He has also learned how to make many 

decisions in a day without endless artzuments 
on the pros and cons of the situation; and 
he is teaching less experienced people how to 
do the same. 
He has learned the limits of his mind and 

body, and has reached a happy balance in 
work, leisure, and family relations. People 
like to work with him and know that if he is 

overruled or his idea rejected, he will not 
sulk and brood for days. In other words, he 
belongs! He is happy, respected and valua-
ble. He is well-paid in salary, prestige, and a 
sense of well-being as a part of a successful 
organization. But above all, he is tolerant of 
others, because he knows that he is not per-
fect himself. He has reached the ultimate in 
his career and still has many years of succes-
ful living ahead. He has reached the fourth 
and last stage of his career. 
The total time required to go through the 

three parts of the engineer's career will vary, 
but is usually from five to ten years. Of 
course, some engineers never reach the ma-
turity and human understanding, power of 
expression, co-operativeness and compro-
mise, combined with engineering proficiency, 
required to become happily and profitably a 
vital part of an industrial organization. 
They either drop out, become a success-

ful "lone worker," or are a continual source 
of irritation to themselves and management, 
and cannot understand why they are never 
promoted. 

ADAGE 

This is a good point at which to stop and 
reiterate this age-old advice to the young en-
gineer: "You may be the best engineer in the 
world, you may have more ideas than any-
one else, you may be conscientious, hard-
working and brilliant; but if you stay in a 
corner and never sell your ideas to your as-
sociates, no one, neither your firm nor civili-
zation, will get the benefit of your genius, nor 
seek you and your ideas. You must learn to 
express yourself, both in writing and ver-
bally. You must work with and understand 
people. Too much emphasis cannot be placed 
on the necessity of adaptation and reasona-
ble compromise." 

FROM IDEA TO PRODUCT 

A problem to the young engineer worthy 
of discussion because it is so often a cause for 
concern to him is: Why does it take so long 
from the proposal of an acceptable idea for a 
product, until it is commercially on the mar-
ket; and why are so many ideas that man-
agement admits are good never used? 
We must remember that there is far more 

to the successful sale of a product than its 
technical excellence. It must be available at 
a time when there is a demand for it. In 
other words, correct timing is essential. An 
idea or a product may be on the market either 
too early or too late. It does no good to offer 
the best product in the world if there is no 
demand for it. The demand can be created 
either by advertising and publicity, or it may 
naturally exist. 
The product must also be competitive in 

price, it must be styled to be attractive to 
the particular customer, it must have per-
formance and quality designed and built into 
it to do the job intended. It must be no bet-
ter and no worse than required, or it can't be 
competitive. 
The product must be manufacturable by 

the plant at your command, and it must be 
within the scope of capabilities and experi-
ence of your co-operating departments, such 
as sales and factory. 
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It is impossible to list all of the require-
ments that must be met before a particular 
firm can undertake to design, manufacture, 
and sell a new product. The inexperienced 
engineer cannot hope to understand and be 
competent in all of the necessary fields. There-
fore, he must have the confidence in his man-
agement and h is associa tes warranted by their 
greater experience and their successes, proven 
by the firm's existence. 
To use a specific example which could 

occur, let it be assumed that the engineer 
works for a medium-sized firm that is engage 
in the design, manufacture, and sale of radio 
and television receivers. This firm employs 
several thousand people and has complete 
engineering, factory, and sales organizations. 
It also has complete manufacturing and 
laboratory facilities. 
The engineer, during the course of his de-

sign work on a television set, has developed a 
new piece of test equipment for his firm's 
own use in the factory and laboratory. It does 
the job well and was developed because 
nothing was available on the market that 
would do the job satisfactorily. He has per-
sonally constructed four pieces of this equip-
ment and made them operate properly. It 
appears to him that if his firm has the need 
for such a piece of equipment and it does the 
job so well, other firms and laboratories 
should need it and there should be a market 
for it. Accordingly, he proposes this to his 
chief, who admits it is a good idea and gives 
him permission to submit the idea to the 
president. The engineer is enterprising and 
thorough, so he has written up a complete 
description of the apparatus, obtained esti-
mates of cost, and estimated the quantity 
that he believes could be sold in a two-year 
period. He believes that the firm should im-
mediately start the manufacture of several 
hundred units, as he is positive that the de-
sign is complete and that he, personally, 
could sell them if the sales department cannot 
be made to do so. 
The engineer, in this case, being unusu-

ally thorough and analytical, will be given 
the benefit of the doubt by assuming that his 
estimates are correct and that his enthusiasm 
is warranted. This is exceptional, because 
usually he only has an idea which is not 
thoroughly worked out. However, after con-
sideration, the president rejects the plan, and 
sincerely attempts to explain to the engineer 
the reasons why the project cannot be under-
taken profitably at that time. 
Some of the reasons that he advances are 

(1) all departments are fully loaded and will 
be for another year; (2) the firm has all of the 

business that it can handle without expansion 
of facilities and personnel; (3) the sales de-
partment is fully occupied with a campaign 
and can give this no attention; (4) the sales 
organization is geared to large volume mer-
chandising and would find it difficult to ab-
sorb a low volume, high cost, specialized unit; 
(5) the salesmen have no training in contact-
ing the type of customer that would pur-
chase this equipment and have no contacts 
with these customers; (6) the design is not 
complete enough to manufacture and would 
require considerable additional engineering 
and drafting man-hours to complete; (7) tool-
ing, processing and cost estimates would re-
quire an investment out of proportion to total 
profit; (8) if it were agreed to overcome all of 
the above objections and go ahead, it would 
be over a year before the product would be 
available, and by that time the market 
would no longer exist in the same degree; (9 
furthermore, there are specialty manufactur-
ers in this field who can design, manufacture 
and market this product.more effectively; 
(10) and unless a decision is made to go into 
this particular market and fully cover it 
competitively, it is unwise to market a single 
product in the field. 
The engineer is disappointed and disillu-

sioned because the president is well known 
for his progressiveness and willingness to 
take a chance. He cannot understand the 
objections because he is certain in his own 
mind that, if given the opportunity, he, 
alone, could overcome all of the objections 
and handle the sales himself, thereby making 
a profit for his firm that would not otherwise 
be made.. 
However, if he is a sensible young man, 

he finally realizes that his limited experience 
cannot compare with that of the president, 
even though he is not completely convinced 
that the president knows what he is doing. 
He realizes the president has operated the 
firm profitably for many years, and has at-
tained excellent working conditions and 
wages for his employees. 
On the other hand, the president, who. 

was once young and inexperienced himself, 
feels a deep responsibility to his engineer. He 
has seen this happen many times before and 
he, himself, has tried ventures such as this 
previously, with success in some cases, but 
failure in many others. He is still tempted to 
take up the young engineer's idea, but finally 
lets his decision rest and the project is 
shelved. He knows that he has a problem 
with his engineer. He does not want him to 
lose such enthusiasm, but rather to encour-
age the engineer to propose further ideas and 

plans for products. However, if he is not 
careful, the engineer will retire into his own 
disillusionment and never propose another 
plan. The engineer, if he is really sensible, 
will see the common sense of the situation 
and continue to propose ideas. Nine out of 
ten of them will probably be rejected, but he 
cheerfully continues because the particular 
engineer is sensible and has the good judg-
ment to rely on the experience of his man-
agement. To end the story, the years go by 
and several ideas of the engineer are ac-
cepted, one a tremendous success. The engi-
neer is now the president, repeating the same 
story to his young engineers. 
The moral of the story is: Rely on the 

better judgment and experience of your 
management and take the disappointments 
in your stride. 

CONCLUSION 

It is not my intention to repeat a long list 
of adages about how an engineer can be suc-
cessful. Rather, I sincerely wish to give the 
young engineer an explanation of the opera-
tion of an industrial organization, and help 
him in some measure to fit himself into the 
system where he can accomplish the most— 
because in so doing he will be the most satis-
fied. The greatest satisfaction is accomplish-
ment. 
It will be of little value to describe in de-

tail the operation and necessity for the vari-
ous departments in a manufacturing firm; 
sufficient to state that accounting, inventory 
control, tool design, processing, purchasing, 
maintenance, inspection, cost control, sales, 
personnel, and many other departments are 
as essential as the engineering, sales, and 
manufacturing departments. Each has been 
adopted by experience and found essential. It 
is necessary for the engineer to realize the 
value of an organization, and learn that he 
cannot be an expert in all of these fields. He is 
an engineer and he must learn enough about 
the other departments to be able to co-op-
erate with them; but he must leave inventory 
control, as an example, to someone trained in 
that field. 
The engineers and scientists have the 

best chance in history to become a more im-
portant part of society and obtain the ma-
terial things of life. Never has there been a 
more technical age. But they must do their 
part, learn their jobs well, do good technical 
work; but, above all, learn the value of good , 
human relations. They must make use of 
their present advantage for their own happi-
ness, prestige, and success, without harming 
other less fortunate people in society. 

; 
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Beginning a Career in Engineering* 
RAYMOND C. MILESt, MEMBER, IRE 

IN fRODUCTION 

THE YOUNG MAN who has recently 
graduated from an engineering school, 
or is about to graduate, is frequently 

beset with many questions which his engi-
neering education has failed to answer. Still 
other questions arise during the early stages 
of his career. These questions are not so 
much of a technical nature as they are con-
cerned with the problems of self-manage-
ment in relation to the field in which the 
engineer hopes to earn his livelihood. 
This paper attempts to answer some of 

the more common questions on such sub-
jects as "What kind of job should I try to 
get?" "How should I go about getting it?" 
"How can I improve my chances of suc-
cess?" and "What about salary?' 

CHOOSING A JOB 
Although the young engineer with little 

or no experience must approach the problem 
of choosing a job with a degree of open-
mindedness, including a willingness to make 
his selection from the jobs which are avail-
able even though they may not appear to be 
exactly what he would like to have, the in-
telligent exercise of whatever degree of 
choice is permissible is extremely important. 
Wise or fortunate choice of the first job is a 
big step in the direction of a successful 
engineering career. 
The most importanf criterion in the 

selection of the first job is probably the type 
of work involved and the opportunities 
which it offers for learning. Working for a 
sound and progressive company, location 
in an area providing pleasant living condi-
tions, the starting pay offered, and oppor-
tunities for increased responsibilities and 
pay are all important, but learning oppor-
tunities should be the prime consideration. 
The first job is seldom the one in which an 
engineer will spend the majority of his life. 
He may change to another company provid-
ing higher pay and greater opportunities for 
advancement or located in a more suitable 
area, but the experience gained in the first 
job will always remain with him. 
By the time of receiving his diploma an 

engineer has presumably decided, on one 
basis or another, which branch of engineer-
ing he prefers, whether electrical, chemical, 
mechanical, etc. He may also have selected a 
field more specifically, such as one of the 
branches of electrical engineering, perhaps 
radio engineering, power engineering, or il-
luminating engineering. In many cases, the 
young graduate has no further ideas as to 
preference, whether he would like research, 
development, production, or sales engineer-
ing, for example. Although initial prefer-
ences must of course be subject to later 

• Decimal classification: ROOS. Original manu-
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revision, a choice should be made in order 
that the field of endeavor may be that for 
which the individual is best suited by train-
ing and personality, and in which he will 
therefore probably be best satisfied. 
The distinctions between research, de-

velopment, production engineering, sales 
engineering, maintenance engineering, etc., 
have been explained in some detail in several 
published articles. In general, the engineer 
who particularly enjoys courses in mathe-
matics and theory and who takes pleasure 
in new ideas and discoveries is probably well 
fitted for research or development. The man 
who enjoys doing something of a more ob-
viously productive nature, such as actually 
building equipment for his own use, may 
prefer production engineering. One who has 
a gregarious nature and gets along well with 
'others, particularly relative strangers, has a 
good start on a successful career in some field 
such as sales engineering, in which these 
abilities and talents play a large part. 
The nature and amount of the super-

vision given the young engineer is of con-
siderable importance in determining how 
much of value he will learn. Too much 
supervision is as bad as too little, since too 
much supervision tends to prevent the 
engineer from doing much work which is 
really his own in other than a routine sense. 
On-the-job learning should ideally be com-
posed of about equal parts of learning by 
doing and learning from contact with others. 
Consequently, in selecting his first job the 
young engineer should ascertain that there 
is a real need for his engineering talents, 
but that he will not be required to solve 
difficult problems single-handed. 
For the first job, it is wise to avoid the 

extremely small organization, employing 
only one or two eng:neers, as there is too 
little opportunity for learning from others. 
In organizations with perhaps half a dozen 
or more engineers, it is almost certain that 
the inexperienced man will have ample op-
portunity for contact with one or more per-
sons from whom he can learn something of 
value. In the extremely large organization 
there will be several men who are authorities 
in their fields, but the very size of the 
organization ordinarily limits close contact 
of the young engineer to a relative few of 
these experts. 
Some young engineers shy away from the 

very large organizations, feeling that there 
is danger of becoming lost among the many 
other engineering employees and that op-
portunities for advancement may therefore 
be limited. In general this is not the case, as 
almost all large engineering groups are sub-
divided into departments of more easily 
manageable size, the head of each depart-
ment being autonomous to at least some 
degree. Advancement of the engineer occurs 
within his own department much as it would 
in a smaller organization. 
On the other hand, suspicion is some-

times cast at smaller organizations on the 
basis that there are fewer jobs available at 
top levels. Here again, the suspicion is 
largely unfounded. It is true that the num-
ber of top-level jobs is limited, but at the 
same time the number of persons com-
peting for these jobs is small, so that the 
individual has about as much chance of ad-
vancement in the small organization as in 
the large one. Even if the man should 
eventually outgrow the company, being 
capable of holding a job which is already oc-
cupied or does not even exist in that partic-
ular organization, he can leave the organiza-
tion for another one with probable ultimate 
benefit to himself and his career as the 
result of the experience he gained in the 
smaller company. 
Many of the larger organizations have 

training programs for young engineers, the 
purpose of these training programs being to 
familiarize the individual with all aspects of 
the company's business and to give him, in 
some cases, certain specialized technical or 
business training which he did not receive 
during his formal education. Such training 
programs are of great value to the young 
engineer. 
Smaller companies, as a rule, have no 

such formal training provisions, but the 
small size of the organization makes it pos-
sible for the individual to become familiar 
with its over-all operation, including the 
various technical fields of concern, to a de-
gree which is not possible in large organiza-
tions without some type of formal training 
program. 

GETTING THE JOB 

Once one or more positions have been 
selected as promising in view of the young 
engineer's desires, the next step is that of 
actually securing one of them. 
Most graduating engineers, particularly 

those from the larger schools, are offered 
opportunities for interviews with prospective 
employers at some time prior to graduation. 
This is an excellent method of making the 
initial contact, as the companies doing such 
interviewing obviously have a need for men 
of the type to whom interviews are offered. 
It is a mistake to assume, however, that in-
terviews arranged through school authorities 
are the only suitable means of establishing 
contacts with employers. 
Direct contact between the engineer and 

the employer is also a very promising pos-
sibility, as many organizations, particularly 
the smaller ones or those needing only a few 
new men, do not conduct college interviews. 
Direct contact is particularly desirable in 
the case of the man who has more to offer, 
especially in the form of actual engineering 
experience, than the average graduate. 
Such direct contact should ordinarily be 

made by means of a letter to the personnel 
manager, chief engineer, etc., of organiza-
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tions for whom the engineer thinks he might 
like to work. The letter should preferably be 
rather brief, stating principally that the 
writer is interested in the possibility of ob-
taining a position and describing very briefly 
what he has to offer in the way of education 
and experience. Attached to the letter 
should be a more complete résumé of educa-
tion, experience, etc. Instructions as to 
writing such letters of application are in-
cluded in courses in engineering letter writ-
ing and business correspondence, which are 
available at almost all technical schools. 
In any event, the engineer will almost 

always attend an interview with any em-
ployers who are interested in him before he is 
actually offered a position. 
It is probable that no two executives 

conduct interviews in exactly the same man-
ner and that no two executives look for 
exactly the same qualities in prospective 
employees. In.general, however, the follow-
ing qualities are considered important, the 
order of listing providing at least some in-
dication as to relative importance in the 
eyes of most executives: 
1. Capacity of the engineer to learn and 
to grow into bigger jobs. 
2. Interest in his field. 
3. Honesty and personal integrity. 
4. Perseverance. 
5. Personality. 
6. Educational background and experi-
ence. 
7. Extra-curricular activities while in 
college. 
In addition, the applicant is expected to 

present a neat personal appearance at the 
interview. Very few things make such a poor 
impression on interviewers as the arrival at 
an interview of an applicant who has neg-
lected to wear a fresh shirt or forgotten to 
comb his hair. The importance of neat ap-
pearance has been emphasized time and 
again, but a 'great many applicants appar-
ently fail to pay it any heed. 
The applicant should approach the in-

terview with an air of assurance but without 
cockiness. He should see to it that the in-
terviewer's attention is called to any special 
qualifications he may have, but should not 
brag about his accomplishments or attempt 
to make them seem more important than 
they actually are. Such subterfuges are 
readily detected by experienced interviewers 
and create a poor impression. 
It is useless to attempt to hide such un-

desirable factors as poor grades, for example, 
as the interviewer who is interested can 
usually obtain the information he wants 
through the school authorities. The student 
with moderately low grades should not as-
sume, however, that he is necessarily at a 
disadvantage when it comes to getting a 
job, as many organizations do not attach a 
great deal of importance to extremely high 
scholastic rank. Some, in fact, will not hire 
an engineer with the best grades for certain 
types of engineering positions because of a 
fear that the man may not be satisfied with 
work which does not demand the highest 
theoretical training and ability. 
The man with mediocre grades should 

probably seek a position in production or 
sales engineering rather than research or de-
velopment, as these latter fields require 

more ability and knowledge in such subjects 
as mathematics and other theoretical topics. 
In general, the man with mediocre grades, 
unless these grades have resulted from some 
such cause as the necessity for working long 
hours while attending school, will be 
neither happy nor successful in research or 
development even if he should be able to 
secure a position in these fields. 
The engineer with very poor grades is 

almost always looked upon with consider-
able suspicion by employers. He will fre-
quently do well to accept any position he is 
able to get and may, in fact, ultimately de-
cide that he has no bright future as an engi-
neer and should seek another type of work. 
Discussion of salary will frequently arise 

during the first interview. In other cases, it 
may be left for la ter correspondence between 
the applicant and the employer. In any 
event, it is normal to express a healthy in-
terest in the rate of pay involved, but too 
much importance should not be attached to 
it. Most organizations offer similar or 
identical salaries to all inexperienced engi-
neers, since they generally have little in-
formation, other than that provided by 
educational background, on which to judge 
the individual. 
The opportunity which offers the most 

in the way of possibilities for learning is 
usually the best, even thou,,h the pay may 
be a little lower. After a year or two on the 
job, the engineer will have had the oppor-
tunity to demonstrate his abilities to his 
employers and will almost always find that 
any initial inequality of salary will have 
been takeq care of adequately. 

DOING THE JOB 
When he arrives to take over his new 

job, the engineer should resolve to make as 
good a first impression as possible. It is an 
ancient but accurate axiom that first im-
pressions are the most lasting. The man who 
bobbles the first task to which he is assigned 
makes an impression that will be difficult 
to overcome, while the person who performs 
his first duties well can afford to make a few 
mistakes later without having his super-
visors and associates regard him as neces-
sarily stupid. A simple task done well is, of 
course, not as laudable as a more difficult 
one done equally well, but it is infinitely 
better than a simple task done in a mediocre 
fashion. 
Employers frequently expect a new 

engineering graduate to be a liability for a 
time, so that the man who makes a good first 
impression comes as a pleasant surprise. 
Of the many pitfalls on the road to engi-

neering success, some of the most serious 
are lack of perseverance; lack of self-
confidence; failure to accept responsibility 
or, almost equally bad, assuming too much 
responsibility; failure to keep the ultimate 
goal of the work in mind; jealousy of fellow 
employees; and  unjustified antagonism 
toward supervisors or employers. 
It has been truly said that brilliant minds 

easily become bored. Many otherwise ca-
pable engineers make an excellent start on 
each new job, but their interest gradually 
dies out as it loses its novelty. Perseverance 
is a very valuable quality in engineering, as 

in almost all fields of endeavor. A job well 
begun must be pursued to its end with equal 
diligence if it is to be of any real value. 
Blind perseverance, however, is not 

enough. Each new job must be approached 
also with confidence. "If this job can be 
done, I can do it." The man who doubts his 
ability to do a job will almost certainly 
fail. It must be remembered that a super-
visor will not assign a job to a man whom he 
does not consider capable, and that a diffi-
cult job is the best type in which to learn and 
to demonstrate ability. 
A question which every engineer should 

ask himself frequently is "Why is this job 
being done?" In many cases, the basic 
answer is that the employer expects to make 
a profit from the work in some fashion. In 
other cases, such as in government or other 
nonprofit establishments, the profit motive 
is absent, the object being the protection of 
the country, the advancement of mankind, 
etc. In any event, the ultimate goal should 
exert a constant and significant influence on 
the course of the engineering work. 
The engineer may frequently find it 

necessary to subordinate his own desires to 
do a technically perfect job to such con-
siderations as time or cost. If this is the case, 
he should do so willingly, recognizing that it 
is necessary to the successful attainment of 
the actual goal of the work. 
Continual recognition of the goal is 

difficult, the tendency being to lose oneself 
in the day-to-day details of a job. It is worth-
while to stop occasionally in order to re-
examine the course of the work to date and 
to assess its probable future direction. In 
this way, it may frequently be found that 
difficulties which seem insurmountable can 
be overcome by virtue of a new approach 
which will serve the ultimate purpose 
equally well. 
The matter of accepting responsibility is 

one which requires careful treatment. Most 
young engineers tend to accept too little 
responsibility rather than too much, but 
there are a few individuals who are willing 
to take the responsibility for anything, re-
gardless of their ability or authority, and to 
give orders and suggestions to anyone who 
appears willing to take them. 
Every engineer should familiarize him-

self with the details of his organization's 
operation in order to ascertain which func-
tions are properly engineering functions and 
which belong to other departments. In no 
case should the engineer assume any re-
sponsibility or authority for functions, such 
as making purchase commitments, for 
example, which are properly within the 
jurisdiction of other departments. With re- rr. 
gard to engineering functions, it is usually 
safe to assume responsibility in matters for 
which one is qualified and which are not 
known to be the responsibility of others. 
Supervisors should not be continually 
pestered for decisions on trivial matters. 
Except in instances in which an incorrect 
decision would have serious consequences, 
supervisors usually prefer that their sub-
ordinates do their work with a minimum of 
close supervision, and every man is, of 
course, allowed a certain percentage of mis-
takes. 
A healthy attitude toward one's fellov. 
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employees is important. Jealousy and 
hogging the credit have no place in a well 
functioning organization. The man who is 
always first in line when praise is in order is 
frequently the last to exert himself when 
there is work to be done, and he fools no one 
but himself. His associates resent his conduct 
and his supervisor will quickly find him out. 
The result may well be that he will fail to 
receive credit when it is due him, as others 
may suspect that he is again trying to steal 
the glory. 
The man with a self-deprecating attitude 

may find that it takes a little longer for his 
achievements to come to the attention of 
those in authority, but he will be respected 
by his associates and will almost always 
ultimately receive the credit to which he 
is entitled. 
Relations of the engineer with non-

engineering employees are extremely im-
portant. In the course of his work, an engi-
neer inevitably comes in contact with mem-
bers of other departments whose training, 
abilities, and duties differ from his own. A 
haughty or dictatorial attitude must be 
avoided in such contacts, as it will result not 
only in loss of personal prestige but in failure 
to deal effectively with other departments. 
When co-operation or assistance from 
another department is desired, the engineer 
must be careful to present his needs through 
the proper channels, not short-circuiting 
established lines of authority. Once the 
necessary contact has been established, how-
ever, details may be handled on a person-to-
person basis between the individuals in-
volved. If the co-operation or service is 
unsatisfactory, the man responsible should 
be told first—not his supervisor. A difficult 
job well done, however, should be called to 
the attention of the supervisor if the op-
portunity is available. The person deserving 
the credit will be appreciative and will make 
every effort to do equally good work in the 
future. 
In addition to maintaining a healthy at-

titude toward his fellows, the engineer must 
be careful not to develop resentment toward 
his supervisor or employer for injustices he 
fancies have been done him. If he takes the 
trouble to discover the facts behind the 
situation, he will usually find that the in-
justice was unavoidable and, frequently, 
that no injustice exists at all. In the event of 
a real injustice which appears unnecessary, 
it is still probable that it was not deliberate. 
In such a case, the matter should be called to 
the attention of the supervisor, who will 
almost always be found sympathetic and 
will do his utmost to have the situation cor-
rected. 
The engineer should always keep his 

supervisor's problems in mind. The super-
visor has a large number of subordinates 
whose welfare he must look after, and he 
must be concerned with the smooth opera-
tion of his department as a whole, even if 
some inconvenience to individuals may 
occur in the process. 
The man who expects to advance as an 

engineer must do his job to the best of his 
ability at all times. The dull, uninteresting 

tasks must be approached with the same in-
dustry which is applied to the more in-
triguing ones. Engineering is not a job one 
can leave behind at the end of the day. Over-
time work, at home or at the office, is fre-
quently necessary to the success of an 
endeavor. Competition for top engineering 
positions is keen, and only the most capable 
and most industrious achieve a high degree 
of success. 
If advancement seems slow in coming, 

the engineer should not despair. It may be 
that a position of greater responsibility is 
not available immediately, but satisfactory 
performance, and particularly exceptional 
performance, is almost always rewarded. 

SUPERVISING OTHERS 

Sooner or later, the engineer can expect 
to be placed in a position where he will 
supervise other employees. Although this 
will not occur immediately upon taking his 
first job in most instances, some understand-
ing of supervisory problems is important to 
.the young engineer if he is to get along well 
with his own supervisor. 
Supervision of others is one of the most 

difficult tasks for the engineer, possibly be-
cause his schooling seldom includes any 
training aimed specifically in this direction. 
Perhaps the most important thing to keep 
in mind is that all of one's associates, 
superiors, and subordinates are individuals 
like oneself, each having his own ambitions, 
likes, dislikes, and peculiarities. The success-
ful supervisor must treat his subordinates 
accordingly, attempting to discover the 
particular abilities of each and assigning 
duties with these abilities in mind. 
A common fault among poor supervisors 

is that they attempt to do too much of the 
work themselves, leaving only the simple 
tasks or the uninteresting duties to their 
subordinates. Such men fail to make the 
most of the abilities of their assistants. 
A supervisor must not be afraid to admit 

that he is not omniscient. No man is ex-
pected to be the top expert on everything 
which takes place in his department. He is 
provided with a staff of carefully trained 
men and is required only to supervise their 
efforts in the interests of over-all effective-
ness. 
The supervisor should keep his sub-

ordinates informed of significant develop-
ments at all times. This tends to prevent the 
origin and spread of incorrect rumors and 
makes for better efficiency by placing the 
necessary information before those who are 
expected to act in accordance with it. 
When praise is due, the supervisor 

should see that it is given to the persons 
deserving it and that these persons are 
aware that their performance has been 
noticed. 
When criticism is in order, it must be 

carefully administered. Although praise may 
be given in public, successful criticism must 
be administered in private to avoid em-
barrassing the defaulter in front of others. 
The supervisor must approach the situation 
with a desire to be helpful rather than 

merely to castigate. He should attempt to 
explain the problem to the man at fault, to 
discover the true reasons for the difficulty, 
and to make helpful corrective suggestions. 
Above all, he should not threaten. A man 
who has been threatened with dismissal 
may as well be dismissed; he will be of little 
future use. 

THE QUESTION OF PAY 
Frequently, the young engineer on his 

first job becomes disturbed because he feels 
that he is underpaid in comparison with 
other employees, particularly those having 
less education. He feels that he has invested 
several years of study, in addition to a con-
siderable amount of money, in his education 
and that he is entitled to some compensation 
in excess of that received by other em-
ployees who have had little or no advanced 
formal education. 
However, there are several factors which 

must be borne in mind for a true evaluation 
of the situation. In the first place, the 
engineer cannot expect to recover his in-
vestment in a short period of time from his 
first employer. Instead, returns will be re-
ceived over the entire course of his career 
in the form of greater earnings in later years, 
a position demanding greater respect, and a 
job which gives him a large measure of satis-
faction. 
For the first several months, the young 

engineer is likely to be more of a liability 
than an asset, so that his salary during this 
time represents an additional investment in 
him on the part of his employer. In addition, 
the economics of business dictate that each 
employee must be paid in accordance with 
his worth to the organization. A good 
machinist, tool maker, or even a truck driver 
cannot be replaced by the average engineer 
at any price, and these men are frequently 
just as important to the organization as is 
the engineer. 
Most organizations have established 

times for granting pay increases to deserving 
employees. The young engineer can expect, 
if he does his work satisfactorily, to receive 
periodic increases amounting to from one or 
two hundred to as much as four or five 
hundred dollars per year during the initial 
years of his career. After this period, he is 
on his own, receiving increases in both salary 
and responsibilities strictly on his own 
merits. 
The man who feels that he is underpaid, 

after considering matters carefully, may 
take the subject up with his supervisor a 
month or two before any increases are due. 
He will usually find that his supervisor is 
aware of the injustice and that arrange-
ments have already been made to correct it. 
At any rate, the supervisor will almost al-
ways be willing to listen to reasonable re-
quests for salary increases if they are pre-
sented at such a time as to fit in with the 
organization's policies in such matters. 
The engineer must not expect to grow 

rich in the engineering field. It is not a 
notably high-paying one, and the man whose 
principal interest is money would do well to 
cast his lot elsewhere. 
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An Experimental Large-Screen Television Projector* 
P. M ANDELt, ASSOCIATE, IRE 

Summary—A television projector using a high-voltage cathode-

ray tube is discussed. The modulation circuits, the projector system, 
and the directive projecting screen are described in detail. 

INTRODUCTION 

1
 r  1 HE PROBLEM of reproducing large television 

pictures covering a surface of about 10 square 
meters or more, with the same brightness as is 

usual in the case of ordinary motion pictures, has not 
been satisfactorily solved up to the present. This has 
been due to the economic necessity of first producing a 
highly developed field-tested home receiver; the neces-
sity of developing a large-screen television projector 
being less urgent. However, there can be no doubt con-
cerning the advantages of a simple and satisfactory tele-
vision projector to the motion picture industry, to medical 
and technical institutions, and to educational organ-
izations. With this in mind, research work was under-
taken by the author and his coworkers in the NIontrouge 
laboratories of the Compagnie des Compteurs several 
years ago with the purpose of obtaining a satisfactory 
solution to the projector problem. 
As a result of this work, some questions could be 

solved in a satisfactory manner, while others .are yet 
waiting for a more acceptable solution. The author 
feels, however, that some parts of the experimental 
large-screen projector would be of certain interest to 
the workers in the same field, and that the publication 
of the results obtained would contribute to the progress 
of the television art. 

CHOICE OF THE SYSTEM 

It was felt at the beginning of the work that the use of 
a cathode-ray tube in the classical, or eventually in an 
improved, form would lead to a satisfactory solution, 
with the exception that, in the case of extremely large 
screens, the Eidophore projector would be better able 
to produce the necessary luminous flux. Consequently, 
the apparatus comprises the high-frequency picture-
and sound-receiver, the sync-separator circuits, the 
projector, including the modulation, deflection, and 
various auxiliary circuits, the high-voltage generator, 
and the control desk, as shown in Fig. 1. 
Two identical units form the complete projector so 

that, in the case of failure of any part of one unit, the 
second unit can be immediately switched on, thereby 
assuring continuity of projection. 

• Decimal classification: R583.5. Original manuscript received 
by the Institute, December 17, 1948. 
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Fig. 1 

THE VIDEO CHANNEL 

The apparatus is designed for the reception of the 
French low definition standard, i.e., 450 lines composing 
fifty fields and twenty-five complete pictures per sec-
ond, and the picture being transmitted with both side-
bands on the carrier of 46 Mc, with the accompanying 
sound on 42 Mc. 
The high-frequency section of the video receiver is 

of the straight amplifier type, using vestigial sideband 
transmission, as represented by Fig. 2. 
In order to obtain the highest possible signal-to-

noise level, and in order not to deteriorate the back-
ground in certain cases by the spurious components gen-
erated by the harmonics of the carrier and of the local 
oscillator, no use was made of frequency changing. The 
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immersed in oil, or has been disposed in an evacuated 
container. The device is tuned by the output and input 

Fig. 3 

general layout of the receiver is shown in Fig. 3. The 
receiver feeds, besides the projector, the control kine-
scope, and the sync separator. 
The plate of the projection tube being at ground po-

tential for reasons explained later, the introduction of 
the modulation signal on the tube, the.cathode of which 
has a potential of some minus 80 kv, had to be made 
in a somewhat unorthodox manner. The video signal is 
transmitted by a high-frequency filter of a particular 
mechanical construction, as represented by Fig. 4. 

rzr_N 
1 7 1 - L 

Fig. 4 

The inductances of the critically coupled high-fre-
quency transformer are disposed in the interior of an 
evacuated container. Short sections of a co-axial cable 
connect the inductances to the plate of the preceding, 
and to the grid of the following amplifier tube, whose 
output and input capacitances, shunted by resistors of 
convenient value, tune the filer. The form of the con-
tainer and the distance between the inductances are 
chosen to support the potential difference of 80 kv with 
a sufficient margin of safety. 
A slightly different coupling device, shown in Fig. 5, 

could be successfully used for the transmission of 
carriers with a bandwidth of 15 to 20 Mc. It consists of 
a half-wave section of a parallel high-frequency line, 
interrupted in the middle by a pair of small capacitors, 
whose separation is large enough to support the dc 
potential difference of 80 kv, once the device has been 
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Fig. 5 

capacitances of the amplifier tubes. 
In order to obtain the relatively high voltage (about 

250 volts peak to peak) necessary for the full modula-
tion of the projection tube without perceptible non-
linear distortion, a push-pull class-B arrangement was 
chosen, as shown in Fig. 6. 

Fig. 6 

By this means, not only may the admissible plate 
resistor (1?„,) be doubled, but the power stage of the 
amplifier may be fully utilized from cutoff with a full 
grid swing without any appreciable distortion caused by 
the curvature of the tube characteristic. The two sig-
nals in opposition are obtained by two separate video 
detectors fed by the last stage of the high-frequency 
amplifier. The frequency characteristic of the video 
section is shown in Fig. 7. 
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The Sync Separator 

It is a well-recognized fact that the advantage of 
interlaced scanning can not be fully appreciated without 
a correct interlacing of the two frames on the screen. It 
was recognized that in order to obtain this result under 
practically every conceivable circumstance, it is neces-
sary that the whole system possess the following prop-
erties: 
(a) The vertical sync-signal must have exactly the 

same shape after each field repetition. The foregoing 
concerns the form, the level, and the composition of the 
signal. 
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(b) After separation there should be absolutely no 
traces of horizontal sync pulses in the signal intended 
for vertical synchronizing. 
(c) After separation there should be absolutely no 

traces of vertical sync pulses in the signal intended for 

horizontal synchronizing. 
(d) There should not be the slightest interaction be-

tween the horizontal and vertical scanning generators. 
(e) The vertical deflection must be constant within 

2700 of the total sweep amplitude. 
(f) To insure the correct functioning of the sync 

separator, no manual adjustments are allowed. The 
sync separator should deliver synchronizing pulses ab-
solutely identical in form and in amplitude, if the input 
of the receiver is superior to 500 Ay, and inferior to 
500 my, regardless of the content of the picture. While 
(a) must be satisfied by the pickup equipment, (b) to 
(f) must be met by the receiving apparatus. Fig. 8 
represents schematically the circuits used in the sync 

separator. 

Fig. 8 

 — e 

The inverted video output is applied to the auto-
matically biased grid of a high-slope pentode having a 
cutoff of only a few volts. In the case where the ampli-
tude of the sync pulses is greater than the cutoff volt-
age, the output of the stage is independent of the ampli-
tude of the input, and consists of the sync pulses as 
represented by the portion above the axis in Fig. 8(a). 
A differentiation by a very short time constant 8(b), 
followed by a preset clipping 8(c), permits the extrac-
tion of the horizontal sync pulses entirely free from any 
trace of the vertical sync pulses. On the other hand, the 
composed sync signal 8(a) is differentiated by a longer 
time constant 8(d), and is transformed after a preset 
clipping into a vertical sync signal 8(e), without any 
component possessing the line frequency. 

The Projector Tube and its Auxiliary Circuits 

Preliminary calculations concerning the size of the 
crossover, the obtainable current density in the spot, and 
the mutual repulsion of the electrons in the beam indi-
cated that the necessary luminous flux can be obtained 
by increasing the final velocity of the electrons in the 
beam to very high values, say, up to 80 kv. 
Experimental evidence indicated that, for a given 

type of electron gun, for a given number of lines, and 

for a given size picture, the highest beam current com-
patible with the resolution was, within very large limits, 
proportional to the total accelerating potential. 
This property is well represented by Fig. 9, indicat-

ing the highest admissible beam current as a fnnction 
of the final accelerating voltage for a typical electron 
gun as used in a projection tube intended to be used for 
a resolution of 450 lines with a spot diameter on the 

order of 0.25 mm (0.01 inch). 
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By utilizing high accelerating voltages, it was nec-
essary to put the last anode and the luminescent screen 
at ground potential in order to avoid excessive dielectric 
strain on the neck of the tube, and in order to increase 
considerably the spark-over distance between plate and 
cathode connections, as represented by Fig. 10. 

Fig. 10 

The greater safety of the equipment seems to the 
author important enough to justify the somewhat un-
usual modulating apparatus as described below. 
Fig. 11 is a picture of a typical projection tube. The 

principal characteristics are: 

Admissible final accelerating voltage: 80 kv 
Mean beam current (450 lines): 500 tamps 
Necessary peak-to-peak modulation: 250 volts max. 
Focusing and deflection: magnetic 

The efficiency of the yellowish-colored luminescent 
screen, which can be cooled by water or by air, can at-
tain the value of 4 candles per watt. 
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Research work is going on to obtain white-colored 

r-

light and eventually higher luminous efficiency of the 
fluorescent screen. 

Fig. 11 

Keystone correction and vertical proportionality are 
obtained in a similar way to the case of iconoscopes, 
both tubes having substantially the same shape. 
Owing to the fact that the length of the beam varies 

noticeably during the scanning of a complete field, the 
focus of the spot has to be automatically maintained 
during the whole sweep period. This is done by the 
superposition of conveniently shaped synchronous cur-
rents on the mean current flowing through the focusing 
coil. To obtain the greatest stability for this device, the 
necessary form of the focusing current is produced by 
the use of appropriated electric networks, excluding the 
curved parts of tube characteristics which are more 
subject to slow but inevitable variations. 
The fluorescent screen is, for obvious optical reasons, 

plane. The resulting serious pin-cushion distortion of the 
scanned picture is compensated by conveniently formed 
constant magnetic field, generated by compensating 
coils arranged in a symmetrical manner in the immedi-
ate vicinity of the fluorescent screen. 

Fig. 12 

Fig. 12 represents the physical aspect of the projec-
tor head, including the tube, the deflecting and con-
centration coils, the pincushion compensation, and the 
f =1.9, f = 200 mm, coated projection lens. 
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Fig. 13 represents the cross section of the projector, 
showing from left to the right: the 50-cps power trans-
former for the video amplifier, the video amplifier, with 
the high-frequency coupling, the projector head, and 
the scanning power stages. 
The screening necessary to absorb the X rays gen-

erated by the tube has been removed in order to make 
the head of the projector visible. 

Fig. 13 

SWITCHING ON, CONTROL AND OPERATION 

The gradual switching on of the apparatus is auto-
matically assured by cascaded relays. In case of failure 
of power, the apparatus is automatically switched off, 
and if desired, switched on again, after the return of the 
power. Voltage can not be applied to the projector tube 
if one of the scanning generators fails. 
The controls for contrast, brightness, focus, picture-

height and width, the eliptically swept control oscillo-
graphs for modulation depth and sync separation, and 
a 15-inch control viewing tube are included in the twin 
monitor desk, as represented by Figs. 14 and 15. 

Fig. 14 
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Fig. 15 

The Projection Screen 

Well-known economical conditions did not permit 
the use of the Schmidt type optical system in the place 
of the more conservative refractive lens system, which 
accepts only a few per cent of the total luminous flux 
issued by the luminescent screen. For this reason the 
use of a special projecting screen with a controlled 
directivity was decided upon during the development 
work. 

Fig. 16 

The use of directional screens for photographic or 
projection work is by no means new. The realization of a 
directive screen having large dimensions, however, pre-
sents considerable difficulties. The inventiveness of our 
colleague, I. Saget, made it possible for us to undertake 
the construction of such a device. 
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The fundamental element of the screen is the spheri-
cal mirror. By the independent choice of the central 
angle in the horizontal and in the vertical plane, i.e., by 
the corresponding choice of r, l, and h, it is possible to 
control the aperture angles ah and at, by which a norm-
ally parallel incident beam is reflected. (Fig. 16). 
Aperture angles were chosen for the screen intended 

to be used in medium-sized projection theatres, oth = 700 
and ay= 36°. The dimensions of the individual spherical 
mirrors, whose surfaces are considerably smaller than 
the size of one picture element are: r=3.15 mm, 1=2 
mm, h=1 mm. The elementary screen consists of two 
hundred elementary mirrors stamped together in a 
highly polished aluminum sheet of 0.05 mm thickness 

Fig. 18 

(Fig. 17). About 15,000 of these elements are fixed in 
quincun on metallic supports held together by a wooden 
framework. (Fig. 18). 
The dimensions of the projected picture are 3X2.25 

meters. The screen itself has a radius of curvature of 
9 meters in order to compensate for the divergence of 

Fig. 17 Fig. 19 
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the luminous beam issued by the projector, situated 
at a distance of 4.50 meters from the screen (Fig. 19). 
The measured gain of brilliance against a screen whose 
diffusion follows the cosine law is 4.25, in good agree-
ment with the theoretical value. 
In spite of the careful control of the different phases 

of the manufacturing process, the screen in its actual 
form is not wholly satisfactory. Owing to small ir-
regularities resulting in minute local variations of the 
apparent screen brightness, the finest picture details are 

lost, giving the picture an undesirable granular aspect. 
Research work is being continued to improve this un-

desired effect., 
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An Analogue Computer for the Solution of 

Linear Simultaneous Equations* 
ROBERT M . WALKERt, SENIOR MEMBER, IRE 

Summary—Linear simultaneous equations occur frequently in 
science and in engineering. Their solution by numerical methods is 
straightforward, but the amount of work required increases rapidly 
with the number of unknowns. A device is described for the solution 
of systems of linear simultaneous equations with not more than 

twelve unknowns. It is an electrical analogue computer which accepts 
the problem information in digital form from a set of punched cards. 
This facilitates the preparation, checking, and insertion of the input 
data and greatly reduces some of the usual liabilities of an analogue 
device. No special preparation of the problem is required, other than 
a simple one of scaling the coefficients. Solutions of well-determined 
problems are easily and rapidly attained and may be refined to any 
desired accuracy by a simple iteration procedure. 

I. STATEMENT OF THE PROBLEM 

r--1-1 HE SIMPLEST case of linear simultaneous equa-tions is that of two equations with two unknowns. 
For example 

anxi + a12x2 

anxi + a _ 22X2 

▪ b1= 0 

▪ b2= 0. 
(la) 

Such a case is very simply solved by any one of several 
computing methods. But the work required for solution 
increases rapidly with the number of the unknowns. 
The general case with n unknowns may be repre-

sented by writing the ith equation of the set of n equa-

tions as follows 

a-a 

E aiixi  = 0. (lb) 
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II. THE ELECTRICAL ANALOGUE 

The device to be described solves a set of up to 12 
equations (i.e., n512) by means of an electrical circuit 
analogue. In setting up this analogue for 12 equations 
one requires 12 variables (x;), 12 coefficients of each 
variable (making 144 of these ai; coefficients), and the 

12 constant terms, bi. 
The 12 variables are represented by 12 individually 

adjustable voltages, the magnitude and sign of each 
being controlled by the operator. The coefficients are 
three-digit decimal type voltage dividers which can be 
set for an output of from —0.999 to +0.999 times the 
input. (The method of obtaining the negative sign for a 
coefficient will be described later.) The constant terms 
(bi) are obtained by feeding 12 more of these same 
decimal type voltage dividers from an additional 
(13th) voltage source. Addition of the terms in an equa-
tion is obtained by adding the voltage outputs of these 
dividers in a resistive network. A block diagram is 

shown in Fig. 1. 
Since the values of the ails and the bi's must all lie 

in the range from —0.999 to +0.999 for insertion into 
the machine, in general it will be necessary to prepare 
the problem by multiplying each equation through by a 
suitable constant so that the largest aii or the bi in that 
equation has an absolute value of less than unity. 
Other types of transformations may be used if desired. 
It is also necessary to make another transformation 

so that a finite range of voltage variation can represent 
an unlimited range of the unknowns. The transformed 
unknowns are designated as X1 and are related to x; 
by a factor such that 

X; 
x; = —,  where  k  1, X,' 5 1.  (2) 
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Fig. 1—Linear simultaneous equation solver. 

Substituting this in the original set of equations gives 

i=n 
h,k = 0. (3) 

It will be seen that k corresponds to the voltage source 
for the constant terms and that by making it adjustable 
it becomes a controllable scale factor for the unknowns. 
This scale factor may be changed as required during the 
progress of the solution. 
Having thus set up the electrical analogue of a sys-

tem of equations, when one sets in the proper voltages 
for the X's and the k corresponding to the correct solu-
tion of the problem, the voltage output will be zero for 
each of the equations. But until these correct values are 
obtained an error voltage does exist, in general, which 
for the iih equation we designate as €,. The operator is 
furnished with information (in the form of a single meter 
reading) so that he can make adjustments leading to the 
reduction of all ei's toward zero. This process is similar 
to that of balancing a bridge. 

III. THE ANALOGUE OF X) AND k 

Thirteen identical transmitter units feed out the 12 
Xj voltages and the k voltage. These are schematically 

@ I  • 

E, •  co„ I,• b,h 

U.  

shown in Fig. 2. This unit takes the 60 cps voltage from 
the common supply bus, and provides a low-impedance 
balanced-output voltage of variable amplitude and 
sign. The voltage of the supply bus is adjustable from 
0 to 120 volts by means of a variable autotrans-
former, to control sensitivity during the adjustment 
process. The reason for the division of the output 

60 

CON TRO, 

111) 
4300 
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cINE  -0 
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Fig. 2—Transmitter unit for 1 variable 



O into four equal parts balanced with respect to ground 
✓ will appear in connection with the coefficients. These 
) four parts are adjusted to equality within better than 

0.05 per cent. 
For several reasons, it seems desirable to use ac for 

1: the voltage sources of this machine. First, because of 
the ease of obtaining a large amplification of the equa-
tion errors; second, because of the possibility of using 
transformers to go from unbalanced attenuators to bal-
anced loads; third, because the commercial 60-cps 
power is economically available. There are consequent 
disadvantages to the use of ac. Care must be taken to 
keep phase shifts within narrow limits and, even with 
such control, special means are required in the indicat-
ing device to reject any quadrature components so that 
they do not obscure the balance indication. 

IV. THE ANALOGUE OF aij AND b2 

The 156 coefficient networks (144 au's and 12 bi's) 
are all identical. Each is schematical as shown in Fig. 3. 
The horizontal busses are the output from one of the 
transmitter units. The three-digit nature of the device 

is evident from the formula shown. 

Fig. 3-Coefficient network (1 of 156) 

(E2 + 0.2E2) + 0.1(E, + 0.2E4) + 0.01(E2 + 0.2E0 
EL 

where 

K  1.332 + - • 
RL 

Since the voltages E1 to £6 can each have any one of 
5 discrete values, it would be possible to have 56 different 
switch combinations. However, for the first decimal 
digit only, the 19 combinations of El and £2 are used 
which give from -0.9X to +0.9X. These are listed in 

Table 1. 
The same combinations are used for the second deci-

mal digit (E3and £4) and for the third digit (E6and E6), 
but with the additional restriction that the second and 
third digits always have the same sign as the first 
digit. Thus only 1,998 combinations are actually used 
to represent values from -0.999X to +0.999X. 
The accuracy of the coefficient voltage dividers is 

better than ±0.1 per cent. The lowest value resistor 
R of each coefficient is specified to ± 0.05 per cent, the 
5R value to ± 0.25 per cent, the lOR to ±0.5 per cent, 
the 50R to ±2.5 per cent, the 100R to ± 5 per cent, and 
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TABLE I 

El E2 Et +0 .2E2 

-0.5X 
-0.5X 
-0.5X 
-0.5x 
-0.SX 

0 
+0. 5X 
+0.5X 
+0.5X 
+0.5X 
+0.5X 
+  X 
÷  X 

+0.5X 
+  X 
-  X 
-0.5X 
0 

+0.5X 
+  X 
-  X 
-0.5X 
0 
+0.5X 
+  X 
-  X 
-0.5X 
0 
+0.5X 
+  X 
-  X 
-0.SX 

-0.9X 
-0.8X 
-0.7X 
-0.6X 
-0.5X 
-0.4X 
-0.3X 
-0.2X 
-0.1X 
0 
+0.IX 
+0.2X 
+0.3X 
+0.4X 
+0.5X 
+0.6X 
+0.7X 
+0.8X 
+0.9X 

the 500R to ±20 per cent. The three lowest values of 
resistors are precision wire-wound, and the three 

higher are a composition type. 
The switching is accomplished by making contacts 

through holes in a punched card, in a card-controlled 
switching device. Fig. 4 shows the card in place prepara-
tory to closing the reader. The spring-driven pins in the 
upper plate make contact through the holes punched in 
the card to switch the coefficient resistors to the ap-
propriate voltage busses. The coding representing a 
digit ( -9 to +9) is punched in a single column of the 
card, one punch in one of the upper five positions and 
another in one of the lower five. Successive columns 
represent the successive digits of a coefficient, and 36 
columns are available on each card to accept the 12 
three-digit coefficients of each variable. Thirteen cards 
are used in all, twelve for the coefficients of the twelve 
unknowns, and a thirteenth for the constant terms. 

Fig. 4-Card reader open with coefficient card inserted. 
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Fig. 5 shows the appearance of one of the coefficient 
cards. For purposes of illustration, the punching has 

! -I- 1 + I — 1 — I + i — i + i -I-  — ! -f- 1 + I — 1 
'5 7 6 0 0 4 00 6 0 3 0 1 99 0 0 2 17 8 01 7 05 7 0 0 8 0 31 21 9 

I,  I  I  .10 
i 1 II  •  s .  1  •  ... s 

1 1 1 1  1  1 1  1  1  •1 1  1  1 1  1  1 1 1  0 

1 1  — 5 

:1 1 :1 1 :1 

• 

1 — 10 

1. 4- 2 

i 

1 1 :1 1  1  0 

— 

— 2 1  1  1 

Fig. 5—Sample coefficient card with interpretation of punching. 

been interpreted at the side and the top. This double-
punch coding is done by a special keyboard attachment 
to the standard punch. The operator has only to press a 
digit key and the proper two holes are punched in that 
column. 
The use of punched cards for the insertion of problem 

data into the machine has several important advan-
tages over the use of switches or potentiometers. It 
allows the preparation of a new problem while the 
machine is in use for a previous problem, thorough 
checking of the data (by duplicate punching and com-
parison), easy permutation of variables as a check pro-
cedure, and the filing of a problem for subsequent re-
insertion (as for iteration). 

V. THE SUMMATION OF TERMS 

The summing of voltage outputs from the appropri-
ate coefficient networks to form the first equation is ac-
complished by connecting the outputs of all 13 co-
efficients associated with this equation (ai,i, 121,2, • • • , 
(432, 14) to a common output bus. This means that the 
load resistor RL for the coefficient network shown in 
Fig. 3 is the impedance seen looking back into 12 other 
identical networks in parallel. Therefore, R/RL =12 
X1.332 and K=13 X1.332. 
The other 11 equations are summed in the same 

manner. 

VI. METHOD OF SOLUTION 

In order that that operator can adjust the variables 
to satisfy the conditions of the problem and thus ob-
tain a null of voltage for each equation, he must be 
given an indication which will tell him in what direction 
to proceed. When the conditions of the problem are not 
satisfied, there will be a residual error which for the ith 
equation is 

= E  bik (4) 

It is beyond the scope of this paper to discuss the 
mathematical proof, but it has been shown that if one 
sets up the quantity 

(5) 

and adjusts the variables in a cyclic manner so as to re-
duce continuously the quantity tc, that Ai will converge 
toward zero, which, of course, only occurs when all the 

es's are zero.' 
To carry this process out for this machine each of the 

ei's is electrically squared and the outputs added. This 
is not as simple as it might seem since the electrical 
voltages representing the Xi's are really complex, that 
is, they are not, in general, exactly in phase with the 
voltage representing k, but may have relative phase 
angles of the order ± 10. Considering the k trans-
mitter as the reference phase, the situation is as follows: 
The output voltage of the Ph equation is 

E aid( cos (cd  0,)  bik cos cot,  (6a) 

or 

E aiix; cos Of bilz) cos cei 
p=a 

—  i E aiix, sin o.) sin cot.  (61)) 
a= 

For values of !Oil 10, X; cos 0; Xi, and 

i=•n 
ei = Ea11X1 + bik  E aiiX cos 0; bik.  (6c) 

This equation error voltage is seen to contain a cosine 
term whose coefficient (or amplitude) is approximately 
proportional to ei, and also an undesired sine term. The 
amplitude of the cosine voltage term can be obtained by 
periodically sampling the output voltage at the times 
when cos cot is +1 and sin cot is zero. In practice, it is not 
necessary to remove completely the quadrature compo-
nent (sine term) and what is done is to observe the output 
voltage for a short period each half-cycle when the co-
sine is large and the sine small; i.e., at the crests of the 
reference wave. 
For the final balancing of a set of equations, it is nec-

essary to be able to observe the presence of ei's as small 
as 0.001 which for this machine will mean. voltages of 

Ist AMPLIFIER 

478 • 230 

2.4 AMPLIFIER 

Fig. 6—Presquaring amplifier (1 of 12 channels). 

'See reference 2 of the bibliography. 
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Fig. 7—Square-law detector and indicator circuit. 

about 0.1 millivolt. Therefore, the output of each equa-
tion bus is fed into a 3-stage amplifier having a voltage 
gain of 3,000. One of these amplifier channels is shown 
schematically in Fig. 6. The output of each one of these 
amplifiers is then fed into a square-law detector. These 
detectors are pentagrid converters (6BE6) with the in-
put applied to botfi the first and third grids to increase 
the square term. The tube is biased to virtual cutoff. 
Screen-grid gating is applied so that the tube is turned 
on only in the intervals when the cosine term of the in-

60"•-• 

4 7 

250 K 
SD 
•DJ 

•Lt. 
HE ATE 

+250  +  63  GATE —150 

put signal is large and the sine term is small. The dc 
increment of plate current is approximately proportional 
to the square of the input voltage, and by allowing all 
the detector plate currents to flow through a common 
load resistor, the drop in this resistor is a measure of the 
sum of the squares of all the ei's. A differential vacuum-
tube voltmeter is used to display this quantity, which is 
proportional to µ. Fig. 7 is a schematic of the detector 

and indicator unit. 
The screen-grid gating wave form for the 6BE6's is 

.r 0i , 
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Fig. 8-120-cps gate generator unit. 
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obtained by full-wave rectification of the 60 cps, fol-
lowed by clipping and squaring. The circuit of this gat-
ing unit is shown in Fig. 8. The output, which is applied 
to the screens of the 6BE6 detectors, is a 90-volt rectan-
gular-shaped pulse occurring 120 times per second (sym-
metric about the positive and negative crests of the 60-
cps sine wave). The time duration of each pulse is about 
1.5 milliseconds. 

VII. READ-OUT METHOD 

When all the variables have been adjusted to satisfy 
the conditions of the problem (as indicated by a null in 
the quantity 1.1) the values of the Xj and k voltages are 
successively read out by means of comparison with the 
output of a four-dial decade potentiometer fed from a 
reference voltage. In practice, these readings are made 
only to three 'digits, the fourth digit being used if neces-
sary to determine the direction for rounding of the 
third digit. The comparison is made by means of a dif-
ferential amplifier followed by a phase-detector, as 
shown in Fig. 9. The phase-detector is used so that the 
sign of the difference is indicated by the galvanometer, 
thus facilitating finding the balance point. Since the 
final xi's are obtained as ratios of the X's to k, it follows 
that no absolute measurement is required and that the 
accuracy of the read-out is determined by the accuracy 
of the ratics of the decade potentiometer. This poten-
tiometer has an accuracy of 0.05 per cent of full scale. 
Fig. 10 is a view of the operating console, showing the 

power switches and gain control at the left, the µ meter 

(p3) 
124 EACH 

X,   

  \ 1 

V,  4." 

14.4-40^--• 

50.0.   
8. -

1fiver  1100% 

k .41   

02 

( 

at top center, the thirteen controls for the Xi's and k, 
and the read-out potentiometer and galvanometer on 
the right. The read-out selector is at the left of the gal-
vanometer. 

VIII. OPERATION 

When the numerical data of a problem has been 
scaled (if necessary) to fit the range of the machine, it is 
punched into a set of 13 cards. If there are less than 12 
unknowns, zeros are inserted for all the missing ele-
ments. These cards are placed in the card-reading units, 
and the machine is then ready for solution. The usual 
process is to start with k=1, and all the Xi's at zero. 
The common input voltage to all the Xi's and k is con-
trollable by the large dial at the left of the console so 
that the large errors during the initial stages of solution 
do not overload the subsequent amplifiers and indicator. 
The operator varies the Xi's in such a manner as to 

decrease the error and as necessary he increases the 
input voltage to increase effectively the scale sensitivity 
of the error indicator. A systematic cycling process is 
used which results in the error decreasing toward zero 
and the Xi's converging toward the solution. When the 
residual error is small enough to be consistent with the 
accuracy of the analogue, the results are read out in the 
manner previously described. The xi's are then obtained 
by calculating the ratios X,/k. 
A numerical check can be obtained by substituting 

these values into the problem and calculating the actual 
residual errors. If greater accuracy of results is desired 
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Fig. 10 —The operating console. 

than is obtainable from the initial solution, these resid-
ual errors may be used to form a new set of equations 
in which the new unknowns are the errors in the xi's of 
the initial solution. The iteration procedure is simple 
and rapid, requiring the preparation of only one new 
punched card per step. As many iteration steps as re-
quired may be used to obtain the desired accuracy. 
The usual type of problem with 12 equations requires 

about 15 minutes for solution and yields solutions of bet-
ter than two-digit accuracy. Each iteration will then 
yield somewhat better than two additional digits. 

LX. CAPABILITIES 

For most problems of linear simultaneous equations, 
this device affords a considerable saving of labor over 
the usual methods of computing and has the advantage 
when iteration is used of correcting any errors made by 
the machine operator. Errors in one step are corrected 
in the next so that instead of being cumulative they are 
successively diminished. Of course, the machine is of a 
particular utility when the accuracy required can be 
) obtained with a single solution. 

There are certain other advantages of an analogue 
) device for this purpose. For example, it allows investi-
gation of the effect of varying one or more of the co-
efficients, without requiring a complete new solution. 
, The machine has been used for inversion of matrices 
up to the twelfth order. An nth order matrix requires it 

1... separate solutions to obtain the inverse. 
Sets of up to 6 equations with complex coefficients 

may be handled separating the real and imaginary parts, 
thus doubling the number of equations and the number 
of unknowns. 
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An Electronic DC to AC Converter for Use in 
Servo Systems* 

E. E. ST. JOHNt, ASSOCIATE, IRE 

Summary—The usefulness of alternating current servomecha-
nisms has been restricted in many cases by the difficulty of obtaining 

a satisfactory ac error signal. 
The conversion from dc signals to an ac error signal, i.e., the 

modulation system, is shown to be a pi edominant source of difficulty. 
A modulation circuit having characteristics, much improved over 

conventional types, has been developed. Practical application to a 

servomultiplier with results observed is discussed. 

I. INTRODUCTION 
' fl HIS PAPER describes a differential dc to ac con-

verter or modulator for use in a servo system 
  where the prime mover is an ac electric motor 
whose direction of motion is reversed by reversing the 
phase of the voltage applied to one of the windings, and 
whose torque is a function of the amplitude of the ap-
plied voltage. A linear relationship between voltage and 
torque for a given shaft rpm is usually desired. In addi-
tion, it is essential that the torque rpm characteristic be 
a decreasing monotone function over the full speed 

range 
Almost invariably, some type of modulator is iqvolved 

in the operation of an ac servo. In some systems this 
may be a mechanical modulator, (e.g., selsyn, vibrator, 
"chopper"); in others an electronic modulator is used. 

II. LIMITATIONS OF ELECTRONIC MODULATORS 

Where dc signals are used, the modulator is usually 
the "weak link" in an ac servo system. Electronic modu-
lators of usual design have very low efficiency because 
operation is dependent upon second-order variations in 
tube characteristics. The circuit configuration of a typi-
cal 400-cycle differential modulator is shown in Fig. 1. 
This particular circuit produces about 28 millivolts 

peak-to-peak ac per volt dc differential input. This rep-
resents a voltage conversion efficiency of 2.8 per cent. 
This figure is typical of such modulators. Application of 
the signals to the control grids, to increase the conver-
sion efficiency, restricts the usable input voltage range. 
In addition, such a modulator is also unsatisfactory 

for many applications because the balance condition is 
not maintained for different dc levels with equal dc in-
put signals. These effects may be overcome in some cases 

* Decimal classification: R366.24. Original manuscript received 
by the Institute, November 22, 1948; revised manuscript received, 
June 13, 1949. 

Fairchild Engine and Airplane Corp., Oak Ridge, Tenn. 
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Fig. 1—G„, variation modulator. 

by very careful tube selection. In most cases, however, 
it is necessary to provide a dc differential error signal at 
a fixed level. The development of a dc error signal usu-
ally requires additional vacuum tubes, with attendant 
inaccuracies. 
The presence of a second harmonic component of the 

order of 1 volt rms in comparison to a 10-millivolt car-
rier frequency signal for 1 volt differential input signal 
necessitates a high attenuation filter for removing this 
component, whose continuous presence would greatly 
overload amplifiers and motors. 
Because of the low modulation efficiency, large gains 

are required in order to obtain sufficient voltage to op-
erate a motor, and random and induced noises become 
a problem. 
It is advisable for this reason to restrict the gain of 

the system for low frequency noise components. The 
use of a band-pass filter is indicated to remove simul-
taneously the second harmonic component. This filter 
should immediately follow the modulator, since noise 
may produce modulation in the amplifier due to non-
linearity. 

III. A SQUARE-WAVE MODULATOR FOR AC 
SERVOMECHANISMS 

A modulator has been developed which has many ad-
vantages twer the type illustrated by Fig. 1, and appears 
to be superior in several characteristics to any which has 
previously come to our attention. 
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In particular, the modulator to be described is almost 
completely free from zero drifts, has high modulation 
efficiency, and is extremely linear in operation. The range 
of operation may be made very large. 
The principle of operation of the modulator is indi-

cated by analysis of Fig. 2. Square-wave voltages of 
opposite phase and approximately equal amplitude are 
applied between points 1 and 2 and ground. Input sig-
nals, assumed positive with respect to ground, from low 
impedance sources are applied at signal points A and B. 
Slight circuit modifications permit the use of negative 
signals. 
The maximum potential reached by point C is the 

value of the signal at A ; similarly, the maximum voltage 
at D is the value of the signal at B. V1 and V4 prevent 
negative excursions of points C and D. Thus at point C 
is found a square wave whose amplitude is equal to the 
signal at A. At D is produced a square wave whose am-
plitude is equal to the signal at B, and of opposite phase 
to the signal at point C. Let E. be the voltage to ground 

SqAo/ a 

0-1 

Fig. 2—Square-wave modulator. 

at any point x. Since R3=R4, the output signal E0 is 
equal to 1(Ec-FED)• 
Circuit operation is clarified by considering four 

cases: 
Case I. EA = EB =0 (A and B at ground potential) 
The voltage at C= 0. The voltage at D=0. Eo = 0. 

Case II. EA= EB EA.13. 
Ec and ED are square waves of maximum amplitude 

EAB, EP= EA B/2 but there is no ac component. (This 
is shown in Fig. 3(a)). 
Case III. E.> Eb• 
The square waves at C and D are unequal, and the 

output at E0 is E6/2 plus a square wave whose amplitude 
is (Ea— Eb)/2 of the same phase as phase 1. (See Fig. 
3(b)). 
Case IV. Ea <Eb• 
This is similar to Case III, except that the output 

square wave is now of opposite phase. (Fig. 3(c).) 
It is seen that the ac component of the output in every 

case is a square wave whose phase is determined by the 

larger signal, and whose amplitude is half the difference 
between the signals. 
The output wave may be represented by the Fourier 

series, E=Eac-I-Ei sin cutd-E3 sin 3w1+ • • • , where 
Eck is the dc component, E1 is the amplitude of the funda-
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Fig. 3—Theoretical wave forms in a square-wave modulator. 

mental component and (.0 = 27rf. The coefficient E1 may 
be  evaluated  by  standard  methods'  giving E1 
=(E„—Eb)/r. Thus the peak-to-peak amplitude of the 
fundamental component of the output voltage (equal to 
2E1) is 63 per cent of the dc difference between the two 
input signals. Performance is an order of magnitude 
better than that of gm variation modulators of equal lin-
ear range. 
If VI, Vg, Vg, and V. (Fig. 2) be assumed perfectly 

conducting, and the impedance of signal sources A and 
B be assumed zero, the ac output of the device is entirely 
independent of the amplitude of E1 and Eg, so long as 
neither signal voltage is larger than the amplitude of the 
respective square wave. 
Since these conditions may not be met exactly, the 

balance condition is dependent upon the amplitude of 
E1 and Eg. However, if RI and R2 are kept large in com-
parison with the conduction resistance of V2 and Vg plut-
the respective source impedances of A and B, the unbal-
ance error will be very small. 
Wher A and B are of low amplitude, unequal resist-

ance in the diode conduction paths may cause significant 
errors, particularly where the source impedances are 
high. In such cases the use of cathode followers for driv-
ing the diodes may be desirable.2 If both square waves 

L. Mautner, "Mathematics for Radio Engineers," p. 298, 
Pitman Publishing Co., New York, N. Y., 1947. 

2 B. Chance, 'Some precision circuit techniques used in wave-
form generation and time measurement," Rev. Sci. Inst., vol. 17, 
pp. 396-416; October, 1946. 
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are not identical in wave shape, summing them produces 
pulses (at the changeover points) having fundamental 
frequency components in quadrature with the funda-
mental components of El and Es. This usually does not 
decrease the accuracy of the system, since components 
in quadrature with the normal driving signal produce no 
torque in most servomotors. The heating produced by 
these components may, however, limit maximum usable 
sensitivity. Square waves having appreciable rise and 
fall times produce pulses which occur at twice line fre-
quency. These cause little difficulty, since they may be 
reduced to a tolerable level with a simple filter. 

IV. DESCRIPTION OF A SERVOMULTIPLIER USING 
THE SQUARE-WAVE MODULATOR 

Figs. 4 and 5 show the application of the square-wave 
modulator to a servomultiplier used in a computer. 
Fig. 4 is a simplified equivalent circuit of the multi-

plier. a is the percentage rotation of a balance potenti-
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ometer and Ed, the voltage across this potentiometer. It 
is seen that Ei(t) is balanced by aEd0 produced by the 
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rotation of the potentiometer. Balance is achieved by 
applying the amplified ac error signal from the differ-
ential modulator to the driving motor. In practice, the 
servo is able to position the potentiometer with suffi-
cient accuracy to more than exhaust the accuracy of the 
potentiometer (0.1 per cent). Thus, very nearly, 

a= [Ei(t)/ED 4 
E2(t) is applied to a multiplying potentiometer, 

ganged with the balance potentiometer. Thus the out-
put from arm to ground is aE2(1) or [E1(1) XE2(1)/EDc] 
The magnitude of Ede becomes a scale factor. 
The complete circuit exclusive of power supplies is 

shown in Fig. 5. This particular servo is shown because 
it was initially provided with a conventional modultaor 
similar to Fig. 1, and therefore provides an excellent op-
portunity for comparison between the two modulators. 
After tests had been made on the original system using 
the conventional modulator, the system was changed to 
use the square wave modulator. 
Tubes VI through 174 provide square waves for the 

modulation circuit. Square waves of approximately 70 
volts are applied to the modulation circuits from the 
cathode followers 174. V5 and V6 comprise the square-
wave modulator. Comparison with Fig. 2 will indicate 
the method of operation. V7 provides a low impedance 
output for the square-wave error signal. Vg provides low 
impedance driving signals for the modulating diodes. 
Section 1 of V9 provides the desired driving imped-

ance for the low pass filter. (V7 could have been elimi-
nated, but since the modulator section was on another 
chassis, its use simplified cabling.) A filter as elaborate 
as that shown is probably not necessary, but was origi-
nally incorporated for use with the g„, variation modu-
lator. Section 2 of V9, tubes V10, and V11 comprise an ac 
amplifier having a gain of approximately 7,000. V12, V13, 
and V14 constitute a more or less conventional discrimi-
nator. The magnitude and phase of the voltages at the 
3C33 tube grids determine the magnitude and phase of 
the current through the driven winding of the servo-
motor. The line phase of the servomotor is adjusted by 
means of a series capacitor so that the two windings are 
in phase quadrature. Damping is effected by introduc-
ing, in the cathode circuit of one section of V10, the out-
put of a derivative generator geared to the servomotor. 
Performance data of the relative performance of the 

servomultiplier using both types of modulator are 
shown in Table I. 
It is seen that considerable improvement has been 

made in the performance of the servo by substitution of 
the square-wave modulator for the original one. 
With the original modulator the system was limited 

in maximum usable loop gain, because noise and quad-
rature components produced heating in the 3C33 stage. 
Quadrature components, due to stray pulse pickup in 
the output circuit of the modulator, also limited the 
maximum usable loop gain after substitution in the 

TABLE I 

RELATIVE PERFORMANCE OF SERVOMULTIPLIER 

Using Gm varia- 
tion Modulator 

Using Square-
Wave Modulator 

Position accuracy I part in 400 I part in 10,000 

Frequency response 6 db down at 5 cps 6 db down at 24 cps 

Zero drift 1% Not measurable bet-
ter than 0.01 % 

Departure from linear- 
ity 

5% over 50 volt 
range 

Not measurable bet-
ter than 0.01 % over 
70 volt range 

Transient response to 
step function 

Rise time (.1 to .9) 
100X 10-$ sec. 

Rise time (.1 to .9) 
18 X 10-$ sec. (See 
Fig. 7) 

Loop gain factor (re- 
storing torque per ra- 
dian displacement) 

1.8 X 10$ dyne 
cm/radian 
(See Fig. 7) 

4.0 X 10$ dyne 
cm/radian 
(See Fig. 7) 

square-wave modulator. The circuit could be markedly 
improved in this regard by careful attention to shielding. 
Even without such refinement, hOwever, the maximum 
usable loop gain was greater by more than an order of 
magnitude when the new modulator was used. 
Figs. 6(a) and 6(b) show the transient response of the 

system. It is seen that, whereas in Fig. 6(a), the rise 
time (10 to 90 per cent) is approximately 18 millisec-
onds, Fig. 6(b) shows a rise time of nearly 30 millisec-
onds. This anomaly is the result of difference in ampli-
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Fig. 6-0scillograms of transient response of servo. 
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Fig. 7—Performance date of g„, variation modulator and 
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tude, and is a well-known phenomenon in servo sys-
tems. Fig. 7 shows that if a step request for shaft posi-
tion change greater than 0.25 radian is given, the servo-
mechanism will rapidly accelerate to maximum speed 
and run at this speed until a new balance point is 
reached. Thus the initial rate of increase in Fig. 6(b) is 
greater than in Fig. 6(a) for the first 10 milliseconds, and 

then no further increase is observed. The overshooting 
seen in Fig. 6(b) is due to the nonlinear behavior of the 
system. More damping is used than that desirable if the 
servo were never rapidly displaced more than 0.25 

radian. 
It should be emphasized that no particular attempt 

was made to exhaust the possibilities in this design, be-
cause performance was more than satisfactory in the in-

tended application. 

V. CONCLUSIONS 

The performance indicates that the square-wave 
modulator system described is superior to types involv-
ing the use of curvature in tube characteristics. 
Its sensitivity is not far from the maximum theoreti-

cally possible nom non-amplifying devices. 
The only modulators which appear to be capable of 

achieving better performance with regard to signal-to-
noise ratio and limiting sensitivity are the mechanical 
types, such as the chopper and vibrator. 
The use of the square-wave modulator should pro-

vide improved performance in many servo applications. 
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Resonant Circuits with Time-Varying Parameters* 
ROBERT H. KINGSTONt, STUDENT MEMBER, IRE 

Summary—With renewed interest in the superregenerator and 
similar circuits there has developed a need for a solution to the 

differential equation of a resonant circuit with time-varying param-
eters. An approximate solution is presented along with a criterion 
of error which determines the limits of accuracy of the solution. This 
error criterion shows that the solution may be applied to most com-
munications problems with high accuracy. The method and ease of 
manipulation of the solution are demonstrated by application of the 
mathematics to the constant-parameter case. If direct manipulation 
of the formulas is not feasible, it may be easily applied to graphical 
analysis. 

INTRODUCTION 

W
ITH THE RENEWED interest in the super-
regenerator and the development of such sys-
tems as frequency modulation and servomech-

" Decimal classification: R141.2. Original manuscript received by 
the Institute, December 22, 1948; revised manuscript received, Sep-
tember 22, 1949. 
t Massachusetts Institute of Technology, Cambridge, Mass. 

anisms, a great need has arisen for a useable solution to 
the differential equation of the resonant circuit with I 
time-varying parameters. The basic problem is the 

1 mathematical formulation of an expression for the volt-
age across a resonant circuit as a function.of the input I 
current and the time-variation of .the parameters G, C, 1 
and L. Previous papers " have treated the problem for 
the variation of one parameter only, but to the author's 
knowledge there has been no presentation of a solution 

ri+ 

' A. G. Fox and G. K. Burns, "The Superregenerative Receiver," 
M.S. Thesis, Massachusetts Institute of Technology, 1935. 
I E. Cambi, "Trigonometric components of a frequency-modu-

lated wave," PROC. I.R.E., vol. 36, pp. 42-49; January, 1948. 
3 W. E. Bradley, "Theory of the superregenerative receiver," 

presented, 1948, IRE National Convention, New York, N. Y., 
March 23, 1948. 

W. E. Bradley, "Superregenerative detection theory," Elec-
tronics, vol:21, pp. 96-98; September, 1948. 

6 Riebman, L., "Theory of the superregenerative amplifier," PROC. 
I.R.E., vol. 37, pp. 29-33; January, 1949. 

6 H. A. Glucksman, "Superregeneration —an analysis of the linear 
mode," PROC. I.R.E., vol. 37, pp. 500-504; May, 1949. 
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1 

to the general case of a variation of all parameters si-
multaneously. Fox and Burns,' Bradley,5•4 Riebman,5 
and Glucksman5 all developed a quasistatic solution for 
the case of varying conductance only, but a determina-
tion of the accuracy of this solution has never been 
made. The purpose of this paper will then be twofold. 
First, the quasistatic solution shall be extended to the 
case of the variation of all parameters, and second, a 
criterion of error shall be developed for the solution 
presented. As to the advisability of depending upon a 
quasistatic solution, investigation seems to indicate that 
any attempt to arrive at an exact solution is extremely 
difficult and such a solution, if obtained, is of such a 
complexity as to have limited usefulness. 

THE DIFFERENTIAL EQUATION AND ITS REDUCED 
SOLUTION 

The differential equation for a parallel resonant cir-
cuit7 with time-varying parameters may be written as 

1 
— (Ce)  Ge  — f edt = i 
dt 

which upon manipulation becomes 

e"  +  

(1) 

± et C"  L'C'  L'G ± G' ± 1 \ 

C  LC  LC  C  LC ) 

(i' ±  P L' A (2) 

where primes denote differentiation with respect to time. 
Now the solution to this equation for zero driving cur-
rent and constant parameters is given very nearly by 

where 

and 

e = E0(.+100)2 

a =  — 

too 

2C 

(3) 

(3a) 

What we must do, then, is attempt to modify this equa-
tion to satisfy the new conditions, i.e., the time-varia-
tion of the previous constants G, C, and L. Physical 
reasoning presents us with two pertinent facts. First, 
we know that the real component of the exponent will 

7 Henceforth we shall treat the parallel circuit only. The solution 
to the series circuit is the same with the usual change of G to R, L to 
C, etc. 

now involve the capacitance and the inductance since 
they are now instantaneous sources and sinks of energy, 
because of their variation with time. Second, by com-
parison with the mathematics of frequency modulation 
we realize that we must now take the integral of the 
exponent rather than its instantaneous value. Our first 
guess is that the solution to the reduced equation is best 
given by 

e= Eo GRa+ iwO)al  

or, more generally, 

e = Re[2E0€.1(a+1(d0)1i] 

where a is to be determined and 

1 
coo = 

N/LC 

Writing (2) in its reduced form as 

e"  Ae' ± Be = 0, 

we will now try to find an equation of the form 

e"  Ae'  B*e = 0, 

(4) 

(4a) 

(5) 

(6) 

which satisfies the approximate formula. By placing 

this restriction on the approximate solution we shall 
determine a. Differentiating (4) and substituting into 
(6) we obtain 

+  a 2  04 2 ± 2jaws  Aa  jAcoo B* = O. (7) 

Now we know that A is given by 

2C'  G  L' 
A = —  —  — 

C  C  L 

Thus, equating reals and imaginaries, we obtain 

A  1 coo'  G  3 C'  1 L' 

2  2 wo  2C  4 C  4 L 

and 

1  7 L'C' 

B = + —  + LC LC  8   

1 L' N2 L" 

3 C"  G'  3 C I 
— —  —  — — 
4 C  2C  16  C 

+ GC' ± 1 /G _y 

2C2 C 

1 VG 
+ -2- LC 

We now have an exact solution to the equation 

e"  Ae'  B*e = 0, 

(8) 

which differs from the exact equation for the resonant 
circuit with time-varying parameters only in the linear 
coefficient B*. We note that this error in the coefficient 

is 
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B = 3 C'  L" ---- + ---+ + 1 G 
16k c ) 4L  2C2 4 \ c 
1  1 L'C'  1 C" 

- 16kL)  8 LC  4 C 

1 L'G  G' 

— 2 W — 2C 

We must now develop an error criterion to establish 
the relation of the magnitude of this error to the accu-
racy of the approximate solution. 

THE FIRST-ORDER ERROR 

Defining e as the approximate solution and ô as the 
first-order error in this solution, we write the following 
equations: 

e"  Ae'  B*e = 0  (12) 

(e  S)"  A(e  ± B(e  15) = 0.  (12a) 

Now the above equations are linear; we may therefore 
subtract them, obtaining, 

5" ± A61 + BS = (13* — B)e.  (13) 

Solving this equation by our approximate solution and 
the method of variation of parameters° the first-order 
error is found to be 

o = Re 2.Eiel (a+ iwo"' 

± „Rai-Node f (B* — B)E0 Ijwo 
]. 

(14) 

Here E1 determines the initial value of the error, how-
ever this will of necessity be zero since we have knowl-
edge of the initial voltage across the circuit, and thus 
make the error zero. Therefore the corrected solution to 
the reduced differential equation becomes 

e ± 8 = Re [ 2E0e./("+)'o)d' 

x (1 + J r B* BdiA, (15) 2iwo 
where (B* —B) is defined by (11). 
Let us now examine the error term. Assuming the 

time-variation to be periodic, we may specify that 
(B* —B) is of the form 

(B* —  = Ko  Ki cos (Pi + 01) + K2 cos(2p1 + 4)2) 

± • • • + K„ cos (npt  on),  (16) 

where p is the fundamental frequency° of the time-

L. R. Ford, "Differential Equations," McGraw-Hill Book Co.. 
New York, N. Y., 1946, pp. 75-77. 
• For simplicity we shall call w frequency rather than angular 

velocity. 

variation of parameters. Now the constant Ko may be 
dropped since we see that it actually produces a slight 
correction in the average frequency of the resonant cir-
cuits. This would be expected, since we have used the 
approximate formula for wo. Examination of the in-
tegral verifies this interpretation since Ko produces a 
linearly-increasing phase shift with time whenever the 
integral is much smaller than one. Now the maximum 
instantaneous value of the remaining terms will be 

I B* — B — Ko mx  K1 ± K 2 ±  • • • K,,  (17) 

and the maximum possible value for the integral will be 

B* — B — Ko 
 dI 

2jwo 

( 1/ K1  K 2 

+  • 

wo p  2p 

1 

B * B  KO I m ax • 
(A)OP 

(18) 

Thus the criterion for the accuracy of the approximate 
solution will be 

or 

I  13* — B— Ko 
2jw,,   111 1 < < 1  ( 1 9) 

!max   

B* — B — Kol <"<" 'max  WOminP• (20) 

What we require for accuracy, then, is that the maxi-
mum deviation in the magnitude of (B* —B) be much 
less than the product of p and the minimum value of 
coo. If a transient solution is desired, (19) may be ap-
plied directly. Application of this criterion to most prob-
lems encountered has shown that the formula in general 
produces accurate results. 

THE GENERAL SOLUTION 

Having obtained a reduced solution with error cri-
terion, we may now derive the complete solution. By 
the method of variation of parameters° this is found to 
be 

e = Re [ 2E0c./('-fi'0"" 

ef(a-f-Auddt f 

(ii ± —Li  i) eft"*)"'dd'dt L  ] 

(21) 

Placing limits on the proper integrals such that we may 
apply the equation to a circuit at time, t =a, 
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e = Re [ 2E„el.:( a-t-i.ddi 

ef(a+iwo)de 

(i'  —11  i)e-1(a+i.o)dfdr 

jw0C 

We must now place definite limits on the remaining 
integrals. Writing these as follows: 

(22) 

f(a -I- jwo)di = f g (a ± jcoo)dx + C1  (23) 

f (a ± jwo)rir = f (a + jwo)lx  C2, 

0 

we see that CI = C2 since the integrals were derived in 
similar fashion. Bringing the second exponential within 
the integral 

[ e = Re 2E0eLt(0 +:wo)d' 

• 
jce0C 

Note that under the main integral (a-Fjwo) in the ex-
ponent is a function of x, and the remaining terms, with 
the exception of 1, are all functions of 7. This is the key 
equation for the solution of any problem to be treated. 
To demonstrate the use of the above equation in the 

treatment of a steady-state problem, let us take the 
simple case of the constant-parameter circuit merely to 
show how the equation may be manipulated. We wish 
to find the response of the circuit to a current given by 

(eiwo  e-qw.g) 
i = /0 cos cost = /o  2  (26) 

Then 

(25) 

wait _ 
=  2 (27) 

where co, is the frequency of the applied current. Sub-
stituting into (25), having dropped the first term, since 
we desire the steady-state solution, 

L' 
—)10e1:(a+i(do)diel..rdr 

e = Re [ r 
f  

2jco0C 

- - ) 1 0f ir ca + h, y d ze —iw er d r 

2jw0C 
(28) 

0,), T of — (0 I2C) t thiot [ 

We also set the lower limit of the integral equal to - oo 
for steady-state applications. At this point we specify 
that G, C, and L are constant. Then 

jw,10€(1- T)(a+iwo)eiwardr 
e = Re [ f    

230:0C 

—CO 

t iws ioe (t—r)(a1-74.0)e-2 odri 

2jw0C 
(29) 

The second integral is now dropped because of the 
e-i(644*°0)* term. This is the same as the narrow-band 
approximation used in the more familiar treatment. The 
resultant steady-state expression for the voltage across 

(24)  the resonant circuit is 

e = Re 
2conC IL eco/w),,i(4.,--cool ?dr (30) 

which, when the integral is evaluated, is 

[   
co,/nei" 

e = Re  I.  (31) 
G  - 

2co0C( — ± joi. — jcoo) 
2C 

This is more readily recognized if we cancel co, and coo, 
since they are approximately equal in the region of im-
portance. The final result is 

e = Re [  Jo   
G  2j(w. — coo)C 

(32) 

which takes on the familiar form of the single-tuned re-
sponse curve. 
The application of the equations to actual time-vary-

ing parameter problems will not be presented here, as 
we feel that such a presentation cannot have sufficient 
generality in any specific case to warrant its inclusion 
in a paper of this type. The reader is referred to such 
papers as those of Bradley," and Riebman,5 for an ap-
plication for one specific parameter only. It might be 
noted that the mathematical formulation is easily 
adaptable to graphical solution where direct integration 
is not feasible. 
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MIT Radiation Laboratory from January, 
1942, through 1945, and was a member of 
the group which designed indicating devices 
for radar systems. He was a contributing 
author of Volumes 18, 19, and 22 of the 
Radiation Laboratory Technical Series. 
Since 1946 he has been a staff member 

of the Watson Scientific Computing Labora-
tory of the International Business Machines 
Corp., at Columbia University. He is a mem-
ber of the American Physical Society. 

11, 

\V. L. Webb (A'35-SN1'44) was born in 
Stanberry, Mo., on July 17, 1906. He re-
ceived the B.S. degree from the State Col-

lege of Washington 
in 1929 and was se-
lected kir the test en-
gineering course at 
the General Electric 
Co. In 1930 he joined 
the Bell Telephone 
Laboratories in New 
York, N. Y., as a 
radio engineer, leav-
ing in 1935 to become 
chief radio engineer 
at  Lear  Develop-
ments Company, also 

located in New York City. 
Mr. Webb became director of engineer-

ing and research at the radio division of the 
Bendix Aviation Corp in Baltimore., Md., 
in 1936. In this position he is responsible for 
the engineering, research, test, inspection, 
and patent departments. 
A member of Sigma Tau, Tau Beta Pi, 

and the AIEE, Mr. Webb won the U. S. 
Navy Certificate of Commendation for his 
work during World War II. 

R. M. WALKER 

W. L. WEBB 
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ACOUSTICS AND Auppa FREQUENCIES 
016:534  2995 
References to Contemporary Papers on 

Acoustics —A.  Taber Jones. (Jour.  Acous. 
Soc. Amer., vol. 21, pp. 440-449; July, 1949.) 
Continuation of 2683 of November. 

534.21  2996 
On Ray Geometry for Parallel-Layered 

Media — W. Gauster-Filek von Wittinghausen. 
(Akus. Zeit., vol. 8, pp. 175-185; October, 
1943.) The geometrical properties of sound-ray 
curves for a stratified medium with arbitrary 
velocity distribution are investigated. 

534.23  2997 
Sound  Transmission  through  Multiple 

Structures Containing Flexible Blankets — 
L. L. Beranek. (Jour. Acous. Soc. Amer., vol. 
21, pp. 419-428; July, 1949.) 

534.23:620.179.16  2998 
On Sound Transmission through Metal 

Plates in Liquids for Oblique Incidence of 
Plane Waves —J. GlItz. (Akus. Zeit., vol. 8, 
pp. 145-168; October, 1943.) Theory and ex-

r perimental results with particular reference to 
the use of ultrasonic waves at oblique incidence 
for flaw detection in metal plates. 

534.231  2999 
On the Sound Field of a Piston Membrane 

—A. Schoch. (Akus. Zeit., vol. 6, pp. 318-
326; November, 1941.) Analysis shows that the 
sound field of a piston membrane in a rigid 
wall is made up of two parts: a plane wave, as 
for the limiting case in geometrical optics, and 
a diffraction wave from the edge of the mem-
brane. The effect of the diffraction wave 
vanishes, in general, for infinitely small wave-
lengths, leaving only the plane wave. For cir-
cular membranes, however, singular lines are 
found along which the effect of the edge wave 
does not vanish for very small wavelengths. 

534.26  3000 
The Diffraction of Sound by Rigid Disks 

The Institute of Radio Engineers has made arrangements to have these Ab-
stracts and References reprinted on suitable paper, on one side of the sheet only. 
This makes it possible for subscribers to this special service to cut and mount the 
individual Abstracts for cataloging or otherwise to file and refer to them. Subscrip-
tions to this special edition will be accepted only from members of the IRE and 
subscribers to the PROC. I.R.E. at $15.00 per year. The Annual Index to these 
Abstracts and References, covering those published in the PROC. I.R.E. from 
February, 1948 through January, 1949, may be obtained for 2s. 8d. postage included 
from the Wireless Engineer, Dorset House, Stamford St., London S. E., England. 

and Rigid Square Plates —F. M. Wiener. 
(Jour. Acous. Soc. Amer., vol. 21, pp. 334-
347; July, 1949.) Discussion of experimental 
technique and comparison of results with 
theory for various wavelengths and angles of 
incidence. 

534.26  3001 
Diffraction of Sound by a Circular Disk— 

A. Leitner. (Jour. Acous. Soc. Amer., vol. 21, 
pp. 331-334; July, 1949.) The near and distant 
diffraction fields of a circular disk of zero thick-
ness are plotted according to an exact theory. 
The results are compared with the Kirchhoff 
approximation and recent experimental data. 

534.321.9 : 534.22  3002 
The Velocity of Ultrasonic Waves in an 

Electric Field and the Effect of Temperature — 
A. Bonetti. (Ricerca Sci., vol. 18, pp. 777-780; 
July, 1948.) Variation of the velocity of 4.2-
Mc waves in nitrobenzene with temperature 
was found in agreement with the theory of 
polar liquids. No variation due to the applica-
tion of a field of 7,000 V/cm in the direction of 
propagation of the ultrasonic beam could be 
detected. 

534.321.9 : 534.232  3003 
Focusing Ultrasonic Radiators —G. W. Wil-

lard. (Jour. Acous. Soc. Amer., vol. 21, pp. 360-
375; July, 1949.) A spherical-shell radiator 
giving greatly improved energy concentration 
can be obtained by varying the thickness of the 
radiator to compensate for radial variations 
of the frequency constant. 

534.321.9:534.24  3004 
Theory of Ultrasonic Intensity Gain due to 

Concave Reflectors —V. Griffing and F. E. 
Fox. (Jour. Acous. Soc. Amer., vol. 21, pp. 
348-351; July, 1949.) 

534.321.9:534.24  3005 
Experimental Investigation of Ultrasonic 

Intensity Gain in Water Due to Concave 
Reflectors —F. E. Fox and V. Griffing. (Jour. 
Acous. Soc. Amer., vol. 21, pp. 352-359; 
July, 1949.) 

534.321.9:679.5  3006 
Ultrasonic Lenses of Plastic Materials — 

D. Sette. (Jour. Acous. Soc. Amer., vol. 21, 
pp. 375-381; July, 1949.) 

534.323  3007 
On the Subjective Effect of Sound-Spec-

trum Variations —E. Lob. (Akus. Zeit., vol. 6, 
pp. 279-294; September, 1941.) An experi-
mental investigation. 

534.612.4  3008 
The Accuracy of Measurements by Ray-

leigh Disc — W. West. (Proc. Phys. Soc. (Lon-
don), vol. 62, pp. 437-444; July 1, 1949.) A 

review of proposals for altering Konig's formula 
indicates that there is insufficient evidence for 
changing the numerical constant in the for-
mula. Comparisons between Rayleigh-disk and 
other methods of microphone calibration are 
discussed, and the possibility of difference due 
to reaction of the vibration of the diaphragm 
on the sound presgure is considered. 

534.614:533.5  3009 
On the Velocity of Sound in Air at Low 

Pressures —J. Maulard. (Cotnpt. Rend. Acad. 
Sci. (Paris), vol. 229, pp. 25-26; July 4, 1949.) 
The results of experiments on transmission 
through a steel tube (internal diameter 8 cm, 
length 27.43 m) buried underground, confirm 
that the velocity shows little change from at-
mospheric pressure down to 15 cm Hg. Be-
tween 15 and 4 cm Hg, however, the velocity 
increases according to a law sensibly exponen-
tial. At 10 cm Hg the increase is about 1.5 per 
cent and at 4 cm Hg about 4 per cent. 

534.75:533.723  3010 
Brownian Movement and Hearing —H. de 

Vries. (Physica's Gras., vol. 14, pp. 48-60; 
January, 1948. In English.) Results were ob-
tained for the Brownian movement of the ear 
as a whole, which were compatible with the 
auditory threshold actually observed. Present 
theories of the mechanism of hearing do not 
reconcile the strong thermal agitation of the 
sense cells with the low audible threshold. 

534.78  3011 
Auditory Masking of Multiple Tones by 

Random Noise —T. H. Schaffer and R. S. 
Gales. (Jour. Acous. Soc. Amer., vol. 21, pp. 
392-398; July, 1949.) 

534.782  3012 
Investigations with Artificial Vocal Resona-

tors —T. v. Tarn&zy. (Akus. Zeit., vol. 8, pp. 
169-175; October, 1943.) 

534.79  3013 
The Loudness and Loudness Matching of 

Short Tones —W. R. Garner. (Jour. Acous. 
Soc. Amer., vol. 21, pp. 398-403; July, 1949.) 

534.834  3014 
The Lined Tube as an Element of Acoustic 

Circuits —C. T. Molloy. (Jour. Acous. Soc. 
Amer., vol. 21, pp. 413-418; July, 1949.) A 
method is given for calculating the performance 
of acoustic circuits containing long or short 
lined ducts of diameters less than X/2 for sound 
in free air. Equivalent electrical circuits are 
discussed. Formulas applicable to filters using 
lined ducts are listed. 

534.84  3015 
Architectural Acoustics of German Theatres 

and Concert Halls, Prague —W. Frank. (Akus. 
Zeit., vol. 8, pp. 205-208; December, l')43.) 
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Measurements of (a) loudness, (b) reverbera-
tion times under different conditions and for 
different frequencies, and (c) relative absorp-
tion for different frequencies, are shown graph-
ically. 

534.84  3016 
Variable Room-Acoustics—K. F. Danner. 

(Akus. Zeit., vol. 6, pp. 331-350; November, 
1941.) Methods are described for varying the 
acoustic properties of rooms (theaters, concert 
halls, etc.) to secure the best results for speech, 
music, etc. 

534.845  3017 
Sound Absorption by Porous Materials: 

Part 2—C. W. Kosten. (Appl. Sci. Res., vol. 
111, pp. 241-250; 1949.) The case of narrow 
tubes is considered, in which the flow is essen-
tially of the Poiseuille type. A correction to the 
velocity of sound analogous to that of Kirch-
hoff for wide tubes is obtained. The correction 
is not important for the damping or the sound 
velocity, but it may greatly affect the absorp-
tion coefficients of porous materials. See also 
2144 of 1948 (v:d. Eijk, Kosten, and Kok). 

534.845:666.3  3018 
On the Air-Flow Resistance of Porous Ce-

ramic Materials —H. F. Gerdien. (A kris. Zeit., 
vol. 6, pp. 329-331; November. 1941.) The 
sound absorbing power of a porous material 
can be found from knowledge of its thickness, 
porosity, and air-flow resistance. Measurements 
of the resistance for 13 ceramic filters and 8 of 
Jena glass show that the resistance is related to 
the diameter and length of the pores in a mate-
rial by a law of the Hagen-Poiseuille type. 

534.861:785.1  3019 
The Broadcasting of Orchestras —F. W. Al-

exander. (BBC Quart., vol. 4, pp. 118-128; 
July, 1949.) Discussion of microphone placing, 
acoustic properties of concert halls, tone bal-
ance, loudness, use of echo room, etc. 

621.3.012.8:621.395.623.45  3020 
Equivalent Electrical Circuit for the Piezo-

electric Sound-Receiver —O. Schafer. (A kus. 
Zeit., vol. 6, pp. 326-328; November, 1941.) 

621.392.51  3021 
Piezoelectric  Transducers — W.  Roth. 

(Paoc.I.R.E., vol. 37, pp. 750- 758: July, 1949.) 
A piezoelectric transducer operating in the 
thickness mode is represented as a six-terminal 
network. The mesh equations, electromechani-
cal impedance matrix, and equivalent circuit 
valid for any general conditions of loading and 
frequency are obtained. Equations for the elec-
trical driving-point impedance are derived. 

621.395.61/.62  3022 
A Low-"Q" Directional Magnetostrictive 

Electroacoustic Transducer—L. Camp and 
F. D. Wertz. (Jour. A cous. Soc. Amer., vol. 21, 
pp. 382-384; July, 1949.) Description of a lami-
nation design for the magnetostrictive motors 
of a directional transducer array. Efficient op-
eration is possible with a Q of 6 under a full wa-
ter load. 

621.395.61  3023 
A New Dynamic Microphone — W. Baer. 

(Akus. Zeit., vol. 8, pp. 127-135; August, 1943.) 
Theory is based on the equivalent circuit. De-
tails of the construction of the Beyer moving-
coil microphone are given. 

621.395.61  3024 
The B.B.C.-Marconi Ribbon Microphone 

Type AXBT —E. T. Wrathall. (Marconi Rev., 
vol. 12, pp. 92-103; July and September, 1949.) 
Designed in 1933 by the research department of 
the BBC for studio use. The microphone con-
sists of a crimped Al-foil ribbon supported be-
tween specially shaped pole-pieces of a power-
ful Alcomax permanent magnet. The ribbon 
resonates at a subaudio frequency; the ampli-
tude of its motion Is proportional to the par-
ticle velocity of the incident sound wave. The 

horizontal and vertical polar curves of sensitiv-
ity have the figure-of-eight shape. The ribbon 
is electrically screened and is 'protected from 
draughts and dust. Maintenance requirements 
are negligible over long periods. 

621.395.61:621.396.822  3025 
The Noise Level of High-Grade Micro-

phones —W. Weber. (A kus. Zeu.. vol. It, PP. 
121 -127; August, 1943.) The noise levels of 
microphones of the dynamic and capacitive 
types, made by several well-known firms, were 
calculated and determined experimentally. For 
the dynamic microphones the thermal noise of 
the internal resistance is about 10 times that of 
the first tube of the amplifier. The capacitor 
microphone itself produces no noise, but noise 
voltages are Introduced by the load resistance 
In the low-frequency arrangement and by the 
resonance resistance of the oscillatory circuit in 
the high-frequency arrangement. The noise 
level in the low-frequency arrangement is again 
higher than that of the first amplifier tube, at 
the lower and middle frequencies by about 10 
db, falling at the higher frequencies to about 
that of the tube. XVith suitable design of the 
high-frequency arrangement the noise level can 
be reduced by about 10 db. 

621.395.623.7:791.45  3026 
Theater Loudspeaker Design, Performance 

and Measurement —J. K. Hilliard. (Jour. Soc. 
Mot. Pic. Eng., vol. 52, pp. 629-640; June,1949.) 

621.395.623.7.089.6  3027 
Physical Measurements of Loudspeaker 

Performance —Veneklasen. (See 3207.) 

621.395.625.2:621.392.52  3028 
Crossover Filter for Disk Recording Heads 

—Roys. (See 308.5.) (Broadcast News, no. 55, 
pp. 20-23; June, 1949.) 

621.395.625.3  3029 
Tape Characteristics for Audio Quality — 

R. Marchant. ( Tele- Tech, vol. 8, pp. 30 33. 57; 
July, 1949.) A general survey covering the elec-
trical and mechanical properties of the tape, 
mechanical requirements of the driving and 
tension devices and the playback head, the ef-
fect of the main supply voltage on the tape 
velocity, and precautions to avoid deterioration 
of the tape in storage. 

621.395.625.3  3030 
Factors Affecting Spurious Printing in Mag-

netic Tapes —S. W. Johnson. (Jour. Soc. Mot. 
Pic. Eng., vol. 52, pi). 619-627; June, 1949. 
Discussion, pp. 627-628.) Study of the amount 
of signal printed through from adjacent lavers 
in a roll of magnetic type. The effects of time, 
temperature, and output level of the original 
recording are considered. 

621.395.625.3  3031 
Optimum High-Frequency Bias in Mag-

netic Recording —G. L. Dimmick and S. W. 
Johnson. (Broadcast News, no. 55, pp. 4-7; 
June, 1949.) 

534.321.9:620.179.16  3032 
Ultrasonics  [Book  Reviewl —B.  Carlin. 

Publishers:  McGraw-Hill  Book Co.,  New 
York, 1949, 270 pp., 85.00. (Electronics, vol. 
22, pp. 209-210; August, 1949.) For readers 
with an engineering viewpoint. Piezoelectric 
and magnetostriction generators are considered 
as well as cw and pulsed systems. The use of ul-
trasonics for flaw detection is the application 
most thoroughly covered. 

ANTENNAS AND TRANSMISSION .LINES 

621.315.1:531.221.8  3033 
Graphical Calculation of Tension Tables for 

Overhead Lines and Horizontal Copper-Wire 
Aerials —C. M. A. Carranza. (Rev. Telecommun. 
(Madrid), vol. 3, pp. 16-23; June, 1948.) A bacs 
for determining tension, sag, and safety factor 
as a function of temperature for various lengths 
of span and diameters of wire. 

621.315.212:621.3.09  3034 
Coaxial Cables —P. Schiaffino and L. Al-

banese. (Poste e Telecomun., vol. 17, pp. 85-
104; February, 1949.) A study of propagation 
phie •na, particularly those affecting teleph-
ony,  transmiliaion  characteristics,  existing 
types of coaxial cable, and the problems asso-
ciated with laying and joining such cables, fault 
clearance and the S.A.C.M. echo meter noted 
In 142 of February (Couanault and Herreng). 

621.392.26t  3035 
Waveguides —R. Malvano. (Ricerca Sci., 

vol. IS, Ito. 1595-1612; November and Decem-
ber, 1948.) Transmission theory with special 
reference to waveguidee with dielectric inserts. 

621.392.261-  3036 
On the Theory of the Excitation of Radio 

Wave Guides —G. V. Kisunko. (Comp:. Rend. 
Acad. Sci. (UKSS), vol. SI, pp. 199-202; Janu-
ary .10, 1946. In English.) Formulas are derived 
for the field due to conductors with arbitrary 
current distribution and of arbitrary configura-
tion within the waveguide. 

621.392.26t  3037 
Reflection Cancellation in Waveguides —L. 

Lewin. (Wireless Eng., vol. 26, pp. 258-264; 
August, 1949.) A tapered section with uniform 
variation is commonly used to provide a smooth 
transition between waveguides of different 
cross-sections. For freedom from reflections, the 
length I of the tapered section should be as 
great as possible, and must exceed X/2. Minima 
of total reflection occur when l= nX/2, and max-
ima when I= (2n +1)A/4, n being an integer. 
The case of small-angle tapers is discussed, 
with special reference to the diaphragm met hod 
of reflection compensation. The field-fitting 
method yields results which can be generalized 
and are applied to the general double taper. 

621.392.261-  3038 
Experimental Investigation of the Reflec-

tions produced in a Waveguide by any Dielec-
tric —L. It. Noriega. (Rev. Telecomun. (Ma-
drid). vol. 3, pp. 2-10; June, 1948.) Verification 
of theory developed by L. W. liolmboe in a 
thesis entitled "Reflections produced at the 
Junction of Two Rectangular Waveguides, one 
filled with a Single Dielectric and the other 
with Two Dielectrics." 

.621.392.261- 3039 
Notes on the Excitation of Electromagnetic 

Waves in Cylindrical Metal Waveguides —A. 
Colin°. (Jour. App!. Phys., vol. 20, pp. 576-
577; June, 1949.) Starting from Maxwell's 
equations, general formulas applicable to cylin-
drical waveguides of any cross-section are de-
rived. These formulas are of simple structure 
and for the case of a waveguide of circular cross-
section excited by an antenna on the axis re-
sult in a formula identical with one given by 
Schelkunoff. For the original version (in Span-
ish) see Rev. Telecomun. (Madrid), vol. 3, pp. 
34-37; June, 1948. 

621.392.26f :621.396.611.4  3040 
The Analogies between the Vibration of 

Elastic Membranes and the Electromagnetic 
Fields in Guides and Cavities —E. C. Cherry. 
(Proc. ILL (London), Part Ill, vol. 96. pp. 
346-359; July, 1949. Discussion, pp. 358-360.) 
Detailed relations are shown between the fields 
in guides and cavities, and the vibrations of 
elastic sheets having similar boundaries. Only 
one of the two sets of electromechanical 
analogies commonly applied to circuits such as 
transmission lines and filters is applicable to 
distributed systems. In this, velocity corre-
sponds to voltage (or E-vector) and force to 
current (or magnetic H-vector). Mass corre-
sponds to capacitance (or a) and elastic con-
stant to inverse inductance (or 1/p). A study 
of membrane vibrations may assist in the de-
sign of microwave components and in the 
derivation of new selective network forms. 

er) 
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621.392.26t:621.396.67  3041 
Electromagnetic Radiation from Wave-

guides and Horns —L. Lewin. (Nature (Lon-
don), vol. 164, p. 311; August 20, 1949.) The 
method of Levine and Sclm inger (1845 of 1948) 
for analyzing the acoustic radiation from cir-
cular pipes is applied to the case of em radia-
tion from rectangular waveguides. 

621.392.26t :621.396.67  3042 
The Electromagnetic Horn: Parts 1 and 2— 

W. D. Oliphant. (Electronic Eng. (London), 
vol. 21, pp. 255-258 and 294-299; July and 
August, 1949.) A survey paper, in which much 
of the information is abstracted from the 16 
references given. Basic theory, design prin-
ciples, and experimental results are discussed, 
with special reference to rectangular wave-
guides and the sectoral horn. 

621.392.26t:621.396.67  3043 
Transmission-Line Characteristics of the 

Sectoral Horn —H. S. Bennett. (Paoc. I.R.E., 
vol. 37, pp. 738-743; July, 1949.) The sectoral 
horn is considered as one component of a micro-
wave transmission system. Equivalent network 
functions are derived and plotted, the sectoral 
horn being regarded as a nonuniform transmis-
sion line. The physical significance of the 
derived normalized functions is discussed. 

621.392.26t:621.396.67 3044 
Laws of Potential Distribution along Slits 

[slotsJ —J. N. Feld. (Compt. Rend. Acad. Sci. 
(URSS), vol. 55, pp. 407-410; February 20, 
1947. In English.) Approximate formulas, ap-
plicable to narrow radiating slots in wave-
guides, are derived. 

621.392.43.012.3  3045 
High-Frequency Transmission Line Chart 

—P. R. Clement (Electronics, vol. 22, pp. 104-
105; August, 1949.) Determination of input 
impedances and matching-stub dimensions is 
simplified by means of a chart in which 
straight lines are used in.gtead of curves as in 
circle or Smith diagrams. 

621.396.67  3046 
The Measurement and Interpretation of 

Antenna  Scattering —D.  D.  King.  (Paoc. 
I.R.E., vol. 37, pp. 770-777; July, 1949.) The 
significance of scattering and back-scattering 
cross-sections in terms of antenna current dis-
tribution is considered, with particular refer-
ence to the influence of antenna load imped-
ance on the magnitude and directional pattern 
of the scattered radiation. A method of meas-
urement, which uses the standing waves set 
up by energy reflected toward the transmitter 
from any receiving antenna or parasite, permits 
direct  study of  the back-scattering from 
loaded and unloaded antennas. Approximate 
scattering data for several types of antenna 
are included. 

621.396.67  3047 
Experimental Determination of the Distri-

bution of Current and Charge along Cylindri-
cal Antennas —G.  Barzilai. (Pitoc.  I.R.E., 
vol. 37, pp. 825 -829; July, 1949.) Using a 

r wavelength of 1.90 m, the distributions are 
determined for center-fed straight cylindrical 
antennas of diameter 29 mm and lengths 
1.25X, 1.00X, and 0.50X respectively. In some 
cases parasitic antennas were added. The ex-
perimental accuracy was checked by means of 
measurements on a coaxial line whose inner 
conductor had the same diameter as the an-
tennas. 

621.396.67  3048 
Radiating Surface Systems —J. N. Feld. 

(Comp:. Rend. Acad. Sci. (URSS), vol. 51, 
pp. 203-206; January 30, 1946. In English.) 
A closed metal surface of dimensions compara-
ble with the wavelength can in certain cases, 
if suitably excited, compare favorably with 
ordinary radiating systems. Formulas are de-
rived for the em field and the surface distri-
bution of current for a spherical-surface an• 

tenna excited by a known current distribution 
along a radial conductor inside the surface. The 
method adopted for the solution can easily be 
generalized for surface antennas of arbitrary 
form with an arbitrary arrangement of coupling 
elements. 

621.396.67  3049 
Diffraction Antennae with Axial Symmetry 

—J. N. Feld. (Cornpt. Rend. Acad. Sci. (URSS), 
vol. 51, pp. 115-118; January 20, 1946. In 
English.) The antennas considered are ob-
tained by cutting the surface of endovibrators. 
Formulas are derived and applied to the deter-
mination of the field inside and outside a sphere 
from which a narrow belt has been cut out, the 
excitation being due to a dipole at the center. 

621.396.67  3050 
Excitation of a Hollow Spherical Resonator 

by a Dipole Placed at Its Centre —S. M. Rytov. 
(Compi. Rend. Acad. Sci. (URSS), vol. 51, 
P1). 111-115; January 20, 1946. In English.) 
Formulas are derived for the field within the 
resonator and for the energy dissipation. A 
small hole on the equator of the sphere radiates 
like a magnetic dipole parallel to the equator. 

621.396.67  3051 
Discone -40 to 500 Mc/s Skywire —J. M. 

Boyer, (CQ, vol. 5, pp. 11-15, 71; July, 1949.) 
The evolution of the discone from a flared 
open-ended waveguide is traced. Dimensions 
and construction details are given of three 
models whose frequency ranges are respectively 
40 to 500 Mc, 400 to 1,200 Mc, and 800 to 5,000 
Mc. The last provides a means of measuring 
the radiation pattern of the discone by the 
model technique. See also 303 of March (Kan-
doian, Sichak, and Felsenheld). 

621.396.67.016.31  3052 
A Power-Equalizing Network for Antennas 

— R. W. Masters. (PRoc. I.R.E., vol. 37. PP. 
735-738; July, 1949.) A bridge type of net-
work which causes equal power to be delivered 
to two load impedances whose product is a 
predetermined real constant. The input im-
pedance of the bridge is practically independ-
ent of suitably paired load-impedance values 
over a considerable band of frequencies. Ap-
plication to the design of television broadcast 
antennas is indicated, examples are given, and 
power loss is discussed. 

621.396.671  3053 
On the Theory of the Radiation Patterns of 

Electromagnetic Horns of Moderate Flare 
Angles —C. W. Horton. (Paoc. I.R.E., vol. 37, 
pp. 744-749; July, 1949.) A method attributed 
to Schelkunoff for the computation of radiation 
patterns is considered. For the case of trans-
verse electric waves in a waveguide or horn of 
moderate flare angle, the radiation pattern is 
calculated in terms of two definite integrals. 
These integrals are evaluated for rectangular, 
circular, and semicircular horns for some com-
mon modes of vibration. Experimental results 
are in agreement with theory. 

621.396.671  3054 
The Radiation Resistance of Linear Aerials 

—A. A. Samarski and A. N. Tiklionov. (Zh. 
Tekh. Piz., vol. 19, pp. 792-803; July, 1949. 
In Russian.) The reactive component of the 
radiation resir,tance is calculated for a given 
current distribution. This component remains 
finite only in the case of a tuned dipole. 

621.396.671  3055 
The Transmitter Dipole —J. Muller-Stro-

bel and J. Patry. (Schweiz. Arch. A ngew. 
Wiss. Tech., vol. 14, pp. 306-314; October, 
1948.) Theory previously given (1334 of 1947) 
is applied to the calculation of the radiation 
impedance of vertical wire antennas with and 
without resistance losses. A practical formula is 
derived and its accuracy checked by measure-
ments on a balloon-supported antenna. The 
discrepancies between theory and experiment 
can he easily explained. The problem of an-

tenna resonance can be solved by means of the 
accurate formula, but in most cases a simple 
relation can be used. 

621.396.671  3056 
Evaluation of the Gain of a Microwave 

Radiating System—F. Bosinelli. (Ricerca Sci., 
vol. 18, pp. 1009-1015; August and September, 
1948.) For an antenna with a parabolic re-
flector the gain G is given approximately by the 
formula G=4r/e/A2/2, where /1 and 12 are in-
tegrals involving the field distribution over the 
aperture of the reflector. Particular distribu-
tions are considered and a curve is given show-
ing the diminution in gain for parabolic dis-
tributions more or less accentuated. 

621.396.671  3057 
Gain of Aerial Systems —D. A. Bell. (Wire-

less Eng., vol. 26, pp. 306-312; September, 
1949.) The maximum gain of an antenna of 
given aperture depends on the phase distribu-
tion of the illumination of the aperture. Three 
cases a -e considered, in order of increasing 
gain: (a) uniform-phase radiators (broadside 
arrays and "optical" radiators), (b) radiators, 
with effective phase-shift of r (end-fire anten-
nas of all kinds), and (c) antennas with 
closely-spaced phase reversals (high-gain short 
antennas). See also 302 of February (Wood-
ward and Lawson). 

621.396.677  3058 
Path-Length Microwave Lenses — W. E. 

Kock. (Paoc. I.R-.E., vol. 37, pp. 852-855; 
August, 1949.) Baffle plates extend parallel to 
the magnetic vector, and are suitably tilted or 
bent to force the waves to follow a longer path. 
The plate array is shaped to correspond to a 
convex lens. Advantages over other types of 
metallic lens are: broader-band performance, 
greater simplicity, and less severe tolerances. 
See also 2176 of 1948. 

621.396.677:621.396.93  3059 
Direction-Finding  Site  Errors  at  Very 

High  Frequencies —Hopkins  and  Hom er. 

(See 3145.) 

CIRCUITS AND CIRCUIT ELE MENTS 

621.3.011.2  3060 
Impedance  of  Composite  Conductors — 

(Wireless Eng., vol. 26, pp. 267-275; August, 
1949.) Schelkunoff's theorem for calculating 
this impedance (435 of 1935) is developed to 
derive useful working formulas. The theorem 
can be deduced by an extension of a method 
devised by Howe. Simplifications of the for-
mulas have been made in the case of coaxial 
tubular conductors, where the radii of the con-

ductors are electrically large and the curvature 
may be neglected. 

621.3.016.35  3061 
A New Harmonic Method for Studying the 

Stability of Linear Systems —Demontvignier 
and Lefevre. (See 3127.) 

621.3.087.4:551.510.535  3062 
New Equipment for the Systematic Record-

ing of Ionospheric Echoes —A. Bolle. (Ann. 
Geons., vol. 1, pp. 164 -174; April, 1948.) Circuit 
details and description of apparatus with which 
the band 2.5 to 20 Mc is swept at 3-minute in-
tervals. As in the equipment described by 
Sulzer (2983 of 1946) the v.f.o. controls both 
the frequency of the transmitter and that of 
the heterodyne stage of the receiver, the fre-
quency being varied periodically by means of 
an electric motor driving gearing attached to a 
variable capacitor. Peak pulse power is about 
20 kW at the lower frequencies. 

621.314.2:621.396.611.33/.34  3063 
A Design for Double-Tuned Transformers 

—J. B. Rudd. (Jour. Brit. I.R.E., vol, 9, pp. 
306-316; August, 1949.) The term "trans-
former" is used in the broad sense to include 
networks consisting of a pair of L-C circuits 
with either inductive or capacitive coupling. A 
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method is described of designing such trans-
formers to provide uniform power transmission 
over a given frequency range; the insertion-loss 
curve is then appi oximately symmetrical when 
plotted on a linear frequency scale. The fre-
quency variable used in the design equations 
allows a common representation of both in-
ductively and capacitively coupled trans-
formers. The extent of the uniform-transmis-
sion band and the transformation ratios possi-
ble with various types of coupling are discussed. 
Charts are presented which simplify the design 
procedure. Practical circuits satisfying speci-
fied conditions are given. See also 2177 of 1948 
(Rideout). 

Reprinted from Proc. I.R.E. (Australia), 
vol. 10, January, 1949. 

621.314.3t  3064 
An Analysis of Magnetic Amplifiers with 

Feedback —D. \V. Ver Planck, M. Fishman, 
and D. C. Beaumariage. (PRoc. I.R.E., vol. 
37, pp. 862-866; August, 1949.) Full ,iaper; 
summary noted in 2448 of October 

621.314.3t  •  3065 
The Transductor, D.C. Pre-Saturated Re-

actor, with Special Reference to Transductor 
Control of Rectifiers--U. Lamm. (Ada Polyt. 
(Stockholm), no. 17, 215 pp.; 1948. In English.) 
Fundamental principles are outlined and vari-
ous methods of using transductors for regula-
tion and control purposes are described. 
Similarity laws for the practical design of a 
series of transductors from measured values 
for one unit of the series are derived. A theory 
of transductor-controlled multiphase rectifiers 
is developed. Static and dynamic conditions 
are treated and general equations for rapid 
calculation of transductor-regulator parame-
ters are derived. Experimental results confirm 
the theory. 

621.316.313  3066 
Electrical Network Analyzers for the Solu-

tion  of  Electromagnetic  Field  Problems: 
Parts 1 and 2—K. Spangenberg, G. Walters, 
and F. Schotts. (PRoc. I.R.E., vol. 37, pp. 724-
729 and 866-872; July and August, 1949.) 
1948 IRE Convention paper noted in 2475 of 
1948. Discussion of the design and construction 
of two analyzers for solving the wave equation 
in two-dimensional axially-symmetric cylindri-
cal co-ordinates and in rectangular co-or-
dinates. The use of these analyzers is also 
considered for determining various modes of 
concentric lines, waveguides and resonators, 
field-strength distributions, resonant frequen-
cies of cavities, etc. 

621.316.8 : 621.396.822  3067 
Noise from  Current-Carrying Resistors 

20 to 500 kc/s —R. II. Campbell, Jr., and R. A. 
Chipman. (PRoc. I.R.E., vol. 37, pp. 938-
942; August, 1949.) The dc noise voltage for 
some resistors has fluctuations much larger 
than those characteristic of thermal noise. This 
effect was investigated experimentally for solid 
carbon-composition, metallized palladium film, 
and pyrolitic-carbon resistors, for resistances 
from 1 to 30 Ic11 and currents from 1 to 10 mA. 
The fluctuations are large when current is first 
applied to a resistor, before its resistance 
reaches an equilibrium value at a higher tem-
perature. The effect is thus analogous to the 
Barkhausen magnetization effect, but cannot as 
yet be correlated with other factors. 

621.316.86  3068 
Thermistors —G. Pierry. (Toute la Radio, 

vol. 16, pp. 240-242; September, 1949.) A 
short account of different types, their proper-
ties and uses. 

621.317.35  3069 
On Some Properties of Signals with Lim-

ited Spectra —J. Oswald. (Compt. Rend. Acad. 
Sci. (Paris), vol. 229, pp. 21-22; July 4, 1949.) 
Every signal function z(t) whose corresponding 
Fourier function X(J) is zero outside a finite 

interval (—A, A) can be developed in a series 
of orthogonal functions. The equidistant or-
dinates x completely determine such a sig-
nal; they are the components of a vector of 
the Hilbert subspace defined by the segment 

in the space (f) derived from the 
space (1) by the Fourier unitary transforma-
tion. All the parameters of the signal x(1) can 
be expressed in terms of the coefficients x,, and 
all the transformations of x(t) by linear opera-
tors can be studied equally well by means of 
these coefficieiits. Examples are given. 

621.318.572  3070 
New Design for a Secondary-Emission 

Trigger Tube--C. F. Miller and W. S. McLean. 
(PRoc. IR E., vol. 37, pp. 952- 954; August, 
1949.) 1948 IRE National Convention paper. A 
triode input section produces a primary elec-
tron beam which impinges on a dynode to pro-
duce secondary electrons. These are collected 
by two different output elements which may 
be used separately or as a unit. A dynode sur-
face having long life and stability is described. 
Suggested applications include its use as a 
relaxation oscillator, multivibrator, pulse in-
verter, triangular-wave generator, and dyna-
tron. See also 1567 of 1942 tikellett). 

621.318.572  3071 
Admittance of the 1B25 Microwave Switch-

ing Tube —R. W. Engstrom and A. R. Moore. 
(Patic. I.R.E., vol. 37, pp. 879 881; August, 
1949.) 

621.319.4:621.315.614  3072 
Paper Capacitors using Chlorinated Liquid 

Impregnants --C. G. Farley. (PRoc. I.R.E. 
(Australia), vol. 9, pp. 13-17; July, 1948. 
Discussion, pp. 17-18.) Trends in the develop-
ment and use of synthetic impregnants are 
discussed, the characteristics of chlorinated 
naphthalene, chlorinated diphenyl, and nat-
ural impregriating compounds such as castor 
oil are compared, and the physical and electri-
cal properties of capacitors impregnated with 
pentachlorodiphenyl are tabulated and dis-
cussed. 

621.392  3073 
Bridged Reactance-Resistance Networks — 

G. R. Harris. (PRoc. I.R.E., vol. 37, pp. 882-
887; August, 1949.) 6-arm, 6-element R-C 
bridged networks are considered. Six sym-
metrical structures exist having the infinite 
attenuation property of the parallel-T network. 
The duality of certain pairs of these structures 
is demonstrated. 

621.392  3074 
Effective and Circuit Band-Widths — W. J. 

Kessler. (Elec. Eng., vol. 68, p. 590; July, 
1949.) Summary only. The effective band-
width of any network of maximum response A 
is defined as the bandwidth of an equivalent 
network whose response is A throughout the 
transmission band, provided the noise powers 
developed across the output terminals of the 
two networks are equal for the same noise-
signal input. The term "circuit bandwidth" is 
reserved to specify the selectivity or frequency-
discriminating properties of a network. The 
effective bandwidth is equal to the area under 
the squared response curve divided by the 
square of the maximum response. For a single 
elementary L-C network the ratio of effective 
to circuit bandwidth (3-db attenuation) is 
equal to w/2. This ratio approaches 1.07 as 
the number of such elementary circuits in 
cascade increases and approaches unity as the 
response curve approaches a rectangular form. 

621.392  3075 
The Gyrator, a New Circuit Element — 

H. Feigs. (Funk. and Ton., vol. 3, pp. 459-
465; August, 1949.) A shortened version of 
Tellegen's recent work (980 of May and 2745 
of November). 

621.392  3076 
Miller Effect —"Cathode Ray." (Wireless 

World, vol. 55, pp. 307-312; August, 1949.) 
A step-by-step resolution of some of its para-
doxes for resistive and for reactive loads. 

621.392 : 517.433  3077 
Operational Approach to Nonlinear Circuit 

Analysis-- -G. 11. Cohen. (Jour. Frank. In if., 
vol. 247, pp. 573-581; June, 1949.) The opera-
tional method can be extended to nonlinear-
circuit problems by first expanding the expres-
sion for the unknown variable i in a power 
Bel jet] of the driving function e. Each term of 
the series represents a component of the total 
current. Each component is an operational ex-
pression for a linear differential equation in-
volving the current component i, to the first 
power, the impedance Cr corresponding to this 
current component, and the rth power of the 
driving voltage.  The nonlinearity is thus 
shifted from the unknown dependent variable 
i to the known independent variable e, making 
it possible to find and solve the transformed 
equations for each current component. 

621.392.4  3078 
Constant-Phase-Shift  Networks - R.  G. 

Rowlands. (Wireless Eng., vol. 26, pp. 283-
287; September, 1949.) To every phase-shift 
network there corresponds an attenuation neL-
work whose attenuation is directly related to 
the phase shift of the first network. This at-
tenuation network, being easier to design, is 
designed first, and from its parameters those 
of the phase-shift network are deduced. 

621.392.4:621.3.015.3  3079 
The Energy of a Passive Linear Two-

Terminal Network in the Transient Regime — 
NI. Abele. (R. C. A ccad. Naz. Lincei, series 8, 
vol. 1, pp. 1321-1324; December, 1946. In 
Italian. Reprint.) General treatment for the 
case where the applied emf is a periodic func-
tion of time. This is extended to the case of a 
nonperiodic emf of short duration, by consid-
ering it as a single period of a periodic emf. 

621.392.43  3080 
Compact  Antenna-Coupling  Device —S. 

Wald. (Radio and Telev. News, Radio-Electronic 
Eng. Supplement, vol. 12, pp. 7, 30; March, 
1949.) Description, with illustrations, of a 
continuously variable inductor with two inde-
pendent tappings which can be used for an-
tenna tuning and matching over a wide fre-
quency range. 

621.392.5:621.3.015.3  3081 
Transients in the Low-Pass Filter —G. 

Newstead and D. L. H. Gibbings. (Proc. I EE 
(London), part III, vol. 96, pp. 264-268; 
July, 1949.) Formulas for the termination 
current are given and plotted for various im-
pulsive voltage inputs. Limitations of the 
usual approximate treatments .are discussed. 
A solution is obtained for a uniformly dis-
sipative low-pass filter terminated in a re-

sistance of N/(L/C). 

621.392.5:681.142  3082 
Mercury Delay Line  Memory Using a 

Pulse Rate of Several Megacycles [per second] 
—I. L. Auerbach, J. P. Eckert, Jr., R. F. 
Shaw, and C. B. Sheppard. (PRoc. I.R.E., 
vol. 37, pp. 855-861; August, 1949.) The pos-
sible pulse rate has been effectively doubled 
by means of the pulse envelope system of 
representing data. The control of signals at 
high pulse rates has been achieved by means of 
crystal gating circuits. A multichannel memory 
using a single pool of mercury has simplified 
mechanical construction and temperature con-
trol, and has reduced the size. Intelligence can 
be transmitted and received by the memory 
system described at 5X 106 binary digits per 
second. 

621.392.52  3083 
A Valve-Assisted Filter for Audio Fre-

quencies—J. D. Storer. (Jour. Brit. I.R.E. 
vol. 9, pp. 268-275; July, 1949.) The filter 

ri• 
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combines the function of voltage limiting and 
wave filtering, and consists of a flip-flop oscil-
lator which is inoperative until triggered. Its 

. oscillation frequency is controlled by that of Ithe triggering voltage, which is developed 
across a reactive circuit. Characteristics are 
summarized and circuit diagrams illustrating 
the applications of the filter are given. 

- 621.392.52  3084 
RC Filter Networks —A. Sabbatini. (Poste 

e Telecomun., vol. 16, pp. 83-88; March, 1948.) 
Detailed analysis of (a) a bridge-type circuit 
for phase variation due to Scott (1802 of 1938), 
(b) a resonance potential divider due to Wil-
loner  and  Tihelka  ( Hochfrequenziech.  it. 
Elektroakust., vol. 61, p. 48; February, 1944), 
(c) a R-C amplification stage, and (d) R-C 
low-pass and high-pass filters. 

621.392.52:621.395.625.2  3085 
Crossover  Filter  for  Disk  Recording 

Heads —H. E. Roys. (Broadcast News, no. 55, 
pp. 20-23; June, 1949.) 

621.395.665.1  3086 
Contrast Expansion —G. Mitchell and J. 

G. White. (Wireless World, vol. 55, pp. 315-
316; August, 1949.) Comment on 2171 of 
September (Wheeler). 

621.396.611.1  3087 
Iterative Impedance and Resonance Curve 

of Symmetrical Homogeneous Recurrent Cir-
cuit—P. Kalantarov and L. Zeitlin. (Comp:. 
Rend. Acad. Sci. (URSS), vol. 51, pp. 281-284; 
February 10, 1946. In English.) 

621.396.611.1  3088 
On Approximate Integration for Oscillatory 

Systems with One Degree of Freedom —V. V. 
Kazakevitch.  (Comm.  Rend.  Acad.  Sci. 
(1112.SS), vol. 51, pp. 107-110; January 20, 
1946. In French.) A method enabling the 
building-up process, the-form and the period 
of the oscillations of a system to be determined 
for the case where there are no external pertur-
bations. 

621.396.611.1  3089 
Resonance Phenomena in Homogeneous 

Symmetrical Recurrent Circuits —P. L. Kaltin-
tarov and L. A. Zeitlin. (Compt. Rend. Acad. 
Sci. (CRSS), vol. 51, pp. 357-360; February 
20, 1946. In English.) 

621.396.611.1:621.3.015.3  3090 
A Note on the Transient Response of an 

Oscillatory Circuit with Recurrent Discharge — 
A. M. Hardie. (Phil. Meg., vol. 40, pp. 748-
759; July, 1949.) Such circuits were discussed 
by Wilkinson (864 of 1948). The general char-
acteristics and duration of the transient are 
here considered and illustrated graphically. The 
transient response to a voltage step-function 
is calculated. Account is also taken of circuit 
losses. 

621.396.611.4  3091 
Approximate  Integration  of  Maxwell's 

r Equations [for stationary e.m. fields] Inside 
a Cavity Resonator —M. Abele. (Atli Accad. 
Sci. Torino, vols. 81 and 82, pp. 159- 167; 
1945 and 1947. Reprint.) Calculations applied 
in 3823 of 1947. 

621.396.611.4  3092 
Nodal  Planes in a Perturbed  Cavity 

Resonator: Parts 2 and 3—K. F. Niessen. 
(App!. Sci. Res., vol. 131, pp. 251-260 and 
284-298; 1949.) A mathematical paper. The 
resonator considered is rectangular and has 
one movable wall. In part 1 (994 of May) a 
vibration without nodal planes was considered. 
In part 2 a vibration with a single nodal plane 
(a) perpendicular, (b) parallel to the movable 
wall is discussed. Part 3 is concerned with the 
case where the vibration in the unperturbed 
resonator has two nodal planes, one perpendicu-
lar and the other parallel to the movable wall. 

The perturbed field is determined in each case. 
See also 1330 of June. 

621.396.611.4:621.392.26t  3093 
The Analogies between the Vibration of 

Elastic Membranes and the Electromagnetic 
Fields in Guides and Cavities —Cherry. (See 
3040.) 

621.396.615  3094 
Study of the Transmission-Line Oscillator 

with Ordinary Valves —R. de Magondeaux. 
(Radio Franc., nos. 6, 7, and 8, pp. 21-24 and 
13-19; June, July, and August, 1949.) Theory 
of the operation of simple oscillators for wave-
lengths between 4 and 40 cm. Relations be-
tween the various currents and voltages are 
shown graphically, and output efficiency and 
radiated power are considered. Such oscil-
lators are particularly suitable for demonstra-
tion purposes. 

621.396.615:621.317.083.7 3095 
Transistor Oscillator for Telemetering — 

F. W. Lehan. (Electronics, vol. 22, pp. 90-91; 
August, 1949.) An oscillator used for FM of 
the telemetering transmitter. Advantages are 
noted. Variation of frequency with transistor 
temperature is undesirable. Temperature com-
pensation is being investigated. 

621.396.615.029.64:621.316.726  3096 
An Analysis of the Sensing Method of 

Automatic Frequency Control for Microwave 
Oscillators —E. F. Grant. (Paoc. I.R.E., vol. 
37, pp. 943-951; August, 1949.) Circuits using 
a simple cavity resonator for the stable element 
and either FM of the controlled oscillator or 
modulation of the cavity resonance frequency 
are analyzed to obtain effective discriminator 
curves which give a null output for the average 
cavity resonance frequency. The complete 
afc loop gain, the best method of decreasing 
the pulling of the oscillator frequency by the 
cavity, and the pulling of the cavity frequency 
by a variable-susceptance load are discussed. 

621.396.615.17  3097 
Pulsed Stimulator Aids Medical Research 

—L. A. Woodbury, M. Nickerson, and J. W. 
Woodbury. (Electronics, vol. 22, pp. 84-85; 
August,  1949.)  A multivibrator-controlled 
constant-current pulse generator. Pulse dura-
tion, 0.025-1.5 ms. Repetition rate, 0.1-1,000 
pulses per second. Output continuously vari-
able from zero to over 1,000 mA. 

621.396.615.17:621.317.755:621.397.6  3098 
Television Time Base Linearisation —A. W. 

Keen. (Electronic Eng. (London), vol. 21, pp. 
195-198, 223; June, 1949.) Linearity correction 
by the integration method is discussed. A 
simple sawtooth generator consisting of a 
series R-C circuit connected across a source of 
constant dc voltage, with a discharge device 
connected across the capacitor, has an ex-
ponential output when the discharger is in-
operative. An additional R-C circuit can be 
associated with the generator so that a suitable 
proportion of the output of the second circuit 
is added to that of the generator to make the 
resultant essentially linear. Details of practical 
correction circuits are discussed. 
621.396.615.17:621.397.645.001.4  3099 

Video Amplifier Testing —Using a Square-
Wave Generator—T. B. Tomlinson. (Elec-
tronic Eng. (London), vol. 21, pp. 204-208; 
June, 1949.) The square-wave generator de-
scribed is of a conventional type using a multi-
vibrator whose output is clipped by means of a 
tube operating near cut-off. The output of 
the squaring tube is fed into a cathode follower 
to prevent waveform deterioration when work-
ing into a considerable load-capacitance. Modi-
fications of the square wave by the more 
common types of distortion ate shown and 
discussed. 

621.396.615.18  3100 
High-Ratio Multivibrator Frequency-Di-

vider —M. Silver (Radio and Telev.  News, 

Radio-Electronic Eng. Supplement, vol. 13, 
PP. 7-9; 20; July, 1949.) Theory and descrip-
tion of a stable circuit capable of division 
ratios as high as 300:1. Component details are 
furnished of a circuit giving a 15-kc output 
from a 4.5-Mc input; only two 6SN7 double 
triodes are required. 

621.396.645  3101 
High-Quality Amplifier: New Version —D. 

T. N. Williamson. (Wireless World, vol. 55, 
pp. 282-287; August, 1949.) Modifications of 
an earlier model (2715 of 1947) with construc-
tion data and details of the necessary adjust-
ments to give linear response with low har-
monic and intermodulation distortion. The 
impedances for various connections of the 
output transformer secondary are tabulated. 
Negative feedback and the prevention of in-
stability are discussed. 

621.396.645  3102 
Some Aspects of Cathode-Follower Design 

at Radio Frequencies —F. D. Clapp. (Paoc. 
I.R.E., vol. 37, pp. 932-937; August, 1949.) 
Simple design charts, derived by approxima-
tions which are applicable over a wide range of 
frequency and of circuit parameters, for de-
termining at hf the circuit gain, the gain phase 
angle, the input impedance in resistive and 
reactive components, the maximum allowable 
input signal voltage, etc. Various circuit 
changes which reduce or eliminate the un-
desirable effects of the grid/cathode capaci-
tance are discussed. 

621.396.645  3103 
A Wide-Band Amplifier (100 cls to 20 

Mcls) —J.  C.  Plowman.  (Electronic  Eng. 
(London), vol. 21, pp. 338-340; September, 
1949.) A two-stage, filter-coupled amplifier 
with  cathode-follower  output,  giving  an 
over-all gain of 38 db in the frequency range 
100 cps-16 Mc, with a slight falling off at 
higher frequencies. 

621.396.645:621.3.015.3  3104 
Design of Optimum Transient Response 

Amplifiers —P. R. Aigrain and E. M. Williams. 
(Paoc. I.R.E., vol. 37, pp. 873-879; August, 
1949.) The method described is derived from 
operational analysis using Laplace transforms. 
It is based on transient considerations, and 
not derived from steady-state theories. Appli-
cations to video amplifiers, symmetrical band-
pass amplifiers, and unsymmetrical bandpass 
amplifiers with low-level modulation are dis-

cussed. 

621.396.645:621.3.015.3  3105 
Transient Response of Wideband Ampli-

fiers — W. E. Thomson. (Wireless Eng., vol. 26, 
pp. 264-266; August, 1949.) A suitable 2-
terminal load for a wideband amplifier stage 
is the "infinite-order critically-damped load" 
discussed in 671 of 1947. This load gives the 
fastest unit-step response without overshoot. 
Any desired approximation to the compensat-
ing reactance can be obtained by using one of 
a certain series of networks. The second mem-
ber of this series consists of one inductor and 
one capacitor, and gives a result adequate for 
most practical purposes. 

621.396.645:621.396.615.142  3106 
Application of Velocity-Modulation Tubes 

for Reception at U.H.F. and S.H.F. —M. J. 0. 
Strutt and A. van der Ziel. (Paoc. I.R.E., 
vol. 37, pp. 896-900; August, 1949.) Discussion 
on 1890 of 1948. 

621.396.645:621.396.813  3107 
On Criteria for the Permissible Non-

Linear Distortion of Amplifiers -V. F. Schut 
and C. VV. Kosten. (App!. Sci. Res., vol. B1, 
pp. 261-267; 1949.) The sum of the amplitude 
of the second harmonic and twice that of the 
third harmonic appears to be a good criterion. 
For reproduction of moderate quality this sum 
should not exceed 24 per cent of the amplitude 
of the fundamental. 
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621.390.643.029.3:621.3853  3108 
A Low-Noise [audio] Input Tube--Knight 

and Haase. (See 3303). 

621.396.645.029.4/.5  3109 
On the Amplification of the Low Fre-

quencies in Wide-Band Amplifiers —W. Dil-
lenburger. (Funk. und Ton.,vol. 3, pp. 423-428; 
August, 1949.) An extension of the frequency 
band towards the lower frequencies Is made 
possible by a circuit which increases the effec-
tive coupling time-constant between two am-
plifier stages. The effect of the time-constant 
of the cathode circuit can be completely com-
pensated with a suitably designed anode cir-
cuit, so that the frequency characteristic of the 
amplification is determined only by the cou-
pling member for the stage. A design is given in 
which the effect of the filter capacitors of the 
supply unit on the amplitude characteristic at 
low frequencies is reduced, as well as the kipp 
oscillations which may occur with more than 
two stages. 

621.396.645.37.  3110 
Feedback Amplifier Design —H.  Mayr. 

(Wireless Eng., vol. 26, pp. 297-305; Septem-
ber, 1949.) Discussion of design when the 
response curve is pre-selected and has no 
spurious peaks. A simple general equation is 
derived which gives the frequency response 
of the amplifier with feedback, if the response 
of the amplifier without feedback and the 
frequency characteristics of the feedback net-
work are known. The special case of amplifiers 
with up to four stages of resistance-capacitance 
or tuned-circuit coupling, with constant feed-
back and equal center frequencies for all 
stages Is considered; design formulas are given. 

621.396.645.371  3111 
Negative  Feedback  Amplifiers —T.  S. 

McLeod. (Wireless Eng., vol. 96, pp. 312-313; 
September,  1949.)  Comment on  2768 of 
November (Brockelsby). 

621.396.69  3112 
Circuit Techniques for Miniaturization — 

P. G. Sulzer. (Electronics, vol. 22, pp. 98-99; 
August, 1949.) Controlled positive feedback 
between stages can often be used to avoid the 
necessity for bulky circuit components, such 
as cathode and screen by-pass capacitots and 
video-amplifier compensating inductors, with 
corresponding reduction in both size and cost. 

621.397.62  3113 
Transit-Time Effects in Television Front-

End Design —H. M. Watts. (Electronics, vol. 
22, pp. 158, 170; August, 1949.) The effect of 
transit-time is to add about 4 to the noise 
figure near the frequency where the transit-
time loading conductance equals the desired 
input conductance. Transit-time effects tend 
to level out the differences between various 
circuit combinations, so that as the frequency 
increases, the reduction of noise from sources 
other than transit-time decreases in importance 

621.397.645  3114 
Television  Stabilizing  Amplifier —J.  L. 

Schultz. (Radio and  Telev.  News, Radio-
Electronic Eng., Supplement, vol. 12, pp. 12-15, 
28; May, 1949.) Full circuit details and special 
features of a unit which can be used in the 
studio or at the transmitter as a picture-line 
amplifier, or as a program amplifier for a line 
or radio link. 

621.396.69  3115 
Components Handbook [Book Reviewl — 

J. F. Blackburn (Ed.). Publishers: McGraw-
Hill Book Co., New York, 1949. 626 pp., 
$8.00. (Electronics, vol. 22, pp. 212, 214; 
August, 1949.) Vol. 17 of the M.I.T. Radiation 
Laboratory series. Only components developed 
by or under the sponsorship of the Radiation 
Laboratory or of primary importance in its 
work are covered thoroughly, and several im-
portant classes of these components have been 

left out. Most of the data Included have not 
been published before. 

GENERAL PHYSICS 

535.3  .3116 
Quantitative Evidence for Boundary-Layer 

Waves in Optics —H. Maecker. (Ann. Phys. 
(Lyz.), vol. 4, pp. 409-431; June 25, 1949.) 
The existence of such waves is established. 
Experimental results are In good agreement 
with Ott's theory (18 of 1943 and 3117 below). 
The connection between optical boundary-
layer radiation and the ray shift in total re-
flection described by Gooe and  liAnchen 
(ibid., vol. I, p. 333; 1947.) is examined. 

535.3  3117 
On the Reflection of Spherical Waves —II. 

Ott. (Ann. Phys. (Lpz.), vol. 4, pp. 432-440; 
June 25, 1949.) Previous calculations for the 
Schmidt "head wave" [Kopfwellel for the 
vertical dipole (18 of 1943) are extended to 
dipoles with any direction whatever. See also 
3116 above. 

535.42  3118 
On the Theory of Diffraction — W. Franz. 

(Z. Phys., vol. 125, pp. 563-596; March 15, 
1949.) An approximation method is given for 
the solution of acoustical and optical diffraction 
problems, which includes Kirchhoff's diffrac-
tion theory as a special case of the first approx-
imation. While Kirchhoff's method is concerned 
only with diffraction at a black screen, with the 
present method reflection and refraction can 
also be treated and its application is not 
limited to short wavelengths. The first and 
second approximations are applied to the case 
of the semi-infinite plane and the higher 
approximations to that of the small sphere. 

535.42  3119 
An Asymptotic Treatment of Diffraction 

Problems —N. G. van Kampen. (Physica's 
Gras., vol. 14, pp. 575-589; January, 1949. In 
English, with French summary.) An asymp-
totic development of Kirchhoff's integral for 
X—.0 is given. The first term corresponds to 
geometrical optics, and includes intensity and 
phase. The other terms are the corrections for 
diffraction. The diffraction at the edge of the 
opening is treated quasi-geometrically. The 
theory is applied to optical systems, and the 
third-order aberration constants are calculated. 

537.291+538.6911:537.525.92  3120 
Electron Flow in Curved Paths under 

Space-Charge Conditions —B. Meltzer. (Proc. 
Phys. Soc. (London), vol. 62, pp. 431-437; 
July 1, 1949.) A general, synthetic method of 
obtaining rigorous solutions of steady electron 
flow subject to space-charge forces is presented. 
The solutions are not obtained for given 
boundary conditions, but the boundary con-
ditions are deduced from the solutions. Two 
examples of such solutions, involving strongly 
curved two-dimensional electron trajectories, 
are given; the method is in principle capable of 
giving the solutions of all possible electron flow 
patterns in three dimensions except perhaps 
those involving intercrossing trajectories. It is 
suggested that the subject offers scope for 
applied mathematical research at least on the 
same scale as potential theory. 

537.311.4  3121 
Contact Resistance and Its Variation with 

Current —S. Rudeforth. (P. 0. Elec. Eng. Jour., 
vol. 42, pp. 65-69; July, 1949.) Empirical 
relationships have been derived for the non-
linear  resistance/current  characteristics  of 
specified contacts. 

537.523.4  3122 
Calculation of Spark Breakdown Voltages 

in Air at Atmospheric Pressure —A. Pedersen. 
(Appl. Sci. Res., vol. 51. pp. 299-305; 1949.) 
Discussion of a new semi-empirical criterion 
for breakdown, which depends on the ion 
density. 

• 

538.3  3123 
The Experimental Basis of Electromag-

netism: Parts 3 and 4—N. R. Campbell and 
L. Hartshorn. (I'roc. Phys. Soc. (London), vol. 
62, pp. 422-429 and 429-444; July I, 1949. Dis-
cussion, pp. 444-445.) The principles outlined 
In previous parts (3091 of 1947 and 1909 of 
1948) dealing with the dc circuit and electro-
etatics are here applied to magnetism to show 
how the basic concepts are defined in terms of 
the operations performed in measuring them. 
The vector 11 is established as measurable 
everywhere, even within solid bodies. The vec-
tor II and the scalar At B/H are shown to be 
measurable in special circumstances by means 
of the magnetometer and permeameter, but in 
general their values depend on a hypothesis, 
which is stated. The significant facts concern-
ing the magnetic properties of real materials are 
briefly reviewed. 

538.566  3124 
Diffraction of Electromagnetic Waves by a 

Perfectly Conducting  Plane Screen —J. P. 
‘'asseur. (Compt. Rend. Acad. Sci. (Paris), 
vol. 229, pp. 179-181; July 18, 1949.) Copson, 
in his treatment of the problem, omitted from 
his equations a curvilinear integral which, 
though zero in the examples he considered, may 
be important in other cases. The correct solu-
tion is here given, the formulation of the equa-
tions being analogous to that of Bettie (706 of 
1945). 

538.569.4.029.64  3125 
Microwave  Spectroscopy — W.  Gordy. 

(Rev. Mod.  Phys., vol. 20,  pp. 668-717; 
October, 1948.) General discussion of instru-
ments, experimental methods, spectra of gases, 
vapors, liquids and solids, and applications. 

538.569.4.029.64+537.226.21:546.212  3126 
Electrical Properties of Water —J. A. Sax-

ton. (Wireless Eng., vol. 26, pp. 288-292; 
September, 1949.) Anomalous dispersion oc-
curs mainly between the frequencies of 103 and 
103 Mc. Over this interval the permittivity of 
water falls from 80 to 5.5. The ionic conduc-
tivity of fresh water is important only at 
frequencies below 101 Mc, and that of sea 
water at frequencies below 2X 103 Mc. The 
effect of anomalous dispersion on the reflection 
coefficient of fresh water surfaces is considered 
See also 1912-1915 of 1948. 

621.3.016.35  3127 
A New Harmonic Method for Studying the 

Stability of Linear Systems —M. Demontvig-
nier and P. Lefevre. (Rev. Gen. Elec.. vol. 58, 
pp. 263-279; July, 1949.) The mathematical 
basis and the physical significance of the usual 
harmonic methods are reviewed and Nyquist's 
criterion of stability is generalized. The prin-
ciples are explained of a new method, of very 
general application, which can be applied to 
any linear system, starting from its generalized 
phase diagram. Several abacs are given which 
enable the phase and amplitude diagrams to 
be traced quickly. The method is applied to the 
theory of the stability of servomechanisms. 
See also 1568 of 1948 (Rocard) and back 
references, for which the above U.D.C. would 
have been preferable. 

GEOPHYSICAL AND EXTRATERRESTRIAL 
PHENO MENA 

521.15:538.12  3128 
Theory of the Relations between Gravita-

tion and Electromagnetism and Their Astro-
physical and  Geophysical Applications —A. 
Giao. (Jour. Phys. Radium, vol. 10, pp. 240-
249; July and September, 1949.) Application to 
space-time of Codazzi's equations for a hyper-
surface leads to fundamental relations between 
gravitation and electromagnetism, when the 
external metric tensor of space-time is inter-
preted as a tensor of the em field. This inter-
pretation is a consequence of the fundamentals 
of the author's unitary theory, according wo 
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's which all the em properties of the universe are 
Iescribed, directly or indirectly, by the ex-
:ernal metric tensor of space-time. 
Application of general formulas to the 

aarticular case of a sphere in rotation without 
)ermanent magnetization gives an important 
-elation between the magnetic moment and 
;he moment of inertia, and proves that the 
general magnetism of large rotating bodies, 
such as the stars, is a fundamental consequence 
)f their rotation. Formulas are obtained for the 

' gm field of a sphere in rotation which explain 
• :he general magnetic field of the earth both 
gxternal to the surface and underneath it. The 

4 i4;ame formulas can also be applied to the 
3ermanent and periodic magnetism of stars. 
Thdazzi's equations lead to a relation between 
gravitation and the es field which serves to 
:xplain both the mean es field of the earth and 
he maintenance of its charge. See also 1023, 
1634, and 2776 of 1948. 

523.72.029.63"1949.05.08": 523.75  3129 
Exceptional Solar Radio Emission during 

3th May 1949 —M. Laffineur and R. Servajean. 
'Comm. Rend. Acad. Sci. (Paris), vol. 229, pp. 
110-112; July 11, 1949.) Records of solar 
-adiation on a wavelength of 54.5 cm, obtained 
:owa rd s sunset  at  Meudon  observatory, 
4howed large variations of intensity, which at 
times exceeded 5 times that of the quiet sun. 
Simultaneous spectrohelioscope observations 
revealed an intense solar eruption. 
An increase in the number of atmospherics 

MI a wavelength of 11,500 m was recorded at 
the same time at Bagneux, Bordeaux, Poitiers, 
aid Rabat. A fade-out of the sw transmissions 
from Leipzig on 9.732 Mc and from W WV 
;Washington) on 15 Mc was noted at Bag-
neux. 
A very small crochet in the record of the 

vertical component of the earth's magnetic 
field was noted at Chambon-la-Foret observa-
tory. This crochet coincided with a 10-second 
jump of 54.5-cm intensity to 4.7 times that of 
the quiet sun. 
Phenomena probably associated with this 

solar activity were (a) a lowering of the critical 
frequency at 0400 on May 11, which was the 
start of a perturbation of the height of the 
ionized layers, particularly the F2 layer, which 
reached an abnormal height between 0600 and 
1)711n on May 13; (b) a sudden drop in the value 
of the horizontal component of the earth's 

. magnetic field at 0200 on May 11, and a violent 
magnetic storm on May 12 and 13. 

550.383  3130 
The Magnetic Field within the Earth 

E. C. Bullard. ( Proc. Roy. .Soc. A, vol. 197, pp. 
43.3-453; July 7, 1949.) A discussion on the 
magnetic effects of motion in the earth's core. 
Tidal friction, fluctuations in the rate of rota-
tion, nutation, and the variation of latitude 
have negligible magnetic effects. Radioac-
tivity of core material will greatly affect the 
internal field as a result of thermal convection. 
This field is larger and more complex than was 
. previously believed and its existence confirms 
ft he induction theory of the origin of the secular 
. variation. See  381 of March. 

551.510.535  3131 
The Ionosphere over Mid-Germany in 

June  1949 --I )ieminger. (Fernmeldelech. Z., 
vol. 2, p. 244; August, 1949.) Continuation of 
2792 of November. A whole series of weak and 
medium disturbances of the F2 layer were ob-
served during the month. 

551.510.535  3132 
Ionospheric Virtual Height Measurements 

at 100 kc/s —R. A. Helliwell. (Pitoc. I.R.E., 
vol. 37, pp. 887-894; August, 1949.) A simple 
thigh-power sounding equipment is described. 
Results of intermittent night-time measure-
ments of virtual height at vertical incidence are 
discussed. The virtual height varied between 
84 km and as much as 106 km. At night the 
reflecting layer appears to consist of ionized 

clouds, in contrast to the more uniform ioniza-
tion of the regular layers which affect hf 
waves. A rotation of the polarization of the 
reflected signal relative to that of the trans-
mitted signal was observed. 

551.510.535: 525.624:550.384.4  3133 
Lunar Oscillations in the D-Layer of the 

Ionosphere —E. V. Appleton and W. J. G. 
Beynon. (Nature (London), vol. 164, p. 308; 
August 20, 1949.) The daily measurements of 
ionospheric absorption made at Slough during 
the period 1943-1948, using a frequency of 2 
Mc, indicate a lunar oscillation in D-layer 
absorption. If the D-layer electrons move up 
and down between levels of different electron 
collision frequency, the oscillation would be 
almost exactly out of phase with that known to 
exist in the higher E layer. 

551.510.535:621.3.087.4  3134 
New Equipment for the Systematic Re-

cording of Ionospheric Echoes --Rolle. (See 
3062.) 

551.510.535:621.396.11  3135 
Correlation of Sporadic E Region Ionization 

over Short Distances and Comparison with 
..Magnetic Disturbances —V. B. Gerard. (N.Z. 
Jour. Sci. Tech., vol. 30, pp. 27-37; July, 1948.) 
Simultaneous observations of sporadic-E ioni-
zation were made at points separated by dis-
tances up to 40 km, using two fixed stations and 
portable recording equipment. An approxi-
mately linear relationship was found between 
the correlation coefficient of simultaneous 
sporadic-E critical frequencies at two points, 
and the distance between the points. A method 
of calculating the muf for sporadic-E com-
munication over distances up to 100 km is 
outlined. One observation suggests that a 
particular sporadic-E cloud had a diameter of 
540 km and a velocity of 270 km per hour. No 
relationship between sporadic-E changes and 
changes in the earth's magnetic field could be 
detected. See also 3117 of 1948 (Ferrell) and 
3410 of 1948 (Revirieux: Lejay). 

551.524.4  3136 
The Vertical Temperature Gradient in the 

Lower Atmosphere under Daylight Conditions 
G. NV. C. Tait. (Quart. Jour. R. Met. Soc., 

vol. 75, pp. 287-292; July, 1949.) An empirical 
relationship is derived for the first 10-20 m of 
the atmosphere, in terms of the position of the 
sun and cloud cover. This relationship is inde-
pendent of wind speed, and applies to reason-
ably level surfaces of soil or short vegetation 
during daylight, but does not apply to open 
water surfaces. 

551.524.7  3137 
The Thermal Equilibrium at the Tropo-

pause and the Temperature of the Lower 
Stratosphere--it. M. Goody. (Proc. Roy. Soc. 
A, vol. 197, pp. 487-505; July 7, 1949.) Con-
tinuity of temperature at the tropopause is a 
necessary condition for stable transition from 
a state of convective equilibrium to one of 
radiative equilibrium. 

551.594  3138 
On the Fundamental Problem of At-

mospheric Electricity —T. Schlomka. (Z. Phys., 
vol. 125, pp. 733-738; March 5, 1949.) It is 
shown that Michel's theory (2086 of 1941) is 
untenable, since it is based on an erroneous 
assumption. The maintenance of the earth's 
negative charge requires a process continuously 
supplying a negative charge to the earth's 
surface. This, however, is not the case for 
unipolar induction with a rotating earth, which 
can only produce a static charge distribution in 
the atmosphere and within the earth. 

551.594.5  3139 
Auroral Radiation in the 3000-Mc/s Region 
I'. A. Forsyth, W. Petrie, and B. W. Currie. 

( Nature (London), vol. 164, p. 453; September 
10. 1949.) Short pulses of radiation were ob-

served on the indicator of a 3,000-Mc radar 
during an auroral display even when the trans-
mitter was off. These pulses arrived in a random 
manner, in bursts lasting a small fraction of a 
second. Individual pulses lasted 1-5 Ms. See 
also 2522 of October (Petrie, Forsyth, and 
McConechy). 

LOCATION AND AIDS TO 
NAVIGATION 

621.396.9  3140 
A Forward-Transmission  Echo-Ranging 

System —D. B. Ilarris. (PRoc. I.R.E., vol. 37, 
pp. 767-770; July, 1949.) 1949 IRE Conven-
tion paper noted in 1672 of June (No. 92). A 
proposed system with p.p.i. display for detect-
ing targets such as atmospheric irregularities, 
which have a low reflection coefficient except 
at grazing incidence. Transmitter and receiver 
are about 100 miles apart. Microwave pulses 
lasting about 0.01 As are required. 

621.396.93  3141 
V.H.F. Direction Finder for Light Planes — 

G. Wennerberg. (Electronics, vol. 22, pp. 118, 
140; August, 1949.) This omni-range system 
provides azimuth information directly in de-
grees for an aircraft in any position within the 
line-of-sight range of the transmitting station. 
The frequency used is within the band 108 to 
132 Mc and the system has a useful working 
range of 50 to 100 miles. The basic principle is 
the same as that of the German Sonne system; 
navigational information is supplied as the 
time difference at the receiving point between 
a nondirectional signal and one transmitted on 
a rotating beam from the same transmitter. 

621.396.93  3142 
The Relative Merits of Presentation of 

Bearings by Aural-Null and Twin-Channel 
Cathode-Ray Direction-Finders—S. de NN'alden 
and J. C. Swallow. (Proc. I EE (London), part 
III, vol. 96, pp. 307-320; July, 1949.) The 
visual method of bearing display is shown to be 
superior in nearly all respects except for its 
relative ineffectiveness at very low signal-to-
noise ratios. 

621.396.93  3143 
The Specification and Measurement of 

Polarization Errors in Adcock-Type Direction 
Finders — W. Ross. (Proc.  I EE (London), 
part III, vol. 96, pp. 269-277; July, 1949.) 
For instruments erected not more than about 
A/4 above the ground, the "standard wave er-
ror" is the best specification of polarization 
error, while the "pick up ratio" for wanted and 
unwanted fields is appropriate for more elevated 
systems. The method of test using a nearby 
elevated transmitter is described in detail; in 
the frequency range 3 to 30 Mc a loop up to 
about 1.6 m in diameter at a distance of not 
less than 100 m may be used. For frequencies 
below 3 Mc the "local-injection" method of 
test may be more practicable. The perform-
ance of a direction finder is very dependent on 
the electrical properties of the site. 

621.396.93 : 621.396.11  3144 
Scattering of Radio Waves by Metal Wires 

and Sheets —Horner. (See 3237.) 

621.396.93:621.396.677  3145 
Direction-Finding Site Errors at Very 

High Frequencies —H. G. Hopkins and F. 
Horner. (Proc. I EE (London), part III, vol. 
96, pp. 321-332; July, 1949. Discussion, pp. 
340-345.) Theoretical and practical investiga-
tions are described, concerned mainly with 
Adcock-type direction finders. The variation 
in error with the position of various types of 
reflecting obstacle is examined and the use of 
error charts for locating such sources of error 
on a site is described. Of several practical 
methods suggested for locating the obstacles, 
two have been used with success, namely the 
vat iation of the azimuth or of the frequency of 
the transmitter. Methods of suppressing un-
wanted reflections are considered. A criterion 
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Is suggested to express the susceptibility of a 
direction finder to site error, and is applied to 
well-known instrumental types. 

621.396.932  3146 
The Design and Characteristics of Marine 

Radar Equipment-- A. I.evin and A. C. D. 
Haley. (Jour. Brit. I.R.E., vol. 9, pp. 202-
219; June, 1949.) Discussion of the use of 
radar for coastal navigation and collision 
warning.  Information made available by 
radar is compared with that available visu-
ally. The p.p.i. display is almost always used. 
The effect of meteorological phenomena on t he 
choice of wavelength, and the limitations im-
posed by vessel size and the space available for 
the installation are considered. Experimental 
procedure for determining the main constants 
of the radar equipment is described, and typi-
cal results are discussed and illustrated. 

621.396.933+629.139.83  3147 
What We Learned from the Berlin Air-

lift —M. A. Chaffee and R. B. Corby. (Elec-
tronics, vol. 22, pp. 78-83; August, 1949.) The 
control of the aircraft was achieved by means 
of a combination of conventional radio ranges 
and homing beacons with appropriate air-
borne range receivers, long-range surveillance 
radar, precision landing-approach radar and 
vhf voice-communication equipment.  The 
radar system used was the American CPS-5, 
with a range of more than 100 miles, capable 
of high accuracy and incorporating moving-
target indication. The technique of video-
mapping was also used. 

621.396.933  3148 
The Course-Line Computer for Radio 

Navigation of Aircraft —F. J. Gross. (Paoc. 
I.R.E., vol. 37, pp. 830-834; July, 1949.) 1948 
IRE Convention paper noted in 2524 of 1948. 
The range and bearing of an aircraft from a 
vhf omnirange station are converted into 
distance from destination and lateral devia-
tion from a selected course. Circular courses 
may also be flown with the range station at the 
center 

621.396.933  3149 
Modern Air and Ground Instrumentation 

in America's Air Navigation Program —D. W. 
Rentzel. (Instruments, vol. 22, pp. 492-493, 
542; June, 1949.) The omni-range system pro-
vides a visual indication of the bearing of the 
aircraft from a fixed station. Associated dis-
tance-measuring equipment at the station and 
a lightweight airborne "course-line computer" 
enable the pilot to fly a straight course be-
tween any two selected points. Two landing 
aids —Instrument Landing System and Pre-
cision Beam Radar —are briefly discussed. 
For another account see 2236 of September 
(Sandretto). 

621.396.9  3150 
Principles and Practice of Radar !Book 

Revievd —H.  E.  Penrose.  Publishers:  G. 
Newnes, London, 42s. (Engineer (London), 
vol. 188, p. 71; July 15, 1949.) " ... a book 
for practical men rather than for theorists 
. . . deserves a place on any radio engineer's 
shelves." 

621.396.9  3151 
A Textbook of Radar [Book Reviewl — 

Staff of the Radiophysics Laboratory, Council 
for Scientific and Industrial Research, Au-
stralia.  Publishers:  Chapman  and  Hall, 
London, 1948, 579 pp., 50s. (Proc. Phys. Soc., 
vol. 62, pp. 465-466; July 1, 1949.) The work 
of the wartime radiophysics team in Australia. 
The whole field is covered in 20 chapters by 21 
contributors. The editing has been well done 
and in consequence there are few obscurities 
and few definite mistakes. It should be of 
value to any serious student of radio. 

621.396.9  3152 
Microwaves and Radar Electronics (Book 

Reviewl--E. C. Pollard and T. N. Sturtevant 

Publishers: J. Wiley and Sons, New York, 1948, 
414 pp., $5.00; Chapman and Hall, London, 
30s. (Pitoc. IR E., vol. 37, p. 785; July, 1949. 
Wireless Eng., vol. 26, p. 313; September, 
1949.) The book presents to the engineer, who 
has had little or no experience with micro-
waves, the fundamental and practical aspects 
of microwave and radar engineering. Only a 
working knowledge of physics, calculus, and 
tube theory and practice is assumed. 

621.396.9  3153 
The War History of the Radio Branch 

'Book  Noticel —Publishers:  National  Re-
search Council of Canada, Ottawa, Report 
No. ERA-141, 131 pp. An account of Ca-
nadian radar research up to the end of 1945 

MATERIALS AND SUBSIDIARY 
TECHNIQUES  • 

533.56  3154 
Design Calculations for Molecular Vacuum 

Pumps —R. Rich. (Schweiz. Arch. Angew. 
Wiss. Tech., vol. 14, pp. 279 285; September, 
1948.) 

535.37  3155 
On the Quenching of the Luminescence of 

Certain ZnS-Cu and CaS-Bi Phosphors —F. 
Bandow. (Ann. Phys. (Lpz.), vol. 1, pp 399 - 
404; October 1, 1947.) 

535.37  3156 
Decay and Quenching of Fluorescence in 

Willemite —F. A. Kroger and W. Hoogen-
st rim ten. ( Physic& s Gray., vol. 14, pp. 425 - 
441; September, 1948. In English.) 

535.37  3157 
The Influence of Temperature Quenching 

on the Decay of Fluorescence —F. A. Kroger, 
W. Hoogenstraaten, M. Bottenm, and 1'. P. J. 
Botden. (Physica,'s Gray., vol. 14, pp. 81-96; 
April, 1948. la English.) Temperature quench-
ing increases the rate of decay considerably. 
The probabilities of fluorescence transition 
and of radiationless transition are determined 
separately as functions of temperature; these 
two probabilities determine both the efficiency 
of fluorescence and the decay. Results favor 
the theory of Mott and Seitz for the raclia-
tionless process. 

535.371.07:621.385.832  3158 
The  Physics  of  Cathode  Ray  Tube 

Screens —G. F. J. Garlick. (Electronic Eng. 
(London), vol. 21, pp. 287-291; August, 
1949.) Discussion of the characteristics of 
screen materials, and of the mechanism of 
processes involved in screen luminescence. 

538.22  3159 
Magnetic Properties of Ferrites; Ferri-

magnetism  and  Antiferromagnetism —L. 
Neel. (Ann. Phys. (Paris), vol. 3, pp. 137-
198; March and April, 1948.) Comprehensive 
discussion, with detailed theory and com-
parison with experimental results. 

538.22  3160 
Dispersion and Absorption in Magnetic 

Ferrites at Frequencies above One Mc/s. — 
J. L. Snoek. (Physica,'s Gray., vol. 14, pp. 
207 -217; May, 1948.) The contribution of 
the Bloch boundaries to magnetization is 
neglected at frequencies above 1 Mc. For 
pure and unstrained polycrystalline aggre-
gates of cubic crystals, the critical frequency 
too and the initial susceptibility x satisfy the 
equation 

orox=3/2!gi.11 
where g=e/mc= 1.76X 10", Af is the maknetic 
moment per cm', and the damping is assumed 
small. Internal stresses tend to increase the 
losses at lower frequencies. 

538.221  3161 
Tentative Theory of the Magnetic Proper-

ties of Rhombohedric Sesquioxide of Iron —L. 
Neel. (Ann. Phys. (Paris), vol. 4, pp. 249-
268; May and June, 1949.) 

538.6  3162 
Systematic Relations Existing between the 

Properties of Solid Materials —C. Zwikker. 
Physica,'s Gras., vol. 14, pp. 35-47; January, 
1948. In English.) Volume changes due to 
electrostriction, magnetostriction, or Barrett 
effect are discussed. Four independent rela-
tions are found between the following eight 
quantities: Hall effect, Seebeck effect, Nernst 
effect,  Peltier effect, Ettingliausen effect, 
Leduc- Rigid effect, electric resistivity, and 
thermal resistivity. 

538.652  3163 
Longitudinal Magnetostriction of the Fer-

rites of Nickel and Magnesium —R. Vautier. 
(Comm. Rend. Acad. Sci. (Paris), vol. 229, pp. 
177-179; July 18, 1949.) The ferrite° investi-
gated all contained 50 per cent Fe2O3, with 
either NiO or MgO in proportions up to 50 
per cent, the remainder being ZnO. Results 
are shown graphically. 

546.212-16:621.317.335.31 3 164 
The Electrical Behaviour of Ice —F. X. 

Eder. (Ann. Phys. (Lpz.), vol. 1, pp. 381-398; 
October 1, 1947.) See 1077 of 1948. 

548.0:537.228.1  3165 
Piezoelectric Resonator of Ethylene Di-

amine Tartrate with Zero Temperature Co-
efficient of Frequency —R. Bechmann. (Na-
ture (London), vol. 164, pp. 190-191; July 30, 
1949.) For the contour shear mode in square 
plates with two sides parallel to the y axis 
and with the normal in the xz plane, the tem-
perature coefficient of frequency is zero when 
0, the angle between the normal and the x 
axis, is 17° or 770. 

621.315.5/.6+669  3106 
The Development of New Materials —F. 

E. Robinson. (Marconi Rev., vol. 12, pp. 108-
116; July and September, 1949.) Discussion of 
metals, alloys, and insulating materials de-
veloped during the war and only recently re-
leased to industry. 

621.315.5/.6  3167 
Materials Section —(Electronics Buyers' 

Guide Issue, vol. 22, pp. MI-M32; June, 
1949.) Electrical, mechanical, and other sig-
nificant characteristics of various materials 
used by the electronic industry are tabulated 
Some of the tables are new; others are revised 
forms of tables such as those noted in 3131, 
3133, 3142, 3146, 3150, and 3152 of 1948. 

621.315.59:546.281.26  3168 
The Structure and Electrical Properties of 

Surfaces of Semiconductors: Part 1—Silicon 
Carbide —T. K. Jones, R. A. Scott, and R. W. 
Sillars. (Proc. Phys. Soc., vol 62, pp. 333 
343; June I, 1949.) 

621.315.59:621.3.011.2  310v 
The Temperature Dependence of the Re-

sistance of Semiconductors —J. II. Gisolf. 
(Ann. Phys. (1..pz.), vol. 1, pp. 3-26; January 
3, 1947.) 

621.318.22  3170 
Permanent Magnets and the Electrical 

Industry —A. Edwards. (Electrician, vol. 142, 
pp. 1567-1571; May 20, 1949.) The magnetic 
energy of an Alcomax-I I I magnet is nearly 20 
times that of the best magnet of equal size 
available 30 years ago. Corresponding ad-
vances in stability have also taken place. The 
properties and treatment of Alcomax and 
other materials are discussed, and the magnet 
shapes required for various applications are 
considered. 

621.318.42:538.213  3171 
A Method, Based on the Gaas Function, 

for Calculating the Effective Permeability of 
Premagnetized  Choke  Cores —A. Weis 
(Funk. and Ton., vol. 3, pp. 438-448; August, 
1949.) Calculation from the B/H curve gives 
values for the effective permeability which are 
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much too high. The method here described 
gives results in good agreement with measured 
values for air-gap chokes. 

621.775.7  3172 
Methods of Iron Powder Manufacture and 

Their Influence on Powder Properties —H. 
Bernstorff. (Metal Treat., vol. 16, pp. 93-102; 
Summer, 1949.) A review of various German 
methods, including grinding, atomization, 
chemical reduction, and electrolysis. The in-
fluence of particle size and shape (shown in 
micrographs) on some of the physical proper-
ties of the finished product is discussed. 

669.018:621.3.011.2  3173 
Pressure and Temperature Coefficients of 

the Electrical Resistance of Certain Alloys — 
H. Ebert and J. Gielessen. (Ann. Phys. (Lpz.), 
vol. 1, pp. 229-240; May 22, 1947.) The re-
sults of measurements on a large number of 
alloys, including invar, thermostan, constan-
tan, manganin, and series of Ag/Mn, Au/Mn, 
and Cu/Cr alloys, are presented graphically. 
The greatest pressure coefficient noted was 
3.7X10-4  per atmosphere for a Ag/Mn alloy 
with about 15 per cent (by weight) of Mn. 
The results indicate a relation between the 
two coefficients for a series of alloys, the 
pressure coefficient decreasing with increasing 
temperature coefficient. 

533.5  3174 
Scientific Foundations of Vacuum Tech-

nique —[Book Reviewl —S. Dushman. Pub-
lishers: J. Wiley and Sons, New York, 1949, 
882 pp., $15.00. (Rev. Sci. Instr., vol. 20, p. 
453; June, 1949.) The book covers the appli-
cations and fundamentals of vacuum tech-
nology in the fields of physics, chemistry, and 
metallurgy. The completeness of the work 
recommends it as a reference book. 

MATHEMATICS 

517.512:621.3.015.3  -  .3175 
Contribution to the Study of Transient 

Phenomena by Means of Time Series —M. 
Cu6nod. ( Bull. Tech. Suisse Romande, vol. 75, 
pp. 201-209; July 30, 1949.) The practical ad-
vantages of this method of calculation are 
considered. The method is outlined and ap-
plied to the determination of the response 
curve of a system and to integration, differen-
tiation, the solution of linear differential 
equations and the determination of the condi-
tions of stability of an automatic regulator. 
The relation between operational calculus and 
time-series methods is also indicated. 

681.142  3176 
Electronic Techniques Applied to Ana-

logue  Methods  of  Computation —G.  D 
McCann, C. H. Wilts, and B. N. Locanthi. 
(Pa m. I.R.E., vol. 37, pp. 954-961; August, 
1949.) The electronic devices and principles 
developed for the California Institute of 
Technology general-purpose, large-scale com-
puter are described. This computer can be 

I used for solving algebraic, ordinary differen-
i, tial, or partial differential equations, both 
linear and nonlinear. 

681.142  3177 
Principles and Progress in the Construc-

tion of High-Speed Digital Computers —A. D. 
Booth and K. FL V. Britten. (Quart. Jour. 
Mech. Appt. Math., vol. 2, pp. 182-197; June, 
1949.) Consideration of: (a) the basic princi-
ples underlying the mathematical design of 
high-speed digital computers, (b) the neces-
sary components of such machines, (c) scale 
of notation, the form of the "memory," the 
action of the control, and other practical de-
tails, (d) the exact arithmetic functions of. 
which these machines must be capable, (e) 
current computer projects in America, includ-
ing Aiken's second relay computer at Har-
vard, the Bell relay machine, E.D.V.A.C., and 
the Princeton electronic computer, with refer-
ence to their state of completion in 1947. 

681.142  3178 
A Digital Computer for Scientific Applica-

tions —C. F. West and J. E. DeTurk. (Paoc. 
1.R.E., vol. 37, p. 861; August, 1949.) Correc-
tion to 1107 of May. 

681.142  3179 
A Magnetic Digital Storage System —A. D. 

Booth. (Electronic Eng. (London), vol. 21, 
pp. 234-238; July, 1949.) The storage device 
consists of a cylindrical drum coated with 
magnetic material and rotating under a series 
of read/record heads arranged along a gener-
ator of the cylinder. Numbers are recorded in 
sequence as the drum rotates; to distinguish 
between them an extra track is added which 
contains a set of equally spaced positive 
"clock" pulses. The start of the clock pulse 
track is indicated by leaving a small gap free 
from pulses and using this as the zero position 
from which the position of any number can be 
obtained. Circuit and practical details are 
given. 

681.142:621.392.5  3180 
Mercury Delay Line Memory Using a 

Pulse Rate of Several Megacycles [per Sec-
ond[. —Auerbach, Eckert, Shaw, and Shep-
pard. (See 3082.) 

517.564.4  3181 
Spherical Harmonics [Book Review[--

T. M. MacRobert. Publisher: Dover Publica-
tions, New York, 2nd edn 1948,367 pp., $4.50. 
(Paoc. I.R.E., vol. 37, p. 785; July, 1949.) 
Fourier series and Besse!, Legendre, and hy-
pergeometric functions are covered as well as 
spherical harmonics. There is insufficient ex-
planatory material for the engineer, but the 
treatment is thorough and useful for the ap-
plied mathematician. 

517.63  3182 
An Introduction to the Laplace Transfor-

mation (Book Reviewi —J. C. Jaeger. Pub-
lishers: Methuen and Co., London, 132 pp., 
7s.6d. (Wireless Eng., vol. 26, p. 276; August, 
1949.) "The book contains the substance of a 
course of lectures delivered to engineers and 
physicists at the National Standards Labora-
tory, Sydney, in 1944 . . . [It] contains as little 
theory as possible; it is, in fact, largely a col-
lection of worked examples illustrating the 
methods of solution of the various types of 
problem commonly arising in circuit theory." 

MEASUREMENTS AND TEST GEAR 

531.764.5:621.396.615.18  3183 
A Compact Piezoelectric Chronometer — 

J. E. Benson and E. M. Dash. (Proc. I.R.E. 
(Australia), vol. 9, pp  + 4-8; August, 1948. 
Discussion, p. 8.) See 1113 of May. 

621.317+083.7  3184 
Radio  Telemetering —G.  L.  Hinckley. 

(Electronic Eng., vol. 21. pp. 209-211, 223; 
June, 1949.) Factors influencing the choice of 
system. 

621.317.3  3185 
Measurement of Impedance, Capacitance, 

Inductance and Frequency by the Method of 
Proportional  Currents —A.  I. FOrstenberg. 
(Comp:. Rend. Acad. Sci. (URSS), vol. 51, pp. 
277-280; February 10, 1946. In English.) A 
method consisting essentially in equalizing the 
potential drop across constant nonreactive re-
sistances in series with the impedances. A 
source of constant voltage and frequency is 
required. 

621.317.3:621.385.38  3186 
The Delonization Time of Thyratrons: A 

New Method of Measurement —H. de B. 
Knight. (Proc. IEE (London), part III, vol. 
96, pp. 257-261; July, 1949.) A circuit provid-
ing two firing pulses at an adjustable Interval 
is used to measure the time required to re-
establish grid control. Typical delonization 
times and grid-current decay curves are given 

for various tube structures and fillings. See also 
2553 of October (Birnbaum.) 

621.317.312:621.314.632  3187 
Use of Copper-Oxide Rectifiers for Measur-

ing the Smallest Alternating Voltages —H. 
Ifland. (Funk. und Ton., vol. 3, pp. 449-454; 
August, 1949.) Temperature effects in the 
bridge type of rectifier normally used with 
moving-coil instruments for ac measurements 
can be partially compensated by connecting a 
resistor of suitable value in series with the in-
strument. Circuit details are given of a multi-
range meter with full-scale readings from 0.1V 
to 300Y. 

621.317.33:621.396.611.33  3188 
Simplified Measurement of Land k—V. A. 

Sheridan. (Electronics, vol. 22, pp. 146, 154; 
August, 1949.) The coupling coefficient k is 
determined from the change in effective in-
ductance of one winding of a pair of inductively 
coupled circuits when the other winding is first 
open-circuited and then short-circuited. Ac-
curacies within 1 per cent are obtained with the 
bridge described, which is fed through a double. 
tuned transformer from a 23-kc oscillator and 
is suitable for measurements on most rf trans-
formers. 

621.317.333.4:621.315.23  3189 
Cable Fault Finder—F. E. Planer. (Elec. 

Rev. (London), vql. 145, pp. 57-58; July 8, 
1949.) Short description of portable inductive 
test equipment. A conductor carrying 1 mA 
ac can be detected at a distance of 45 ft. A 
direct indication of cable depth is tiven. 

621.317.335.31'  3190 
Construction of Apparatus for Very Accu-

rate Measurement of the Dielectric Constant 
of Liquids —Mouradoff-Fouquet. (Ann. Phyc. 
(Paris), vol. 4, pp. 310-367; May and June, 
1949.) A double-beat method using oscillations 
of medium wavelength, with capacitors of 
extremely accurate mechanical construction 
for containing the liquids and with arrange-
ments for maintaining the temperature at any 
desired value, enabled the dielectric constant 
of various organic liquids to be measured to 
about 1 part in 20,000. 

621.317.335.3t:546.212-16  3191 
The Electrical Behaviour of Ice —F. X. 

Eder. (Ann. Phyc. (Lim.), vol. 1, pp. 381 398; 
October 1, 1947.) See 1077 of 1948 

621.317.336:621.317.372  3192 
The Development of Q-Meter Methods of 

Impedance Measurement —A. J. Biggs and 
J. E. Houldin. (Proc. IRE (London), part 
vol. 96, pp. 295-302; July, 1949. Discussion, 
pp. 303-305.) Three usual definitions of Q 
are shown to be equivalent for a system at sim-
ple resonance. Circuit magnification factor is 
discussed in relation to Q, and circuits for 
measuring Q are critically examined. A new 
high-impedance injection meter is described 
and illustrated, with details of precautions 
necessary for hf measurements. 

621.317.336.1:621.392.52  3193 
Measurements on Intermediate-Frequency 

Transformers —E. Stern. (Jour. Brit. I.R.E. 
vol. 9, pp. 157-166; April, 1949.) A method is 
described for testing double-tuned transform-
ers with a Q-meter or any other rf resistance 
meter. The resonance transfer impedance of 
two coupled circuits is expressed in a form in-
dependent of the nature of the coupling react-
ance. Charts are provided from which the trans-
fer impedance of a transformer con be deter-
mined from three Q-meter readings. These read-
ings can also be used to determine the frequency 
response curve from published generalized re-
sponse curve, if the tuning capacitances are 
known. Slinple formulas for the bandwidth at 
—60 flb of composite systems containing sin-
gle- and double-tuned circuits of different 
dynamic resistances and coupling are also 
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given. Reprinted from Proc. I.R.E. (Australia). 
vol. 9, pp. 4 II; January, 048 

621.317.361:621.385.832  3194 
A Cathode-Ray Tube Frequency Compa-

rator for 1 kc/s Sub-Standard Tones -J. F. M. 
Laver. (P. 0. Elec. Eng. Jour., vol. 42, pp. 
61-64; July, 1949.) The nominal 1-kc tone 
transmitted by land line from a distant source 
is applied to the X plates of a cr tube which is 
modulated in brilliancy by means of a 100-kc 
frequency standard. The movement of the re-
sultant (lot pattern is used to compare the two 
frequencies rapidly. The method is more reli-
able than a heterodyne method in the presence 
of noise or interference voltages. Applications, 
sources of error, and accuracy are discussed. 

621.317.382.029.64  3195 
Broad-Band Power-Measuring Methods at 

Microwave Frequencies -L. E. Norton. (PRoc. 
IRE.. vol. 37, pp. 759-766; July, 1949.) The 
first method uses the forces due to the cm fields 
in a transmission system to cause displace-
ments of a diaphragm which are proportional 
to the square of the actuating field. In the sec-
ond method, thin films are inserted in a trans-
mission system so as to cause only small dis-
continuities. The small fraction of the power 
dissipated in the film raises its temperature and 
changes its resistance, which is measured. In 
both methods the output of the indicator sys-
tem is proportional to the power within ± 1 (lb 
between 1,000 and 10,000 Mc. 

621.317.66  3196 
Measurement of Microwave-Transmission 

Efficiency -A. L. Cullen. (It'irele,s Eng., vol. 
26, pp. 255-257; August, 1949.) The trans-
mission efficiency of any transmission device is 
defined as the ratio (power out)/(power in) 
when the device is inserted in an otherwise 
matched transmission system. If the reflection 
coefficient for waves incident on the normal 
output end of the device, with the input end 
closed by a movable short-circuiting plunger, 
is plotted in the complex plane for several posi-
tions of the plunger, the points obtained will 
lie on a circle of radius equal to the transmission 
efficiency. 

621.317.66:621.39  3197 
Measurement of Telecommunications Effi-

ciency —(Proc. IEE (London), part III, vol. 
96, pp. 277-278; July, 1949.) Report of an 
IEE discussion meeting. No satisfactory ob-
jective test of quality is as yet available; exist-
ing subjective tests of loudn-ss and intelligi-
bility are compared. 

621.317.7.029.63  3198 
Measurement Apparatus for Decimetre 

Waves —II. II. Meinke. (Fernmeldetech. Z., 
vol. 2, pp. 197-200; July, 1949.) Illustrations 
and short general description of (a) equipment 
comprising supply unit, transmitter, circular 
transmission line for impedance nwasurement 
(see 3203 below), receiver and cro indicator, (b) 
capacitive voltage divider, (c) diode, (d) trans-
mission line of length variable as in a trombone, 
(e) reactive transmission line of characteristic 
impedance 7012, and (f) bolotneter for power 
tneasuremetn in die range 10-2  10  \‘'. 

621.317.715  3199 
The Alternating Current Galvanometer — 

J. M. W. Milatz, P. M. Endt, C. T. J. Alke-
made, and J. T. Olink. (Physica,'s Gray., vol. 
14, pp. 260-268; May, 1948. In English.) 
Theory is given which takes into account the 
induction current caused by the vibration of 
the moving system. The galvanometer can be 
made aperiodic and "field independent" with a 
combination of ac and dc magnetic fields, or 
with another damping device replacing the dc 
field. Measurements confirming the theory are 
described. 

621.317.715  3200 
On the Limit of Sensitivity of Galvanom-

eters —M.  Surdin.  (Jour.  Phys.  Radium. 

vol. 10, pp. 253 254; July and Sl pte m b(•r, 

1949.) A formula is established giving Ow 
spectral intensity oh the brownian (.fl jile 
w hich acts on a mechanical or an electrical sys-
tem satisfying a linear differential equation of 
the second order and having a single degree of 
freedom. It is deduced that the sensitivity limit 
of a galvanometer remains the same whethei 
the measurement circuit is open or closed. 

621.317.715  3201 
Valve Galvanometer with Ordinary Valves 

--J. Kreuzer. (Z. Phys., vol. 125, pp. 707 -714; 
March 15, 1949.) Special electrometer tubes 
are normally used in apparatus for the meas-
urement of very small currents such as that 
given by a photocell, but with ordinary tubes 
currents as low as 10-"A can be measured and 
a limit of 10-"A may be reached with Selected 

tubes. Details of practical equipment using a 
KF4 pentode, which has a well-insulated grid, 
are given. 

621.317.73:549.514.51  3202 
The Measurement of the Series-Resonant 

Resistance of a Quartz Crystal  L. A. Rosen-
thal and T. A. Peterson, Jr. (Rev. Sci. 
vol. 20, pp. 426-429; June, 1949..) Two met hods 
of measuring the equivalent resistance ot ..0m-
mercial plated or pressure-mounted quart/ 
crystals in the frequency range 80 kc to 100 Mc 
are discussed, namely (a) the substitution 
method, in which a resistor replaces the crystal 
unit, the amplitude of oscillation being main-
tained constant, and (b) the calculation method 
in which the quantities actually measured are 
the voltage drop across the crystal and the cur-
rent through the unit. Three instruments are 
described in which combinations of these 
methods are used. Typical results ale discusscd. 

621.317.73.029.63  3203 
A Measurement Line with Visual Indicator 

— H. II. Manke. (Fernmeldeterh. Z., vol. 2, 
pp. 233-241; August, 1949.) A device for 

impedance in the dm-X range. It consists 
essentially of a transmission line forming nearly 
a complete circle, with a motor driven rotary 
radial arm making contact with both t he inner 
and outer conductor. The actual instrument is 
accurately machined and the end of the rotary 
arm makes contact with the inner conductor 
through a slot on the inner face of the line. A 
generator is connected to one end of the line, 
which is terminated by the impedance to be 
measured. Capacitive couplings to the two con-
tacts on the rotary arm enable the shape of the 
voltage wave along the line to be displayed on a 
cro. The voltage picked up by the contacts is 
amplified, heterodyned to give a difference 
frequency of 3 Mc and, after further amplifica-
tion and rectification, applied to the cro. Typ-
ical oscillograms are given, the method of cali-
bration is described and also applications to 
phase measurement and to various measure-
ments on receivers and transmitters. The ap-
paratus is one unit of the equipment noted in 
3198 above. 

621.317.772  3204 
Resistive Phase Shifters —J. E. Bryden 

(Electronic Eng. (London), vol. 21, pp. 322 - 
326; September, 1949.) Description of a phase-
shifter for which power is supplied from an 
electronic single-phase/6- phase conversion unit. 
Advantages, possible errors and their elimina-
tion, and applications are discussed. 

621.317.78.029.64  3205 
Broadband Bolometric Measurement of 

Microwave Power —H. J. Carlin. (Radio and 
Telev. News, Radio Electronic Eng. Supple-
ment, vol. 13, pp. 16-19; July, 1949.) Theory 
and description of broad band units for the 
ranges 20 to 1,000 Mc, 1,000 to 4,000 Mc, and 
4,000 to 10,000 Mc. One type, using Wollaston 
wire, is suitable for low-power measurements 
from MAW to 1 m W, with extension to 10 m W 
if an attenuator is used. Another type uses 
metal film for powers from 1 m W to 50 m W, 

with extension to 5 W. Typical curves foi volt 
age swr are given. 

621.319.4.001.4  3206 
Direct Voltage Performance Test for Ca-

pacitor Paper AI A. Sauer and D. A. McLean. 
PRoc. I. 1(1';., vol. 37, pp. 927-931; August, 
1949.) Discussion of a testing procedure re-
quiring about a day for preparation of samples 
and about another day for the actual life test. 
See also 965 of 1948 (McLean). 

621.395.623.7.089.6  3207 
Physical Measurements of Loudspeaker 

Performance  P. S. Veneklasen. (Jour. So( 
Mot. Pic. Eng., vol. 52, 1/1).  6.11  (5(1;  J11111% 

1949.) Facilities for outdoor calibration of 
londsrwakera and microphones at the Alt., 
Lansing Corporation, California, are described. 
Techniques are illustrated by measurements of 
frequency response, angular distribution, and 
Ii stout ion for a typical loudspeaker. Methods 
for uniform presentation of performance data 
and specifications are also suggested. Smooth 
and clean reproduction over a limited range of 
frequencies should be achieved before wide-
range reproduction vill be %cod It while. 

621.396.615  3208 
Beat-Frequency Oscillator for the Carrier-

Frequency Range —II. Boucke and II. Len-
nar(,. (Feu nmeldetech. Z., vol. 2, pp. 245 -248; 
August, 1949.) Details of a 1944 model, Type 
SR200R, which is not limited to carrier Ire-
quencks, its frequency range being from 50 cps 
to 200 kc. Curves show the output voltages 
into 150-1.1 and 600-9 loads for the two ranges 
50 to 15,000 cps and 10 to 200 kcs. Distortion 
curves are also given. 

OTHER APPLICATIONS OF 
RADIO AND ELECTRONICS 

538.63  3209 
Focusing Properties and Separating Power 

of a Magnetic Field bounded by Parallel Planes. 
—R. Vaut bier. (Comm.  Rend.  Acad.  Sc,.. 
(Paris), vol. 229, pp. 181 183; July 18, 1949.) 
Such a magnetic field can be used in the con-
struction of a mass spectrometer, the separating 
power being nearly equal to that of a magnet ii-

sector. 

539.16.08  3210 
An  Automatic  Timer for Radioactivity 

Measurements -B. D. Corbett and A. J. 
Honour. (Electronic Eng. (London), vol. 21, 
pp. 341 345; September, 1949.) Circuit and 
const uc ion details for a timer to be used in 
conjum ti ll  with  a commercial  electronic 
scaler dcveloped by the Atomic Energy Re-
search Establislunent. Hundreds of counts, 
minutes, and seconds are displayed on three 
easily reset dial-type registers. The duration of 
operation may be present in the range I second 
to 200 minutes, or alternatively the number of 
counts may be preset in the range 100 to 20,000. 
Units and tens of counts are displayed by means 
of neon lamps. 

539.16.08  3211 
Geiger  Counter  Tubes---11.  Friedman. 

(PRoc. IR E., %.(11. 37, pp. 791 808; July, 1949.'1 
Discussion of various types and their special 
characteristics and applications. 68 referene, , 
are given 

539.16.08  3212 
Geiger-Muller  Counters  with  External 

Cathode--D. Blanc and M. Scherer. (ComPt. 
Rend. Acad. Sci. (Paris), vol. 228, pp. 2018-
2020; June 22, 1949.) The performance of this 
type of counter is improved by connecting the 
graphite coatings on the ends of the tube to 
the axial wire, thus eliminating end effects. 
The curve for counting rate as a function of 
the length of the central graphite cathode, for a 
given voltage, is then a straight line passing 
through the origin. The plateau is lengthened 
by 50 per cent or more compared with normal 
counters. Argon-alcohol and argon-methane 



!counters were investigated, of lengths from 20 cm to 1 m and diameters from 0.9 cm to 3.5 cm 
Improved results were obtained in all cases. 
Counters which were defective or had poor 
plateaux could be reconditioned by the graph-
ite-coating technique. 

539.16.08  3213 
Point Counters and Counter Tubes for 

Surface Investigations in Metallography--J. 
Kramer. (Z. Phys., vol. 125, pp. 739-756; 
March IS, 1949.) Many examples are given 

1 showing the wide scope of counter methods in 
such research. 

t-

539.16.08  3214 
Experiments in the Possibility of Increas-

ing the Efficiency of Gamma-Counters  H. 
cslatis. (Rev Sc i In ctr  vol 20. pp. 353-354; 
May, 1949. , *). bridged version of 2873 of No-
vember 

549.211:539.16.08  3215 
Removal of Space-Charge in Diamond-

Crystal Counters.- A. (; Chynoweth. (Phys. 
Rev  ol.76, I, tit); July 13, 1949.) The use of 
radiation from a Nernst filament, of wave-
length 1-10 mia, is quite ssttisfactory for remov-
ing the space  barge .vhich causes decay of 
ounting rate. 

620.179.16:534.23  3216 
On Sound Transmission through Metal 

Plates in Liquids for Oblique Incidence of 
Plane Waves  .0'  'see 2oox 

621.396.615:621.317.083.7 
Transistor Oscillator for Telemetering 

3217 

621.38.001.8  3218 
Electronic Equipment for the Production 

Engineer (Jour • Brzt. I. R. E., vol. 9, pp. 222-
217: Jane. 1949  Report ca a discussion. Exam-
ples demonstrate the skid , range of operations 
that, by the development xif new or the adapta-
, ion of existing instruments, can be controlled 
or carried out, rapidly and reliably, by elec-
tronic TIIPa nil.  C, ri, Cidlizati on  is essential in so 

fi,dr). soc.ered electronic control units 
:ire illustrated and described 

621.38.001.8  3219 
The Fourth Manchester Electronics Exhibi-

tion  Pl,rtronic Ent. (London), vol. 21. pp. 
136 317: cslaerriber, 1949.) Brief (lest riptions 
of various exhibits, including evaporating and 
sputtering plant, a servcslyne, a cro, a t Ow test 
mei, an el..tron microscope, an inch), tante 

iiip row-coral hronorneter, et, 

621.38.001.8  3220 
Electronic Equipment at the B. I. P. 

P.Ifttronic Lne (London), vol. 21, pp 224 
227. fun'. 1949  Brief descriptions of various 
exhild.• 

621.38.001.8' 621  3221 
Electronics  in  Heavy  Engineering  \V 
ilson ( Jour Brit  R E., vol. 9, pp. 27)4 .105, 
ugtra , 1949  A comprehensive review inc 

mg do. ussion of high-pcmer rectifiers, indus-
trial id generators, amplification and control 
apisirat us, fiery rrrrrr .thanisma. motor tontrol, 
.if) I ;if /Op :II  (A I  /0 

621.384A  3212 
Beam Extraction for the Electron Centri-

fuge  K Gond and 11 14.1. ii (2  vol 
126,  481 498, N1.,v 27. 1949  11.06 ,41 id 

II..  pr ,ddi iii for lb. betctron,  Iwo Ton, and 
11•%1 uv. lot 10111,  ;Mil  des. ilia   of a tric flys, 
is matting 70 per r.,ii of the eleir iron* to Is 

t'' liii ii,. barn of a na me!. tos-a in 

621.384.611.21  3223 
Hospital Synchrotron  J 11 Martin (Five 

Rev (London), vol. 143,  277 279; A igust 
12, 1949.) 1 he first of two 10-MeV sym 
Irons designed for the Medi( al Re-scare ii Conn• 
II has recently been Installed at the Royai 
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Cancer Hospital, London. Photographs and a 
few technical details of the equipment are given 
The total weight is about 3 tons. 

621.384.611.2t  3224 
The Synchrotron Accelerator —its Poten-

tialities as a Generator of X-Rays and Elec-
trons of 10-50 MeV Energies for Medical Use - 
D. W. Fry. (Brit. Jour. Radio!., vol. 22, pp. 
462-472; August, 1949.) The principle of the 
electron synchrotron is considered and the 
main characteristics of a 0-synchrotron are 
illustrated by reference to the operation of a 
14- MeV and a 30- MeV electron synchrotron. 
With the 30-MeV machine an output of 13 
r per minute at 1 m has been obtained. The X-
ray characteristics are described and the possi-
bility of extracting the electron beam for clin-
ical use is discussed. The main factor control-
ling the design of both betatrons and synchro-
trons at present is the injection process. If the 
efficiency of injection could be increased, a 
major improvement would result in synchro-
trons and betatrons designed for clinical work. 

621.384.62f  3225 
The Microwave Linear Electron Accelerator 

—G. Ft Newbery. (Brit. Jour. Radio!.. vol. 22, 
pp. 473-496; August, 1949.) Various types are 
briefly described and a detailed account is 
given of traveling-wave, standing-wave, and 
multicavity accelerators. The theoretical and 
practical limitations of the performance of 
each type at 3,000 Mc are discussed. The de-
sign of linear accelerators, suitable for medical 
use at this frequency is considered: tentative 
designs for 5-MeV and 10 W V machines are 
given 

621.385.832:1535 - 77  3226 
Cathode-Ray-Tube Applications in Photog-

raphy and Optics  Berkley and R. Feldt. 
(Jour. .S'o, .hot. PI, Ent., vol. 53, pp. 64-85; 
July, 1949.) Reprint of article noted in 2596 of 
October. 

62E397.3 : 539.211  3227 
The Electron Scanner —an Image Method 

Using Secondary Electrons  J. ti Gude. (Funk. 
und ion., vol. 3, pp. 373 383; July, 1949.) 
Principles and construction of apparatus using 
an electron beam for scanning a surface to be 
examined, and obtaining an image by means of 
the secondary electrons emitted from the S W-
El( P. A Nil kat ions to the investigation of sur-
face films, such as those of Cur0 rectifiers, 
and to corrosion research are mentioned. See 
also 4111 of 1939 (Knoll and Theile) and 2509 
and 3593 of 1941 (Knoll). 

620.179.16 534.321.9  3228 
Ultrasonics [Book Reviewi  (•arlin  (See 

3032.) 

PROPAGATION OF WAVES 

538.56:535.421  3229 
On the Diffraction of a Plane Wave by • 

Semi-Infinite Conducting Sheet  C. W'. flor• 
ton. ( Phyc.  7;  1, 1263; April 15, 
1949.) At radar to 'ye Ili  he detecting unit 
is much smaller t hall Iii' region in which Son,-
merfeld's diffrat tion formulas are 'invalid. Ap-
proximate expressions are here given for the 
electric vector of the diffraction field within 
tile excluded regions, when the electric vector is 
parallel to the edge of the screen, with similar 
exiiressions for t he magnetic vector when tills 
is parallel to the diffracting edge. The symbols 
iort•t1 are those defined by Baker and Connor, 
2907 of 19403 

538.566  621.396.11  3230 
On the Propagation of Radio Waves around 

the Earth  II. Iireninier.  ( Phyoca'T 
vol 14, pp .101 118; June, 1048 In I. riglish.) 
A general discussion of existing theories awl 
h.- eat , risions required by the discovery ..1 new 
plien lllll .na-like superrefrat lion. For • fuller 
;lc (omit see 3242 below 

538.566 3 
Reflection of Electromagnetic Waves at an 

Inhomogeneous  Layer  W.  Kofink.  (Ann 
Phys. (1.4a.), vol. I, pp. 119-132; January 3, 
1947.) Mathematical study of several methods 
of calculating the reflecting power of a layer in 
which the dielectric constant varies with depth 
in the layer. The essentials of the following 
methods are presented: (a) the functional 
method; (b) the method of van Cittert; (c) the-
method of Gans (WKB method); (d)  r 
entiation method. (c) and (d) an.' onk appli 
cable to layers of finite thickn, 

538.566.3  3232 
On the Theory of the Double Refraction of 

Electromagnetic Waves in an Ionized Gas un-
der the influence of a Constant Magnetic Field 
(Ionosphere) --IL Lassen. (Ann. Phys. (I-pz.), 
vol. 1, pp. 415 -428; October 1, 1947.) The com-
plex refractive index and the waveform are 
calculated in a simple manner. A relation is 
established between previous calculations by 
FOrsterling and the author and the formulas 
of Appleton, Goldstein, and Hartree. 

621.396.11  3233 
Ground- Wave Propagation across a Land/ 

Sea Boundary - G. Millington and N. Elson. 
Nature (London), vol. 164, pp. 114-116; July, 
16, 1949.) An increase of field strength on cross-
ing the coastline was observed by Millington 
for 3.13-Mc radiation along a path passing for 
about 100 km olierland and then across the 
English Channel. The field strengths along this 
path are shown graphically; the results confirm 
the theory previously given (1758 of July). 
See also 2307 of September. 

Measurements of the field strength of 1.122. 
Mc transmissions from Crowborough were 
made by Elson in an aircraft flying at a height 
of 1,000 ft across East Anglia and then over the 
North Sea. At the frequency used, both land 
and sea are essentially conducting. A major 
recovery of field strength was noted about 25 
miles beyond the coastline. The results confirm 
Millington's theory. A small recovery effect 
was noted on crossing the Thames estuary 

621.396.11:551.510.535 3 
Correlation of Sporadic E Region Ionization 4 

over Short Distances and Comparison with 
Magnetic Disturbances  Gerat ,1  II I 

621.396.11:551.510.535:518.3  3235 
Nomograms for Ionosphere Control Points--

J. C. W. Scott. (Binic. 1.10E., vol. 37, pp. 821-
/324; July, 1949.) An abac for determining the 
latitudes of the ionospheric control points, 
given the length of a radio circuit and the lati-
tudes of its terminals. This simplifies the Ilse of 
world 117.11.1. charts. 

621.396.11 621.396.812.3  3236 
On the Fading of Short Waves  S1 Menzel. 

krrnmeldeteth. 2., vol. 1, pp. 24.1 244; August . 
1949.) Discussion wit  re kre'llet•  II, 

Ratcliffe's theory (19.3 of Febrinit y) 

621.306.11: 621.306.03  3237 
Scattering of Radio Waves by Metal Wires 

and Sheets  I..  t  /F L( LotitiOti), 

part Ill , vol 96,  i I III , hIs. 1949. 1)114-
pp. .1,10 345.)  ot tonics tot the s at - 

tered fields are derived, using tictisinissiciteline 
theory for wires and diffra, Iron theca y for 
sheets. 11,1ensurements of the scatteied raids 
have been made at n frequency of 6ini 
using a direction finder as the bulk ating itt 
atrument; the results are in 'substantial a O rr 

ment with theory. For wires of the ord , i 'II I 
mm in diameter and more than 5)1 
sonancr effects nt 600 Mc are small 
eifects are negligible in sheets whose 
normal to the electric vector is great , h 

621.396.81:  421n 
Reception at over 160008m from the Tr m a 

mitt•r  It  Ir.  I, /  .11111110 11 

I 111,1,1r1,11)  vol  I, lull  II  I  1914 
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Graphs show the variations during March, 
1948, of receiver output power at Madrid for 
Australian broadcasting stations on wave-
lengths of 16.82, 19.74, and 25.49 m. Measure-
ments were made daily at 0730 GMT at peak 
modulation. Comparison with measurements 
on the 32-m signals from the Arganda station, 
Madrid, only 17 km from the receiving station, 
revealed definite correlation with the varia-
tions of the Australian 25.49-m signals 

621.396.812  3239 
Anomalous Radar Propagation over Land 

in the Period November 29 to December 1, 
1948 —R. F. Jones. (Met. Mag., vol. 78, pp. 
233-234; August, 1949.) The abnormal ranges 
obtained during this period at a radar station 
near Dunstable for X  10 cm were associated 
with a rapid lapse of water-vapor content above 
fog. Radiosonde data do not indicate precisely 
the boundaries of the dry layers, because of the 
rate of ascent of the balloon and the time-lag 
in the humidity element. 

621.396.812.029.62  3240 
U.H.F. Propagation Characteristics —E. W. 

Allen, Jr. (Electronics, vol. 22, pp. 69-89; 
August, 1949.) From the results of 13 vhf sur-
veys made by the National Bureau of Stand-
ards, correction factors have been determined 
for expected median field-strengths; these cor-
rections are applicable to the FCC groundwave 
signal/range charts for frequencies from 63 to 
195 Mc. 

621.396.812.029.64  3241 
Microwave Phase Front Measurements for 

Overwater Paths of 12 and 32 Miles —A. W. 
Straiton. (Paoc. I.R.E., vol. 37, pp. 808-813; 
July, 1949.) Continuous curves of phase and 
signal strength at a wavelength of 3.2 cm are 
shown for a range of transmitter and receiver 
heights from 10 ft to 55 ft above mean sea level 
The results for the two paths are compared, 
and deviations from those commonly expected 
for oversea propagation are noted. 

538.566+621.396.11  3242 
Terrestrial Radio Waves (Book Reviewl— 

H. Bremmer. Publishers: Cleaver-Flume Press, 
London, 344 pp., 36s. (Wireless Eng., vol. 26, 
pp. 275-276; August, 1949.) The book is based 
on researches of the author originating in 
classic papers written in collaboration with van 
der Pol. It will appeal most to the mathematical 
physicist who can follow the general line of the 
analysis, but there are sections of direct use to 
the engineer. "... this book will be a mine of 
information to the few to whom will fall the 
task of tackling the outstanding problems of 
propagation theory." 

RECEPTION 

621.396.62.029.58  3243 
The Orchestra in Your Home. The TR138. 

—R. Geffre. (Toute to Radio, vol. 16, pp. 243-
248; September, 1949.) Complete circuit de-
tails of a high-fidelity sw receiver with ample 
sensitivity for good reproduction in France of 
transmissions from the U.S.A. Special features 
of the various stages are discussed. 

621.396.621  3244 
A High-Performance Dual-Conversion Su-

perhet —R. C. Cheek. (CQ, vol. 5, pp. 16-23, 77; 
July, 1949.) Complete details of a receiver 
which operates directly from the antenna on 
3.5 and 7 Mc, but which is preceded by an hf 
converter when operating on 14, 21, 27, or 28 
Mc. Alignment procedure is described. 

621.396.621  3245 
Philips Model 681A —( Wireless World, vol. 

55, pp. 289-290; August, 1949.) Test report. 
Normal tuning is provided in a superhetero-
dyne circuit for wavelength ranges 11.1-34.2 m, 
34.2-110.5 m, 192-560 m, and 900-2,000 m. 
There are also 8 selected ow broadcast bands 
of width about 0.5 Mc centered at wavelengths 

11, 13, 16, 19, 25, 31, 41, and 49 m, for which a 
double superheterodyne principle is used in the 
bandspread circuits, so that the local oscillator 
on each band works at a fixed frequency and Is 
thus easier to stabilize. 

621.396.621:621.396.619.13  3246 
The Demodulation of • Frequency-Modu-

lated Carrier and Random Noise by a Discrim-
inator—N. M. Blackman. (Paoc. IR E., vol. 
37, p. 895; August, 1949.) Summary only. See 
also 1772 of July. 

621.396.621:621.396.65.029.58  3247 
The Receiving System at Cooling (Sent] 

Radio Station —C. F. Booth. (P.(1. Elec. Eng. 
Jour., vol. 42, pp. 84-89; July, 1949.) The 
factors limiting the performance of long-dis-
tance R/T links operating in the frequency 
range 3 to 30 Mc are outlined with particular 
reference to the downcoming angle at the re-
ceiver. The receiver system described uses a 
highly directive steerable antenna arranged 
to feed four parallel receiver branches, one of 
which gives an energy/downcoming-angle dia-
gram on a cr tube from which the other three 
are manually set to three different optimum 
angles. Performance is compared with that for 
a receiver having a single antenna of possible 
future developments of directive receiving 
systems are considered. The system is similar 
to the M.U.S.A. system noted in 3016 of 1940 
(Polkingliorn). 

62L396.823  3248 
Car-Ignition Interference —W. Nethercot. 

(Wireless Eng., vol. 26, pp. 251-255; August, 
1949.) The wide-band continuous radiation 
from the ignition circuit is due to traveling 
waves set up in the Iry cables when the dis-
tributor and sparking-plug gaps break down. 
The current through the sparking- plug gap 
consists of a series of very steep-fronted steps, 
the intervals, between which are determined 
by the time the waves take to travel twice the 
length of the hv cables. The enveloee of these 
current steps is oscillatory and its frequency 
lies between 30 and 50 Mc. Resistors at the 
sparking-plug and distributor terminals should 
give suppression over the whole frequency 
hand. 

621.396.828  3249 
Goniometer Arrangement for the Suppres-

sion of Interfering Transmissions by means of 
Angle Measurement with Beam-Aerial Systems 
--II. Fricke. (Fernmeldeiech. Z., vol. 2, pp. 249-
253; August, 1949.) Two antennas, whose 
beams are directed towards the wanted station, 
are connected to the two stator coils of the 
goniometer, a phase-shifter being interposed 
between antenna and coil in one case. The re-
ceiver is connected to the goniometer search 
coil. With suitable adjustment of the phase-
shifter and of the position of the search coil, 
signals from an unwanted transmitter operat-
ing on the same wavelength as that of the 
wanted station can be completely eliminated. 

STATIONS AND CO M MUNI-
CATION SYSTE MS 

621.39 : 061.053  3250 
The Third Session of the Administrative 

Council of the International Telecommunica-
tions Union  (I.T.17.)  [Geneva,  1948I —G 
Gneme. (Poste e Telecomun., vol. 16, Supple-
ment, pp. 26-34; November, 1948.) 

621.395.44:621.396.619.2  3251 
A 48-Channel Carrier Telephone System: 

Part  2—Mechanical  Construction —G.  11. 
Bast, D. Goedhart, and J. F. Schouten. (Phil-
ips Rech. Rev., vol. 10, pp. 353-358; June, 1949.) 
Part 1: 236 of 1948. 

621.396  3252 
Modern Tendencies in Commercial Long-

Distance Radio Communications —A. Niutta. 
(Poste * Telecomun., vol. 16, pp. 241-251: 

June and July, 1948.) A review covering mingle-
sideband transmission, frequency-shift  key. 
ing, and multiplex teleprinter systems. 

621.396:061.3  3253 
The Fifth Meeting of the C.C.I.R. (Stock-

holm, July 1948] —T. Gorio. (Poste e Tele. 
comun., vol. 16, pp. 493-502; December, 1948.) 

621.396.1  3234 
The European Broadcasting Conference at 

Copenhagen [1948] --G. Gneme. (Poste e Tele-
comun., vol. 16, Supplement, pp. 1-16; No-
vember, 1948.) Detailed report, with special 
consideration of the position of Italy. 

621.396.1  3255 
The Copenhagen Maritime Regional Radio-

communication Conference 11948J —G. Gnerne 
(Poste e 7'elecomun., vol. 16, Supplement, pp. 
17-25; Novernber, 1948.) Full details on allo-
cations to coastal stations and to ships. 

621.396.61.029.54 : 621.396.712  3256 
B.B.C. Transmitting Station at Postwick 

Grange —(Engineer (London), vol. 188, p. 77; 
July 15, 1949.) Further details of the new sta-
tion near Norwich. The antenna system con-
sists of two 126-ft tubular masts spaced X/4 
apart. The easterly mast is energized; the re-
sulting directional system brings Yarmouth 
within the service area. See also 2942 of No-
vember. 

621.396.619.11/.13  3257 
F. M. vs A. M. —D. J. Bra.alc. (Electronics, 

vol. 22, pp. 218, 220; August, 1949.) Comment 
on some of the statements made in the paper 
abstracted in 1504 of June (Toth.) 

621.396.619.16:621.396.41  3258 
A Time-Division Multiplexing System-

W. P. Boothroyd and E. M. Creamer, Jr 
(Elec. Eng., vol. 68, pp. 583-588; July, 1949.) 
A system using pulse-amplitude modulation 
with a filtering arrangement for minimizing 
the required transmission bandwidth. 

621.396.65.029.58:621.396.621  3259 
The Receiving System at Cooling Went! 

Radio Station —Booth. (See 3247.) 

621.396.931  3260 
Portable F.M. Equipment —H. V. Carlson. 

(F.11-TV, vol. 9, pp. 14-16; July, 1949.) De-
?cription of a unit weighing less than 10 lb. 
%%hid' operates at a fixed frequency in the 
ranges 25 to 50 Mc or 152 to 165 Mc and pro 
vides 2-way communication over distances oi 
several miles under noisy conditions. 

621.396.931  3261 
A 28- Mc/s Installation for. the Car. —G. P 

McGinnis. (QST, vol. 33, pp 11-16; August. 
1949.) Construction and installation details for 
amateur equipment which does no damage tr. 
the car and only requires an input of 17 W. 

621.396.932  3262 
Automatic Station Call Selector — W. %V 

McGoffin and R. 11. Schulz. (Electronics, vol 
22, pp. 75-77; August, 1949.) An instrument 
which sounds an alarm at a radio station when 
its own call letters are received at any sendiny 
speed from 6 to 34 words per minute. 

SUBSIDIARY APPARATUS 

621.314.58  3263 
Thyratron Replaces Vibrator —(Electronics, 

vol. 22, pp. 140, 144; August, 1949.) Descrip-
tion, with circuit diagram, of a simple dc/ac 
converter which operates from a 6-V battery 
and has no moving parts. 

621.316.722:621.396.682  3264 
Pre-Calculation of Magnetic Voltage Stabi-

lizers — W. Taeger. (Funk. und Ton., vol. 3, 
pp. 429-437; August, 1949.) Design procedure 
with numerical calculations for an output 
power of 75 W at 220V. With mains voltage 
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variations from 160V to 260V, the stabilized 
voltage only varied from 215V to 224V, in 
good agreement with theory. 

621.316.726  3265 
Frequency Correction of Electric Signalling 

Power Supplies —E. Friedlander and R. A. 
Duncan. (GEC Jour., vol. 16, pp. 130-137; 
July, 1949.) Detailed description of the equip-
ment noted in 2054 of August, with particular 
reference to special features such as the fre-
quency relay and protective devices for trip-
ping in case of hunting or failure to correct the 
frequency. The frequency relay is based on the 
principle of phase change in a resonant circuit; 
its construction and operation are clearly ex-
plained. 

621.396.68:539.16.08  3266 
Miniature Counter-Tube Power Supply— 

D. L. Collins. (Electronics, vol. 22, pp. 170-
173; August, 1949.) The high voltage is ob-
tained across a miniature transformer in a 
blocking-oscillator circuit using a 1V5 tube. 
The oscillator pulses are rectified by a low-
power liv half-wave VX-21 rectifier. Regula-
tion is obtained by means of a 900-V corona 
voltage regulator. 

621.396.682  3267 
30-kV D.C. Regulated Power Supply— W. 

Spellman. (Radio and Telev. News, Radio-
Electronic Eng. Supplement, vol. 12, pp. 16-17, 
May 30, 1949.) Circuit diagram, without com-
ponent values, of a supply unit giving an out-
put from 25 to 30 kV; regulation is within 1 per 
cent under load variations from zero to 1 mA 
and line-voltage variations from 95 to 125V. 

621.396.682:621.316.722.1  3268 
An Electromechanically Stabilised Mains 

Supply Unit —A. E. Maine. (Electronic Eng. 
(London), vol. 21, pp. 319-321; September, 
1949.) A neon-tube bridge and a voltage-sens-
ing circuit with gas triodes are used to control 
a bidirectional motor which adjusts the tap-
pings on a variable-ratio transformer, thus 
correcting any deviation from the required 
voltage. The output voltage is regulated within 
1 per cent, for loads up to 1.5 kVA and for 
voltage deviations of -15 per cent to +5 per 
cent. 

621.314.632  3269 
Metal Rectifiers [Book Reviewj--H. K. 

Henisch. Publishers: Oxford University Press, 
168 pp., 15 s. (Electronic Eng. (London), vol. 21, 
p. 229; June, 1949.) The book will be useful 
both to students as an introduction to elec-
tronic properties of solids and to practical 
users of dry rectifiers who require a critical but 
compact account of the subject. The book con-
tains no difficult mathematics. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.331.2  3270 
Slow-Electroil Television Cameras —J. J. M. 

Moral. (Rev. Telecomun. (Madrid), vol. 3, 
pp. 38-52; June, 1948.) Operating principles 
and characteristics of the iconoscope, orthicon, 

r and isoscope tubes. 

621.397.331.2  3271 
Distortion of Scanning Waveforms —G. G. 

Gouriet. (Electronic Eng. (London), vol. 21, 
pp. 327-331; September, 1949.) Requirements 
for a linear scan are discussed. The distortion 
due to insufficient bass response and means of 
correcting this distortion are also considered. 

621.397.5  3272 
Televising Moving Images —R. W. Hal-

lows. (Wireless World, vol. 55, pp. 291-293; 
August, 1949.) Calculations of balanced defini-
tion for moving images should not be based 
entirely on data for still images, since moving 
images introduce many new problems. The 
greatest immediate need is for developing 
methods of producing wide-band transmittng 
And receiving apparatus at reasonable cost 

621.397.5:535.88  3273 
Three-Dimensional Picture Screens for 

Television and the Cinema —E. G. Beard. 
(Paoc. I.R.E. (Australia), vol. 9, pp. 4-16; 
June, 1948). Previous attempts to prodirze 3-
dimensional pictures on a flat screen are dis-
cussed and a practical screen is described. 
Manufacturing tolerances and the modifica-
tions necessary to adapt this screen for use in 
cinema theaters are considered. An experi-
mental screen gave promising results. 

621.397.5:535.88  3274 
A Projection System for Domestic Tele-

vision Receivers —(Electronic Eng. (London), 
vol. 21, pp. 314-318; September, 1949.) Dis-
cussion of a Mullard folded-Schmidt system 
giving adequate resolution for picture sizes up 
to 15 in. by 12 in., which can be used in con-
junction with most existing receiver chasses. 
See also 2387 of 1948 (Rinia et al.) 

621.397.5:535.88  3275 
Home Projection Television: Parts 1-3 —H. 

Rinia, J. de Gier, P. M. van Alphen, G. J. 
Sieren, J. Haantjes, and F. Kerkhof. (Paoc. 
I.R.E. (Australia), vol. 9, pp. 9-18; August, 
1948.) Abridged version of 2387 of 1948. 

621.397.5:617  3276 
Television as an Aid to Teaching Operative 

Surgery —(Elearonic Eng. (London), vol. 21, 
pp. 212-213; June, 1949.) Short description of 
specially designed equipment installed in Guy's 
Hospital, London, which enables the progress 
of operations to be followed by many observers 
without crowding the operating theater. At pres-
ent four viewing sets with 15-in, screens are 
used. 

621.397.6 : 621.385.832  3277 
High-Power Cathode-Ray Tubes--Moss. 

(See 3308.) 

621.397.6: 62L395.625  3278 
Television Recording: Simplified System — 

D. A. Smith. (Wireless World, vol. 55, pp. 305-
306; August, 1949.) An economical system us-
ing a television receiver and a 16-mm film pro-
jector modified for use as a camera and sound 
recorder. Of every three television frames, two 
consecutive ones are photographed and the 
third is missed. A recording lamp for the sound 
signal is fed from the receiver output tube. 
For reproduction a standard projector with a 
3-bladed shutter and running at 16 frames per 
second can be used. 

621.397.6:621.396.615.17:621.317.755  3279 
Television Time Base Linearisation —Keen. 

(See 3098.) 

621.397.62  3280 
Television Receiver with Rimlock Valves 

and Automatic Frequency and Phase Control — 
F. Juster. (Radio Prof. (Paris), vol. 18, pp. 
11-15; June, 1949.) Complete circuit and com-
ponent details for a receiver with an M W3I-7 
cr tube. 

621.397.62  3281 
Designing a TRF [tuned radio frequency] 

Television  Receiver —W.  H.  Buchsbaum. 
(Tele-Tech, vol. 8, pp. 36-39; August, 1949.) 
The 15-tube receiver uses three metal rectifiers 
"B" supply and operates from ac or dc. A 2-
tube rf amplifier and a four-stage video ampli-
fier give high gain and performance nearly 
equal to those of superheterodyne receivers. 
Advantages and limitations of this type of 
receiver are discussed. 

621.397.62  3282 
Transit-Time Effects in Television Front-

End Design —Watts. (See 3113.) 
621.397.645  3283 
Television Stabilizing Amplifier--Schultz. 

(See 3114.) 

621.397.7  3284 
The Television Studio —D. C. Blrkinshaw 

(BBC Quart., vol. 4, pp. 105-117; July, 1949.) 
An account of studio technique used at the 
London television station, Alexandra Palace. 

621.397.828  3285 
Television  Interference  Suppression— 

"Spenny." (RSGB Bull., vol. 25, p. 44; August, 
1949.) Suppression of a 90-Mc harmonic from 
an amateur transmitter was effected by shunt-
ing the output by means of a X/2 line 

621.397.828  3286 
TV! Reduction —Western Style —C.  E. 

Murdock. (QST, vol. 33, pp. 24-27, 82; August, 
1949.) Interference caused by the harmonics 
of a 1-k W amateur transmitter 40 ft away from 
a television receiver was reduced by using 
high-capacitance tank circuits in the anode of 
the driver tube and single-turn coaxial pickup 
loops and high-capacitance grid circuits in the 
final amplifier. Antenna tuners were also built 
for each amateur band. Methods of suppressing 
interference due to line voltage fluctuations 
and keying clicks are also discussed. 

621.397.828  3287 
The H.R.O. and T.V.I.—R. L. Varney. 

(RSGB Bull., vol. 25, pp. 41-42; August, 1949.) 
A strong third harmonic at the television fre-
quency of 45 Mc is produced by the first het-
erodyne oscillator of the HRO communica-
tions receiver when operating in the 14-Mc 
band. This is suppressed by connecting a series 
resonant circuit between the oscillator tube 
cathode and earth. 

TRANS MISSION 
621.396.61  3288 
A New 150-kW A. M. Transmitter —T. J. 

Boerner. (Broadcast News, no. 55, pp. 42-49; 
June, 1949.) An efficient compact transmitter 
for the frequency range 540 to 1,600 kc, using 
class-B modulation of a class-C final amplifier. 
Details of design, layout, and installation are 
given and the results of performance tests are 
shown graphically and tabulated 

621.396.61  3289 
The Types TGM.651 and TGZ. 651 Trans-

mitters —W. J. Morcom. (Marconi Rev., vol. 
12, pp. 104-107; July and September, 1949.) 
Type TGM.651 is a 3-k W mf transmitter, and 
Type TGZ.651 a 3-k W mf and If transmitter. 
These complete the series of which other mem-
bers were noted in 553 of March (Cooper) and 
1219 of May. 

621.396.61:621.392.52  3290 
A Filter Design for the Single-Sideband 

Transmitter —F. M. Berry. (QST, vol. 33, pp. 
29-35; June, 1949.) A highly selective first if 
bandpass filter. Sharp cut-off is restricted to the 
hf side of the passband which extends from 17 
to 20 kc. Basic design formulas are given for the 
filter which consists of two combined m-de-
rived w sections. Modifications permit opera-
tion directly from a ring modulator into the 
grids of a balanced tube modulator. The filter 
can be aligned with the minimum of special 
equipment. 

621.396.61 : 621.396.8  3291 
Operation of A.M. Broadcast Transmitters 

into Sharply Tuned Antenna Systems — W. H. 
Doherty. (Pgoc. I.R.E., vol. 37, pp. 729-734, 
July, 1949.) Investigation of the clipping of 
sidebands and distortion of the voltage enve-
lope at high modulation frequencies. The ef-
fects may be reduced by suitable coupling 
methods. 

621.396.61:621.396.97  3292 
The New 100-k W [broadcasting] Trans-

mitter at Naples —S. Bertolotti. (Poste e Tele-
comun., vol. 17, pp. 44-46; January, 1949.) 
Distortion at 100 per cent modulation is within 
2 per cent, the frequency curve is linear to 
within 2 db up to 10,000 cps, and background 
noise is at least 60 (lb down Over-all efficiency 
Is 39 per cent 
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621.396.619.23  3293 
A High Voltage Ring Modulator—M. J. 

Tucker. (Electronic Eng. (London), vol. 21, 
pp. 239-242; July, 1949.) A form of biased ring 
modulator using diodes provides a satisfactory 
precision "phase-conscious" rectifier for use at 
voltages high enough to enable the putput to 
be applied directly to the grid of an output 
stage. Practical circuits are discussed. See also 
3542 and 3543 of 1948 (D. G. Tucker). 

TUBES AND THERMIONICS 

537.291  3294 
Control of a Beam of Electrons by an Inter-

secting Electron Beam —J. L. H. Jonker and 
A. J. NV. M. Van Overbeck. (Nature (London), 
vol. 164, pp. 276-277; August 13, 1949.) Two 
electrode systems are arranged to produce two 
mutually perpendicular electron beams. The 
voltage applied to grid 1 determines the cur-
rent in beam 1; this in turn controls the current 
in beam 2. A graph of the voltage of grid 1 
against current to anode 2 is shown. The slope 
of this curve is more than twice that obtainable 
with normal direct grid control. It is suggested 
that replacing anode 2 by a secondary-emission 
multiplier would result in a slope of several 
amperes per volt at currents of the order of 10-2  
A. 

537.291+ 538.6911:537 .525 .92  3295 
Electron Flow in Curved Paths under 

Space-Charge Conditions —Meltzer. (See 3120). 

621.383  3296 
On a Method for the Production of Photo-

Sensitive Layers of Very High Resistance with 
PbS as Infra-Red-Sensitive Semiconductor, — 
K. Frank and K. Raithel. (Z. Phys., vol. 126, 
pp. 377-382; May 27, 1949.) The layers are 
produced by vaporization of Pb0 in an atmos-
phere of sulphur vapor at low pressure, with 
subsequent heat treatment. Resistar,c2 is of 
the order of 1011-10,212 cm. The results of an 
investigation of such films by electron diffrac-
tion methods are discussed. 

621.383:621.385.15  3297 
Electron-Multiplier Tubes. Developments. 

Use —A. Lallemand. (Jour. Phys. Radium, 
vol. 10, pp. 235-239; July and September, 
1949.) The fluctuation of the output current 
is determined for the ideal electron multiplier 
as a function of the number of stages and of the 
multiplication factor per stage. Other causes of 
current fluctuation are considered and a tube 
designed to eliminate such fluctuations as far 
as possible is described. The use of multiplier 
tubes with a very stable symmetrical amplifier, 
and also in a simple circuit including a neon 
lamp shunted by a capacitor, is discussed. 

621.383:621.385.15:621.396.822  3298 
On the Variation of the Background Noise 

of a Photomultiplier RCA 931A with the Poten-
tial of the Glass Envelope —C. Taylor. (Jour. 
Phys. Radium, vol. 10, pp. 255-256; July and 
September, 1949.) The background noise is 
multiplied by about 10 when the potential of 
the envelope differs from that of the photo-
cathode by +500 or 1,000 V. A theory of the 
effect is proposed. For applications requiring 
low background noise, such as the counting of 
particles by scintillations, the envelope should 
be maintained at the potential of the photo-
cathode. 

621.383.4  3299 
Lead Sulfide Photoconductive Cells —S. 

Pakswer. (Electronics, vol. 22, pp. 216, 218; 
August, 1949.) Correction to 2370 of September. 

621.385  3300 
The Electron Wave Tube —A. V. Haeff. 

(PROC. I.R.E., vol. 37, pp. 777-778; July, 1949.) 
Discussion on 1825 of July. 

621.385  .3301 
The Development of Radio Transmitting 

Valves —J. Bell and J. W. Davies. (GEC Jour., 
vol. 16, pp. 138-149; July, 1949.) The limita-
tions of early types are discussed. New con-
struction and manufacturing techniques which 
have largely overcome th'se limitations are 
described. Typical tubes are illustrated and 
their ratings and performance are tabulated. 

621.385.032.29  3302 
The Calculation of the Electrode Tempera-

tures in Radio Valves --S. Wagener and I. A. 
Harris. (Jour. Brit. IR E., vol. 9, pp. 318 319; 
August, 1949.) Comment on 1232 of May 

(Harris) and the author's reply. 

621.385.3:621.396.645.029.3  3303 
A Low-Noise [audio] Input Tube —C. R. 

Knight and A. P. Haase. (Radio and Telev. 
News,  Radio-Electronic  Eng.  Supplement, 
vol. 12, pp. 15 18, 31; March, 1949.) Descrip-
tion of the double triode 12AY7, in which mi-
crophony effects and other noises are particu-
larly low. A balanced amplifier, using these 
tubes in the first two stages and a 12AU7 in the 
output stage, with cross neutralization and 
inverse feedback, is also described and a de-
tailed circuit diagram is given. The response 
curve is essentially flat from 30 cps to 20 kc. 

621.385.38 : 621.317.3 3304 
The Deionization Time of Thyratrons: 0A4 

New Method of Measurement  Knight. 'See 
3186.) 

621.385.832  3305 
Projective  Three-Dimensional  Displays: 

Parts 1 and 2 -I)  M  MacKay. (Electronic 
Eng. (London), vol. 21, pp. 249-254 and 281 
296; July and August, 1949.) A circuit is dis-
cussed which will perform two stages of rota-
tion, one about the V axis moving X to X', and 
the second about the X' axis. These rotations 
remove any structural ambiguities present in a 
given projection. Three methods of obtaining 
perspective convergence are given. A stereo-
scopic switching unit, and various methods for 
the relative measurement of projections are 
described. See also 577 of March (Parker and 
Wallis) and 1242 of May (Berkley). 

621.385.832:535.371.07  3306 
The  Physics  of  Cathode  Ray  Tube 

Screens -Garlick. (See 3158.) 

621.385.832:621.396.9  3307 
Three-Dimensional  Cathode-Ray  Tube 

Displays —E. Parker and P. R. NVallis. (Proc. 
1EE (London), part Ill, vol. 96, pp. 291 -294: 
July, 1949.) Discussion on 577 of March. 

621.385.832:621.397.6  3308 
High-Power  Cathode-Ray  Tubes -II. 

Moss. (Wireless Eng., vol. 26, pp. 293-296; 
September, 1949.) A preliminary survey or the 
design of tubes with screen diameters up to 
30 in. for direct viewing. The relation between 
the response of cascade screens and the beam 
voltage is uncertain and is of critical impor-
tance.  Mechanical  design  difficulties are 
briefly discussed. 

621.396.615.141.2  3309 
The Cavity Magnetron  A. II. Boot 

and J. T. Randall. (Proc. IEE (London), part 
III, vol. 96, pp. 261-263; July, 1949.) Discus-
sion on 890 of 1948. 

621.396.822  3310 
Valve Noise and Transit Time --C. J. 

Bakker. ( Wireless Eng., vol. 26, p. 277 ,.August, 
1949.) Comment on 2420 of 1948 (Campbell, 
Francis, and James). See also 255 of Feb-
ruary, 583 of March (1-loulding), and 3311 be-
low. 

621.396.822  3311 
Measurement of Induced Grid Noise — 

F. L. H. M. Stumpers. (Wireless Eng.. vol 26, 

PP. 277-278; August, 1949.) Discussion of 
recent experimental results which agree with 
those discussed by Bakker (3310 above and 
back references). 

621.396.822  3312 
Transit-Time Effects in U.H.F. Valves— 

J. Thomson. (Wireless Eng., vol. 26, pp. 192-
199; June, 1949, corrections ibid., vol. 26. 
p. 278; August, 1949.) Mathematical tech-
nique suitable for cases, such as total-emission 
damping where space-charge distortion of the 
es field can be neglected. See also 3313 below 

621.396.822  3313 
Transit-Time Effects in U.H.F. Valves--

K. E. Burgess and J. Thomson. ( Wireless 
Eng., vol. 26, p. 313; September, 1949.) 
Burgess suggests that Bakker and de Vries 
(3374 of 1935) covered much of the work 
noted in 3312 above. Thomson regards their 
work as valid only for a simple idealization 

MISCELLANEOUS 

621.396 Popov  3314 
Alexander S. Popov -G. W. 0. II  lit. 

less Eng., vol. 26, pp. 249-250; August, 1949 
Reply to comment by Thornton (2113 ot 
August) on 1842 of 1948. 

652.6  3315 
Directory of Translators -(Jour. Franklin 

Inst., vol. 248, p. 104; July, 1949.) A directory' 
of language specialists competent in various 
technical fields has been established by ti.. 
Science-Technology Group of Special  1.1 
braries Association under the managena•nt 
Mr. W. Kalenich, Librarian at the S.attl, 
western Research Institute, San Antonio, 
Texas. About 3,000 technical translations al-
ready available in private files have also beet, 

621.396(031)  3316 
The Radio [amateur's] Handbook (Le 

Manuel Radio.) French edition [Book R.• 
viewl —Headquarters Staff of the Amer!. 
Radio Relay League. Publishers: P. H. lira 
Antwerp, 1948, 350 pp., 240 fr. (Belgian) 
(Alta Frequen2a, vol. 18, p. 88; April, 1949.. 
See also 2682 of October. 

681.2  3317 
The Instrument Manual [Book Review] 

Publishers: United Trade Press, London, 5.15 
'pp., 70s. (Electronic Eng. (London), vol. 21, 
p. 310; August, 1949.) The book covers a very 
wide field. The majority of instruments and 
control gear described are mechanical, al 
though electronic devices are not ignored. Th. 
text is in simple descriptive language, and 
many illustrative diagrams are given. 

621.39  3318 
Wheeler Monographs--A sCries of mono-

graphs appearing at two-monthly intervals, 
available on a subscription basis from Wheelet 
Laboratories, Inc., 122 Cutter Mill Road, Great 
Neck, N. Y. Single copies of each issue cost 
S25.00. All the monographs are by II. A 
Wheeler except where otherwise stated. Titles 
of the first 11 monographs are: -1. Transmis-
sion Lines and Equivalent Networks. 2. Slide 
RuleOperations for Radio Problems. 3.A Simple 
Theory and Design Formulas for Superregen-
erative Receivers. 4. Geometric Relations in 
Circle Diagrams of Transmission-Line Imped-
ance. 5. Generalized Transformer Concepts for 
Feedback Amplifiers and Filter Networks. 6. A 
Simple Theory of Powdered Iron at all Fre-
quencies. 7. Superselectivity in a Superregen-
erative Receiver. 8. The Piston Attenuator in 
a Waveguide below Cut-off. 9. Measuring the 
Efficiency of a Superheterodyne Converter by. 
the Input Impedance Circle Diagram, by H. A 
Wheeler and D. Dettinger. 10. The Transmis-
sion Efficiency of Linear Networks and Fre-
quency Changers. 11. The Maximum Speed of 
Amplification of a Wide-Band Amplifier 
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,  Response to Pulses: 3290 
Generic Circuit: 3290 
Phase: 3507 
Diode: 3507 

Round-Travis: 3290 
Disk-Recording: 3406 
Columbia LP Microgroove System: 3406 
Reproduction: 3406 

Distortion: 3406 
/ista nce- Measuring Equipment : 3388. 344 
3473 

Course-Line Computer: 3388 
Navigation: 3388, 3441 
Aircraft. 3388 

Pulse-Multiplex: 3473 
Distortion: 3285, 3367, 3394, 3450, 3450 

3481 
Amplifiers: 3394 
Transient Response: 3394 

Audio Frequency Measurement: 3450 
Frequency Modulation: 3481 
PCM System: 3285 
Relay System: 3259 
Broad-Band: 3259 
Microwave: 3259 

Telephone Conversations: 3250 
Simultaneous: 3250 

Television Transmission: 3259 
Black-and- White: 3259 

Transmitter: 3367 
AM Broadcast: 3.367 
Nleasurement: 3367 

I /oppler Principles: 3284 
Radar System: 3284 
Cw: 3284 

/oppler Radar': 3284 
Search: 3284 
/oppler Whistles: 3287 
Radar: 3287 
From Meteors: 3287 

Inicts: 3266 
Meteorological: 3266 
)ynamic Systems: 3321 
Linear: 3321 
Transient Response: 3321 

•Echoes: 3415 
High-Frequency: 3415  , 
Wave Propagation: 3415 

Echoes from Meteors: 3287 
, Radar: 3287 
I  Theory: 3287 

Phenomenological: 3287 
Echo- Ranging System: 3373 
Forward-Transmission: 3373 
Ultra-High-Frequency: 3373 

Eckersley Method: 3316 
Calculation of Field Strength: 3316 
Ground-Wave: 3316 
Land and Sea Path: 3316 

Electroacoustics: 3282 
Annual Review, 1948: 3282 

Electrodes: 3464 
By Photogravure: 3464 

Electromagnetic Fields: 3456 
high-Frequency: 3456 
Field Strength: 3456 

,Electromagnetic Horns: 3369, 3370 
' Radiation Patterns: 3370 

Theory: 3370 
Sectoral: 3369 
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'Electrometer; 3310 
I Measurement: 3310 

Radiation: 3310 
Small Current: 3310 

'Electron Beams: 3477, 3511 
1 Axially Symmetric: 3477 

In an Axially Symmeu ic Field: 3477 
Multivelocity: 3477 
Tubular: 3477 

Quantum Interaction with hf Fields: 3511 
Fluctuation Phenomena: 3511 

Electronic Computers: 3255, 3282, 3391 
Annual Review, 1948: 3282 
Differential Analyzer: 3494 
Digital: 3255 
High-Speed: 3391 

Electronic Equipment: 3248 
Commercial: 3248 
Sale of: 3248 

Electronics: 3323, 3493 
And Relativity: 3493 
In Industry: 3323 

Electron Tubes (See also Tubes and Vacuum 
Tubes): 3263, 3282, 3310 

Annual Review, 1948: 3282 
Circuit Analysis: 3263 
"G" Curves: 3263 

Electrometer: 3310 
Measurement of Small Currents: 3310 

Klystrons: 2973, 3510 
Magnetrons: 3288, 3478 
Amplitude Modulated: 3288 
Interdigital: 3478 

Electron-Wave Tube: 3236 
Single-Beam Type: 3236 
Experimental: 3236 
Ultra-High-Frequency: 3236 

Two-Beam Type: 3236 
Experimental: 3236 
Ultra-High-Frequency: 3136 

Electroscopes: 3249 
Radiation Exposure: 3249 

Empirical Formulas: 2785 
For Amplification Factor: 2785 

Energy: 3236 
Microwave: 3236 
Amplification: 3236 
Generation: 3236 

Engineering Careers: 3531, 3532 
Equalizer, Power: 3368 
For Antennas: 3368 

Equations: 3254 
Epstein: 3254 
Fresnel: 3254 

Excitation: 3339 
High-Frequency: 3339 
For Magnetic Recording: 3339 
Linear: 3339 

Facsimile: 3282 
Annual Review, 1948: 3282 

Factor: 3268 
Phase-Velocity: 3268 

Feedback: 3054, 3244, 3392, 3417, 3467 
Amplifiers: 3054, 3392 
Linear: 3054 
Magnetic: 3392 
Analysis: 3392 
Flux Density: 3392 

Degenerative: 3244 
Feedback Problems: 3467 
Solution by Chart: 3467 

Feedback Systems: 3417 
Analogue Computers: 3417 
Stabilization: 3417 

Field Problems: 3366, 3393 
Electromagnetic: 3366, 3393 
Network Analyzers: 3366 
Solution: 3366, 3393 

Field Strength: 3316 
Ground-Wave: 3316 
Calculation of: 3316 
Land and Sea Path: 3316 

High-Frequency Electromagnetic Fields: 
3456 

Measuring: 3456 

Field Survey: 3337 
Television Measurements. 3337 
Channel 5 Propagation: 3337 
WABD: 3337 

Film Badges: 3249 
Radiation Exposure. 3249 

Filters: 3257, 3284, 3315, 3354, 3416, 3444, 
3451, 3499 

Band-Pass: 3444, 3499 
Impedance Transformations: 3499 

"Comb": 3315 
Delay-Line: 3284 
Radar: 3284 

Microwave: 3257, 3416 
Design: 3416 
Band-Pass: 3416 

Theory: 3416 
Wave Matrix: 3416 

Paralleled-Resonator: 3257 
Power: 3451 
Error-Actuated: 3451 
Design: 3451 

Wide-Band: 3354 
Flight Tests: 3388 
Course-Line Computer: 3388 
Navigation: 3388 
Aircraft: 3388 

Fourier Transforms: 3483 
Variable-Frequency Circuits: 3483 

Frequency: 3238, 3242, 3259, 3267, 3282, 
3290, 3410, 3450, 3479, 3481, 3498 

Allocations: 3282 
Annual Review, 1948: 3282 

Changers: 3495 
With Constant Gain: 3495 

Contours: 3498 
Microwave Oscillators: 3498 

Control: 3410 
Automatic: 3410 

Discriminators. 3290 
Response to Pulses: 3290 

Maximum Usable Frequency: 3242 
Predicting: 3242 
From Long-Distance Scatter: 3242 

Modulation: 3238, 3259, 3267, 3479, 3484 
Distortion: 3481 
Two-Path Propagation: 3481 
Suppression: 3481 

Line Discriminator: 3483 
Circuit Analysis: 3483 
By Fourier Transforms: 3483 

Microwave: 3238 
Pulsed: 3238 

Oscillator: 3496 
Phase-Sh;ft: 3496 

Response: 3450 
Audio Frequency Measurements: 3450 

Standards: 3504 
Downward Modulation: 3504 
Effects of Mistuning: 3504 

Steady-State Problems: 3479 
Polynomial Method of Solution: 3479 

Transmission: 3259, 3267 
Speech: 3267 
Telephone: 3259 
Multiplex: 3259 

Television: 3259 
Black-and-White: 3259 

Swing: 3267 
FM Systems: 3267 
Transmitting Speech: 3267 

Phase-Modulation Systems: 3267 
Transmitting Speech: 3267 

Frozen Foods: 3250 
Heating Characteristics: 3250 
High-Frequency: 3250 

"G" Curves: 3263 
Electron-Tube Circuits: 3263 

Gain: 3414, 3450 
Audio Frequency Measurements: 3450 
Double-Stream Amplifiers: 3414 

Gamma-Ray Counters: 3405 
Testing: 3405 

Gating Circuits: 3391 
Crystal: 3391 
Computer: 3391 
Electronic: 3391 

Geiger-Muller Counters: 3249, 3382, 3405 
Testing: 3405 

Ground-Controlled Approach: 3441 
Navigation: 3441 

Ground Planes: 3345 
Impedance Measurement: 3345 
Vertical Antennas: 3345 

Health Physics: 3249 
Instrumentation: 3249 
Radiation Exposure: 3249 

Health Survey Meters: 3405 
Testing: 3405 

Heating Characteristics: 3250 
High-Frequency: 3250 
Of Vegetable Tissues: 3250 

Height Determinations: 3343 
Ionospheric: 3343 

High-Voltage Supplies: 3261 
Theory: 3261 

Horns, Electromagnetic: 3369, 3370 
Radiation Patterns: 3370 
Of Moderate Flare Angles: 3370 

Sectoral: 3369 

Impedance: 3344, 3345, 3346, 3351, 3352, 
3353, 3367, 3371, 3374, 3454, 3470, 3480 

Antenna: 3344, 3345, 3367, 3374, 3480 
AM Broadcast: -3367 
Measurement: 3344 
Scattering Data: 3374 
Measurement: 3374 
Interpretation: 3374 

Sharply Tufted: 3367 
Vertical Antennas: 3345 
Over Finite Ground Planes: 3345 

Band-Pass Filters: 3499 
Measurements: 3344, 3470, 3508 
Antenna: 3344 
By Reflection Method: 3344 

Impedometer: 3470 
Standing-Wave Detectors: 3508 

Microwave: 3353 
Interpolation: 3353 

Network: 3371 
Six-Terminal: 3371 

Plunger: 3345 
Measured: 3345 
Vertical Antennas: 3345 

Scattering Data: 3374 
Antenna: 3374 

Terminal: 3454 
Transmission Lines: 3454 

Transducers: 3371 
Piezoelectric: 3371 

Waveguide: 3346, 3351, 3332, 3354 
Bridge: 3351 
Microwave: 3351 

Closed-Ridge: 3352 
Open-Ridge: 3352 
Rectangular: 3346 
Radiation from: 3346 

Wide-Band: 3354 
Analysis: 3354 

Industrial Organization: 3531 
Information Exchange: 3309, 3404 
Cover Sheet for Technical Memoranda. 

3404 
Research Organization: 3309 

Information Function: 3314 
Information Transmission: 3314 
Rate of: 3314 
Theoretical Limitations: 3314 

Inspection: 3336 
Tube Manufacture: 3336 
Quality Control: 3336 

Institute of Radio Engineers: 3492 
Annual Radio Show: 3492 

Instrumentation: 3249, 3260, 3310, 3373, 
3382 

Echo-Ranging System: 3373 
Forward-Transmission: 3373 
Ultra-High-Frequency: 3373 

Electrometer: 3310 
Measurement: 3310 
Small Current: 3310 
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Instrumentation (Cont'd.) 
Geiger Counter: 3382 
In the Field of Health Physics: 3249 
Ionization Chambers: 3260 
Pocket Meters: 3249 
Radiation Exposure: 3249 

Radiation-Measuring: 3310 
Instrument Landing System: 3441 
Navigation: 3441 

Interaction Effect: 3291 
Directional Couplers: 3291 
Two-Hole: 3291 
Waveguide: 3291 

I nterdigital Magnetrons: 3478 
Modes: 3478 

Interferometer: 3474 
Michelson-Type: 3474 
Microwave Measurements: 3474 

Ionization: 3260, 3287, 3382 
Chambers: 3260 
Geiger Counter: 3382 
Meteoric: 3287 

Ionosphere: 3342, 3343, 3386, 3397, 3415 
Control Points: 3386 
Nomograms: 3386 

Echo Signals: 3415 
Height Determinations: 3343 
Reliability of: 3343 
Valley Distributions: 3343 

Measurement: 3397 
Virtual Height: 3397 

Nomograms: 3386 
Control Points: 3386 

Transmission: 3342 
Tropospheric Effects: 3342 
40- to 50-Mc Band: 3342 

Klystrons: 3510 
Reflex: 3510 
Beam-Loading Effects: 3510 

Laboratory: 3307 
Research: 3307 
Naval: 3307 

Laguerre Functions: 3394 
Transient Response: 3394 
Amplifiers: 3394 

Lenses: 3390 
Antenna: 3390 
Microwave: 3390 
Path-Length . 3390 

Linear Amplifiers: 3054 
Linear Detectors: 3452 
Signal-to-Noise: 3452 

Linear Dynamic Systems: 3321 
Transient Response: 3321 

Linear Mode: 3318 
Analysis: 3318 
Superregeneration: 3318 

Linearization: 3246 
Time-Base: 3246 
For Television: 3246 

Literary Style: 3530 
In Technical Papers: 3530 

Long-Distance Scatter: 3242 
Maximum Usable Frequency: 3241 
Predicting: 3242 

Loudspeaker System: 3311 
Magnetic Recorder: 3311 
Stereophonic: 3311 

Magnetic Amplifiers: 3392, 3420 
Magnetic Recorders. Magnetic Recording: 

3311, 3339 
Linear: 3339 
Graphical Analysis: 3339 

Stereophonic: 3311 
Magnetrons: 3288, 3478 
Amplitude Modulated: 3288 
Spiral-Beam Method: 3288 

Interdigital: 3478 
Modes: 3478 
External Q: 3478 
Resonant Wavelength: 3478 

Manufacturing: 3330 
Radio-Tubes: 3336 
Quality Control: 3336 
Statistical: 3336 

Mapping: 3237 
Noise: 3237 
Topological: 3237 

Mapping Transformations: 3058 
Conformal: 3058 

Matching Structures: 3353 
Microwave: 3353 

Matrices: 3100 
Applied to Vacuum-Tube Circuits: 3100 

Measurements: 3249, 3250, 3260, 3265, 3266, 
3286, 3289, 3310, 3316, 3337, 3340, 
3344, 3345, 3351, 3359, 3362, 3372, 
3374, 3383, 3386, 3387, 3393, 3395, 
3397, 3405, 3409, 3450, 3453, 3456, 
3470, 3473, 3474, 3508, 3510. 3513 

Absorption: 3374 
Antenna: 3374 

Admittance: 3395 
Switching Tube: 3395 
Microwave: 3395 
1B25: 3395 

Angle-of-Arrival: 3514 
Microwave: 3514 

Antennas: 3344, 3345, 3374, 3387, 3450 
Cylindrical: 3387 
Charge Distribution: 3387 
Experimental: 3387 

Current Distribution: 3387 
Experimental: 3387 

Impedance: 3344, 3345 
Scattering Data: 3374 

Astronomical: 3265 
Radar: 3265 

Audio Frequency: 3450 
Distortion: 3450 
Frequency Response: 3450 
Gain: 3450 
Noise: 3450 

Beam Loading: 3510 
Small Reflex tilystrons: 3510 

Capacitor: 3362 
Internal Series Resistance: 3362 
Under Surge Conditions: 3362 

Centimeter-Wave: 3266 
Charge Distribution: 3387 
Cylindrical Antennas: 3387 
Experimental: 3387 

Conversion Loss: 3513 
Microwave Receiver: 3513 

Current Distribution: 3387 
Cylindrical Antennas: 3387 
Experimental: 3387 

Distance-Measuring Equipment: 3473 
Pulse-Multiplex System: 3473 

Electrical-Conductivity: 3250 
Of Vegetable Tissues: 3250 

Field Strength: 3316, 3393, 3456 
Ground-Wave: 3316 

Field Survey: 3337 
Television: 3337 

Impedance: 3344, 3351, 3470, 3508 
Antenna: 3344 
By Reflection Method: 3344 

Microwave: 3351 
Standing-Wave Detectors: 3508 
Waveguide: 3351 

In te:ferometer : 3474 
Ionosphere: 3386, 3397 
High-Power: 3397 
Nomograms: 3386 
Control Points: 3386 

Meteorological: 3266, 3286 
Signal Intensity: 3286 
Ground-Wave: 3286 
Variations: 3286 
Temperature: 3286 

Microwave: 3383, 3513 
Phase Front: 3383 
For Overwater Paths: 3383 

Noise: 3409 
Resistors: 3409 

Noise Figure: 3513 
Microwave Receiver: 3513 

Measurernentb (Coned.) 
Noise Characteristics: 3289 
Diode: 3289 
Microwave: 3289 

Noise Spectra: 3453 
Nomograms: 3386 
Ionosphere: 3386 
Control Points: 3386 

Pocket Meters: 3249 
Radiation Exposure: 3249 

Power: 3265, 3372 
Broad-Band: 3372 
Microwave: 3372 
Moon-Radar System: 3265 

Q. 3340, 3393 
Four-Terminal Networks: 3340 
Network Analyzers: 3393 
Two-Terminal Networks: 3340 

Radiation: 3249, 3260, 3310, 3344. 33:;9 
Atomic: 3359 
Exposure: 3249 
Instruments: 3310 
Ionization: 3260 
In Roentgens: 3260 

Nuclear: 3359 
Resistance: 3344 

Radioactivity: 3405 
Reflection: 3344 
Antenna: 3344 

Scattering Data: 3374 
Antenna: 3374 
Interpretation: 3374 

Signal Intensity: 3286 
Small Current: 3310 
Using Electrometer Tubes: 3310 

Television: 3337 
Field Survey: 3337 
Channel 5 Propagation: 3337 
Performance Characteristics: 3337 
WA BD: 3337 

Wattmeter: 3418 
Memory Circuit: 3255 
Digital Computers: 3255 

Memory System: 3391 
Mercury: 3391 

Mercury: 3391 
Memory System: 3391 
Computer: 3391 
Electronic: 3391 

Meteoric Ionization: 3287 
Radar Echoes: 3287 

Meteorological: 3266, 3286, 3342 
Conditions: 3266 
Effects: 3342 
Transmission: 3342 
Tropospheric: 3342 
40- to 50-Mc Band: 3342 

Measurement: 3266, 3286 
Meteors: 3287 
Radar Echoes from: 3287 
Theory: 3287 
Phenomenological: 3287 

Meters: 3249 
Radiation Exposure: 3249 
Pocket: 3249 

Microwaves: 3236, 3238, 3241, 3252, 3254 
3257, 3259, 3266, 3289, 3345, 3348, 
3351, 3353, 3369, 3372, 3383, 3390, 
3395, 3410, 3416, 3513, 3514 

Angle-of-Arrival: 3514 
Antennas: 3345, 3390 
Lens: 3390 
Path-Length: 3390 

Vertical: 3345 
Impedance Measurements: 3345 
Over Finite Ground Planes: 3345 

Coaxial Lines: 3252 
Diode: 3289 
Noise Characteristics: 3289 
Measured: 3289 

Electron-Wave Tubes: 3236 
Single-Beam Type: 3236 
Two-Beam Type: 3236 

Energy: 3236 
Amplification: 3236 
Generation: 3236 

Filters: 3257, 3416 
Design: 3416 
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Microu ayes (Coned.) 
Paralleled-Resonator: 3257 
Theory: 3416 

Impedance: 3345, 3351 
Bridge: 3351 
Waveguide: 3351 

Vertical Antennas: 3345 
Matching Structures: 3353 
Broad-Band: 3353 
Dissipative: 3353 

Measurements: 3345, 3372, 3383 
Impedance: 3345 
Vertical Antennas: 3345 

Phase Front: 3383 
For Overwater Paths: 3383 
I2-Mile: 3383 
32-Mile: 3383 

Power: 3372 
Broad-Band: 3372 

Modulation: 3238 
Pulse-Frequency: 3238 
Pulse-Time: 3238 

Oscillators: 3410 
Automatic Frequency Control: 3410 
With Resonant Load: 3498 
Frequency Contours: 3498 

Power: 3372 
Broad-Band: 3372 

Radar Reflections: 3241 
Receiver: 3513 
Conversion Loss 3513 
Noise Figure: 3513 

Relay System: 3259 
Between New York and Boston: 3259 
Broad-Band: 3259 

Sectoral Horn: 3369 
Characteristics: 3369 
Transmission-Line: 3369 

Sounding: 3254 
TropoTheric: 3254 
By Radar: 3254 

Switching Tube: 3395 
1B25: 3395 

Telephone Conversations: 3259 
Simultaneous: 3259 

Television: 3259 
Black-and- White: 3259 

Tubes: 3348 
Test-Diode Design: 3348 
Space-Charge Considerations: 3348 

Wave Propagation: 3266 
Oversea: 3266 

Millington Method: 3316 
Calculation of Field Strength: 3316 
Ground- Wave: 3316 
Land and Sea Path: 3316 

\ I istuning, Effects of: 3504 
Standards: 3504 

Modes: 3268 
Radiation: 3268 
Of Helices: 3268 

Transmission: 3268 
Of Helices: 3268 

Modulation: 3238, 3282, 3285, 3288, 3315, 
3319, 3363, 3364, 3455, 3482 

Amplitude: 3288 
Magnetrons: 3288 
Spiral-Beam Method: 3288 

Annual Review, 1948: 3282 
Direction Finding: 3315 
Downward: 3504 
Frequency: 3238, 3259, 3267, 3479, 3481, 
3504 
Distortion: 3481 
Microwave: 3238 
Standards: 3504 
Steady-State: 3479 
Transmission: 3259, 3267 
Speech: 3267 
Telephone: 3259 
Television: 3259 

Pulse-Amplitude: 3455 
Energy Spectrum: 3455 

Pulse-Code: 3285 
Power Ratio: 3285 
Signal-to-Noise: 3285 

Pulse-Count: 3285, 3364 

IModulatiun (Coned.) 
Power Ratio: 3285 
Signal-to-Noise: 3285 

Pulse-Frequency: 3238, 3364, 3482 
Pulse-Position: 3455 
Energy Spectrum: 3455 

Pulse-Time: 3238, 3363 
Multiplex System: 3363 

Radio Navigation: 3315 
Modulator: 3238, 3319 
1-Mc Recurrence Frequency: 3319 
Pulses 10-7 Second Duration: 3319 
Pulse-Time: 3238 
Square-Wave: 3535 
Alternating Current Servomechanisms: 

3535 
Moon Reflections: 3265 
' Radar: 3265 

Detection: 3265 
Mount Inspection: 3336 
Tube Manufacture: 3336 
Quality Control: 3336 

Moving-Target Indication: 3284 
Radar System: 3284 

Multiplex: 3238, 3259, 3363, 3364, 3473 
Broadcasting: 3363 
Experimental: 3363 
Ultra-High-Frequency: 3363 

Communication: 3259 
Telephone Conversations: 3259 
Relay System: 3259 

Television: 3259 
Black-and-White: 3259 
Relay System: 3259 

Pulse: 3473 
For Distance-Measuring Equipment: 

3473 
Pulsed-Frequency Modulation: 3238 
Pulse-Time Modulation: 3238, 3364 

Multiposition Switching: 3255 
Amplifiers: 3255 

Multivelocity Electron Beams: 3477 
Multivibrators: 3384 
Electronic Counter: 3384 
Predetermined: 3384 

Utilizing Crystal Rectifiers: 3255 

Naval Research: 3307 
Physical Facilities: 3307 

Navigation: 3282, 3315, 3388, 3341, 3502 
Aids: 3282, 3441, 3502 
Annual Review, 1948: 3282 
Distance-Measuring Equipment: 3441 
Ground-Controlled Approach: 3441 
Instrument Landing System: 3441 
Omnirange: 3441 
Radar: 3441 
Standards: 3502 

Aircraft: 3388 
Computer: 3388 
Course-Line: 3388 

Radio: 3315 
Bandwidth: 3315 
Signal-to-Random-Noise Ratio: 3315 
Speed of Indication: 3315 

Net-Point Computations: 3393 
Network Analyzers: 3393 

Networks: 3255, 3256, 3295, 3312, 3321, 
3340, 3349, 3353, 3366, 3368, 3371, 
3393, 3396, 3509, 3512 

Analysis: 3444 
Band-Pass Filters: 3444 

Analyzers: 3366, 3393, 3509 
Computations: 3393 
Net-Point: 3393 

Electrical: 3393 
Field Problems: 3393 

Field Problems: 3366 
Electromagnetic: 3366 

Measurements: 3393 
Q: 3393 

Net-Point Computations: 3393 
Radiation: 3393 
Solution: 3366, 3509 
Field Problems: 3366 
Oscillator Cavities: 3509 

Networks (Cont'd.) 
Antenna Coupling: 3512 
Bridged: 3396 
Characteristics: 3312 
Dynamic Systems: 3321 
Linear: 3321 

Four-Terminal: 3340 
Q Measurements: 3340 

Ladder: 3396 
Magnetic Amplifier: 3420 
Steady-State Behavior: 3420 

Matching Structures: 3353 
Broad-Band: 3353 
Dissipative: 3353 
Microwave: 3353 

Parallel-T: 3396 
Phase-Splitting: 3256 
Wide-Band: 3256 

Pole Locations: 3321 
Power-Equalizing: 3368 
For Antennas: 3368 

Pulse-Response: 3312 
Reactance-Resistance: 3396 
Rectifier: 3255 
For Multiposition Switching: 3255 

Representation: 3295 
Amplifiers: 3295 
Linear: 3295 

Series-Pi: 3396 
Shunt-Ladder: 3396 
Six-Terminal: 3371 
Transducers: 3371 
Piezoelectric: 3371 

Transient Response: 3321, 3349 
Two-Terminal: 3340 
Q Measurements: 3340 

Zero Locations: 3321 
Noise: 2973, 3035, 3164, 3237, 3259, 3265 

3285, 3289, 3314, 3315, 3359, 3394 
3409, 3450, 3452, 3453 

Amplifiers: 3394 
Band-Pass: 3394 
Dissymmetrical: 3394 
Symmetrical: 3394 

Transient Response: 3394 
Video: 3394 

Audio Frequency Measurements: 3450 
Characteristics: 3289 
Measured: 3289 

Communication Systems: 3237, 3314 
Dark-Current: 3359 
Photomultiplier Tube: 3359 

Figures: 3164, 3513 
Microwave Receiver: 3513 

Gaussian: 3237 
Generator: 3265 
For Noise-Factor Tests: 3265 

Improvement: 3285 
PCM System: 3285 

Level: 3265 
Diode: 3265 

Measurement: 3409 
Partition: 2973 
PCM System: 3285 
Ratio: 3285, 3315, 3452 
Signal-to-Noise: 3285, 3452 
Improvement: 3285 
Linear Detectors: 3452 

Signal-to-Random-Noise: 3315 
Direction Finding: 3315 
Radio Navigation: 3315 

Relay System: 3259 
Broad-Band: 3259 
Microwave: 3259 

Resistors: 3409 
Fluctuation: 3409 
Current Noise: 3409 
Thermal Noise: 3409 

Solar: 3035 
Spectrum: 3453 
Analyzer: 3453 
Video-Frequency: 3453 

Telephone Conversations: 3259 
Television Transmission: 3259 
Thermal: 3237 

Nomograms: 3386 
Ionosphere: 3386 
Control Points: 3386 
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Nuclear Experiments: 3335 
Control: 3335 
Release: 3335 
Utilization: 3335 

Nuclear Physics: 3310 
Instrumentation: 3310 
Electrometer: 3310 
Radiation-Measuring: 3310 

Nuclear Radiation: 3260, 3359 
Measurement: 3359 
Scintillation Counter: 3359 
Photomultiplier: 3359 

Nuclear Studies: 3282 
Annual Review, 1948: 3282 

0 
Omnirange: 3441 
Navigation: 3441 

Oscillators: 3261, 3288, 3410, 3496, 3497, 
3498, 3509 

Cavity: 3509 
Losses: 3509 

Class-C: 3261 
Frequency-Modulated: 3496 
Phase-Shift: 3496 

High-Voltage Supplies: 3261 
Magnetrons: 3288 
Amplitude Modulated: 3288 
Spiral-Beam Method: 3288 

Microwave: 3410 
Automatic Frequency Control: 3410 
With Resonant Load: 3498 
Frequency Contours: 3498 

Reactance-Tube: 3497 
Oversea Propagation: 3266 
Meteorological: 3266 
Microwave: 3266 
On 3 Centimeters: 3266 
On 9 Centimeters: 3266 

Papers, Technical: 3530 
Literary Style: 3530 

Paralleled-Resonator Filters: 3257 
Parallel-T Networks: 3396 
Resistance-Reactance: 3396 

Pattern: 3268 
Antenna: 3268 
Helical: 3268 

Peak Voltmeter Circuits: 3451 
Using Regenerative Amplifiers: 3451 

Personnel Administration: 3308 
Development Organizations: 3308 
Research Organizations: 3308 

Perveance: 3251 
Triodes: 3251 
Power-Output: 3251 

Phase Control of Sweep Circuits: .3317 
Television: 3317 

Phase-Discriminators: 3507 
Diode: 3507 

Phase Front Measurements: 3383 
Microwave: 3383 
For Overwater Paths: 3383 
12-Mile: 3383 
32-Mile: 3383 

Phase Indicators: 3262 
Ambiguous: 3262 
Unambiguous: 3262 

Phasemeter: 3262 
Audio-Frequency: 3262 
Electronic: 3262 

Phase Modulation: 3267 
Speech Transmission: 3267 

Phase-Shift Oscillator: 3496 
Frequency-Modulated: 3496 

Phase Shifter: 3367 
Transmitter: 3367 
AM Broadcast: 3367 

Phase-Splitting Networks: 3256 
Wide-Band: 3256 

Phase Swing: 3267 
FM Systems: 3267 
Transmitting Speech: 3267 

Phase-Modulation Systems: 3267 
Transmitting Speech: 3267 

Phase-Velocity Factor: 3268 
Photoelectric Absorption: 3260 

Index -16 

Photographic Recording: 3254 
Tropospheric Sounding: 3254 
By Radar: 3254 

Photogravure Process: 3464 
Electrodes for Vacuum Tubes: 3464 

Physical Research: 3335 
Atomic Energy: 3335 
Control: 3335 
Release: 3335 
Utilization: 3335 

Physics: 3249, 3382 
Health: 3249 
Radiation Exposure: 3249 

Medical: 3382 
Nuclear: 3382 

Piezoelectric Crystals: 3282, 350.; 
Annual Review, 1948: 3282 
Standards: 3505 

Piezoelectric Transducers: 3371 
Planar Diode: 3500 
Transit-Time Solution: 3500 

Pocket Meters: 3249 
Radiation Exposure: 3249 

Pole Locations: 3321 
Linear Dynamic Systems: 3321 
Transient Response: 3321 

Power: 3254, 3258, 3285„3288, 3.368, 4372. 
3374, 3451, 3475 

Antenna: 3374 
Scattering Data: 3374 

Equalizer: 3368 
For Antennas: 3368 

Filters: 3451 
Error-Actuated: 3451 

Magnetrons: 3288 
Amplitude Modulated: 3288 

Measurement: 3372 
Microwave: 3372 
Broad-Band: 3372 

Meter: 3475 
For Communication Frequencies: 3475 

Peak Pulse: 3254 
Detection: 3254 
Of Dielectric Gradient Echoes: 3254 

Ratio: 3285 
Signal-to-Noise: 3285 
PCM System: 3285 

Receiving Antenna: 3258 
Theory: 3258 

Progress, 1948, Radio: 3282 
Projector: 3533 
Television: 3533 

Propagation of Waves (See also Wave 
Propagation): 3265, 3266„3282, 3481 

Annual Review, 1948: 3282 
Oversea: 3266 
Radar: 3265 
Radio Signals: 3265 
From Moon: 3265 

Two-Path: 3481 
Distortion: 3481 

Proportional Counter: 3249 
Radiation Exposure: 3249 

Proximity Effect: 3291 
Directional Couplers: 3291 
Directivity: 3291 

Pulse: 3394 
Communication Systems: .1,494 
Amplifiers: 3394 
Transient Response: 3394 
Optimum: 3394 

Pulse-Amplitude Modulation: 3455 
Energy Spectrum: 3455 

Pulse-Code Modulation: 3285 
Power Ratio: 3285 
Signal-to-Noise: 3285 

Pulse Duration: 3319 
Modulator: 3319 

Pulse-Frequency Modulation: .3482 
Frequency Response: 3482 
Intervals of Stability: 3482 
Mathematical Theory: 3482 

Pulse Generator: 3319 
Pulse-Height Selectors: 3338 
Counting System: 3338 

Pulse Modulation: 3349, 3364 
Pulse-Amplitude: 3364 
Pulse-Time: 3364 

Pulse Modulation (Coned.) 
Pulse- Width: 3364 
Transient Response: 3349 

Pulse-Multiplex System: 3473 
Distance-Measuring Equipment: 4473 

Pulse-Position Modulation: 3455 
Energy Spectrum: 3455 
Without Fixed References: (See Pulse. 

Frequency Modulation) 
Pulse Repetition Rate: 3391 
High-Speed: 3391 
Electronic Computers: 3391 

Pulse-Width Discriminator Circuits: 3451 
Regenerative Amplifiers: 3451 

Pulsing Methods: 3385 
Telephone Circuits: 3385 
Multichannel: 3385 

) Measurements: 3340 
Four-Terminal Networks: 3340 
Two-Terminal Networks: 3340 

Quality Control: 3282, 3336 
Annual Review, 1948: 3282 
Tube Manufacture: 3336 
Radio: 3336 

Radar: 3241, 3242, 3254, 3265, 3282, 3284. 
'  3287, 3292, 329.3, 3314, 3319. 3.349, 

3350, 3373, 3374, 3441 
Annual Review, 1948: .3282 
Antenna: 3374 
Scattering Data: 3374 

Cathode Followers: 3350 
Transient Response: 3350 

Countermeasures: 3319 
Modulator: 3319 
Pulse Generator: 3319 

Doppler: 3284, 3287 
Search: 3284 
kVhistles: 3287 

Echoes: 3287„3292 
"Angels": 3292 
Meteors: 3287 

Echo-Ranging System: 3373 
Forward-Transmission: 3373 
Ultra-High-Frequency: 3371 

Filters: 3284 
Delay-Line: 3284 

Fixed-Target Rejection: .4284 
History: 3293 
Pulse: 3293 

Moving-Target-Indication: 32134 
Navigation: 3441 
Observations: 3287 
Photographic: 3287 
From Meteors: 3287 

Pulse History: 3293 
Reflections: 3241, 3265, 3287, 3292 
"Angels": 3241 
From Meteors: 3287 
From Moon: 3265 
Lower Atmosphere: 3241, 3292 

Relays: 3314 
Transmission of Information: 3314 

Time Separation: 3284 
Fixed Targets: 3284 

Transient Response: 3349, 3350 
Cathode Response: 3350 

Transmission: 3342 
Ionosphere-Supported: 3342 
Tropospheric Effects: 3342 
40- to 50-Mc Band: 3342 

Tropospheric Effects: 3342 
Tropospheric Sounding: 3254 

Radiation: 3249, 3260, 3268, 3310. 3344. 
3346, 3359, 3370, 3390, 3393 

Antenna: 3268, 3390 
Helical: 3268 
Lens: 3390 
Microwave: 3390 
Path-Length: 3390 

j Atomic: 3359 
Measurement: 3359 
Scintillation Counter: 3359 
Photomultiplier: 3359 

I Circularly Polarized: 3268 



Radiation (Cont'd.) 
Detection: 3260 
Ionization: 3260 

Exposure: 3249 
Pocket Meters: 3249 

Measuring Instruments: 3310 
Network Analyzers: 3393 
Nuclear: 3359 
Measurement: 3359 
Scintillation Counter: 3359 
Photomultiplier: 3359 

Patterns: 3370 
Electromagnetic Horns: 3370 
Moderate Flare Angles: 3370 

Resistance: 3344 
Antenna: 3344 
Measurement: 3344 

Waveguides: 3346 
Rectangular: 3346 

Radioactivity: 3249, 3359, 3405 
Measurement: 3249, 3359, 3405 
Calibration of Standards: 3405 
Instrument Tests: 3405 

Scintillation Counter: 3359 
Photomultiplier: 3359 

I Radioisotopes: 3405 
Measurement: 3405 
Calibration of Standards: 3405 
Instruments Tests: 3405 

Radio Navigation: 3315 
Bandwidth: 3315 
Signal-to-Random-Noise Ratio: 3313 
Speed of Indication: 3315 
Standards: 3502 

Radio Progress, 1948: 3282 
Radio Reflections: 3265 
Detection: 3265 
From Moon: 3265 

Radio,onde: 3254 
Microwave: 3254 
Tropospheric Sounding: 3254 
By Radar: 3254 
Practice: 3254 
Theory: 3254 

Railroad Communications: 3503 
Standards: 3503 

!Ranging System: 3373 
I Echo: 3373 

Forward-Transmission: 3373 
I "Itra-High-Frequency: 3373 

;Rate Meters: 3405 
Testing: 3405 

,Reactance-Resistance Networks: 3396 
Bridged 3396 
Bridged-Ladder: 3396 
Parallel: 3396 
Series-Pi: 3396 
Shunt-Ladder: 3396 

Reactance-Tube Circuits: 3447 
Design Equations: 3447 

Reactance-Tube Oscillator: 3497 
Received Power: 3258 
Of Antenna: 3258 

Receivers: 3237, 3265, 3266, 3282, 3337, 
3363, 3463, 3503 

Annual Review, 1948: 3282 
Centimeter-Wave: 3266 
Noise: 3237 
Pulse-Time-Modulation: 3363 
Multiplex: 3363 

Radar: 3265 
Railroad and Vehicular Communications: 

3503 
Standards: 3503 

Television: 3337, 3463 
Design: 3463 
Influence of uhf Allocations: 3463 

Measurements: 3337 
Field Survey: 3337 
Channel 5 Propagation: 3337 

Performance Characteristics: 3337 
WABD: 3337 

Recorders, Recording: 3254, 3282, 3311, 
3339, 3406 

Disk: 3282, 3406 
Annual Review, 1948: 3282 
Columbia LP Microgroove Systeni: 

3406 

Recorders, Recording (Cont'd.) 
Reproduction: 3406 

Distortion: 3406 
Magnetic: 3282 
Annual Review, 1948: 3282 
Stereophonic: 3311 

Photographic: 3254 
Tropospheric Sounding: 3254 
By Radar: 3254 

Tape: 3339 
Rectifier Networks: 3255 
For Multiposition Switching: 3255 
Utilizing Crystal Rectifiers: 3255 

Recurrence Frequency: 3319 
Modulator: 3319 
Pulse Generator: 3319 

Reflection Method: 3344 
Impedance Measurement: 3344 
Antenna: 3344 

Reflections: 3265, 3292, 3442 
Radar: 3292 
In Lower Atmosphere: 3292 

Radio Signal: 3265 
From Moon: 3265 

Reduction: 3442 
Television: 3442 

Regenerative Amplifiers: 3451 
Relativity: 3493 
In Electronics: 3493 

Relay System: 3259 
Between New York and Boston: 3259 
Broad-Band: 3259 
Microwave: 3259 

Repeaters: 3259, 3285 
PCM: 3285 
Effect of Noise: 3285 

Relay System: 3259 
Broad-Band: 3259 
Microwave: 3259 

Reproducing System: 3050 
Tonal-Range Preferences: 3050 

Research Development: 3307 
Physical Facilities: 3307 

Research Organizations: 3308, 3309 
Information Exchange: 3309 
Personnel Administration: 3308 

Resistance: 3362 
Capacitor: 3362 
Internal Series Resistance: 3362 
Under Surge Conditions: 3362 

Load-Pad Characteristics: 3362 
Resistor-Capacitor Circuits: 3469 
Response to Multiple Pulses: 3469 

Resistors: 3409 
Noise: 3409 
Measurement: 3409 

Resonant Cavities: 3511, 3515 
Quantum Interaction of Electrons: 3511 
Fluctuation Phenomena: 3511 

Tunable: 3515 
With Constant Bandwidth: 3515 

Resonant Circuit: 3536 
With Time-Varying Parameters: 3536 
Solution: 3536 

Resonant-Circuit Sensing: 3410 
Automatic Frequency Control: 3410 
Microwave Oscillators: 3410 

Resonators: 3257, 3320, 3393, 3509 
Cavity: 3393, 3509 
Losses: 3509 

Field Problems: 3393 
Electromagnetic: 3393 

Paralleled: 3257 
Microwave: 3257 
For Filters: 3257 

Traveling-Wave Tubes: 3320 
Response to Pulses: 3290, 3506 
Discriminators: 3290 
Frequency: 3290 

Steady-State: 3506 
Review, 1948, Annual: 3282 
Roentgen Measurement: 3260 
International: 3260 

Scalers: 3405 
Testing: 3405 

Scatter: 3242 
Long-Distance: 3242 
Maximum Usable Frequency: 3242 

Scattering Data: 3374 
Antenna: 3374 
Interpretation: 3374 
Measurement: 3374 

Scientific Progress: 3461 
Scintillation Counter: 3359 
Photomultiplier: 3359 

Sectoral Horn: 3369 
Characteristics: 3369 
Transmission-Line: 3369 

Selectors: 3338 
Pulse-Height: 3338 
Counting System: 3338 

Series-Pi Networks: 3396 
Resistance-Reactance: 3396 

Servomechanisms: 3314, 3321, 3349 
Dynamic System: 3321 
Linear: 3321 

Pole Locations: 3321 
Transient Response: 3321, 3349 
Transmission of Information: 3314 
Zero Locations: 3321 

Servomultiplier: 3535 
Square-Wave Modulator: 3535 

Shunt-Ladder Networks: 3396 
Resistance-Reactance: 3396 

Signal Intensities: 3286 
Broadcast: 3286 
Standard: 3286 

Ground-Wave: 3286 
Variations of: 3286 

Signaling System: 3385 
Toll Telephone circuits: 3385 
Multichannel: 3385 
Pulsing Methods: 3385 
Carrier Current: 3385 

Signal-to-Noise Ratios: 3452 
Linear Detectors: 3452 

Single-Turn Pattern: 3268 
Helical Antennas: 3268 

Slow-Wave Structures: 3240 
Traveling-Wave Tubes: 3240 
Helix: 3240 

Solar Radiation: 3035 
Circularly Polarized: 3035 

Somerville Method: 3316 
Calculation of Field Strength: 3316 
Ground-Wave: 3316 
Land and Sea Path: 3316 

Sounding: 3254, 3266 
Meteorological: 3266 
Wave Propagation: 3266 
On 3 Centimeters: 3266 
On 9 Centimeters: 3266 

Tropospheric: 3254 
By Radar: 3254 
Practice: 3254 
Theory: 3254 

Microwave: 3254 
Sound Reproduction: 3311 
Magnetic Recorder: 3311 
Stereophonic: 3311 

Square-Wave Modulator: 3535 
Alternating Current Servomechanisms. 

3535 
Specialist Writer: 3334 
Speech Transmission: 3267 
Frequency-Modulated: 3267 
Phase-Modulated: 3267 

Spiral-Beam Method: 3288 
Amplitude Modulation: 3288 
Of Magnetrons: 3288 

Standards: 3360 
Diode: 3360 
For Tests: 3360 
Cathode-Core-Material: 3360 
Oxide-Coated: 3360 

Standards, IRE: 3502, 3503, 3504, 3505 
Frequency Modulation: 3504 
Downward Modulation: 3504 
Effects of Mistuning: 3504 

Piezoelectric Crystals: 3505 
Definitions of Axes: 3505 
Equations, Symbols, and Units: 3505 

Index-17 



Standards, IRE (Cont'd.) 
Specifying Crystal Plate...Orientation: 

3505 
Radio Aids to Navigation: 3502 
Nomenclature: 3502 
Terms: 3502 

Railroad and Vehicular Communications: 
3503 

Testing: 3503 
Standing-Wave Detectors: 3508 
Impedance Measurement: 3508 
Loading and Coupling Effects: 3508 

Static: 3294 
Corona: 3294 

Steady-State Response: 3506 
Stereophonic Recorder: 3311 
Magnetic: 3311 
Experimental: 3311 

Superconductivity: 3457 
Detection: 3457 

Superregenera don : 3239, 3318 
Amplifier: 3239 
Theory: 3239 

Analysis of Linear Mode: 3318 
Supplies: 3261 
High-Voltage: 3261 
Radio-Frequency: 3261 
Theory: 3261  ' 

Sweep Circuits: 3317 
Television: 3317 
Phase Control: 3317 
Automatic Frequency: 3317 

Switching: 3255, 3385, 3395 
Equipment: 3385 
Toll Telephone: 3385 
Multichannel: 3385 

Microwave Tube: 3395 
Multiposition: 3255 
Utilizing Crystal Rectifiers: 3255 

Tape Recorders: 3339 
Excitation: 3339 
High Frequency: 3339 

Target Detection: 3284 
Doppler Radar: 3284 

Technical Writing: 3530 
literary Style: 3530 

Telemeters: 3314 
Transmission of Information: 3314 

Telephone Circuits: 3385 
Carrier: 3385 
Multichannel: 3385 

Toll: 3385 
Carrier Current: 3385 

Television: 3243, 3246, 3259, 3282, 3288, 
3317, 3337, 3350, 3368, 3394, 3442 

Amplifiers: 3243, 3394 
Band-Pass: 3394 
Dissymmetrical: 3394 
Symmetrical: 3394 

Compensated: 3243 
High-Frequency: 3243 
Low-Frequency: 3243 

Annual Review, 1948: 3282 
Antennas: 3368, 3442 
Broadcast: 3368 
Power Equalizer: 3368 

Reflection Reduction: 3442 
Cathode Followers: 3350 
Transient Response: 3350 

Compensation: 3243 
Amplifiers: 3243 

Design: 3394 
Transient Response: 3394 
Optimum: 3394 

Field Survey: 3337 
Channel 5 Propagation: 3337 
New York Area: 3337 

WABD Performance Characteristics: 
3337 

Linearization: 3246 
Time-Base: 3246 

Magnetrons: 3288 
Amplitude Modulated: 3288 
Spiral-Beam Method: 3288 

Projector: 3533 

Index-18 

Television (Cont'd.) 
Relay System: 3259 
Between New York and Boston: 3259 
Broad-Band: 3259 
Microwave: 3259 

Sweep Circuits: 3317 
Phase Control of: 3317 
Automatic Frequency: 3317 

Techniques: 3282 
Annual Review, 1948: 3282 

Transient Response: 3349, 3350, 3394 
Cathode Followers: 3350 
Optimum: 3394 

Transmission: 3282 
Annual Review, 1948: 3282 

Temperature Control: 3391 
Mercury: 3391 
Computers: 3391 
Electronic: 3391 

Temperature Variations: 3286 
Signal Intensity: 3286 
Ground-Wave: 3286 

Testing: 3336, 3503, 3504 
Downward Modulation: 3504 
Effects of Mistuning: 3504 
Railroad and Vehicular Communications: 

3503 
Tube Manufacture: 3336 
Quality Control: 3336 

Tests: 3265, 3266, 3267, 3360, 3361, 3405 
3407 

Capacitor: 3407 
Life: 3407 

Cathode Materials: 3361 
In Factory Production: 3361 

Diodes: 3360 
Cathode-Core-Material: 3360 
Oxide-Coated: 3360 

Noise-Factor: 3265 
Oversea Propagation: 3266 
Meteorological: 3266 

Radioactivity Measurement Instruments: 
3405 

Beta-Ray Counters: 3405 
Gamma-Ray Counters: 3405 
Geiger-Muller Counters: 3405 
Health Survey Meters: 3405 
Rate Meters: 3405 
Scalers: 3405 
High-Voltage Rectifier: 3405 
Voltmeter: 3405 

Swing Ratio: 3267 
FM to PM: 3267 
In Speech Transmission: 3267 

rhermionic Emission: 3476 
Oxide-Coated Cathodes: 3476 
Effect of Gases: 3476 

Time-Base Linearization: 3246 
Television: 3246 

Time Multiplexing: 3364 
Time Response: 3321 
Dynamic Systems: 3321 
Linear: 3321 

Toll Telephone Circuits: 3385 
Carrier Current: 3385 
Multichannel: 3385 
Pulsing Methods: 3385 

Tonal-Range Preferences: 3050 
Of Reproduction System: 3050 

Townsend Avalanche: 3382 
Geiger Counter: 3382 

Transducers: 3371 
Piezoelectric: 3371 
Admittance: 3371 
Impedance: 3371 

Transformers: 3261 
Double-Tuned: 3261 
Overcoupled: 3261 

Transient Distortion: 3394 
Amplifiers: 3394 
Band-Pass: 3394 
Video: 3394 

Transient Response: 3312, 3321, .3349, 3350,  I 
3394, 3446 

Cathode Followers: 3350 
Radar: 3350 
Television: 3350 

Transient Response (Coned.) 
Dynamic Systems: 3321 
Linear: 3321 

Electric Networks: 3349 
Laplace Transform: 3349 

Equalization: 3312 
Steady-State Methods: 3312 

Optimum: 3394 
Amplifiers: 3394 
Band-Pass: 3394 

Transit-Time Solution: 3500 
Planar Diode: 3500 

Video Amplifiers: 3446 
Transmission Lines: 3058, 3252, 3282, 3322, 

3345, 3353, 3354, 3368, 3369, 3395. 3454 
Annual Review, 1948:3282 
Capacitors: 3322 
Resonances: 3322 

Filters: 3354 
Wide-Band: 3354 
Analysis: 3354 

For Antennas: 3368 
Power Equalizer: 3368 

Impedance Measurements: 3345, 3508 
Standing- Wave Detectors: 3508 
Vertical Antennas: 3345 

Mapping Transformations: 3058 
Conformal: 3058 

Matching Structures: 3353 
Broad-Band: 3353 
Dissipative: 3353 

Sectoral Horn: 3369 
Characteristics: 3369 
Microwave: 3369 

Support: 3252 
Coaxial-Line: 3252 

Switching Tube: 3395 
Microwave: 3395 
1B25: 3395 

Two-Wire Line: 3454 
Theory: 3454 
Terminal Impedance: 3454 

Transmitters, Transmission: 3237, 3259 
3265, 3266, 3267, 3268, 3282, 3285. 
3314, 3337, 3342, 3363, 3367, 3471 

AM Broadcast: 3367 
Antennas: 3367 
Impedance: 3367 
Sharply Tuned: 3367 

Operation: 3367 
Annual Review, 1948: 3282 
Broadcast: 3363 
Multiplex: 3363 
Experimental: 3363 
Ultra-High-Frequency: 3363 

Centitneter:Wave: 3266 
Information: 3314 
Rate of: 3314 

Ionosphere-Supported: 3342 
Tropospheric Effects: 3342 
40- to 50-Mc Band: 3342 

Mode: 3268 
Helical Antenna: 3268 

Noise: 3237 
Output Network: 3471 
Tuning: 3471 
Maximum  Coupled  Circuit  Effi 

ciency: 3471 
Maximum-Minimum  of  Average 

Plate Current: 3471 
PCM: 3285 
Power Ratio: 3285 
Signal-to-Noise: 3285 

Radar: 3265 
Radio Signals: 3265 
From Moon: 3265 

Specch: 3267 
Frequency-Modulated: 3267 
Phase-Modulated: 3267 

Telephone Conversations: 3259 
Simultaneous: 3259 

Television: 3259 
Black-and-White: 3259 
Field Survey: 3337 
Channel 5 Propagation: 3337 

WABD Performance Characteristics. 
3337 
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Traveling-Wave Tubes: 3240 
Slow-Wave Structures: 3240 
Apertured-Disk: 3240 

Trigger Circuit: 3262 
Eccles-Jordan: 3262 
Phasemeter: 3262 

Trigger Tubes: 3411 
Secondary Emission: 3411 
Applications: 3411 
Design: 3411 
Life Tests: 3411 

Triodes: 3251 
Power-Output: 3251 
Perveance: 3251 

Triple-Tuned Circuits: 3419 
Tropospheric Effects: 3342 
Transmission: 3342 
Ionosphere-Supported: 3342 

40- to 50-Mc Band: 3342 
Tropospheric Sounding: 3254 
By Radar: 3254 
Practice: 3254 
Theory: 3254 

Microwave: 3254 
Tschebyscheff Response: 3444 
Band-Pass Filters: 3444 

Tubes (See also Electron Tubes and Vacu-
um Tubes): 3236, 3240, 3245, 3251, 
3260, 3265, 3269, 3282, 3288, 3289, 
3310, 3320, 3336, 3348, 3359, 3360, 
3361, 3363, 3382, 3395 

Annual Review: 3282 
Cathode Materials: 3361 
Testing: 3361 

Counter: 3382 
Geiger: 3382 

Cyclophon: 3363 
Single-Channel: 3363 

Diodes: 3265, 3289, 3360 
For Tests: 3360 
Cathode-Core-Material: 3360 
Oxide-Coated: 3360 

Noise Characteristics: 3289 
Measured: 3289 

Planar: 3500 
Transit-Time Solution: 3500 

Radar: 3265 
Disk-Loaded-Rod: 3240 
Electrometer: 3260, 3310 
Measurement of Small Currents: 3310 
Rate Meter: 3260 
Radiation: 3260 

Electron-Wave: 3236 
Microwave: 3236 
Single-Beam Type: 3236 
Two-Beam Type: 3236 

Geiger Counter: 3382 
Townsend Avalanche: 3382 

Magnetrons: 3288 
Amplitude Modulated: 3288 
Spiral-Beam Method: 3288 

Manufacture: 3336 
Quality Control: 3336 

Pentode: 3495 
In Feedback Frequency Changer: 3495 

Photomultiplier: 3359 
Radiation Measurement: 3359 
Atomic: 3359 
Nuclear: 3359 

Planar Diode: 3500 
Transit-Time Solution: 3500 

Reactance: 3245 
Analysis: 3245 

Switching: 3395 
1B25: 3395 

Test-Diode Design: 3348 
Space-Charge Considerations: 3348 

Testing: 3361 
Cathode Materials: 3361 
In Factory Production: 3361 

Traveling-Wave: 3240, 3320 
Circuits: 3320 

'Tubes (Cont'd.) 
I Traveling-Wave (Cont'd.) 

Slow-Wave Structures: 3240 
Triodes: 3251, 3269 
Power-Output: 3251 
Perveance of: 3251 

Ultra-High-Frequency: 3269 
Electronic Behavior: 3269 

Tubular Electron Beams: 3477 
In an Axially Magnetic Field: 3477 
With External Conductor: 3477 
With Internal Conductor: 3477 

Tuned Coupled Circuits: 3419 
Tuning: 3471 
Transmitter: 3471 

Ultra-High Frequencies: 3058, 3236„3269, 
3363, 3373, 3395 

Admittance: 3395 
Switching Tube: 3395 
1B25: 3395 

Broadcasting: 3363 
Multiplex: 3363 
Experimental: 3363 

Conformal Transformations: 3058 
Echo-Ranging System: 3373 
Forward-Transmission: 3373 

Electron-Wave Tube: 3236 
Transmission Lines: 3058 
Triodes: 3269 
Electronic Behavior: 3269 

Uncoated Nickel: 3476 
Gases: 3476 
Microanalysis: 3476 

Undercut Bead: 3252 
For Coaxial Line: 3252 

Vacuum Tubes (See also Electron Tubes 
and Tubes): 2973, 3236, 3251, 3418, 
3464, 3468, 3507 

Diode: 3418, 3468 
Cylindrical: 3468 
Phase-Discriminator: 3507 
"Retarding Field" Characteristic: 3418 

Electrodes: 3464 
Electron-Wave: 3236 
Multigrid: 3418 
"Retarding Field" Characteristics: 3418 

Triodes: 3251 
Power-Output: 3251 
Perveance: 3251 

Velocity Modulation: 2973 
Vegetable Tissues: 3250 
Heating Characteristics: 3250 
High-Frequency: 3250 

Measurements: 3250 
Electrical-Conductivity: 3250 

Vehicular Communications: 3503 
Standards: 3503 

Velocity Modulation: 2973 
Video Amplifiers: 3243, 3445, 3446, 3458 
Band-Pass Low-Pass Analogy: 3458 
Applied to Steady-State Problems: 3458 
Applied to Transient Problems: 3458 

Cathode Neutralization: 3445 
Compensated: 3243 
High-Frequency: 3243 
Low-Frequency: 3243 

Transient Response: 3446 
Voltage Supplies: 3261 
Voltmeter: 3451 
Circuits: 3451 

Wattmeters, Electronic: 3418 
Wave Equation: 3366 
Network Analyzers: 3366 
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Dayton Section 
Technical Conference 
May, p. 534 

Television Lecture Series 
August, p. 903 

IRE/A IEE New York Sections 
Antenna Design Lectures 
November, p. 1297  ' 

Montreal Section 
Newfoundland Members, 
August, p. 903 

Standards 

IRE Standards Publication Policy (Editor-
ial), December, p. 1362 

New Standards On Electroacoustics (Edi-
torial), April, p. 339 

Piezoelectric Crystals (Standard 49 IRE 14 
SI), December, p. 1378 

Proposed Standard Frequency Band Desig-
nation (Editorial), May, p. 467 

Radio Aids to Navigation, Definition of 
Terms. 1949 (Standard 49 IRE 12 Si), 
December, p. 1364 

Railroad and Vehicular Communications 
(Standard 49 IRE 16 Si), December, p 
1372 

1949 Supplement to Radio Receivers, "Tests 
for Effects of Mistuning and for Down-
ward Modulation" (Standard 49 IRE 
17 Si). December, p. 1376 

Index-22 



Back Copies 

The Institute endeavors to keep on hand a supply of 
)ack copies of the PROCEEDINGS for sale for the con-
mnience of those who do not have complete files. How-
wer, some issues are out of print and cannot be pro-
Med. 
All available back issues of the PROCEEDINGS OF THE 

.913  Vol. 1  January (a reprint) 

916  Vol. 4 
,917  Vol. 5 
918  Vol. 6 
1919  Vol. 7 
1920  Vol. 8 
1921  Vol. 9 

1927  Vol. 15 
1928  Vol. 16 
1929  Vol. 17 
1010  Vol. 18 
1931  Vol. 19 
1932  Vol. 20 

I.R.E. are priced at $2.25 per copy to individual non-
members; $1.65 per copy to public libraries, colleges, 
and subscription agencies; and $1.00 per copy to Insti-
tute members. Price includes postage in the United 
States and Canada; postage to other countries is ten 
cents per copy additional. 

1913-1915  Volumes 1-3  Quarterly 
1914  Vol. 2  No copies in stock 

1915  Vol. 3  No copies in stock 

1916-1926 

No copies in stock 
April, June, August, October, December 
No copies in stuck 
No copies in stock 
April, June, August, October, December 
All 6 issues 

1927-1938 

April, May, June, July, Octobei-, December 
l'elotHry to December. inc. 
April, May, June, November 
Anril to December, inc. 
All 12 issues 
January, March to December, inc. 

1939-1947 

Volumes 4-14 Bimonthly 

1922  Vol. 10 
1923  Vol. 11 
1924  Vol. 12 
1925  Vol. 13 
1926  Vol. 14 

All 6 issues 
February, April, August, October, December 
August, October, December 
April, June, August, October, December 
All 6 issues 

Volumes 15-26 Monthly 

1933  Vol. 21 
1934  Vol. 22 
1935  Vol. 23 
1936  Vol. 24 
1937  Vol. 25 
1938  Vol. 26 

All 12 issues 
All 12 issues 
All 12 issues 
January to March, inc., June 
February to December, Inc. 
All 12 issues 

Volumes 27-35  Monthly 

New Format —Large Size 

1939  Vol. 27  January to March, inc., May, June, August, Decem-  1943  Vol 31 
ber  1944  Vol. 32 

1940  ‘'ol. 28  All 12 issues  1945  Vol. 33 
1041 Vol. 20 All 12 issues  1946  Vol. 34 
1942  Vol. 30  All 12 issues  1047  Vul. 35 

1948  Vol. 36  All 12 issues 
1949  Vol. 37  All 12 issues 

February to December, inc. 
All 12 issues 
All 12 issues 
January, February, April to December, inc. 
January to May, inc., October to December, inc. 

Cumulative Indexes covering the periods 1913-1942 and 1943-1947 are available at the same prices as back 

issues of PROCEEDINGS. 

Proceedings Binders 

Sturdy binders of blue Spanish-grain fabricoid with 
gold lettering, which will serve either as temporary 
transfers or as permanent holders for the PROCEEDINGS, 
may be obtained in the large size only (1939 to date) at 

the following prices: $2.50 for plain; $3.00 for Vol. No. 
or year, or your name imprinted; $3.50 for Vol. No. and 
name or name and year imprinted. Postage is prepaid 

in United States or Canada; postage to other countries, 
50 cents additional. 

Membership Emblems 

The IRE emblem is available to members in three 
useful forms; the lapel button, the pin, and the watch 
charm. Each is of 14-karat gold, enameled in color to 
designate the grade of membership. 

Grade 
Fellow 
Senior Member 
Member 
Associate 
Student 

Background Color 
Gold 
Dark Blue 
Light Blue 
Maroon 
Green 

The lapel button has a screw back with jaws which 
grip the cloth of the coat. These are priced at $3.00 
each. The pin, at $3.50 each, is provided with a safety 
catch. The watch charm, enameled on both sides and 
equipped with a suspension ring for attaching to a 

watch charm or fob, is $5.50. 
Prices on emblems are the same for all grades of 

membership and include Federal tax, postage, and 
insurance or registered-mail fee. 

Remittance should accompany your order. 
Please do not send cash except by registered mail. 

THE INSTITUTE OF RADIO ENGINEERS, INC. 
1 East 79 Street, New York 21, New York 

-A 



Current IRE Standards 
In addition to the technical papers published in the PkocEr olN4•S OE THE IRE., Standards on various subjects have been printed. '1  

are available at the prices listed below. A 26% discount xx ill be allowcd on ordcrs fcr 100 of 'ma, copies mailed to one address. 

48 IRE 2., 11., 15. Si Standards on Antennas, Modulation 
Systems, and Transmitters: Definitions of Terms, 
1948. 

(vi +25 pages, 81 XII inches) 

48 IRE 2. S2 Standards on Antennas: Methods of Testing, 
1948. 

(vi +18 pages, 8) X 11 inches) 

38 IRE 6. Si Standards on Electroacoustics, 1938. Defini-
tions of Terms, Letter and Graphical Symbols, Meth-
ods of Testing Loud Speakers. 

(vi +37 pages, 6X9 inches) 

38 IRE 7. Si Standards on Electronics: Methods of Testing 
Vacuum Tubes, 1938. 

A Reprint (1943) of the like-named section of "Standard 
on Electronics, 1938." (viii -I:18 pages, 8) X 1 1 inches). . 

42 IRE 9. SI Standards on Facsimile: Definitions of Terms, 
1942. 

(vi +6 pages, 8) X 11 inches). 

43 IRE 9. Si Standards on Facsimile: Temporary Test 
Standards, 1943. 

(iv +8 pages, 8) X 11 inches) 
49 IRE 12. SI Standards on Radio Aids to Navigation: Defi-

nitions of Terms, 1949. 
Reprinted front the December, 1949, l'RocEEDIsus 

45 IRE 14. Si Standards on Piezoelectric Crystals: Recom-
mended Terminology, 1945.. 

(iv +4 pages, 8) XII in(hes) ...... 
49 IRE 14. Si Standards on Piezoelectric Crystals, 1949. 

Reprinted from the December, 1949, PRoct.I.D0:6s 

49 IRE 16. SI Standards on Railroad and Vehicular Corn. 
munications: Methods of Testing, 1949. 

Reprinted from the December, 1949, l'Ho( EEDINGS   

38 IRE 17. SI Standards on Radio Receivers: Definitions of 
Terms, 1938. 

A Reprint (1942) of the like-named section of "Stand-
ards on Radio Receivers, 1938." (vi-I-6 pages, AI XII 
inches)   

47 IRE 17. Si Standards on Radio Receivers: Methods of 
Testing Frequency-Modulation Broadcast Receivers, 
1947. 

(vi +15 pages, 8) X 11 inches). 

48 IRE 17. Si Standards on Radio Receivers: Methods of 

Prite 

$0.75 

$0.75 

Testing Amplitude-Modulation Broadcast Receivers, 
1948. 

(vi 1-2.1 p.tge,, ) XII inclit.,) 

49 IRE 17. Si Tests for Effects of Mistuning and for Down-
ward Modulation. 

MP) Suppluownt to 47 I RI.. 17. Sl. Reprinted front the 
December, 1949, Pilot it to tst,s 

48 IRE 21. Si Standards on Abbreviations, Graphical Sym-
bols, Letter Symbols, and Mathematical Signs, 1948. 

$0.50  vi 1 21 page., 8.12 X11 inche-.) 

47 IRE 22. Si Standards on Television: Methods of Testing 
Television Transmitters, 1947. 
+18 pages, 81 XII inch(s) 

48 IRE 22. Si Standards on Television: Methods of Testing 
Television Receivers, 1948. 
vi + 32 pages, 8 1, X11 inches) 

48 IRE 22. S2 Standards  on  Television:  Definitions  of 
Terms, 1948. 

i iv 1-4 pages,  XII int 42 IRE IRE 24. Si Standards on Radio Wave Propagation: Defi-

nitions of Terms, 1942. 
vi -I-8 pages, 81 X11 inches 

$1.00 

$0.20 

$0.20 

$0.00 

Price 

$1.00 

$0.25 

$0.75 

$0.75 

$1 1)1) 

$0.50 

$0.20 

42 IRE 24. S2 Standards on Radio Wave Propagation: Meas-
$0.20  uring Methods, 1942. Methods of Measuring Radio 

Field Intensity, Methods of Measuring Power Ra-
diatedfrom an Antenna, Methods of Measuring Noise 

$0.8'J  Field Intensity. 
x i -)-16 imgc,, 8', X 11 $0.50 

$ 50 45 IRE 24. Si Standards on Radio Wave Propagation: Defi-
nitions of Terms Relaf ng to Guided Waves, 1945. 
iv  4 pages, 81, XII $0 211 

Normas Sobre Receptors de Radio, 1938.•  Spanish-Ian-
gtiage translation of "Stand irds on  Radio  Receivers,   

$1.00  19 IS,  iv the 13u •11,) , Aires S .ction of The Institute of 
Radio Engineers. vii -4-64 page,, 6 X 9 in hes  . . 

. Two Argentine Pesos (Postpaid) 

* Not carried in ,tork. :it  IR E I leadquarters in New York. 01,-
$0.50  t.tin tile only from Senor Domingo Arbt't, Editor of Revisit' Tel,'-

Peru, 165, Buenos Aires, Argentina. 

ASA STA 
(Sponsored 

ASA1) American Standard: Standard Vacuum-Tube Base 
and Socket Dimensions. 

(ASA C16.2 -1939.)  (8 pages, 7; X10; inches) 

ASA2) American Standard: Manufacturing Standards Ap-
plying to Broadcast Receivers. 

(ASA C16.3 -1939.)  (16 pages, 71 X10; inches) 

$0.20 

NDARDS 
by the IRE) 

ASA3) American Standard: Loudspeaker Testing. 
(AS A C16.4 -1942.)  (12 pages, 71 X10; inches)  $0.25 

ASA4) American Standard: Volume Measurements of Elec-
trical Speech and Program Waves. 

$0.20  (' 16.5 -19,12.)  (8 pages. 7; X10; inches) 

PRICES ARE N ET AND IN(1.1 -D1.  P.)sl  I() ANY (70UN I \ 
INCLUDE RENUTTANcE WI iii ORDFR  \\I) ADDRESS. 

THE INSTITUTE 01: RADIO ENGINEERS, INC. 
1 East 79 Street, New York 21, N. Y. 

$0.20 
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Ready to Solve Your Special Problems 

w326" MCY\EL 
non-magnetic 

rustloss 

strong 

If metal specification is your responsibility, "326"* Monet 
is a name to remember. 

In particular, it will pay you to remember the special 
properties of "326" Monel. 

"326" Monel is substantially non-magnetic at and 
above room temperatures. The approximate permeability 
at 68° F. is 1.025 and at 14° F. is 1.1. Neither hot nor 
cold working appreciably affect its magnetic properties. 

"326" Monel is rust-proof and highly resistant 
to most commonly-encountered corrosives. 

"326" Monel possesses high physical properties 
similar to those of Monel—strength, toughness, 
and resistance to abrasion. 

In addition to these valuable physical 
characteristics, "326" Monel is a thoroughly 
practical metal . . . economical to buy; easy to use; 
readily workable. 

"326" Monel can be welded, brazed, or soldered 
... can be readily machined, formed, drawn, or 
forged. It is available in standard mill forms. 

Next time you are faced with a problem that 
demands a tough, non-magnetic, corzosion-
resistant alloy. ... specify "326" Monel. 

Meanwhile, write for your copy of 

"Inco Nickel Alloys for Electronic Uses." 
This valuable 26-page booklet gives the 
composition, characteristics, and typical 
applications of 18 helpful Inco 
Nickel Alloys.  Pat. Off. 

ITHE INTERNATIONAL NICKEL CO MPANY, INC. 

NICKE 

High voltage cable, shielded by "326" Monel 
tape. Now available from most large manu-
facturers of high voltage cable. 

Where Can You Use This Unusual Inco Alloy? 

Typical Uses 

Cathode ray tube gull ,tructures 
Structural parts of special vacuum tubes 
Mass spectrometer parts 
High voltage cable shielding, tape, for use in 
wet, corrosive, abusive conditions. Good for 
voltages up to 35,000. 

Availability 

Mill forms including: 
Rods and bars, hot-rolled and cold-drawn 
Strip and ribbon, cold-rolled 
Sheet, cold-rolled 
Seamless tube 
Wire, hot-rolled and ,  drawn 

"326" Monel 
Limiting Composition 

NI (+ Co) 58  61 
Cu   remainder 
Fe   2.50 max. 
Mn   2.00 man. 
  .30 max. 

Si  .50 max. 
  .02 max. 

EMBIEM  Of SERVICE 

ALLOYS 

MONEL' • "K" • MONEL • "R"• MONEL • "KR" . MONEL 

INCONEV • NICKEL • "D"• NICKEL • "V' NICKEL 

OURANICKEL • RERMANICKEL• • INCONEL "X"• 

PI WCELDIN6.5 OF 1111 I.H.L.  December, 194% 

67 Woll Street, New York 5, 

.4,i 



THE JL-10 PICKUP is a new Astatic achievement in tone arms for 78 RPM record reproduction — it's 

a new accomplishment in quality construction at a cost 

heretofore associated with vastly inferior equipment. 

The JL-10 has a rugged, drawn steel arm, modernly 

attractive in curved design with decorative ribs. Its 

styling and dark brown Hammerlin finish will make it 

a harmonious part of any phonograph. The L-10 Crystal 

Cartridge is specially designed for this tone arm and is 

available only in this combination. It provides high 

output of approximately 4.0 volts, ample for use with 

one-tube amplifiers. The response is ideal for general 

78 RPM record reproduction. Needle pressure of 1 'A 

oz. assures long record life. You will want the complete 

specifications and prices on this bright new Asiatic 

Pickup for your records. 

THE NE W 

f ife aree 

M O DEL 

J L - 1 0 

Vat' 
icamt 

Astarte Crystal Devices manufaarred 
..der Brash Development Co. patents 

THE A Z roi c ,  

A5IA_T I C.  CORPORATION 
co .f.ur 054,0 

ore Cal.,. Ca•••0••••   0 0 ,O•eapl e 0.0•1 

AioioN 

"Television Pickup Tubes," by R. B. Janes, 

Radio Corporation of America; and Business Meet-

Ina; September 29. 1949. 

BALTIMORE 

"Speeding up the Determination of Dielectric 

Properties of Radio Frequencies. • by C. F. Miller. 
Faculty of Johns Hopkins University; and Business 
Meeting; October 12, 1949. 

BEAUMONT-POET ARTHUR 

'Fundamental Particles of Modern Physics.' 

by J. S. Ham, Jr , Graduate Student. University of 

Chicago; September 20, 1949. 

BUFPALO-NIAGARA 

"Summary of Proposed Color Television Sys 
terns," by M. G. Nicholson. Colonial Radio Cor. 

porat ion; September 19. 1949 

CI.EVELAND 

"High-Gain and Directional Antennas for Tele. 

vision Broadcasting." by L. J. Wolf. Engineering 
Products Division. RCA Victor Division; September 
22. 1949. 

"Performance of Broadcast Directional An-

tenna Systems." by J. S. Brown. Chief Engineer 
Andrew Corporation; October 18. 1949. 

CoLymnus 

"Electronic Arithmetic." by C. N. Hoylar, 
Radio Corporation of America; September 29. 1949. 

CONNECTICUT VALLEY 

"Television Station Installation Problems. • by 
Caro Ray, Radio Station W NHC; September 15, 
1949. 

DALLAS-FT. WORTH 

"Inspection Trip of Transmitting Facilities of 
K RLD-TV," by J. F. Kluttz and Roy Flynn, 
Radio Station KRLD; October 6, 1949. 

DAYTON 

'High Permeability Materials.' by T. D. Yen. 
• sen, Westinghouse Electric Corporation; October 26. 

1949. 
"History of Mathematics and the Digital Corn. 

puter," by Gunter Nelson and E. V. Gulden. Na. 
tional Cash Register Company; November 10. 1949. 

FORT WAYNE 

"Design of Electronics Equipment Using Sub-
miniature Components," by M. 1.4  Miller, Cape-
hart Farnsworth Company. October 10, 1949. 

HOUSTON 

'Some Recent Developments in Electronic Ap-
plications to Geophysics." by Eugene Frowe. Rob-
ert H. Ray Company; September 27. 1949 

INYOKERN 

"Magnetic Recording.' by M. J. Stolaroff. 
Ampex Electric Corporation; and Business Meeting; 
September 27, 1949 

LONDON 

"The Traveling- Wave Tube as a Microwave 
Amplifier," by R. C. Dearle. Head of Physics De. 
partment. University of Western Ontario; October 
3, 1949. 

NEW MEXICO 

"The Effect of Contact Potential Difference in 
Electron Tube Characteristics." by G. D. O'Neill. 
Sylvania Electric Products Inc.; September 16. 
1949. 

(Continued on page 394) 

PROCEEDINGS OF THE IR E.  December, 1949 



'ADVENTURES IN ELECTRONIC DESIGN 

))5. , 
of Santa Claus than ever before. It will also find more grown-ups 

'Z'Avas/ alte Night Before Giti5iinx5 
will find more breathless young-Christmas, 1949 

iters thrilling to the timeless story 

enjoy-

ing the beautiful .  carols and dramatic programs that are so much a part of 

•, 
the Yuletide Season  • 

.• 

will be the 

There's no doubt about it Christmas, 1949, 

•°. merriest ever for millions of people everywhere . . . And a good 

share  of the credit belongs to you . . . America's great radio and television 

industry Yes, by producing more and finer -11 DJ  radio and 

television receivers than ever before 

practically every family 

in making the world  a better place in which to live. For this great accom-

plishment 1/44:4)  Centralab  fr71 'LI  supplier of quality parts to the radio 

and making these sets available at prices 

can afford, you are playing a vital role 

and television industry for more than 25 years 

wishes you a very merry Christmas! 

salutes you  and 

ab DEVELOPMENTS  THAT  HAVE.L 
HELPED YOU  SINCE  1922!"r 

Division of GLOBE-UNION INC.•Milwaukee 



Centralab reports to 
DECE MBER, 19 49 

us  Firsts" 
How Centrolab's "Famo   
have helpe d You since 1922! 

CONTROLS 

SWITCHES  1943 

Centralab has come to be known in the electronics in-
dustry as "first" in the maiority of the products it 
manufactures and sells. Originator of the Composition 
Type Volume Control, in 1922. The first Barnacle 
Type Line Switch attached to a volume control, in 1929. 
Model 1, smallest switch type hearing aid control, 
1946. Now, 1949, Model 2 Radiohm, the most mod-
em high quality variable resistor. 

In 1936, Cuntralab introduced a complete line of wave 
band and tone switches. First in switch development. 
A 24 contact per single section switch in 1938. Lever 
Action Switch in 1939. Low-loss, high-frequency, 
medium-duty Power Switch, 1943. FM and TV Slide 
Switch, 1947. 



Electronic Industry 

CERAMICS 

In the field of ceramic capacitors, Centralab leads. 1936 
— Temperature Compensating Ceramic Capacitors. 
1939 — Ceramic Trimmer Capacitors. 1941 — High 
Voltage Transmitting Capacitors. 1945 — By-pass 
Coupling Ceramic Capacitors, tubular types. 1946 — 
Disc Type By-pass Coupling Ceramic Capacitors. 1947 
— TV High Voltage Ceramic Capacitors. 1948 — 
Extended Range Temperature'  Compensating Capacitors. 
1949 — Multi-Turn Trimmer Capacitors. 

In 1943, the originator and up to the present the only 
producer of Printed Electronic Circuits "P. E. C." 
This process incorporates the four fundamentals of 
circuitry — wiring, inductances, resistance and capa-
city. Note the large variety illustrated above, ranging 
from simple, two-element to complex amplifier and 
network circuits. 

In 1942 Centralab developed a grade L-5 Steatite Ce-
ramic superior to the then existing navy grade "G" 
specification. In 1944 a grade L-6 was introduced. In 
1945, Cordierite and Zirconite bodies with grade L-4 
rating were developed. Since 1943, Centralab has led 
in the metalizing of ceramic bodies for special purposes. 



IMPORTANT BULLETINS FOR YOUR JAHNICAL LIBRARY! 

 17.1111r71171.11 

*RUtA171̀ 4111CH 
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• 

LEVER SWIICH - 

14VIUDE ''''''' ' Alf 

/11IvI ON • 

0 Dr.. erinrn info 

PRI LuVII Wc FILPEC * PRODUCT   

.croKAts 
•• goy 

flit Ampec 

JHE "COUPLATE" 

Choose 
Centralab Centralab Printed Electronic Circuits 

973 — AMPEC — three-tube P. E. C. amplifier. 

42.6 — COUPLATE — P. E. C. interstage coupling plate. 

999 — PENTODE COUPLATE — specialized P. E. C. coupling 
plate. 

42-9 — FILPEC — Printed Electronic Circuit filter, 

Centralab Capacitors 
42-3 — BC TUBULAR 1-11-KAPs — capacitors for use where 

temperature compensation is unimportant. 

42-4 — BC Disc Hi-KAPs —miniature ceramic BC capacitors. 
42-10 — HI-VO-KAPS — high voltage capacitors for TV appli-

cation. 
695 — CERAMIC TRIMMERS — CRL trimmer catalog. 

981 — HI-Vo-KAPs — capacitors for TV application.  For 
jobbers. 

42-18 — TC CAPACITORS — temperature compensating capaci-
tors. 

814 — CAPACITORS — high-voltage capacitors. 
975 — FT HI-KAPs — feed-thru capacitors. 

•  '1"•C 

• 

•N 

v 
1 
••• 
•••.). 

THEY'RE FREE! 

From This List! 
Centralab Switches 

953 — SLIDE SWITCH— applies to A M and FM switching cir-

cuits.970 — LEVER SWITCH — shows indexing combinations. 
995 — ROTARY SWITCH — schematic application diagrams. 
722 — SWITCH CATALOG — facts on CRL's complete line of 

switches. 

Centralab Controls 
42-7 — MODEL "I - RADIOHM — world's smallest commercially 

produced control. 
697 — VARIABLE RESISTORS — full facts on CRL Variable 

Resistors. 
Centralab Ceramics 

967 — CERAMIC CAPACITOR DIELECTRIC MATERIALS. 
720 — CFRAMIC CATALOG — CRL steatite, ceramic products. 

General 
26 — GENERAL CATALOG — Combines Centralab's line of 

products for jobber, ham, experimenter, serviceman or 
industrial user. 

Look to CENTRALAB in 1950! First in component research that means lower costs for the electronic 
industry. If you're planning new equipment, let Centralab's sales and engineering service work with you: For 
complete information on all CRL products, get in touch with your Centralab Representative. Or write direct. 

CENTRALAB 
Division of Globe-Union Inc. 
900 East Keefe Avenue, Milwaukee, Wisconsin 

1 1 3 

Yes —I would like to have the CRL bulletins, checked below, for my technical library' 

O 973  0 42.9  0  42-18  0 953  0 42-10  D 722  0 720 

O 42-6  0 42-3  D 695  12 814  12 970  D 42-7  D 26 

O 999  0 42-4  D 981  0 975  0 995  0 697  0 967 

Name   

Address   

City   State   

TEAR OUT COUPON 

for the Bulletins you want   

Cen 
Division of GLOBE-UNION INC. • Milwaukee 



(Continued from page 344) 

NNW YORK 

'Trends in Air Navigation Instrumentation.' 
by Harry Davis. Watson Laboratories. and George 
Comstock, Airborne Instrument Laboratories; Sep-
tember 14, 1949. 

'Scientific Calculation by Electronic Means." 
by W. J. Eckert, Watson Computing Laboratory. 
Columbia University; October 3, 1949. 

NORTH CAROLINA-VIRGINIA 

*Design Problems of Triodes and Tetrodes for 
High-Frequency Operation.' by C. M. Smith; 
Machlett Laboratories; September 23. 1949. 

PHILADELPHIA 

'Visual Sensitivity —How it is Influenced by 
Ultra-Violet,' by Ernst Wolf, American Optical 
Company; October 6. 1949. 

PITTSBURGH 

'The X-Ray Image Amplifier Tube,  • by F. 
Marshall, Westinghouse Research Laboratories; 
October It, 1949. 

PORTLAND 

'The Measurement of Nonlinear Distortion.' 
by A. P. G Peterson. General Radio Company; 
September ft. 1949. 

•Antenna  Impedance," by F.  E.  Miller. 
Pacific Telephone and Telegraph Company; Sep-
tember 22. 1949. 

PRINCETON 

•Television by Pulse Code Modulation.' by 
W. M. Goodall. Bell Telephone Laboratories; Octo-
ber 13. 1949 

ROCHESTER 

'High-Speed Movies with Grid Photography,' 
by W. C. Newcomb. Eastman Kodak Company; 
October 6, 1949. 

SACRAMENTO 

'Latest Developments in Color Television,' by 
N. D. ‘Vebster. McClatchy Broadcasting System; 
'Radio Range Facilities. by A. H. Rhode. United 
States Air Force. McClellan Field; 'Direction Find-
ing Facilities.' by I. L. Dutton, United States Air 
Force. McClellan Field; 'United States Air Force 
Television.' by Raymond Fisher, United States Air 
Force. McClellan Field; and 'New Developments in 
Ground Control Approach.' by L. A. Querolo. 
United States Air Force. McClellan Field; Septem-
ber 13. 1949. 

SAINT Louts 

'Universal Phonograph Styli.• by J. D. Reid. 
Croftley Division. AVCO Manufacturing Corpora-
tion; September 21. 1949. 

SALT LAKE 

'Microwaves for Instrument Landing of Air-
craft.' by D. F. Folland, Sperry Gyroscope Com-
pany; October 4. 1949. 

TOLEDO 

Film: General Science. Electrical Radio; Octo-
ber 3, 1949. 

WASHINGTON 

'Application of Electronic Techniques in Medi-
cal Research,' by S. A. Talbot, Johns Hopkins 
Hospital; October 10. 1949 

SUBSECTION MEETINGS 

AMARILLO-LUBBOCK 

'FCC Rules and Regulations," by J. H. 
Homsy. FCC District 10; September 23, 1949. 

LANCASTER 
• 

'RCA (Ground Control Approach) Past. Pres-

ent and Future,' by C. W. Hicks. Bendix Radio 
Division; October 12. 1949. 

(Continued on page 404) 

WHEN YOU SEE AN ARROW 
THINK OF S. S. mint 
FLEXIBLE SHAFTS 

44,1: 

The designer of shit broadcast trent-
mister circuit thought of S.S. White 
flexible 'hafts —and used them effec-
tively to get optimum circuit efficiency 
and conveniently centralized control. 

AA‘ ZI k 

M A KES IT 

RIGHT 

41.4 31tir.,4011/. 

• • 
I 

6.11141 C 4111111w-

-As you know, an arrow through a sym-

bol means a variable element. In a cir-

cuit diagram variable elements are no 

problem. You just draw them where you 

want them. But it's quite different when 

you come to design the actual equip-

ment. Then, you have to consider elec-

trical efficiency, operating convenience. 

ease of wiring, space economy, appear-

ance and servicing. 

-You can satisfy every one of these 

requirements by coupling variable ele-

ments to their controls with S.S. White 

flexible shafts, because this simple ar-

rangement gives you complete freedom 

to put both the elements and their con-

trols where it's best for them to be. 

-So, whenever you see an arrow, think 

of S.S. White flexible shafts. And here's 

how you can get complete information 

about them.. 

WRITE FOR THIS FLEXIBLE SHAFT HANDBOOK 

It contains 260 pages of facts and engineering data 

on the subject of flexible shafts, their selection and 

application. Copy sent free if you write for it on your 

business letterhead and mention your position. 

S.S:WHITE INDUSTRIAL 
THE S. S. WHITE DENTAL MFG. CO.  DIVISION 

- -DEPT  G  10 EAST 40th ST., NE W YORK 16, N Y. 

FLEXIBLE  SHAFTS  AND  ACCESSORIES 

MOLDED PLASTICS PRODUCTS—MOLDED RESISTORS 

age  Armeticecit A11.4,4 % du e/a:a Estleafrt ae.4 
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AI RCRAFT 

RA DI O 

CO R P OR ATI O N 

40 Q  4 0 .6• ). .00•41, may . 
f •• 9.4 

ethiit1;.p: 
-Simplified 

-Compact 
Portable 

(r 

• 900-2100 megacycles, 
single band 

Directly calibrated, single 
dial frequency control 

Directly calibrated 
attenuator, 0 to -120 dbm 

CW or AM pulse modulation 

Internal pulse generator with controls for width, 
delay, and rate. Provision for external pulsing 

Controls planned and grouped for ease of 
operation 

• Weight: 42 lbs. Easily portable —ideal for air-
borne installations 

• Immediate delivery 

• 
• 
• 
• 
• 

Built to 

Navy Specifications 
for research 

and production 
testing 

\ %11111 1111111111111111k, 

Write for specifications — investigate the 
advantages of this outstanding new instrument. 

DEPENDABLE ELECTRONIC EQUIPMENT SINCE 1928 

(Continued Iron! Pour 39A 

LONG ISLAND 

'The Mine Detector of World War II." lo 

L. F. Curtis, Hazeltine Electronics Corporat ion, and 
H. A. Wheeler. Wheeler Laboratories; October 11. 

1949. 
MONMOUTH 

"Programming for a Large-Scale Digital C   

puter. • by Joseph Weinstein, Signal Corps Engi-
neering Laboratories; September 21, 1949. 

NORTHERN NEW JERSEY 

'A Report on the Scheduled FCC Hearing to 

Consider Proposals for a Change in TV Transmis-
sion Standards," by T. T. Goldsmith, Allen B. Do-

Mont Laboratories; September 21, 1949. 

STUDENT 

BRA NCH 

MEETINGS 
--r 

CASE INSTITUTE OF TECHNOLOGY —IRE BRANCH 

'Problems and Prospects of Television.' by 

Russell Olsen, Chief  Engineer,  Radio Station 

WE WS-TV; October 4, 1949. 

COLLEGE OF THE CITY OF NEW VORIC — 
IRE BRANCH 

'The Engineer's Job and the Engineering Soci-
ety." by E. K. Gannett. Technical Editor. The In-

stitute of Radio Engineers; October 4. 1949. 

CLARKSON COLLEGE OF TECHNOLOGY — 

IRE BRANCH 

Election of Officers; October 6. 1949. 

I  ERSITY OF COLORADO—IRE BRANCH 

'A New Long-Range Navigational Aid; Con-

sole," by G. E. Glass, Faculty of University of 

Colorado; October 6, 1949. 

CORNELL UNIVERSITY —IRE-AIEE BRANCH 

"Solar Radiation and its Effect on Long. 
Distance Power Lines," by J. T. Wilson. Chief 
Physicist. Allis Chalmers Corporation; October 7. 

1949. 
"A Welcome to Freshmen," by H. B. Hansteen. 

Faculty of Cornell University; September 30. 1949. 

UNIVERSITY OF FLORIDA--IRE-AIEE BRANCH 

"Public Opinion  the  Ultimate Source of 
Power." by Seldon Waldo; September 29. 1949 

GEORGIA SCHOOL OF TECHNOLOGY —IRE BRANCH 

'Wartime Radar," by M. A. Honnell. Faculty 
of Georgia School of Technology; October 13. 1949 

UNIVERSITY OF ILLINOIS —I RE-A I EE BRANCH 

Speakers; Dr. Ryder. Head of Electrical Engi 
neering Department. University of Illinois. and 
W. L. Everitt, Head of College of Engineering. Um 
versity of Illinois; October 4, 1949 

IOWA STATE COLLEGE —IRE-AIEE BRANCH 

'Industry and Your AIEE and IRE.' by G. It 
Town. Head of Experiment Station. Iowa Stat, 
College; October 5. 1949. 

(Continued on page 42A) 
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Er new simplicity, wide range, and high accuracy in the control of modern electronic circuits... 

Cutaway grew of the 
HELIPOT (Model A— 
JO Turn-1 3/4 " Di-

T H E B E C K°  1 11 81 1 V a i  

firOdelooth  of  the  HELIcal  POTerii,opieleti 

Provides many times greater resistance control in 

same panel space as conventional potentiometers! 

IF YOU are designing or manufacturing any type of precision electronic equipment be sure to investigate the greater con-
venience. utility, range and compactness that can be incorporated into 
your equipment by using the revolutionary HELIPOT for rheostat' 
potentiometer control applications.., and by using the new DUODIAL 
turns-indicating knob described at right. 

Briefly, here is the HELIPOT principle... whereas a conven-
tional potentiometer consists of a single coil of resistance winding. the 
HELIPOT has a resistance element many timer longer coiled helically 
into a case which requires no more panel space than the conventional 
unit. A simple, foolproof guide controls the slider contact so that it 
follows the helical path of the resistance winding from end to end as 
a single knob is rotated. Result... uith no increase in panel space 
regairemenit, the HELIPOT gives you as much as 12 times' the control 
surface. You get far greater accuracy, finer settings, increased range— 
with maximum compactness and operating simplicity! 

COMPLETE RANGE OF TYPES AND SIZES 

The HELIPOT is available in a complete range of types and 
Sizes to meet a wide variety of control applications 

MODEL A: 5 wefts, 10 turns, 46" slide wire length, 11/4 " ease 
do., r•sistances 10 to 50,000 ohms, 3600' rotation. 

MODEL II: 10 watts, 15 turns, 140" slide .11.. length, 31/4 " 
cos• do.. resistances 50 to 200,000 ohms, 5400' refolion. 

MODEL C: 3 wens, 1 turns, 13lb" Ude wire length, 13/4 " cos• 
do., rissistances 5 to 15,000 ohms, 1080° relation. 

MODEL El: 15 watts, 25 turns, 234" slide wire length, 31/4 
to. die.. resistances 100 to 300,000 ohms, 9000° 

MODEL E: 20 woos, 40 turns, 373" slide wire length, 31/4 " 
ease die., resistances 150 to 500,000 ohms, 14,400 ° relation. 

Also. the HELIPOT is available in various special designs ... with 
double shaft extensions, in multiple assemblies, integral dual units. etc. 

Let us study your potentiometer problems and suggest how 
the HELIPOT can be used — possibly is already being used by others 
in your industry — to increase the accuracy, convenience and sim• 
plicity of modern electronic equipment. No obligation, of course. 
Write today outlining your problem. 

*Data for Model A, 13/4 " doe. HeliPol. Other models give even greater 
control range in 3" rale diameters: 

TH. Helipot 

r  $ 

The inner, or Primary dial of the DUODIAL sholl'i c,oe.s angular posi-
tion or shalt during each revolution. The outer, or Secondary dial 
show, number of complete revolution, made by the Primary dial. 

A multi-turn rotational-indicating knob dial for use 

with the HELIPOT and other multiple turn devices. 

l".HE DUODIAL is a unique advancement in knob dial design. 
It consists essentially of a primary knob dial geared to a 

concentric turns-indicating secondary dial—and the entire unit is to 
compact it requires only a 2" diameter panel space! 

The DUODIAL is so designed that — as the primary dial rotates 
through each complete revolution—the secondary dial moves one divi-
sion on its scale. Thus, the secondary dial counts the number of com-
plete revolutions made by the primary dial. When used with the 
HELIPOT, the DUODIAL registers both the angular position of the 
slider contact on any given helix as well as the particular helix on 
which the slider is positioned. 

Besides its use on the HELIPOT, the DUODIAL is readily adapt-
able to other helically wound devices as well as to many conventional 
gear.driven controls where extra dial length is desired without wasting 
panel space. It is compact, simple and rugged. It contains only two 
moving parts, both made entirely of metal. It cannot be damaged 
through jamming of the driven unit, or by forcing beyond any me-
chanical stop. It is not subject to error from backlash of internal gears. 

TWO SIZES — MANY RATIOS 

The DUODIAL is now available in two types — the Model "II" 
( illustrated above) which is 2" in diameter, and the new Model "W" 
which is 41/4" in diameter and is ideal for main control applications. 
Standard turns-ratios include 10:1. 15:1. 25:1 and 40:1 (ratio be-
tween primary and secondary dials). Other ratios can be provided on 
special order. The 10:1 ratio DUODIAL can be readily employed with 
devices operating /ewer than 10 revolutions and is recommended for the 
3-turn HELIPOT. In all types, the primary dial and shaft operate with a 
1:1 ratio, and all types mount directly on a 1/4" round shaft. 

Send for this 

HELIPOT AND DUODIAL CATALOG! 

Contains complete data, construction de-

tails, etc., on the many sizes ond types of 

HELIPOTS ... and on the many unique fea-

tures of the DUODIAL. Send for your free 

copy today! 

CO R P O R ATI O N,  SO UT H  PAS A DE N A  6, CALIF O R NI A 
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TOWER LIGHTING EQUIPMENT 

Designed for Dependability ... 
Immediate Delivery ... 

- 

300 MM CODE BEACON, Type 660. Sturdily 

constructed, completely dependable. To 
provide steady, uninterrupted service for 
many years of exposure to rigorous 
weather conditions, metal parts are made 
of cast aluminum with hardware of corro-
sion resistant bronze. Insects are kept out 
by screens placed in ventilating openings. 

ISOFORMERS, Types 2015 and 2030. Interlock-
ing ring, air-insulated lighting transformers; 
particularly adapted for use with towers that 
develop a high voltage across the base in-
sulator. 
REPLACEMENT LAMPS, for code beacons and ob-
struction lights. Carried in stock in variety of 
filament voltages. 
LIGHTING FILTERS, for use with insulated tow-
ers developing moderate voltages above I MC. 
Models available unhoused or in weatherproof 
steel housing. 

BURNOUT INDICATORS, to show lamp failure. 
PHOTOELECTRIC CONTROL SWITCHES, to turn 
tower lights ON and OFF. 
FLASHERS, for code beacons. 
COMPLETE TOWER LIGHTING KITS, including 
conduit, wire, and all fittings for towers of 
any height. 

SINGLE (Type 661A) and DOUBLE (Type 662A) 

OBSTRUCTION LIGHTS. Easy to service, rugged, 
reliable. To replace burned out lamps, just 
loosen one thumb screw and open the two 
piece cast aluminum housing. 
Write for descriptive bulletins or further 
information—today. 

•CAA approvals cover only 
lighting fixtures themselves. 
Associated equipment is not 
subtect to CAA regulations 
but more than meets all local 
regulations. 

C O R P O R A TI O N 

363  EAST  7SIn  STREET  CHIC A G O  19 

TRANSMISSION LINES FOR AM-FM TV  • ANTENNAS  • DIRECTIONAL ANTENNA EQUIPMENT 

ANTENNA TUNING UNITS  • TOWER LIGHTING EQUIPMENT  • CONSULTING ENGINEERING SERVICES 

WORLD'S LARGEST ANTENNA EQUIPMENT SPECIALISTS 

--

STUDENT 

NGS 
B RA NC H MEETI   

(( °imputed from page 40A, 

STATE U NIVERSITY OF IO WA —I R E BRANCH 

"Introduction to the Student Branch of the 

IkE,"by I. A Ware. Faculty of Slate University of 
Iowa; September 28. 1949 

Films: Power and Light. and Curves of Color. 
October 3. 1949. 

Field Trip; October 12. 1949, 

Business Meeting: October 19, 1949 

KANSAS STATE COLLEGE —I R E BRANCH 

'Precipitation Static in Aircraft,' by R. C 
Ayres. Chief Testing Engineer. Rendix Aviation 

Corporation: October 6 1949 

UNIVERSITY OF KENTUCKY —I R E BRANCH 

Film: Unfinished Rainbows: October 11. 1949 

LAFAYETTE COLLEGE —I R E-AI E E BRANCH 

"The AIEE." by William Rohland. and "The 
IRE," by Robert Kudlich. Student Branch Officers. 
September 27 1949 

M ANHATTAN COLLEGE —I R E BRANCH 

Business Meeting; October 12. 1949 

UNIVERSITY OF MICHIGAN —I R E- AI E E BRANCII 

"Preparing for Interviews," by W. C Berg 
man. Michigan Bell Telephone Company - Octobei 
S. 1949 

UNIVERSITY OF MISSOURI —I R E-AI EE 

"How Co'Op Electricity Works." by R. J. Mar 
tin. Manager. Boone County R.E.A.- October I; 
1949 

MISSOURI SCHOOL OF MINES AND M ETALLI41,• 

—IRE-AIEE BRANCH 

"Midgets of Telephone Science." by Mr. NI., 

tick. Bell Telephone Company: and Election oi 
Officers; October 6 1949 

NE WARK COLLEGE OF ENGINEERING-
IRE BRANCH 

Nomination of Officers; October 4. 1940 
Election of Officers; October 11 1949 

UNIVERSITY (IF N E W M EXICO —I R E BRANCH 

Business Meeting; September 30.1949 

NE W YORK UNIVERSITY —I R E BRANCH 

Film: Advent ures in Research: October 6. 1949 

UNIVERSITY OF N OIRE DAME — 

IRE-AIEE BRANCH . 

"The National Electronic Code." by John 

Brehmer.  Electrical ebntractor September 28 
1949 

01110 STATE U NIVERSIIY —I R E- AI EE BRANCH 

"Recent Developments in Electron rube k 
search," by E. M  Boone. Faculty of Ohio Slat , 
University; "Magnatrons," by John Moll  "Kl% 

stron Oscillators." by James Ebers; and "Travel,, 

Wave Tube." by George Muller: October 6 194V 

OREGON STATE COI.LEGE —I RE BRANCO 

"The A I EE and IRE and Student Engineers.' 
by F. 0. McMillan. Head of School of Engineerinv 

Oregon State College; September 28, 1949 
"A New Personnel Program in the Pacific fete 

phone and Telegraph Company." by Bruce Pickett. 
Pacific Telephone and Telegraph Company: Oct,' 
ber 13. 1949 

UNIVERSITY OF PENNSYLVANIA — 

IRE-AIEE BRANCH 

Business Meeting; October 17. 1949 

(Continued on page 44A) 
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The production of planar triod 
in the Advanced Development 
Laboratories of Sylvania Electri 
Kew Gardens, N. Y. bears small 
resemblance to standard receivin 
tube manufacture. The unusual 
of the tubes eliminates conventi 
ste m and mounting techniques. 
Instead individual tube elements 
including plate, grid, and cathod 
are sealed directly into the glass 
envelope! 
Sylvania is now producing 

several types of tubes in the 
planar triode family for direct 
application to microwave system 
where frequencies range between 
300 and 3000 mc. Used as pulse 
generators, some of these 
types will develop peak power 
outputs up to 200 watts. 
Such results are typical of 

Sylvania's continuing research 
and determination to create 
new and better products. 

Sylvania advances 
development and 
production of Planar 
Triode Tubes 

es 

c at 

design 
onal 

In the 
leads planar triod 

ro sh e tubes, disc-shaped grid and plate 
and  d- aped cathode leads are sealed directly 

into glass. Internal grids consist of fine parallel wires 
under tension to assure dirnensional stability. Individ-
ual metal parts m ust he fabricated to precise dimension 
and contour for the requirements of microwa pi-
cations. Throughout manufactu re, the greate 

St of cve apl 
are 

maintained.  
m handling, storage and applieation is required  and 

SYLVAN IA 
ELECFRIC 

ELECTRONIC DEVICES: RADIO TUBES; CATHODE RAY TUBES; FLUORESCENT LAMPS. FIXTURES. WIRING DEVICES, SIGN TUBING; 

PRO(  OF  /Rd:. December, 1949 

LIGHT BULBS; PHOTOLAMPS 
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If 

the 

Problem 

is 

ELECTRONIC 

... look to for the answer 

From amplifiers to electronic repeaters ... 

from diversity converters to complete re-

ceiver assemblies, test instruments and 

frequency multiplier units, B & W equip-

ment is backed by men who have spent a 

lifetime in the electronic field . . . men 

who know the problems of radio and 

electronics and how to solve them. 

Modern, up-to-date facilities are ready 

to convert the designs of these engineers 

into components or complete assemblies, 
designed and fabricated to withstand the 

toughest assignments and carrying the 

B & W trade-mark, recognized the world 

over for excellence. 

2 KW AMPLIFIER 

C O NTR OL 
UNIT 

DUAL  DIVERSITY 
CONVERTER 

Write for the latest B & W Catalog to: Dept. PR-129  • 

tl 

RECEIVER 

ASSE MBLY 

B& W DISTORTION 
METER 

B& W 
ALL BAND 
FREQUENCY 

MULTIPLIER 

BARKER&WILLIAMSON:INc7 
237 Fairfield Avenue  Upper 

(Confirmed from paye 424) 

PRATT INSTITUTE —IRE BRANCH 

Business Meeting; September lib 1949. 

"The Consulting Engineer," by T C. Cams 

Industrial Electronics School; October IS. 1949 

RIIODK ISLAND STATE COLLEGE— 

! R  EE BRANCH 

Business Meeting; September 27. 1949. 

W AGERS UNIVERSIIY —IRE-AIEE BRANCH 

"Function ol Personnel Placement Division." 
by William Hobble; October 11. 1949. 

SYRACUSE UNIVERSITY —IRE-AIEE BRANCH 

"Engineers in Russia," by Igor Plusc, Faculty 

of Syracuse University; Nomination of Officers: 
September 28. 1949. 

"1Vorking in a Power Plant." by D. V. Brouse. 

Student; October 12, 1949 

SOUTH DAKOTA SCHOOL OF M INES AND 

TECHNOLOGY —IRE BRANCH 

Business Meeting; September 28. 1949. 

TEXAS AGRICULTURAL AND MECHANICAL 
COLLEGE —IRE-Al EE BRANCH 

Business Meeting; Election of Officers; October 
II. 1949 

UNIVERSITY OF UTAH —IRE-AIEE BRANCH 

"Orientation to Activities of AIEE-IRE." by 
0. C. Haycock. Faculty of University of Utah; 

October 4. 1940 

VAWINIA POLYTECHNIC INSTITUTE — 

IRE BRANCH 

Business Meeting; September 27. 1949. 

"Graduate Work in Electrical Engineering," by 
F. C. Vilbrandt, Head of Chemical Engineering 0, 

partment. Virginia Polytechnic Institute: Octobe: ; 
1949. 

Films: Coaxial Cable. Antennas and Micro-

waves. and Station Installer; October IS, 1949. 
"Analaogy Between Fluid Flow and Electric 

*Current." by V. G. Szebehely. Faculty of Virgir, 
Polytechnic Institute; October 11. 1949 

W AYNE UNIVERSITY —IRE-AIEE BRANCH 

Business Meeting; September 27. 1949. 

The following transfers and admissions 
were approved and will be effective as of 
December 1, 1949: 

Transfer to Senior Member 

Black, R. R., 2203 U Pl.. S. E., Washington 20 
D. C. 

Fisher. W. C., RCA Victor Company, Ltd.. 168 
Market Ave., E., Winnipeg, Man.. Canada 

Gregory, L. W.. 108 Oaklee Village. Baltimore 20 
Md. 

Hedeman, W. R., Jr., 908 Greenleigh Rd., Baltimo, 
12, Md. 

Hughes, W. R., 11600 Sherman Way. N Holb 
wood, Calif. 

Kramer, A. S., 377 S. Second St., Lindenhurst. I. 
N. V. 

(Continued on page 464) 
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1 

solve r I  
SEALED LEAD 

p robletnskz 
SECONDS-

VI 

HE* 

E-I DESIGN SAMPLES 
SAVE YOU TIME AND MONEY! 

Kit contains 81 standard terminals and 11 different 

header types. E-I standard leads and headers can 

solve practically all problems on hermetic seals at 
prices that benefit from standardized mass produc-

tion. For unusual requirements E-I custom manu-

facture can meet your needs —economically. Use 
an E-I Sample Kit to find the right type for your 

production —you'll find it practical, fast and above 

all, economical! 

JUST FILL OUT COUPON AND MAIL 
WITH CHECK OR MONEY ORDER! 

- WITH THE NE W 
ENGINEER-DESIGNER 

sealed lead and 
multiple header kit! 

Ei 
INC 

ELECTRICAL 
INDUSTRIES•INC 

44 SUMMER AVENUE, NE WARK 4, NE W JERSEY 

24 TYPES OF TERMINALS 
AN ASSORTMENT OF 81 ITEMS 

9 TYPES OF HEADERS 
AN ASSORTMENT OF 11 ITEMS 

ALL LABELED AND SORTED IN 
TRANSPARENT BIN-TYPE CASE 

$100° 
POST 
PAID 

A-; 

Gentlemen: 

Enclosed is $10.00 
send it at once. 

NAME 

COMPANY 

STREET 

CITY 

SIZE — only 

4" x 8" x I" 

....  deep 

for my E-I Sample Kit. Please 

STATE 

(Please print clearly) 
  -J 

£RULLILDIAG.5 UP I Ilk. I.R.L.  IJc  mber, fl' Ii 



A Complete Line of 

PRODUCTION TEST EQUIPMENT 
for TV Manufacturers 

Tel-Instrument has designed and provided the production test 
equipment for many of the major TV manufacturers. A complete 
line of instruments designed to be unusually critical in the testing 
of TV receivers is available. They are the result of the wide 
practical experience of Tel-Instrument engineers plus a complete 
understanding of the production problems of TV manufacturing. 

6 

TYPE 2120 
R.F.PICTURE SIGNAL GENERATOR 

Provides picture and sound carrier. 

Modulated  by  standard  R.M.A. 

composite picture signal.  Sound 

carrier stability suitable for testing 

Inter Carrier type receivers.  In-

ternal 400 cycle FM and External 

audio with 75 microsecond pre-
emphasis. Output max. 0.1v p-p 

across  75  ohm  line.  Available 

channels 2-13. 

• 
••••••• 

TYPE 1900 
CRYSTAL CONTROLLED 

MULTI -FREQUENCY GENERATOR 

A 10 frequency, 400 cps. modu-
lated crystal controlled oscillator, 
ideal for production line adjust-
ment of stagger tuned I.F. ampli-
fiers. Available with crystals rang-
ing from 4.5 to 40 M.C. Output 
frequency  accurate  to  0.02 %. 
Immediate push button selection 
of frequency. Output attenuator 
range .5V to 500 microvolts. Self 
contained regulated power supply. 

C 

Vr-77"t, 

TYPE 1200 
12 CHANNEL 
R.F. SWEEP GENERATOR 
Intended for precise adjustment of 
R.F. head oscillator coils and R.F. 
band  pass  circuits.  Pulse  type 
markers  at  picture  and  sound 
carrier frequencies extend to zero 
signal reference  bose line.  Ac-
curacy  of  markers  0.O2 %  of 
carrier Irequency.  12 to 15 MC. 
sweep on all channels. Max. I.V 
peak output across a 75 ohm line. 
Provisions for balanced input re-
ceivers. Instant selection by push 
button. 

TYPE 1500 
I.F. WOBBULATOR 

A two band sweeping generator 
covering the range of 4.5 to 50 
M.C. Capable of a band width of 
approximately  -2:25 %  on  either 
band.  Five  pulse  type  crystal 

generated  markers  to  specified 
frequencies  available  for  each 
band. Accuracy of markers .05 %. 
Zero signal  reference  base  line, 
with  markers  extending  to  base 
line. I.V output max. into 75 ohms. 
A saw sweep available for "X" 
axis of scope. 

Write for Detailed Engineering Data Sheets. 

ill 

T;•11nsfrumetil Co. Inc. 
54 PATERSON AVENUE  • EAST RUTHERFORD, N. J. 

(Conti niied  IIA) 

Lear, W. E., 418 N. Yulee St., Gainesville, Fla 
Mayo- Wells, W. J., 59.18 13 Pl. N. W. Washington 

II, D. C. 
Millman, J.. 144-54-69 Ave.. Flushing, L. I.. N V 
Schwet man. H. D., Physics Department Baylor 

University, Waco, Tex 
Soria, R. M., 1830 S. 54 Ave.. Chicago 50, Ill 

Stratton, A. W., Department of Electrical Engineer 
ing, University of Texas. Austin, Tex 

Thorson, H. L.. 1517 Wyoming Ave.. Schenectady 
N. V. (effective November II 

Vogt, E. J., 2200 N. Tejon St.. Colorado Springs. 
Colo. 

Webber. S. E., Research Laboratory, General 
Electric Company, Schenectady, N. V. 

Welge, V.. 432 LaCrescentia Dr., San Diego. Calif 
Wolf, H., 114-01 -86 Ave., Richmond Hill. L. I.. 

N. Y. 

Admission to Senior Member 
Beck, V. R., 254 Grantley. Elmhurst, 111. 
Pack, L., 128 Russell Lane, London N. 20, England 

Watson, S. H., Chews Landing Rd. cor. Hutchinson 
Ave.. Haddonfield. N. J. 

1l'illoughby, J. A., Federal Communications Com-
mission, Washington 25. D. C 

Transfer to Member 

Brewer. G. R., 1359 Erving Cr., Willow Run Village. 
Mich. 

Cholmondeley-Smith, D. R., Transmitting Sian -

New Zealand Broadcasting Service. Or.. 
Hawke's Bay, New Zealand 

Douglass, C. F., 19 W. Fifth St.. Emporium, P., 
Fulmer, N. C., 16 Forest St.. Montclair, N. J. 
Gerlough, D. L., Department of Engineering. Uni 

versity of California, Los Angeles, Calif. 
Ilanft, H., 711 New Jersey Ave.. Brooklyn 7, N.Y 
Hyland, F. G., 1394 N. Fifth St., Columbus, Ohio 

Johnson. L. E., The Pines, R. R. 3, Wayzata. Minn 
Kong, Y.. 26-3 W. Wai Oy Rd.. Canton, China 
Martin, R. A., 210 North Ave.. N. W., Atlanta 3 

Ga. 
McCall, E. A., 3504 E. 26 St., Kansas City. Mo 
Nord. R. H.. Box 6, Bayside, L. L. N. 

Occhiogrosso, T.. 84 Barker Ave., Eatontown. N. J. 
Roney, E. L., 479 Pacific St.. San Luis Obispo 

Calif. 
St ultz, L. R., 46 Westcliff Rd., Catania, N. J. 
Waxier. B., 1956 Bathgate Ave.. New York 57, 

N. 

Admission to Member 

Brenneman, D. E.. Bell Telephone Laboratories. 
463 West St.. New York 14, N. V. 

Cameron, D. B.. National Carbon Company, Inc. 
Box 6087. Cleveland. Ohio 

Fox, W. C. 0., Thorn moft Apartments, Garth Rd.. 
Scarsdale, N Y 

Hewitt, F. J., 4 Orange St.. Sandringham, Johannes-
burg. South Africa 

Butts, E. H., 18 Milburn Ct., Baldwin, N. Y. 
James. W. S., Jr.. 200 Highland Blvd.. Brooklyn 7. 

N. Y 
Khouri, 3, 0., Direction Telephonique. Beyrouth 

Lebanon 
LaVielle. W. R. R.. 495 Lightfoot Rd., Louisville. 

Ky. 
Loreto, D. R.. 62 Sicard St., New Brunswick, N. J. 
Mayerson, M. I., 41 Barker Ave., Eatontown. N. J. 
Mleczko. E. L., 7619 Hinds Ave., N. Hollywood. 

Calif. 

Perry, R. L.. 259 Saratoga Ave.. Los Gatos, Calif 
Pratt, C. B., 11 Halsey Dr., Dayton 3, Ohio 
Robinson, W. H., 29 Bartlett Ave.. Arlington 74 

Mass. 
Ruark, A. E., 1315 St. Paul St.. Baltimore 2, Md 
Shaw, A. B.. 316 W. 44 St., New York 18, N. V 
Sirota, N.. 10 E. 57 St.. Brooklyn, N. Y. 
Thomas, L. R., 830 Park Ave.. Wilmette. III. 

(Continued on page 47A) 
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The following elections to the Associate 
grade have been approved and will be ef-
fective as of November 1, 1949: 

I Ahe m E. P., 108 Forest Dr., North Syracuse. N. V. 
Accardo, N. A., 267 Montclair Ave.. Vitus Hall. 

N. .1. 
Arnaldo, E. J.. 310 S. Third St., Brooklyn II. N. Y 
Baker. W . L., Box 881, State College. Pa. 
Benson, E. D., 70 Forsyth St.. Boston. Mass 
Bettis, W. E., 3328 T. S.. Box 220, Scott Air Force 

Base, III. 
Binkholder. C. E., c/o American Television Ina'. 

lute. 5050 Broadway, Chicago. III. 

/ Brandt. R. W.. 4543 W Augusta Blvd.. Chicago 51. 
III. 

Bross. C. F., 5 E. P. Bross, R.R. 3, Palmyra, Mo 

Buersmeyer, C. R.. Box 371. Washington. Mo. 
Burger, D. G., 2178 Ave. H. Redondo Beach. Calit 
Burgard. G. J., Maple Ave.. Evans City. Pa 
Clark. D.. Jr.. 40270 Abourne Rd., Los Angeles. 

1 Calif. 
Cloutier. D. A., 4.545 %V. Augusta Blvd., Chicago 51. 

III. 
Coffey. J. L.. 32 Oak Island Rd., Revere 51, Mass 
Cooper. W. C., 3960 Ogden. Beaumont. Tex. 
Cotellessa. R. F.. Box 102. 472 Van Emburgh Ave.. 

Ridgewood. N. J. 
Crupi. D. W.. 5050 Broadway. Chicago. Ill. 
Des. J., West Command Signal Regiment. New 

Delhi, India 
Daykin. D. R . 1283 Clifton Prado. Lakewood 

Ohio 
De Cithas. J. D.. 20 Christopher St., New York 14. 

N. V. 
. De Socio, G., 702 Evesham Ave.. Baltimore 12, Md 
Diger. L. E.. 3617 N. 79 St.. Milwaukee 11, Wis. 

il Dobbins. W. E.. 217 -17 St.. Manhattan Beach. 
Calif. 

Dolence. J. J.. 918 E. 14 Pl., Chicago 15, III. 
7 Duschenchuk, L.. 148 Newport Rd., E. Hempstead 

1 L. I.. N. Y. 
Dyett. E. G.. Jr.. 29 William St.. Cambridge 39 

Mass. 
Elliott. J. W..1157 W. 11 St.. San Pedro, Calla. 
Ellis. C. E., Jr.. 204 Fostoria Ave., Springfield. Ohio 
Farrell, P. T., 495 E. 188 St.. New York 58. N. V 

Feeley. K. A., 200 S. 33 St., Philadelphia 4. Pa. 

Fields, T., 6917 S. Crandon Ave.. Chicago 49, III. 
Fong. B. W., 1129 Stockton St.. San Francisco. 

Calif. 
Friedberg, I. S.. 86 W. 183 St., New York 53. N. V 
Fuller. B. L.. 4024 Hillcrest Dr., Los Angeles 43. 

Calif. 
Gerold. L.. 53 Prairie Lane. Levittown. Hicksville. 

L. I.. N. Y. 
Green, C. A., Sioux Ordnance Depot. Sidney. Nebr. 
Greer, L. H., 26 W. 47 St.. New York 19. N. Y. 
Hardy. %V. G.. 807 Columbus Ave.. New N'ork 25 

N. Y. 
Harvey, F. K., Bell Telephone Laboratories. Mar. 

ray Hill. N. J. 
Hausenbauer. C. R.. College of Engineering. Uni-

versity of Arizona. Tucson, Arir. 
Heckert, R. E.. 1203 S. Berendo St., Los Angeles 6, 

Calif. 
Hedges. H. G.. 519 Roy Ave.. Dayton 9, Ohio 
Holt. T., 2301 Gantz Rd.. Grove City, Ohio 

Honda. H.. 36 N. 34 St.. Philadelphia, Pa. 
Hopf. E. W...324 William St.. Boonton. N. J. 
Houlroyd, G. F.. Boonton Radio Corp.. Intervale 

Rd.. Boonton, N. J. 
How. F., South African Broadcasting Corporation 

Commissioner St., Johannesburg. Trans-
vaal, South Africa 

Jones. S.. 104-45 -121 St.. Richmond Hill. L. I 
N. Y. 

Kantor. F. I., 3869 Sedgvtick Ave.. New York 63. 
N. Y 

(Continued OPT page 484) 

Tell us your needs. Quite 
probably we can be of value 

to you in your planning and 
production. Your inquiry will 

receive personal and experi-
enced attention. 

...punching dies ariluble 
in endless OW & for 

COS M ALITE* 
COIL FOR MS 

Manufacturers of radio and 

television receivers KNOW 

the outstanding advantages 

of COSMALITE in both per-

formance and price. 

There is a further saving in 

time and costs through the 

use of our extensive number 

of dies available to purchasers 

of  Cosmalite  Coil  Forms. 

Punched, threaded, notched 

and grooved to meet your in-

dividual specifications. 

• Reg. U.S. Pot. Off 

ihCLEVELAND CONTAINER6 
6201 BARBERTON AVE.  CLEVELAND 2, OHI O 

PLANTS AND SALES OFFICES o, Pl,mouth W.  Cnn000 Dc ,,o0 Ogoensb,o N  Jocnetbwg NJ 

ABRASIVE DIVISION at Cleveland Ohoo 

CANADIAN PLANT The Cleveland Conto.nec Conodo Ltd Prescott Ontario 

REPRESENTATIVES 

CANADA  wm T BARRON, EIGHTH LINE, RR .1. OAKVILLE. ONTARIO 

METROPOLITAN 
R  MURRAY, 611 CENTRAL AVE. EAST ORANGE, N J 

NE W YORK 
NE W ENGLAND  E P PACK AND ASSOCIATES, 968 FARMINGTON AVE 

WEST HARTFORD, CONN. 

lama. 
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EN GI NEERED  FOR  EN GI NEERS 

OSCILLOSY NC H RO S CORE 

Model OL-15B 

Designed for maximum usefulnes in labora-
tories doing a variety of research work, this 
Instrument is suited to radar, television, com-
munication, facsimile, and applications involv-
ing extremely short pulses or transients. It 
provides a variety of time bases, triggers. 
phasing and delay circuits, and extended. 
range  amplifiers  in  combination  with  all 
standard oscilloscope functions. 

THESE FEATURES ARE IMPORTANT TO YOU 

• Extended range amplifiers: vertical, 
flat wi en 3 db 5 cycles to 6 mega-
cycles, full tube deflection: horizontal. 
flat within 1 db 5 cycles to 1 mega-
cycle.-

• High sensitivity: vertical, 0.05 RMS 
volts per inch: horizontal 0.1 RMS 
volts per inch. 

• Single-sweep triggered time base per 

mitts observation of transients or it-
regularly recurring phenomena. 

• Variable delay circuit usable with 
external or internal trigger or sepa-
rate from scope. 

• Sawtooth  sweep  range  covers  5 
cycles to 500 Kilocycles per second. 

• 4.000-volt acceleration gives superior 
intensity and definition. 

For complete data, request Bulletin RO-912 

SWEEP CALIBRATOR  SQUARE-WAVE MODULATOR 

AND POWER SUPPLY 

Model GL-22A 

This versatile source of timing markers 
provides these requisites for accurate 
time and frequency measurements with 
an oscilloscope: 

• Positive and  negative  markers at 
0.1, 1.0. 10, and 100 micro-seconds. 

• Marker  amplitude  variable  to  50 
volts. 

• Gate  having  variable  width  and 
amplitude for blanking or timing. 

• Trigger generator with positive and 
negative outputs. 
Further details are given in Bulletin 
RC-912. 

STANDING WAVE RATIO 

Model TAA-16 

Ask for your FREE copy of 
our brochure illustrating and 
describing all Browning pro-
ducts. 

In Canada, address Meas. 
urement Engineering Ltd., 
Arnprior. Ontario. 

Export Sales 
9 Rockefeller Plaza 

Room  1 4 22  New  York  20 

Model TVN-7 

Here is the heart of a super high fre-

quency signal generator with square. 

wave. FM. or pulse modula.ion. Pro-

vides for grid pulse modulation to 60 
volts, reflector pulse modulation to 100 

volts,  square-wave  modulation  from 

600 to 2,500 cycles. Voltage-regulated 

power  supply  continuously  variable 
280-480 or 180-300 volts dc. For addi-

tional data and application notes. see 
Bulletin RM-912. 

METER AND HIGH GAIN AUDIO AMPLIFIER 

• Standing wave voltage ratios are read directly 

on the panel meter of this sensitive, accurate 
measuring instrument. 

• Frequency  range  500  to  5.000  cy lee  per 
second. 

• Two input channels with separate gain con-
trol for each. 

• "Wide-band" sensitivity 15 microvolts full scale. 

• "Selective" sensitivity 10 microvolts full scale. 

• Bolometer/crystal switch adjusts input circuit 
to signal source. 

Write for Bulletin RA-912 containing 
full details of this useful instrument 

BR O W NI N G 
La b or at ories,  Inc. 

Winch ester.  M ass, 

EN GI NEERED  FOR  EN GI NEFoc 

(Continued from page 47A) 

Karns. K. B.. Hayes Center, Nebr. 
Lanning, W. M., 6820 W. 88 St., Los Angeles. Cant 
Lock. R. W.. 6228 N. Winthrop Ave.. Chicago 40 

Marek, L. W.. 215 W. 23 St., New York 11, N. V 
Martin, P. W. 3019 Walnut St.. Huntington Park 

Cal i 
Maass, C. F.. 510 E. South St., Anaheim, Ca , 

McKay, M. W  2368 Victory Pkwy., 
Ohio 

Myers. E. G.. 102i S. Flenoaks Blvd., Burl,, 

Calif. 
Neill, W. R., Box 131, Medway. Ohio 

Newman, H. S. R. D. I, Kent, Ohio 
Nitsche, J. E., Corning Glass Works, Corning, N.11 
Patrick, P. J., Box 2386. Anchorage. Alaska 

Perkins, G. M., General Delivery,China Lake,( 
Pickens. G. 0.. Box 295. Point Loma. San 

Cant. 
Press, M.. 40-40 -189 St., Flushing, L. I., N. 1 

Quavraux, H. F . 1031 N. Bonnie Brae. Los Angelo-
Calif. 

Rai. R. K., 5 Ridge. Nagpur. India 
Rhode. F. S.. Box 22, Valparaiso, Ind. 
Rice. J. W., 272 Union St., Ashland. Mass 

Roberts, L. L., Jr.. 4.353 S. Van Buren Pl.. Lo 
Angeles. Calif 

Rooten, A., 702 Smith Ave., Xenia, Ohio 

Sauer. R. D.. 57 Anchor Lane. Levittown, L. 1 

N. V 
Scott, D. E.. 16508 Eastburn, Detroit, Mich 
Sear. H.. Gladstone Hotel, II and Pine St . Phila-

delphia, Pa. 

Seybold, R. E., 2803 Summit. Toledo 11, Ohio 
Shaw, B., 321 Ave. C, New York 9, N. Y. 

Shuman, H., 39 Baird St., Dorchester 24, Mass. 
Smith. J. G., 15026 Talman Ave.. Harvey, Ill. 
Soloway. M. D., 1929 Haight Ave.. New York 61, 

N. Y. 

Sparks. %V. J., Jr., 134 W. 21 St., Indianapolis, Ind. 

Sprengel, W. L., 1130 Noble St.. Toledo, Ohio 
Stanton, W. R.. 225 Mt. Pleasant Ave.. Stratford 

Conn. 
Taischoff, J., 30 Rockefeller Plaza, New York 20, 

N. Y. 

Thresh. J. L., 375 Carroll Park, E.. Long Beach 14. 
Calif. 

Tippott. D. W., 1405 -36 St.. Sacramento, Calif. 
Venketakrislinan,  R..  40  Edward  Elliot  Rd: 

Mylapore, Madras. India 
Volpe, D. F., 316 E. 22 St.. Paterson 4, N. J. 
%Valker, E. T., 1627 Russell Ave.. Dayton, Ohio 

Weber. G. J., 1525 Sampson St.. Los Angeles 33. 
Calif 

Weber, S. E., 205 W. Second St., Arcanum, Ohl, 

1Vightman. B A., National Research Counci 

Sussex St., Ottawa, Ont., Canada 
Vi'ilson, C. R., 91-21 -195, Hollis, L. I., N. Y. 
Wong, G. W.. 66 Utilversity Rd.. Brookline 46, 

Mass. 

Wynn, J.'D., Jr., Box 1186, Port Hueneme, Calif. 
Yarbrough, K. A.. 6038 Bryan Pkwy.. Dallas S Tex. 
Young. R. 0., 620 %V. 115 St., New York 25, N. Y. 
Zegers. T. A.. 2652 Hudson Blvd., Jersey City 6. 

N. J 

The following transfers to the Associate 
grade were approved to be effective as of 
October 1, 1949: 

Aburano. F., 2007 Main St.. Seattle 44, Wash. 
Adams. M. M., 404 Choctaw, Bartlesville, Okla. 

Adovnik. F. %V., 1013 Lee St.. Rock Springs. Wyo. 
Alley, R. P.. 173 Burbank, Pittsfield. Mass. 

Brill, G. J., 836 Masonic Ave.. San Francisco 17, 
Calif. 

Buescher, W. E.. 220 West Fourth St., Emporium. 
Pa. 

Burgwald. G. M., 10628 Ave. F., Chicago 17. III. 

Clemens, J. F., 612 College Highway. Evansville. 
Ind. 
(Continued on page 494) 
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Membership 
(Continued from page 48.4) 

Crill. P. D., 125-12 Street. Oakland. Calif. 
De Carlo, G. J.. 1133 Waring Ave.. New York 67. 

N. Y. 
Dick. A. I , 283 E. 171 St.. New York 57. N. Y. 
Eapenlaub. W C.. 4607-260 St.. Great Neck. L I. 

N. V. 
Findley, R., 515 Taylor Ave.. Avalon. Pittsburgh 2. 

Pa. 
Ganahl. P. J.. 975 Blossom Dr.. Santa Clara. Calif. 
Gilroy. R. B.. 52 Adams Pl.. South Weymouth. 

Mass. 
Hamann, 0. F.. 708 S. George Mason Dr.. Arling-

ton. Va. 
Hammond, W  H.. I Collier Rd.. N W.. Atlanta, 

CM. 
Hart. M. T., 437 S. Poplar. Centralia. Ill. 
Hartnett, G. C., 25 Kemp Ave.. Troy. N. V. 

I Hayes. B.. 1121C Eastern Ave.. Baltimore 21. Md. 
Heintz. R. M. 601 University Ave. Los Altos. 

Calil. 
Hollander, J. M.. 140 West 86 St.. New York 24. 

N. Y. 
Horton. E. J.. 435 W. Fairview Ave.. San Gabriel. 

Calif. 
1, Kafalas, C.. 22-18-24 St., Astoria 5. L. I., N. Y. 

1 Kugler F.. 291 Rockaway Pkwy.. Brooklyn 12. 
N. Y 

Lamb. H. M., 58 Barnyard Lane. Levittown, Hicks-
ville. L. I., N. V. 

c Lang. H. J., 100 Franklin St.. Bldg. I. Apt A3 
Morristown. N. J. 

Manry. L. V., Jr.. 4324 Betty St., Bellaire. Tex. 
, Mew. H. V., 1326 Alewa Dr.. Honolulu 29, Hawaii 
i Meyer. D. R.. 7260 Bellaire Ave.. North Hollywood. 

Calif. 
Miller, R. L.. Box 95, Parkland. Pa. 
Mueller. H. W., 2428 N Holton St.. Milwaukee 12 

Via. 
Perkins. G. 0., 314 W. Zeralda St.. Philadelphia 44. 

Pa. 
Peterson, C. D.. ll!17 Edbrooke Ave.. Chicago 28 

III.  . 
• Rau. F. J.. 1015 Uvilla St., Pittsburgh 20. Pa 
Reber. J. H.. 120 W. Maple Ave.. Osborn. Ohio 
Robinson, W. C., c/o W. B Manchester. R.F.D. 3, 

Ithaca, N. V 
Ryff, A. S.. 22915 Pleasant, St. ...lair Shores Mich. 
Scher, G. P.. 529 Allen St.. South Bend 16. Ind 
Schnebbe, A. D.. Michael St.. Menlo Park. N. j 
Schreiner. R. J., 34 Pier St., Yonkers 5. N V 
Strohle. R. R.. Box 104. La Porte. Tex 
Strong. J. J.. Jr.. 28-19 Hobart St.. Woodside. L. 1.. 

N. Y. 
Thompson, C. E.. Box 89. Canyon. Tex 
Wells. W. S.. Box 521. Rapid City. So. Dak 
White. J. F., Jr.. 5459 Iowa St., Chicago 41. III. 
Winkelstein, R. A.. 39 Vernon Ave.. Mount Vernon. 

N. Y. 
Wolff ,J. R., 4914 S. Drexel Bldg.. Chicago 15. III. 

buy 
christmas seals 
help 
stamp out TB t 

• SEAL-O-FLANGE TRANSMISSION LINE 

• 'TOWER HARDWARE 
• AUTO-DRY AIRE DEHYDRATORS 

• 10-1,055 SWITCHES 
• COAXIAL DIPOLE ANTENNAS 

Adifteet is I e AlitOCAV117 

it's the new cop 
MODEL 55 SWITCH 

FOR je F AND 
PO WER SERVICE 

NO BIGGER'N A WRISTWATCH 
BUT PACKED WITH PERFORMANCE! 

The new model 55 shorting type switch reflects, in miniature, 
many design features of large CP switches. With a maximum 

of 18 contact positions in the single pole style, it's also 
available in two or three pole styles. Of course several sections 

may be "ganged". Silver path from terminal to terminal 
is provided. Flash-over voltage at 60 cycles is 

1000 volts peak. Current rating is 2 amperes. 
Model 55 is only one of seven standard stock model 
switches of our manufacture. A catalog describing 

them all will be sent upon request. 

ILLUSTRATION 
IS APPROXIMATELY 

ONE HALF 
ACTUAL SIZE 

IF YOU NEED 
AM, FM or TV 

TRANSMITTING SPECIALTIES 
— YOU NEED CP 

Because CP Transmission Equipment has proven outstanding 
in service and performance in hundreds of major installations 
throughout the nation. If you have a specific problem pertaining 

to any of the products listed, 
our engineers will be happy 

to help you solve it. 
Consultation can be arranged 
to suit your convenience — 

without obligation. 

avgagarove ?geelae.4 
KE YP ORT  ) NE W JERSEY 
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BOEING 
AIRPLANE COMPANY 

Highly Qualified 
Engineers and 
Physicists Needed 

Development of: 
Electronic circuits 
Microwave components 
UHF and VHF antennas 
Servomechanisms 

Analytical Study of: 
Dynamical systems 
Electric circuits 
Complex electronic systems 

Problems are related to commercial and 
military aircraft and guided missiles. 
Employment is stable and offers ample 
opportunity for advancement to those 
able to assume responsibility. Present 
staff includes highly qualified physi-
cists,  engineers  and  mathematicians 
and ensures a stimulating professional 
environment. Liberal patent and pub-
lication  policy.  Several  years  ex-
perience  plus  advanced  degree  or 
equivalent required. 

Apply to: 

Engineering Personnel 

Boeing Airplane Company 

Seattle 14, Washington 

RESEARCH and ADVANCE 
DEVELOPMENT POSITIONS 
Pli).siciNt  Dielectric  theory  and 
practice. 

Electrical  Engineers-1)  Theory 
and practice in design and devel-
opment of VHF and UHF ascii-
hitors. amplifiers, resonant lines. 
21 Theory and practice in VHF 
and I:11F measurements and thor-
ough knowledge of conq  •iit 
problems at these frequencie, 

Mechanical Engineer—Design of ra-
dio components and subassem-
blies for uniformity of perform-
rime and economical manufac-
ture. 

These positions open with a long 
established, progressive midwest ra-
dio conqionent manufacturer, hav-
ing a reputation for the des elop. 
ment of important ne‘% calm   11 Is 
in the Radio and Televi,ion liel d. 
Experience and a definite record of 
accomplishment in the above fields 
are prerequisites of employment. 

Box 585 

The Institute of Radio 
Engineers, Inc. 

1 E. 79th St. New York 21. N.Y. 

The following positions of interest to 
LICE, members have been reported as 
open Apply in writing, addressine reply 
In company mentioned or to Box No. ... 
The Institute reserves the right to refuse any 
announcement without giving a reason for 
the refusal 

PROCEEDINGS of the I.R.E. 
I East 79th St.. New Yorl 21. N.Y. 

DIRECTOR OF TRAINING 
Southern, G.I. approved, private voca-

tional school desires capable man to take 
charge of teaching courses in radio and 
television. Salary $300 to $350 per month. 
Scholastic hours. Teaching experience 
preferred. Write Mr. J. D. Muse, P.O. 
Box 505, Atlanta, Georgia. 

MECHANICAL ENGINEERS AND 
DESIGNERS 

Folly qualified. Accustomed to working 
is iili  ill  electromechanical  devices. 
\VI He \Ie. h. A. Murray, Mount Dennis, 
1.,r.,11  I 5. Canada. 

ELECTRONIC ENGINEER 
Fully qualified. At least five years lab-

oratory experience in circuit design and 
radio physics. Canadian national pre-
ferred. Write Mr. D. A. Murray, Mount 
Dennis, Toronto 15, Canada. 

DEVELOPMENT ENGINEERS 
All graodes with degrees and experience 

in design and development of high quality 
instruments for research in physics, chem-
istry, etc. Applicant will he required to 
design and develop electrical, electronic 
and  mechanical  instruments  for  the 
nuclear field. Salary commensurate with 
ability to produce a final working model 
from the idea state. Box 577. 

ELECTRONIC TECHNICIANS 
For work in laboratory, assembling, 

wiring and testing of precision electronic 
design models. Applicants must have at 
least three years of similar experience 
and must be callable of producing the 
highest quality work. Box 577. 

ENGINEER 
Valued, new electronic ideas, company 

with capital and manufacturing facilities 
is seeking new electronic products, in-
ventions, - or ideas to expand commercial 
business. Liberal arrangements with in-
ventors. Box 578. 

ENGINEERS 
Electrical or electr. Mc engineers with 

experience in magnetic recording tech-
niques and/or systems, preferably in the 
computer field. Box 579. 

ENGINEER 
A government-supported project with 

a college in NYC has an opening for an 
experienced vacuum tube development en-
gineer. Duties are technical-administra-
tive, with opportunity to initiate and con-
duct research part-time. State qualifica-
tions and salary requirements. Box 580. 

ELECTRICAL ENGINEERS 
Highly interesting research and design 

positions are open at Army Security 
(Continued on puree  514) 

PHYSICISTS 
AND 

ENGINEERS 
This expanding scientist-

operated organization offers 
excellent  opportunities  to 
alert physicists and engi-
neers who are interested in 
exploring new fields. We de-
sire applicants with exper-
ience in the design of elec-
tronic circuits (either pulse 
or c. w.), computers, gyros, 
antennas, or precision me-
chanical instruments. A few 
openings for Junior Engi-
neers and Technicians also 
exist. This company special-
izes in research and develop-
ment work. Laboratories are 
located in suburbs of Wash-
ington, D.C. 

JACOBS 
INSTRUMENT CO. 
4718 Beihesda Ave. 

Bethesda 14, Maryland 

Positions Available for 

ELECTRONIC 
ENGINEERS 

wit b 

Des elop ment 

Experience 

ill 

11 %GNE TIC 'TA PE - 

R EC OR DING 

ICR ONN' AVE 

C O M M UNICA TI ONS 

SONAR E Q UI P MEN TS 

Opportunity For Advancement 

Limited Only By Individual 

Ability 

Send complete r(surnil to: 

Personnel Department 

M ELPAR, INC. 
-152 Swann Avenue 

Alexandria, Virginia 
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(Cnrstieur.i  tap, 30A ; 

\genes, \Vashington  25,  D.C. in the 
field of electronic. for electrical engi-
neers, grades P-3. $3727 Si) per annum 
through P-5. tsti2.15 20 per antlilin  Mini-

m u m requirements are a Ma.ters degree 
.sr a Rachelors degree from an acereiliteil 
college or univer•it‘, iilits I year of pro-
fessional  engineering  etperience  \II 
positions are permanent in so far a. the 
Agency is  riled  Adair.s mil\ tii . 
Chief, Nrtiu 'tiits \geticy. CS I 
fit, Tilt' Petit:win'. 

RADAR ENGINEER—PHYSICIST 

\lieu has(' !way) Irtpt'l WI WI  in lia•ic 
and research on new radar s% stein' 

ami similar electr .... ic equipment Escel-
lent lipm-timits for senior M all  I iii it rs 
please  I. not apply. State particular., 

to A.  Fiotisimmier. 
The \\  I. Mat son Corp.. 4fil \Vest 34 
Strect, New York I. N 

PATENT ENGINEER 

A manufacturer of electrical and me-
chanical des ices in the New York Cits 
area. is in nerd of a man with legal. 
patent and engineering training and mime 
experit-ncc. to act  between etigi-
neer•  salcs c‘ritIlIS-c• anti 
patt'll1  ..1111 ,C1  in  repl  give full  - 
11(111.i I" • i i  c‘iicroction and teaming, Ad-
tress r.itl  to Box 581 

(Coothesied o  N ye " 4 

PROJECT 

ENGINEERS 
Real  opportunities  exist  for 

Graduate Engineers with design 

and development experience in 

any of the following: Servo-

mechanisms, radar, microwave 

techniques. microwave antenna 

design. communications equip-

ment.  electron optics.  pulse 

.ransformers. fractional h.p. 

motors. 

,END COMPLETE RESUME TO 

EMPLOYMENT OFFICE. 

SPERRY 
GYROSCOPE CO. 

DIVISION OF 

THE SPERRY CORP 

ONG ISLAND 

An EASY and ACCURATE Way to 

Measure Audio Frequency Voltages 

Ballantine Model 300 

SENSITIVE 

ELECTRONIC 

VOLTMETER  0 
Featuring a logarithmic 

Voltage Scale and 

Uniform Decibel Scale 

0 

• Dimigne.i fi,r the measurement of AC Voltages from .001 Voit to 
100 Volts user a frequent-% range of 10 to 110.000 e‘ele,-.. • ‘o-curacv 
of readings is  , at any lupint tin the scale. • Very "table calibra-

• tion —unaffected by change, in line voltage. tithe- or cireuit 
• Range smitchiug in decade steps —easy to  ink UN F scab to 
read. • On t pot jack anti output contritl tints tiled so that Volt meter 
can he used as a high-gain (TO DB) high-fidelitv amplifier. • 1rees-
sories a‘ailable to extend readings up to 10.000 N olt- and down to 10 
microvolts. • Precision Shunt Resistors convert NintIcl 300 Volt meter 

to very sen,iti‘e direct-reading milliammeter. •Vt rite for complete data. 

PRICE   S200.00 

BILLAITIIE 41 
LABORATORIES, nc. 

BOONTON NJ U.S.• A 

In addition to the Model 300 Voltmeter, Bat-
!online Laboratories also manufacture Battery 

Operated Electronic Voltmeters, R F Electronic 
Voltmeters. Peak to Peak Electronic Voltmeters, 

and the following accessories—Decade Ampli-

fiers, Multipliers, Precision Shunt Resistors, etc. 

.  R.E.  December, 1949 
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PALINEY  7 
SLIDING CONTACTS FOR POTENTIOMETERS 

PALINEY #7 is' being used for a contact 
material on potentiometers wound with a 
nickel-chrome alloy resistance wire. This 
combination is consistently producing 
units with life of better than one million 
cycles and maintained accuracy of 0.1% 
or better throughout the life of the unit. 

I NEY 
l'ItEt'llIlls 
METALS 

1011 

ELECTRICAL l'IINTACTS 

ON POTENTIOMETERS, 

SLIP RINGS, RELAYS 

ANII SWITCHES 

NEY-ORO  28 
SLIP RING BRUSHES 

NEY-ORO #28 is a special alloy 
developed as a contact brush ma-
terial for uses against coin silver 
slip rings. Laboratory tests and 
reports from users indicate life of 
better than 10 million revolutions 
with no electrical noise. 

Write or telephone (HARTFORD 2-4271) our Research Department 

T HE J. M . N EV C O M P A NY 171 TIM STUFF! • HARTFORD 1p CORN. 

SPECIAL ISIS IN enrcimis NUT 11 MI I AILL11161 SINCE 1812 

STODDART NM-10A   
RADIO INTERFERENCE AND FIELD INTENSITY METER 
• MEASURES  radiated  and  conducted 

signals,  including  pulse  or  random 

interference. 

• RANGE -14 kc to 250 kc. 

• SENSITIVITY —  Field strength using 
rod antennas one microvolt-per-meter 
to 2 volts-per-meter.  Field  strength 
using  shielded  loop  antennas  10 
microvolts-per-meter to 100 volts-per-
meter.  As a two-terminal voltmeter, 

either balanced or unbalanced, one 
microvolt to one volt. 

• READS directly in microvolts and db. 

• A.C. PO WER SUPPLY REQUIREMENTS 
105 to  125  volts or  210  to 250 

volts A.C.  Single phase source may 

be ANY  FREQUENCY  BET WEEN  50 
CPS AND 1600 CPS. No shock hazard. 

• GRAPHIC  RECORDER  included  with 
versatile complement  of accessories. 

Write for complete technical data 

Main office and plant: 
6644 Santa Monica Blvd. 
Hollywood 38, Calif. 
Phone: Hillside 9294 

8-247 General Motors Bldg. 
Detroit 2, Michigan 
Phone: Trinity 1-9260 

1346 Connecticut Ave. 
duPont Circle Bldg. 
Washington 6, D. C. 
Phone: Hudson 7313 

(('‘mt,nned front pooe 51.4) 

ELECTRONIC ENGINEER 
College graduate,  ‘‘itli 3 or more 

years experience in electronic circuit de-
sign. Expanding consulting firm, spe-
cialists in custom building of industrial 
electronic instruments, has opening for 
fast-thinking engineer who can apply 
I heoretical background to practical prob-
lem , Location Detroit, Michigan. Box 
584 

ELECTRICAL ENGINEERS 

Graduates in electrical engineering or 
physics with at least 3 years design aryl 
manufacturing experience on radio Int , 
mitters or radar equipment. Non-grad,: 
;des having at least 6 years similar practi-
cal experience will he considered also. 
Address reply to Personnel  Manager, 
RCA Victor Company, Ltd., Montreal, 
Canada. 

SALES ENGINEER 
Sales Department of small company 

engaged in research, development and 
manufacture of instruments specializing 
in the radiation field, requires an engi-
neer with sales promotion experience 
demonstrating  qualities  of  aggressive 
leadership, ability in business, businesc 
correspondence and a good knowledge of 
electronics. Must be capable of planning 
sales  functions . and  following  them 
through to a successful conclusion. Con-

(Continued on page 53A) 

ENGINEERING 
OPENINGS 

at 

DuMONT 
TELEVISION 

• ELECTRONIC PROJECT 
ENGINEER 
Deyclopment & design of UHF tuning 
devices. Must have related experience. 

• ELECTRONIC ENGINEER 
Television receiver circuit design & dc• 
velopment;  preferably esperienced in 
synchronizing problems 

• MECHANICAL PROJECT 
ENGINEER 
Development iS design of UHF tuning 
devices. Must be familiar with die cast-
ing 8 injection molding technique 

• MECHANICAL ENGINEER 
E.p.enced in product design of home 
radios or television receivers. 

Call  in person or write: 

Allen B. Du Mont Laboratories 
Personnel Dept., Television Receiver Division 

East Patterson, N.J. 

Interviews outside of N.Y. 
area  may  be  arranged. 
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Positions Open 
(Continued trom page 524) 

tact, Berkeley Scientific Co., 6th & Nevin, 
Riehmorid, California. 

TELEVISION ANTENNA ENGINEER 

\Veil established New York City manu-
facturer has an immediate opening for 
engineer with thorough up-to-the-minute 
knowledge of commercial television re-
ceiving antenna theory, design and con-
struction. Duties include sales engineering 
and execution of graphs and test patterns. 
Write Box MX 

VACUUM TUBE ENGINEER 

4-5 years experience microwave meas-
urements, circuits or electronics. Some tube 
engineering and construction experience 
helpful. Ability to direct development proj-
ects. B.S. in E.E. or physics minimum. 
Large company No. New Jersey. Write in 
detail Personnel Dept. Box 586. 

*  * 

Positions Wanted 
By Armed Forces 

Veterans 
In order to give a reasonably equal op-

portunity to all applicants, and to avoid 
overcrowding of the corresponding col-
umn, the following rules have been 
adopted: 

(Continued on page 544) 

RCA VICTOR 
Camden, N. J. 

Requires Experienced 
Electronics Engineers 

RCA's steady growth in the field of elec-
tronics results in attractive opportunities 
for electrical and mechanical engineers and 
physicists. Experienced engineers are find-
ing the "right position" in the wide scope 
of RCA's activities. Equipment is being de-
%eloped for the following applications: 
communications and navigational equip-
ment for the aviation industry, mobile 
transmitters, microwave relay links, radar 
systems and components, and ultra high 
frequency test equipment. 
These requirements represent permanent 

expansion in RCA Victor's Engineering 
Division at Camden, which will provide 
excellent opportunities for men of high 
caliber with appropriate training and 
experience. 
If you meet these specifications, and if 

you are looking for a career which will 
open wide the door to the complete ex-
pression of your talents in the fields of 
electronics, write, giving full details to: 

National Recruiting Division 

Box 147, RCA Victor Division 

Radio Corporation of Americo 

Camden, New Jersey 

THIS IS 
THE 

HORNET 

ANE W 

MINIATURE PO WER 
TRANSFORMER FOR 

USE IN AIRBORNE & 

PORTABLE  - 

EQUIPMENT 

FEATURI NG 

Illustration shows 
relative  size  of 

HORNET and conven-

tional transformers of 
comparable  capacity. 

SMALLER SIZE 
than any previous design, through the use of newly devel-
oped class H insulating materials, and design techniques. As 
shown above, HORNET transformers are only about one-
fourth the size of similarly rated conventional transformers. 

GREATER PO WER OUTPUT 
because of improved design and construction. HORNET 
transformers operate with unimpaired efficiency at high tem-
peratures, and are suitable for operation at ambient tempera-
tures as high as 150 deg. C. High output plus smaller size'and 
lighter weight make these units ideal for use in airborne and 
portable equipment. 

MEETS JAN SPECIFICATIONS 
HORNET transformers arc designed and built to meet re-
quirements of current JAN T-27,and equivalent specifications. 

Write for descriptive bulletin 
of sixes and specifications 

NEW YORK 
TRANSFORMER CO., INC. 

ALPHA, NE W JERSEY 
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INEED ACME ELECTRIC TRANSFOR MER 

NEW T. V. IDEAS 

New engineering ideas, to ad-

vance the reception qualities 

of Television, need better than 

average transformer perform-

ance. Acme Electric engineers 

will assist your ideas by help-

ing you design a transformer, 

exactly in accordance with 

your needs. 

ACME ELECTRIC 
Corporation 

till Water Si Cuba NT USA 

1,001/' 
Pfte6 
Ott ,,idtc  
IttANv 
Sfeeet  

STODDART NM-20A 
RADIO INTERFERENCE AND FIELD INTENSITY METER 
• A portable unit that you can DEPEND 

upon!  Designed especially to with-
stand the rigors of all-weather field 
operation  and  yet  provide  reliable 

performance. 

• Measures FIELD INTENSITIES of radio 
signals and  r.f.  disturbances  using 
either a rod antenna or a rotatable 
loop antenna. 

•  May be used as a two-terminal r.f. 

voltmeter (balanced or unbalanced), 
frequency  selective  over  the  CON-
TINUOUS RANGE 150 kc to 25 mc. 

• ONE MICROVOLT SENSITIVITY as a 
two-terminal voltmeter; 2 microvolts-
per-meter using rod antenna. 

• Operates from self-contained dry bat-
teries  or external  A.C.  power unit 
providing well-regulated filament and 
plate supplies. 

Write for complete technical data 

STODDART AIRCRAFT RADIO CO.   
Main office and plant: 
6644 Santa Monica Blvd. 
Hollywood 38, Calif. 
Phone: Hillsid• 9294 

8-247 General Motors Bldg. 
Detroit 2, Michigan 
Phone, Trinity 1-9260 

1346 Connecticut Ave. 
duPont Circle Bldg. 
Washington 6, D. C. 
Phone: Hudson 7313 

Positions Wanted  
(Continued from poor 334) 

The Institute publishes free of charge 
notices of positions wanted by I.R.F 
members who are now in the Service or 

have received an honorable discharge 
Such notices should not have more than 
five lines. They may he inserted only after 
a lapse of one month or more following a 
previous insertion and the maximum nun) 
her of insertions is three per year TI,, 
Institute necessarily reserves the right n, 
decline any announcement without assign 
ment of reason. 

DEVELOPMENT ENGINEER 

Eight years broad experience, reseal.' 
and (levelopment. Servos, auto, control., 
analogue computers, industrial electronics. 
Excellent theoretical ability well balance.! 
by laboratory and experimental wort 
High scholastic standing in college. De-
sires position as Senior  I )evelopment 
Engineer or As‘i-lant Director of Re-
search. Box 321 \\ 

ENGINEER 

B.E.E. Cum Lamle, C.C.N.Y. Felo 
1948. Tau Beta Pi and Eta Kappa 
Age 24.  1/2 years design, development 
and production experience as project 
gineer. Main field antennas. Desires 
lion in New York Metropolitan area. I. 
37, W. 

ENGINEER 
B.E.E. 1943 C.C.N.Y., M.S. 1948 Co-

lumbia University. Age 28, Married. 6 
years experience in electronic research 
and product engineering. 1st class radio 
telephone license. New York area. Bo. 
323 W. 

(Comiomed int page .5.5A) 

NATIONAL UNION 

RESEARCH DIVISION 

There are several desirable 

openings for experienced 

PHYSICISTS 
and 

ENGINEERS 

capable of handling the de-

sign  and  development  of 

electron tubes and UHF cir-

cuits. 

Our  growing  organization 

can offer excellent prospects 

for  security  and  advance-

ment to qualified personnel. 

Interested applicants are in-

vited to send their resume to: 

Divisional Personnel Manager 

National Union Research Division 

350 Scotland Road. Orange. N.J. 

PROCEEDINGS OF TIIE  December, 194's 



Positions Wanted  
ris:( 

JUNIOR ENGINEER OR LABORATORY 
TECHNICIAN 

Graduate ot R C A Institute Technol-
ogy course. 4 years commercial experience 
in  electronic  lalsTatory  technique 
Worked for Alexander Fowler and Allen 
13.  Dumont  laluirat‘Ties.  Former  Air 
Corps instrument instructor and special-
ist. Hold 1st class F C C. radio and tele 
PI   license. ExisTienced iii all phase, 
of laboratory work on VIIICO or electroms 
circuitn.. Age 27. Married. Desires Ness' 
York City area or Long Island. Box 325 
W. 

ENGINEER 

RE E. University of Florida, Septem-
ber 1Q4) Comm llll ications major. 5 )ears 
Arrii  set-sive. Age 27 \larrietl, no chil-
dren \Yining I trasel 110x  \\' 

RADIO ENGINEER 

U.S E.E  iiis i-i--it  t California. 
September 114,1 Communications major 
Age 23. 2 %ears Navy FIN. Desires 

Ii. ii iii  radio. television. or technical 
%%Tiling Prefer \Vest coast. Box 327 \\'. 

MICROWAVE ENGINEER 

B.Is I-. 1013, graduate (Aiming student 
Married.  Nge 27 3' ; • car.: research and 
devek ,pment  CXErCtlellce  m  Micro wave 

transmission compsinents anti system S. 2 
years .‘rmy  NI radar link ssork. De-
.ire, research or tle% C1411111 011 WIrCk 

\ New 1"ork City. Box 328 W. 

(l ofItimmed ON (•of .564) 

i'LEXAGUIEth 
A flor.ble reove9a ,de re.* an •NroNceny teer.e.wer 

RISIBLE CONVOLUTED bellow, .nnertere pworetrod by 

NAN wilv LO W TE MPENATUIE flys.bly  torb.' 

.L PEIESSUIE 0.91. and ylear,.toll, ce..w. in, it op, 

dower of beedwg end thra.eg Sreedwg Wo.r• bor. 

.% eqe.velenr I. Lrondord  wo•egu.de oriewbEY 

0...,,eheet lb. INL.rog cycle and Aes •rr•Ilyer 

georrwre lllll r• 

Sand Ode 101.1 ......ernat.• 

ificauve. 
DESIGNS and PRODUCES 

Eteettewee dame Ate-Lair tie. *ewe...n.1 

105 East Elizabeth Avenue 

Linden  New Jersey 

OR GREATEST 

0 

PROFESSIONAL TAPE RE,CORDING 

Get Magnecord 
UNIT  - 

CONSTRUCTION CA eRir-q 
• FM STUDIO QUALITY 

PLUS PORTABILITY 

AND ECON O MY 
( )111  .1.1  LISL , II II1C  Ckr.0 -

01111  and adaplabilits of unit tonstroi • 
(ton plus rcalls high lidelity.lhc •C‘CfAl 
NIagnes llll I units t ombinc to nice' Cs trs. 

studio and re lllll tc retooling demand. 
Bus onls those sou need. ( airs and use 
them onls ss here...m.1% hens ou need them. 

IT 6-A 

Retold*, Motlionotm 

is the heart of Slagnecord combinations for 
studio And remote resording. %%eight :r, lbs. 
in tarrying •ase. easily recnotable for rack 
mount. Quick change capstans for recording 

or IS inn has set  Mph speed rewind. 
Frequency response 40 to 115.000 
,r•  • I Jit•   $278 

116-JA Itileereler a Amplifier 

prosid•• complete portable fAcri• 
riles tor priqessronal twilit% re-
producirsies at A IX%  i3O s 
Includes Plfi-A Recorder 
amplifier CiWiiJiflifl  I.. orr. 
dance mike input with gain 

,,,r  high Ice d 'neut. mon   speaker and 10 
IN aft audio amplifier Vklih  e•rernaI speaker. 

W O  len d  output '(olon,'  VE  type 
meter.  $499.50 

PT6-P Portob/e Amplifier is a light weight record-playback-remote 

.implihcr plus po.ser supply designed for use with P16-A Recorder. 3 low fort 
independently mixtd mike inputs plus bridging input for use with a line level 
input.  Monitor amplifier and small speaker in power supply section  $462 

fi16-R Rock-Mount Amplifier 
is a high fidelity. single channel amplifier for use 
with esssting audio amplifiers and PTfi-A Recorder. 
Uses only Ii inches of rack space. Recorder can be 
remosed from carrying Case and fastened to hush 
mounting in seconds. tRecorder not included). 

$383 
Write for tow:plat spetifitatioros end 

name ol Ile a,rst derder. 

INC., CHICAGO 1, ILL. 
3 6 0  N O R T H  MI C HI G A N  AV E N U E 

World's Largest and Oldest Manufacturers of Professional Magnetic Recorders. 
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SOLDERING 
IS A CINCH 

SOLDERI N G 

TIPS 

COUR GUIDO 

TO .•11111  SO1.0111101 4 

1•1111.1 OTTO CO 

when you 

know 

these 

SIMPLE 

TRICKS! 

SEND NOW 
O N L Y 

No matter how much you know about 
soldering, there's always a trick that will 
snake it easier. This little 20-page pocket 
guide is crammed full of such time-and-
trouble savers. 
Without wasting words, it covers the 

whole soldering Operation—points out 
DO's and DON 'T's—refreshes your mem-
ory on difficult points—suggests methods 
that help you work faster. Yet there's no 
hard studying, no tough technical talk. 
Every word is plain everyday English 
and every point is made clear by easy-
to-understand illustrations. 
Get this handy Soldering Guide today, 

and keep it on your bench for ready ref-
erence. It's a real handbook of professional 
soldering—not a catalog. Just mail the 
coupon with 10c in coin and we'll send 
your copy at once. 

When you send for your 
Guide to Easy Soldering, 
be sure to ask about the 
New Weller Soldering Guns. 
They're a handful of conven-
ience, better from tip to grip. 

W ELLER, 
MANUFACTURING COMPANY 

4/clicr Mfg. Co., 821 Packer St., Easton, Pa 

Enclosed find ten cents (10c) for which please 

send my copy of the Weller "Soldering Tips". 

0  I am also interested in the new Weller 

Soldering Guns. Please send Catalog 

Name   

Address  

Gty — -- Slate 

Positions Wanted  
(Continued from page SSA) 

ENGINEER 
B.S. in Radio Engineering. 3 years 
Nirborne radio and radar maintenance 
with U.S.M.C. 19 months audio repair 
with Sound Scriber Distributor. Age 27. 
Married, 1 child, Desires work in U.H.F. 
field. Box 329 W. 

ELECTRICAL ENGINEER 
B.S.E.E. 1949. Single. Age 23. Univer-

sity of Illinois graduate, upper quarter. 
Knowledge of Greek. Desires position in 
Engineering Department of American 
firm in Europe, preferably Greece. Avail-
able immediately. Box 330 NV. 

JUNIOR ENGINEER 
B.S.E.E. Columbia University, June 

1949. Age 28. Single. Desires promising 
•tarting position in design development 
or production, anywhere in United States. 
Box 331 W. 

COMMUNICATIONS ENGINEER 
B.S.E.E. 1947. 2 years carrier teleph-

ony, Signal Corps radio-link. Age 27 
Married, 2 children. Now employed e 
Boston, wants research, design, statioi 
construction, sales engineering, teachin, 
or technical writing in central to south-
ern Maine. 2 years design of high-fre-
quency and microwave antennas. Box 332 
w. 

ELECTRONIC TECHNICIAN 
High school graduate. 2 years U. S. 

Coast Guard radio and radar school. 2 
years at RCA Institutes. 5 years experi-
ence in radio and radar maintenance and 
installation with U. S. Coast Guard. 3 
years with American Airlines as radar 
technician in' transmitter band experi-
mental radar laboratory. Box 334 W. 

JUNIOR ELECTRICAL ENGINEER 
B.S.E.E. June 1949, Bucknell Univer-

sity. Married. 26 months experience as 
Navy electronic technician. No other ex-
perience, but willing to learn. Desires 
position in electronics in New York City 
area. Box 35/ W. 

COMMUNICATIONS ENGINEER 

Graduate of Ohio State rniversitv. 
December 1947 with B.E.E. Married. 
23. Experience: 11/2 years with automatic 
switching equipment, 1 year part-time in 
electronics development. Desires liosition 
in electronic or communications field in 
Northern New Jersey area. Box 353 \V. 

ELECTRONIC ENGINEER 
B.S.E.E. June 1949, State College of 

\Vashington. Single. Age 29. 2 years radio 
operation experience in Army. Desires 
position in electronic field. l'refer Pacific 
coast area. Box 355 \V. 

ENGINEER 
M.S. in physics, June 1949, Fordham 

University. 2 years experience as part 
lime instructor iv general physics lab. 
;raduate of Navy electronic training pro-
ram. Age 24. Engaged. I )esires position 
In sales or development, preferably in 
\ew York area. Box 356 W. 

ENGINEER 
B.S.E.E. June 1949, University of Mis-

souri. Tau Beta Pi, Eta Kappa Nu, Pi 
Mu Epsilon. Age 25. Single. Some radio 
experience in Signal Corps. Desires com-
munications or electronic work. Any-
where in U.S. Box 357 W. 

(Continued on rage 574) 

Made by 
Machining 
and drilling 

Choose right and make 
Big Savings on 

SMALL METAL PARTS 
COSTS HALVED!  Instead of turning and 

drilling parts like these from solid rod, or 
stamping and forming them, the BEAD CHAIN 
muLTi-SWAGE Process automatically swages 
them from flat stock. By doubling the pro. 
duction rate and eliminating scrap, this 
advanced process can save you as much as 
fifty percent of the cost of other methods. 
The BEAD CHAIN MULTI-S WAGE Process 

produces a wide variety of hollow or solid 
metal parts—beaded, grooved, shouldered — 
from fiat stock, tubing, rod, or wire—of any 
metal. Sizes to 14" dia. and 11/2 " length. 
GET COST COMPARISON ON YOUR PARTS 

—If you use small metal parts in quantities 
of about 100,000, don't overlook the almost 
certain savings of this high-speed, precision 
process. Send sketch, blueprint or sample 
part and our engineers will furnish facts 
about Multi-Swage economy. Or, write for 
Catalog. The Bead Chain Manufacturing Co., 
60 Mountain Grove St., Bridgeport, Conn. 

= = € 4. 1  CE13 

Bearings, Shafts 

 ) 

Friction Fastener* 

C D 

Stops 

Electrical and 
Electronic Parts 

C :0 3 

Guides 

$.   

Posts, Pms 

IFIBEAD CHAIN 
MULTI-S WAGE 

',RA UL NIARK 

PROCESS 

000000000CQQ000Q000000. 
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Positions Wanted  
(r ntInned tram page  oA ) 

JUNIOR ENGINEER 
Graduated June 1949 from Newark 

College of Engineering, Newark, New 
Jersey, with a B.S.E.E. degree. 3 years 
training and experience as radio tech-
nician in the Signal Corps. Age 30, mar-
ried. Desires employment as electrical or 
electron engineer particularly in the high 
frequencies anywhere in U.S. or Canada. 
Box 358 W. 

SALES ENGINEERING OR TECHNICAL 
ADMINISTRATION 

Well-known, highly experienced and 
realistic  engineer-consultant-writer  in 
radio-electronic nucleonic fields, presently 
in California, seeks new employment any-
where. Particularly qualified in sales en-
gineering, public relations and promotion 
of new developments. Very familiar with 
governmental, industrial and educational 
electronic circles nationwide. Box 359 W. 

JUNIOR ENGINEER 
Graduate student of radio and television 

desires junior engineering position in elec-
tronics industry. Particularly interested 
in audio or recording field. Broadcast ex-
perience. Age 23, married, child. Willing 
to travel occasionally. Prefer midwest or 
south. Box 360 W. 

ENGINEER 
B.E.E. June 1949, New York Univer-

sity, communications major.  Age 23. 
Single. Eta Kappa Nu, Tau Beta Pi. 
Would like to start career in any of 
following fields: Hf, VHF and/or micro-

(Continued on page 584) 

Senior Electronic 

Circuit Physicists 

for advanced Research and 

Development 

Minimum Requirements: 

1. M.S. or Ph.D. in Physics or 
E.E. 

2. Not less than five years 
experience in advanced 
electronic circuit develop-
ment with a record of ac-
complishment giving evi-
dence of an unusual de-
gree  of ingenuity  and 
ability in the field. 

3. Minimum age 28 years. 

HUGHES AIRCRAFT 
COMPANY 

(Mr. Jack Harwood) 

Culver City, California 

-Aulaunciny 

AWCALE)c 7 Pin Miniature 

Tube Sockets 
For the first time a miniature tube socket of glass-bonded mica has been 
produced successfully by injection molding. It permits closer tolerances, 
low dielectric loss with high dielectric strength, high arc resistance and 
dimensional stability over wide humidity and temperature ranges. The 
technical skill and research of Mycalex Corp. of America has made it 
possible to produce insulating materials with extremely low loss factors 

at competitive prices. 

Above: Complete 7 pin miniature Mycalex socket. Actual size, two views. 

"Mycalex 410" was developed for applications requiring close 
dimensional tolerances not possible in ceramics and with much 
lower loss factor than mica filled phenolics with the advantage 

in economy. 

"Mycalex 410X" was developed to compare favorably with gen-
eral purpose bakelite in economy but with a loss factor of only 

about one-fourth of that material. 

The following ratings show the difference between 
Mycalex 410 and Mycalex 410X miniature tube sockets. 

MYCALEX 410 
(color grey) 

600 V.ac 

.015 
10,000 megohms 

80° C. 
375° C. 

Rated Working Voltage 

Insulation loss factor (at I M.C.) 
Insulation resistance (Minimum) 
Safe operating temperatures: 

Brass contacts 
Socket body 

MYCALEX 410X 
(color It. green) 

600 V.a.: 
.083 

10,000 megohms 

80° C. 
375° C. 

These superior sockets are now available, manufactured to high 
quality standards and fully meet RMA recommendations. We 
would be glad to have our engineers consult with you on your 

particular design problems. Write for prices, complete data 
sheet and samples to: 

Mycalex Tube Socket Corporation 
"Under Exclusive License of Mycalex Corporation of America" 

30 Rockefeller Plaza, New York 20, N.Y. 

MYCALEX CORP. OF AMERICA 
"Owners of 'MYCALEX' Patents" 

Plant sod Defend 011ien: Pillee, II. Ismetive Othas, 30 Iteakelellw  Mew Ted 21,1.!. 
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Positions Wanted 
R i744  AC 406  CR 17 0  AC.407  CR 1745  AC•40/1 - CR 1741 • AC•409  CR•17 1 

8-1740 - AC-403  CR 1747  AC 91  CR 1739 • AC-I04 • CR-1743 • AC-472  CR 17'1  i / 

In response to wide spread demand Bud has now augmented its already large line 
of Deluxe Cabinet Backs and Aluminum Chassis by the addition of several new 
sizes. The table below lists these new sizes as well as the old ones. Now, more than 
ever. Bud is able to meet your needs in sheet metal as well as other radio and 
electronic components 

BUD HAS YOUR NUMBER , 
IN  C A BI N E T S  A N D  R A C K S 

BUD DE LUXE CABINET RACKS 
These cabinet  racks have rounded corners and at-
trarilie red-lined chrome trim. There Is a recessed. 
hinged door on the top with • snap catch. These racks 
are made of heavy gauge steel and are of sturdy con-
struction. The five large sizes have a hinged rear dbor. 
while the small sizes have a welded panel in the rear. 
Adequate ventilation Is assured by means of louvered 

sides and a two Inch opening in the bottom of the 
hack extends the entire width. 

"NO-SCRATCH" EXTENDED METAL FEET ARE 
EMBOSSED ON TI1E BOTTOM TO MINIMIZE MAR-
RING OF A TABLE TOP. Racks are furnished In 
either black or grey wrinkle finish. 1)eptb 143,"  width 
22"  Will fit standard 19" panels. 

Catalog  Overall  Panel  Shipping  Dealer 
No.  Height  Space  Wt.  Cost 

CR-1741  109/16"  8%"  29 lbs.  $10.05 
CR-1740  125/16"  10%"  31 lbs.  11.32 
CR-1742  14 1/16"  12%"  32 lbs.  12.25 
CR-1739  15 13/16"  14"  36 lbs.  13.85 
CR-1743  185/16"  17%"  40 lbs.  16.77 
CR-1727  22 13/16"  21"  45 lbs.  18.00 
C1t•1744  285/16"  26%"  50 lbs.  19.20 
CR-1728  3:15/10"  31%"  55 lbs.  21.20 
CR-1745  86 13/18"  35"  60 lbs.  21.57 

BUD ADD-a-RACK SERIES 
Write for literature on this newest Bud 
product. Find out how you can get more 
panel space in less floor area at lower cost. 

•  • 

BUD ALUMINUM CHASSIS 
The  oonstruction  and  design  of  these  chassis  Is 
exactly the same as our steel chassis. The aluniinum 
chassis are welded on government approved spot weld-
ers that are the same as used in the welding of 
aluminum airplane parts. The gauges in table below 
are aluminum gauges. As a result, you can deism.' 
on  BUD Aluminum Chassis to do • perfect  lob 
Etched Aluminum finial). 

Catalog  Dealer 
Number  Depth  Width  height  Gauge  Cost 
AC-402  5"  7"  2"  18  $ .69 
AC-403  5"  9%"  2"  18  .81 
AC-421  5"  954"  3"  18  89 
AC-404  5"  10"  3"  18  :19 
AC-422  5"  13"  3"  18  08 
AC-405  7"  7••  2"  18  .81 
AC-406  7"  9"  2"  18  .90 
A(7-407  7"  11"  2"  lif  .96 
AC-408  7"  12"  3"  18  1.14 
AC-409  7"  13"  2"  18  1.02 
AC-411  7"  15"  3"  16  LOS 
AC-423  7"  17"  3"  16  1.43 
AC-424  8"  12"  3"  16  1.38 
AC-425  8"  17"  2"  16  1.52 
AC-412  8"  17"  3"  16  1.77 
AC-413  10"  12"  3"  16  1.44 
AC-414  10" 0 14"  3"  16  1.92 
AC-415  10"  17"  2"  16  1.80 
AC-416  10"  17"  3"  16  2.04 
AC-426  11"  17"  2"  14  1.89 
AC-417  11"  17"  3"  14  2.40 
AC-418  12"  17"  3"  14  2.52 
AC-410  13"  17"  2"  14  2.25 
AC-420  13"  17"  3"  14  2.67 
AC-427  10"  17"  4"  14  2.30 
£C-428  13"  17"  4"  14  3.05 

Prices are 10';'0 higher west crt the Mississippi River. 

TEIT lf•OS 
THESE ARE SO ME 07 THE 1274 ITE MS 
AVAILABLE FRO M BUD RADIO, INC, 

• r•-• 

2110 E. 55' ST • CLEVELAND 3, OHIO 

The 

"KELLOGG DEHYDRATOR" 
An all purpose self-reactivating dehydrating unit. 

To be used for removing moisture from gases. Numer-

ous applications in the fields of Physics. Electronics 

and Chemistry. Dual insulated tanks with thermo-

statically controlled heating elements. 

Complete with 20 lbs. of Silica gel.. 

heating elements, shut-oft and safety 

valves.  F.O.B.. N.Y. 
'625° 

INTERSTATE Appliance Co, 
l,tpt  Kb,  bou  Brum!, ay.  NI W  NOPK  12. 

Inc. 
N 

(Continued Irons page 574) 

wave communications; instrumentation; 
general electronics. Will work in design, 
development or manufacture. Location 
immaterial. Richard A. Davidson, 2043 
Holland Ave., New York 60, N.Y. 

ELECTRONIC ENGINEER 
B.E.E. PoIN technic Institute of Brook-

lyn, June 1948. Experience includes 1 
year as communications project engineer 
and several months test and development 
Ill radiation circuits and equipment. De-
ires position as project or development 
engineer in New York City or vicinity. 
Box 361 IV. 

ELECTRONIC ENGINEER 
University of Illinois, 1949; 

It.S.E.E. Purdue University, 1948, Age 
27. Single. 2 years teaching experience in 
electronics. Member Eta Kappa Nu. lot 
Radiotelephone and Class A Amateir 
Licenses. Desires employment in elo 
tomic research and development. Box 362 
\V. 

ENGINEER 
B.E.E. 1943.  Postgraduate work in 

servomechanisms, circuit analysis, etc. 6 
years experience in electronic instrumen-
tation, guidance and control of guided 
missiles, digital and analogue computer 
Box 363 \V. 

TELEVISION ENGINEER 
B.S.T.E. November  1948. Americ:0 , 

Television Institute of Technology. Agt 
29, married. 3 years Naval experience in 
electronics; 6 months in industry. 1st cla-
FCC license. Desires position as T \ 
station engineer. Box 364 \V. 

(Continued on page alA) 

THE NE W 

BERKELEY 
MODEL 100 

DECI MAL COUNTING UNIT 

This unique pack-
aged component is eatily built into 
your apparatus. It has true decimal 
reading, and simple binary circuit with 
reliable automatic interpolation. Min-
iature size. Moderate price. Immedi-
ate shipment. 

Send for Bulletin DCU-I16 

Scier 4c. 

SIXTH ABS NEVIN AVE • RICHMOND, CALIFORNIA 

5e:,‘ 
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Chicago 

RAWSON METERS 

Types: 
501A 
501C 

Accuracy: 
I/2 of Irk 

MULTIMETERS and REGULAR METERS 
AC and DC types, high accuracy, multi. 
ple ranges.  2 microamperes to  1 ampere 
DC. 2 milliamperes to 5 amperes AC. 

ELECTROSTATIC VOLTMETERS 
Ranges  100 v. to 55.000 v. AC or DC 
Resistance exceeds million megohms. Can 
measure  static electricity. 

FLUXMETERS 
Laboratory  and  production  measurement , 
on hiagnets and magnetic circuits. Single 
push button  return-to-zero 

WATTMETERS 
High sensitivities, low power factors. New 
types soon to be announced. 

SINE—COSINE POTENTIOMETERS 

RA WSON ELECTRICAL 
INSTRUMENT COMPANY 
118 Potter St.  Cambridge, Mass 

Representatives 
Los Angeles 

JOHNSON SOCKETS . . . 

aiwczep a fteljea doece/ 

The JOHNSON 122-225 wafer pictured 

above is insulated with glazed grade L-4 

steatite. Contacts are  brass with steel 

spring, cadmium plated. Mounted against 

phenolic washers in molded recesses to pre-

vent movement. Rivets countersunk, mount-

ing  holes  bossed  to  permit sub-panel 

mounting. Locating grooves facilitate tube 

insertion. Available also in 4, 6, and 7 con-

tact as well as octal. 

All JOHNSON sockets are 

of  equally  outstanding 

quality.  Get  the  best— 

get JOHNSON sockets! See 

Your JOHNSON Dealer 

E. F. JOHNSON CO. 
WASECA, MINNESOTA 

BA YEN 

The ELECTRONIC 
INDUSTRY'S STANDARD 

These standards of attenuation are designed for use in gen-
eral laboratory and production testing, where ease of opera-
tion and reliability are important. An outstanding feature of 
these units is the use of -plug-in- impedance adjusting fixed 
pads on both input and output. Thus, either, or both, input and 
output terminal impedances can be readily altered by insert-
ing the proper fixed network. 

SERIES 690 

• SPECIFICATIONS • 

• CIRCUITS: -T- or -Balanced 11-. 

• IMPEDANCES: Three base impedances of 150, 500, and 600 are avail-

able: however, input and output impedances may be changed by varying 

the -plug-in- pads. 

• ACCURACY: Resistors are calibrated to  • 1°.. Greater accuracy on re-

quest. 

• ATTENUATION RANGE: 

2 dial models -0 to 110 DB in steps of 1 DB. 

3 dial models -0 to 111 DB in steps of 0.1 DB. 

• FREQUENCY RANGE: 0 to 50.000 cycles. Other models available to 200 

KC. 

• MOUNTING: 

Portable models in hand rubbed walnut cabinets. 
Rack models with slip-on metal dust covers. 

For turther ittiormatiors write to Dept. 1E-8 

THE DAvEN Co. 
Il l  C E N T R A L  A V E N U E 
N E W A R K  4,  N E W  JE R S E Y 
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160-A QMETER 
The 160-A .0-Meter is unexcelled for laboratory and 
development applications, having received world wide 
recognition as the outstanding instrument for measuring 
0, inductance, and capacitance at radio frequencies 

Frequency Range: 50 kc. to 75 mc. (8 ranges) 

OMeasuri ment Range: 20 to 250 (20 to 625 with multiplier) 
Range of Main 0 Capacitor 30-450 mmf. 
Range of Vernier 0 Capacitor:  3 mmf., zero,  3 mmf. 

, 
BOONTOlt, RADIO 
BOONTON NJ • U•S A  (7  A rtZt V(i. .1Y 

A limited quantity of these instruments 

is available fur immediate delivery. 

ACCURATE OBSERVATION OF WAVEFORMS 
FROM 10 CYCLES TO 50 MC PER SECOND 

50 MC INIDEBAND 
VIDEO OSCILLOSCOPE 

FTL-32A 
• Vertical amplifier bandwidth of 
10 cps to 50 mc. 

• High deflection sensitivity over 
the entire bandwith. 

• Low-capacity probe maintaining 
high sensitivity. 

• Sweep time as fast as one micro-
second. 

Write  for  complete 

FTL-32A brochure. 
- 

TVeral Necommailicatioft Laboratories, lac 
An 1.T.i9T. Associate 

500 Washington Avenue 

Nutley 10, N.J. 

METALLIZED 
CONDENSER 
PAPER 

4' SMITH 
When  you  use  Metallized 

Condenser Paper, it is pos-

sible to: 

1. Manufacture a one-layer 
condenser. 

2. Save 75% space. 
3. Use more economical neu-
tral oils. 

4. Use less impregnating 
materials. 

5. Eliminate the use of foil 
electrodes. 

6. Use simpler capacitor 
winding machines. 

7. Eliminate breakdown ef-
fects through self-healing. 

8. Obtain higher insulation 
resistance, higher dielec-
tric strength. 

Get all the facts on Smith 
Metallized Condenser Paper 
as it applies to your industr% . 
A card, letter or phone call 
to Smith Paper, Inc., Lee, 
Massachusetts (telephone 
Lee 7) will bring you the in-
formation you seek, without 
obligation on your part. 

Manufacturers of Condenser Papers 

SMITII PAPER, INC. 
LEE, MASSACHUSETTS 

60.t 
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Positions Wanted  
(Continued from paw SRA) 

ELECTRONIC ENGINEER 
B.S. (Physics/Math) February 1949. 

Married, two children. Graduate CRE1 2 
years experience test and research. 2 
years experience Navy radio technician. 
3 years experience Broadcast radio en-
gineer. 1st class Radiotelephone license. 
Amateur License. Box 365 W. 

ELECTRONIC ENGINEER 
Electronic engineer, M.E.E. 2 years re-

search and development experience in 
servomechanisms electronics and radar 
technique plus laboratory instruction in 
electrical engineering and Navy radar ex-
perience. Top scholastic record, Tau Beta 
Pi. Eta Kappa Nu. Box 369 W 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 22A) 

DC Driven DC-AC Chopper 
A recent addition to the line of dc-ac 

choppers manufactured by Stevens-Arnold 
Inc., 22 Elkins St., South Boston Mass. 
is  dc driven type. 

I his sell-excited chopper lb an electro 
mechanical vibrator to be used as a modu• 
lator. rectifier demodulator, or square 
wave generator. This design was arranged 
lox those applications where dc is pre 
ferred to ac as the source of coil excitation 
Actually it is a combination of an SPDT 
and in SPST chopper 

(Continued on page 63e1) 

Recent Catalogs 
• • • A new booklet describing the advan 
tages and new applications of vacuum 
coating chambers for industrial purposes 
has been printed by Vacuum Equipment 
Div., Distillation Products, Inc., 755 Ridge 
Rd. W., Rochester 13, N. Y. 

• • •The 1950 Twin-Trax catalog,  16 
page listing of more than 3() new tape 
recorders, is obtainable from Twin-Trax 
Div., Amplifier Corp. of America 39R-I 
Broadwiv New York 13. N 

1 • 

• TAILORED FREQUENCY RESPONSE 

• HIGHER COMPLIANCE 

• LOWER MECHANICAL IMPEDANCE 

• HIGHER VOLTAGE-COMPLIANCE PRODUCT 

• IMPROVED TRACKING 

LOW DISTORTION TORQUE DRIVE 

• LOWER STYLUS FORCE 

Modern Phono Cartridge 

Dual Needle The Twilt, proven in 
thousands of high quality receivers, tracks 
perfectly at six grams in all grooves and 
speeds. E-V's inline twin tips provide 
higher compliance (softness of needle 
touch to record) at three mil tip. . . where 
it is needed for playing 78 RPM records 
without weight change. Twin-tilt cartridges 
are available with a standard frequency 
response or can be made to your response 
specifications. 

one or three mil 
grooves. Stylus easily replaceable. Re-
sponse tailored to your specific needs. 
TORQUE DRIVE* gives higher voltage 
and compliance product. Choice of snap-in 
or rigid mounting. 

Single Needle For 

Universal Needle A compromise stylus 
that will give satisfactory service on both 
three mil and one mil records. Minimum 
tracking force only eight grams. Frequency 
response made to your requirements. 

The Universal Needle is the result of 
months of intensive research and an alert 
product development program. 

• Higher compliance than hitherto obtainable from old style crystal harnessing is an 
inherent characteristic of TORQUE DRIVE, exclusive to all E-V cartridges. Multipli-

cation of stylus force produces a higher product of voltage and compliance. Accurate 
frequency response standards are maintained in QUANTITY PRODUCTION be-
cause all pads, bearings and high parallel compliances are eliminated. Special E-V 
SILICONE moisture-proofing gives the crystal many times greater protection against 
humidity than normal moisture treatment ... considerably increasing cartridge life. 

• E-V single play tone arms are built to the same exacting standards as E-V car-
tridges. Arm dimensions permit excellent tracking across any size record. Feedback 
from base-board to cartridge is reduced because of scientific tone arm design. 

*Patent Pending 

ELECIII0 VOICE, INC., BUCHANAN, MICH. Export 13 East 40th St New York 16, U.S.A. Cables. Arlab 

NO FINER CHOICE THAN 

CRYSTAL AN D M A GNETIC PH O N O PICK UPS • CRYSTAL, DY N A MIC, 

CARBON AND VELOCITY MICR OPH ONES • STANDS AND ACCESSORIES 
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TWIN Power Supply 
Electronically 

Regulated for 

Precise 

Measurements 

Two independent sources of 
continuously variable  D.C. 
are combined in this one 
convenient unit. Its double 
utility makes it a most use-

ful instrument for laboratory and test station work. Three 
power ranges are instantly selected with a rotary ;witch: 

175-350 V. at 0-60 Ma., terminated and con• 
trolled independently, may be used to sup-
ply 2 separate requirements.  • Output voltage variation less 

0-175-V. at•0-60 Ma. for single supply.  than 1 V. with change from 
175-350 V. 0-120 Ma. for single supply.  105 to 125 A.C. Line Volt-

In addition, a convenient 6.3 V.A.C. filament source is pro-  age 
vided. The normally floating system is properly terminated for 
external grounding when desired  Adequately protected • Output ripple and noise less 
against overloads. 

• Output voltage variation less 

than 1% with change From 
0 to lull load 

than .025 V. 

Twin Power Supply Model 210 
Complete $130.00 

Dimensions: 16" X 8" X 8"  Shipping Wt. 35 lbs. 
(Other types for your special requirements) 

F U R.S T  E L EC T R O NI C S 
14 S. Jefferson St., Chicago 6, Illinois 

USES 
• Ultrasonic Vibration Measurements 
• Harmonic Analysis 

• Cross Modulation Studies 

• Noise Investigations 

• Determining Transmission Characteristics of 
Lines and Filters 

• Monitoring Communications Carrier Systems 

• Checking Interference, Spurious Modulation. 
Parasitics, Effects of load changes, shock, 
humidity, component variations. etc. upon 
frequency stability 

• Telemetering 

SPECIFICATIONS 

Frequency Range: 2KC-300KC. stabilized linear 
scale 

Scanning Width; Continuously variable from 
200KC to zero 

Four Input Voltage Ranges: 0.05V. to 50V. Full 
scale readings from I millivolt to 50 volts 

Amplitude Scale: Linear and two decale log 

Amplitude Accuracy:  Within  Idb.  Residual 
harmonics suppressed by at least 50db. 

Resolution:  Continuously  variable.  2KC  at 
maximum  scanning  width,. 500c.p.s  for 
scanning widths below 8KC 

WRITE NO W For Complete Information, 

Price and Delivery 

Available Now! 

Easy, Fast 

Ultrasonic Spectrum Analysis 

WITH 

MODEL SB-7 

PANORAMIC 
ULTRASONIC ANALYZER 
An invaluable new direct reading instrument 
for simplifying ultrasonic investigations  the 
SB-7 provides continuous high speed pano-
ramic displays of the frequency, amplitude 
and characteristics of signals between 21CC 
and 3001CC. The SB-7 allows simultaneous 
observation of many signals within a band 
up to 2001CC wide. Special control features 
enable selection and highly detailed examina-
tion of narrower bands which may contain 
signals separated by less than 500c.p.s. The 
instrument is unique in that it provides rapid 
indications of random changes in energy dis. 
tribution 

PANORAMIC ° 
RADIO PRODUCTS Inc 

•0 Soul m " C O. . •VI  •  is O uer  v1.0. 0.1  P.  1 

AMUNCING A NEW 8" SPEAKER 
lif1111 A NEW HARD-HUHU RA M 

3IM LANSING SIGNATURE 

S V V NMI\ 
100 TO  

WHERE  QUALITY  REPRODUCTION  IS  A 

"MUST- and space is at a premium —the 

Jim Lansing 8" Speaker answers the problem! 

High efficiency and good over-all perform-

ance. For improved radio, phonograph and 

custom television sound reproduction. De-

signed especially for commercial or industrial 

use. Ideal for music distribution and paging 

systems. At all better dealers and distributors 

MODEL D-1002 
Two- Way System 

For FM monitoring and 
high quality home sound 
reproduction. Console type 
cabinet. 

See your Jobber or write 
to: 

JAMES B. LANSING 
SOUND INC. 
2439 Fletcher Drive 

Los Angeles, California 

62A 
PROCEEDINGS (.4 1111: IR 1: Oct ember. 194', 



News—New Products 
These manufacturers have  invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 61A) 

Portable Magnetic Tape 
Recorders 

Two new portable professional models 
of Ekotape magnetic tape recorders, 
Model 105, consisting of a single unit con-
tains both record and playback amplifiers 
in addition to the magnetic tape recorder 
mechanism, Model 107, consisting of two 
units, the recording mechanism and the 
amplifier  chas.k,  are  announced  by 
Webster Electric Co., Racine, Wis. 

HIGH CAPACITY 
TO SPACE RATIO 

Wed peduatig 

Ple44er/4a evieteetzvut 

JOHNSON Pressurized Capacitors 
are so carefully engineered that they 
provide the desired capacity and 
voltage rating with minimum pressure 
and condenser height. Because of their 
efficient electrical and mechanical 
design, they also provide the utmost 
in stable operating conditions. 

Available as "standard" are variable, 
fixed and fixed-variable units — in a 
wide variety of capacitance and current 
rating. In addition, JOHNSON can 
build any pressure condenser to in-
dividual specifications. 

FE A T U RE S 

• Low Loss 
• High KVA Rating 
•Shielded From External Electro-
static Fields 
• Low Internal Distributed induc-
tance 
• Complete Dependability 

Write  For  Illustrated 
JOHNSON Catalog and 

Prices 

E. F. JOHNSON CO.  WASECA, MINN. 

Both models are provided with a single 
knob control for record, stop, listen, and 
rewind. The synchronous two-speed motor 
of Model 107, shown in illustration, pro-
vides a tape speed of 15 inches per second 
for a full half-hour program, or a tape 
speed of 71 inches per second for an hour 
program. Tape speed of 71 inches per 
second with Model 105 provides for a full 
half-hour program. Fast forward and fast 
rewind speeds permit rapid selection and 
replay of any part of a recording without 
removing the tape reels. 

DC Amplifier and 
Millivoltmeter 

A new dc amplifier and millivoltmeter, 
Model DCA-3, with a sensitivity of I my 
and 165 micromicroamObres for full-scale 
deflection, has been developed by Millivac 
Instruments, P.O. Box 3027, New haven, 
Conn. 

The DCA-3 has a direct input im-
pedance of 6 megohms-16 and 60 with a 
multiplier. The input impedance selector 
operates between 100 ohms to 4 megohms 
parallel burden. There is an output shunt 
selector-1 to 1,000 ohms parallel burden, 
or protection of sensitive external meters. 
Maximum dc output is 5 milliamperes, 

sufficient for ink and photographic re-
corders. 

(Continued on page 644) 

MODEL 78-FM 
86 Mc. -108 Mc. 

1 MICROVOLT 

TO .1 VOLT 

DEVIATION: Directly calibrated dial. Two 

ranges, 0 to 30 kc., 0 to 300 kc. Internal 

400 cycle oscillator. Can also be modulated 

from external source. 

DIMENSIONS: 10 -x13"x7 -. Weight 20 lbs 

POWER SUPPLY: 117 volts, 50-60 cycles. 

36 wotts 

• SPECIAL GENERATORS 
One-bond Model 78-FM generators, with 

tuning ratio of approximately 1.2 to 1, 

are available for use within the limits of 

30 to 165 megacycles. 

MODEL M-275 
I. F. CONVERTER 
For Use With Model 78-FM. 

CARRIER FREQUENCIES: 4.5 Mc.,10.7 Mc.; 

21.7 Mc. (Provision for one extra frequency). 

OUTPUT: When used with Model 78-FM 

the output voltage is variable from 10 

microvolts to 1 volt. 

POWER SUPPLY: 117 volts, 50-60 cycles, 

45 watts 

MEASUREMENTS CORPORATION 
BOONTON 0  NEW JERSEY 
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Ace Screen Rooms 

ACE "CELL TYPE" 100 db 
min. 

SINGLE SHIELD TYPE 60 db 

Various stock sizes. 

Prebuilt. Erect in 8 hours. 

Completely demountable. 

Ace Screen Rooms 

ACE Engineering & Machine Co. 
3644 N. Lawrence St.  Philadelphia 40, Pa. 

NOW AVAILABLE! 
A Z-ANDLE METER FOR 
RADIO FREQUENCY MEASUREMENTS 
Featuring the same ease and efficiency of op-
eration as the widely used audio Z-Angle 
Meter, the new R-F Z-Angle Meter simplifies 
the problem of measurements at radio fre-
quencies of broadcast antennas, transmission 
lines, complex networks and impedance ele-
ments. 

Write today for bulletins on 
other  T.  I.  C.  products: 
Z-Angle  Meter  . . . R-F 

Oscillator . . . Electronic Phase 
Meter . . . Precision Linear and 
Non-Linear Variable Resistors 
. . . Translatory Variable Re-
sistors ... Slide Wire Resistance 
Boxes. 

Frequency Range: 100 kc to 2 mc 
Direct Reading: 
Impedance Range: 10 to 5,000 ohms up to 200 kc 
10 to 1,000 ohms up to I mc 

Phase Angle: +900 thru 00 (R) to —900 
(X, ) 

Q Range: 0.2 to 10 
Portable—for field or laboratory use 
Self-contained balance indicator 
Operates at high level—overrides extraneous an-
tenna pickup 

OTECHNOLOGY INSTRUMENT CORP: 
u  11058 MAIN STREET, WALTHAM 54, MASS. 
Chicago. III. —STate 2-7444 

fl-IA 

ENGINEERING REPRESENTATIVE,. 
Cambridge, Mass. —ELlot 4-1751  Canaan, Conn. —Canaan 649 

Rochester, N.Y. —Charlotte 3193-1  Dallas, Tex. —Logan 6-5097 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued Iron, page 634) 

Two New Precision Linear 
Potentiometers 

Two new potentiometers, Models  and 
G, with guaranteed linearity accuracies of 
±0.5 per cent, and 1.0 per cent respec-
tively are being manufactured by Helipot 
Corp., South Pasadena 6, Calif. 

With the Model F, by suLstittition, it 
is possible to obtain accuracies of 0.1 per 
cent, and in the higher values of resistance 
0.05 per cent. All ratings of the Model G 
are held within linearity tolerances of 
+1.0 per cent, and in the higher ri 
sistances to accuracies of + 0.25 per cent. 
Both models have been tested in excess 

of a million revolutions at speeds as high 
as 100 rpm. Slide wire and slip ring con-
tacts are of precious metal alloys. Re-
sistance values of both models are held 
within ±5 per cent, but can be main-
tained at tolerances as low as ± I per cent, 
if required. 

Dynaural Converter 
Based upon the H. H. Scott Dynamic 

Noise Suppressor, a new line of equipment 
for Dynaural reproduction of music, par-
ticularly from phonograph records has 
been developed by Hermon Hosmer Scott, 
Inc., 385 Putnam Ave., Cambridge 39, 
Mass: 

In a Dynaural system the bandwidth is 
automatically and continuously adjusted 
to conform with the requirements of the 
music, thus combining maximum fidelity 
with minimum noise level. 
The first unit available is the Type 

111-A Dynaural Converter. Designed for 
use with standard amplifiers, phonographs 
and combinations, it has .1 14 kc range. 
Simplicity of installation and operation 

have been stressed in the design of the 
Dynaural Converter, which requires only 
two connections. A single remote Dynaural 
control is provided with a special dial plate 
and bracket for mounting on the panel of 
the phonograph, in the phonograph com-
partment, or any other convenient loca-
tion. 

(Continued on page 6.54) 
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News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued from page 64A) 

New Model Direct 
Coupled Amplifier 

The Type 112 dc amplifier, with a 
bandwidth of 1 Mc when used at a maxi-
mum gain of 5,000 volts, is obtainable on 
order from Taktronix, Inc., 712 S.E. Haw-
thorne Blvd., Portland 14. Ore. 

For gain requirements of 166 volts or 
less, the bandwidth extends to 2 Mc. An 
output of approximately 150 volts (peak 
to peak) is available to a high impedance 
load such as cathode-ray tube deflection 
plates. Control of gain is continuously 
variable from 0.5 to 5,000 volts by use of a 
step and variable attenuator. 
The amplifier has an input impedance 

of 1 megohm -45 qif each side to ground, 
or 10 megohms-14 apt each side to 
ground when using the supplied probes. 
A 1 kc square wave calibrating voltage 

from 0 to 50 volts is available by a nine 
position range switch in conjunction with 
a calibrated potentiometer providing an 
accuracy of ±5 percent. 

New Electrosensitive 
Recording Paper 

Designed for use with Helix-type re-
corders, and applicable to record radar, 
sonar, and infrared signals, computer 
totals, and telemetered dispatch, a new 
electrosensitive paper is available from 
Alfax Paper and Engineering Co., 46 
Riverside Ave., Brockton, Mass. 
The manufacturer has stated that when 

using a Helix-type and Alfax paper, 
inertia-free instantaneous recording at 
speeds to 300 inches per second and up are 
available. With this inkless, permanent 
paper, recording of four simultaneous over-
lapping signals is accomplished with no 
difficulty. 

New Cores For TV Image 
Width Control 

Molded of a powdered material assur-
ing high permeability, these iron cores 
have been designed for television hori-
zontal image deflection circuits by Elec-
tronic Components Div., Stackpole Car-
bon Co., St. Marys, Pa. 
In screen areas where there is a sudden 

voltage drop, the manufacturer claims that 
these cores give ratios of from 1 to 8 or 
more, compared to 1 to 5 for previous high 
permeability cores. 

Known as Stackpole Ceramag II cores, 
the new units are of standard screw-type 
construction and are available in a com-
plete range of frequencies for modern tele-
vision applications. 

(Continued on page am) 

A.R.C.'s VHF Communication and 

Navigation Equipment is a 

REVELATION 
Get static-free communication and the 
added reliability of omni range navi-
gation with A. R. C.'s, Type 17 2-way 
VHF Communication and Type 15B 
Omni Range Navigation Equipment. 
With the 15B tuned to VHF omni sta-
tions, you fly directly in less time. 
You can receive weather broadcasts 
simultaneously with navigation signals 
—static free! It simplifies navigation 
and gives long, trouble-free life. The 
Type 17 adds an independent com-
munication system for use while the 
15B is providing navigational informa-
tion. Installations for both single and 
multi-engined planes are made only 

by authorized 
agencies. 

CLEAR 
COMMUNICATION  \ 

orsiVH F   
All A.R.C. airborne equipment 
is Type Certificated by CAA. 
It is designed for reliability 
and performance—not to meet 
a price. Write for further de-
tails or name of your nearest 

A.R.C. representative. 

Aircraft Radio Corporation 

BOONTON, NEW JERSEY 

3347 Firms 
tell you what they make, in your IRE Yearbook. Prod-
ucts are organized in 68 easy-to-use, fundamental engi-
neering groups. It saves you time and money to "look 
it up" in your IRE Yearbook! 

Distributed to 17,291 

IRE Member Engineers 

PROCEEDINGS OF THE I.R.E.  December, 1949 05.\ 



9is U. F. COMPONENTS- MIC R O W A VE-TEST EQUIP MENT 

4434t 

glue 

40 

1/2" x 1/4 " ID 
I" x 1/2" OD 

11/4 " OD   
sh," x 11/4" OD Aluminum 
11/2" x 3" OD 
21/2" x 3" OD 
1" x 1/2" OD Flexible 
7/e" rigid coax 1/4" IC  .   1.20 per foot 
(Available in 10FT to 15ft. lengths or smaller.) 
UG 65/U 10CM flanges  $6.75 each 
UG 53/U Cover    4.00 each 
UG 54/U Choke   4.50 each 

10 CENTIMETER 

WAVEGUIDE TO T/s" RIGID COAX "DOOR-
KNOB" ADAPTER. CHOKE FLANGE. SIL-
VER PLATED BROAD BAND  $37.50 

WAVEGUIDE DIRECTIONAL COUPLER, 27 db. 
Navy type CABV-47AAN, with 4 in. slotted 
section .  . .. ..... .  $32.50 
SQ. FLANGE to rd choke adapter, le in. long 
OA 11/2 in. x 3 in. guide, type "N" out put 

and sampling probe  $27.50 
Crystal Mixer with tunable output TR pick up 
loop, Type "N" connectors. Type 62A8H 

$14.50 
Slotted line probe. Probe depth adjustable, 
Sperry connector, type CPR-14AA0  $9.50 

Coaxial slotted section, V8'  rigid coax with 
Calf1.1 9C  and probe  .  $25.00 

Right Angle Bend 6" radius E or H plain $15.00 
Right Angle Bend 3" radius E or H 
cuter flanges  $15.00 

AN/APRSA 10 cm antenna equipment consist-
ing of two 10 CM waveguide sections. each 
polarized. 45 degrees  $75.00 per set 

APN-7 TR McNally Cavity for 7078, with tuning 
slugs   $5.50 ea. 

"S" Band Crystal Mount, gold plated, with 2 
type -11" connectors  $12.50 

PICKUP LOOP, Type "N" Output ....  $2.75 
TR BOX Pick-up Loop  $1.25 
POWER SPLITTER: 726 Klystron input dual "N' 
output   WOO 
MAGNETRON TO WAVEGUIDE coupler with 
721.A duplexer cavity, gold plated  $27.50 

10  CM  WAVEGUIDE  SWITCHING  UNIT, 
switches 1 input to any of 3 outputs. Stand-
ard 0/2" x 3" guide with square flanges. Com-
plete with 115 vac or dc arranged switching 
motor.  Mfg.  Raytheon. CRP 24AAS.  New 
and complete   $150.00 

"S" BAND Mixer Assembly, with crystal mount, 
pick-up loop, tunable output ..  . .... $3.00 

72I-A TR CAVITY WITH TUBE. Complete with 
tuning plungers   $12.50 
10 CM. McNALLY CAVITY Type SG  . .$3.50 
Type SF   $4.50 

WAVEGUIDE SECTION, MC 445A, rt. angle 
bend, 51/2 " ft. OA. 8- slotted section ..$21.00 

10 CM OSC. PICKUP LOOP, with male Home' 
dell output   $2.00 
10 CM DIPOLE WITH REFLECTOR in lucite 
ball, with type "N" 01  Sperry fitting  $4.50 

10 CM FEEDBACK DIPOLE ANTENNA, in lucite 
ball, for use with parabola 7/8" Rigid Coax 
Input  ...._.. . _  . . $8.00 

PHASE SHIFTER.  10 CM WAVEGUIDE, WE 
TYPE ES.683816. E PLANE TO H PLANE 
MATCHING SLUGS   $95.00 

72IA TR cavities. Heavy silver plated $2 130 ea. 
10 cm. horn and rotating joint assembly, gold 
plated  165.00 ea. 

1/4 " RIGID COAX - %" I.C. 

7/s" rigid coaxial tuning stubs with vernier stub 
adjustment. Gold Plated   $17.50 

7/. RIGID COAX ROTARY JOINT. Pressurized, 
Sperry #810613. Gold Plated ....  .$27.50 

Dipole assembly. Part of SCR-584 ....$25.00 ea. 
Rotary joint. Part of SCR-584  $35.00 ea. 
RIGHT ANGLE BEND, with flexible coax out-
put pickup loop  $8.00 

SHORT RIGHT ANGLE BEND, with pressurizing 
n.crilc . ......  .$3.00 

RIGID COAX to flex coax connector  $3.50 
STUB-SUPPORTED RIGID COAX, gold plated 
5' lengths. Per length  $5.00 

RT. ANGLES for above   $2.50 
RT. ANGLE BEND 15" L. OA  $3.51 
FLEXIBLE SECTION,  15" L. Male to female 

$4.25 
FLEX COAX SECT. Approx. 30 ft.   $16.50 

% " RIGID 1/4" IC 

CG 54/U -4 foot flex.bie section 1/4" IC pres. 
surized  $15.00 

7/8 RIGID COAX, Bead Supported  $1.20 
SHORT RIGHT ANGLE BEND ... ...... 12.50 
Rotating joint, with deck mounting ... $15.00 
RIGID COAX slotted section CU-60/AP  $5.00 

WAVEGUIDE 
 $1.00 per foot 

  1.50 per foot 
1.65 per foot 

.....  .75 per foot 
  3.00 per foot 

3.50 per foot 
4  00 per foot 

SCR 584 
SPARE 
PARTS 

AVAILABLE 

3 CENTIMETER 

(STD. I" x 1/2 " GUIDE UNLESS OTHER WISE 
SPECIFIED) 

723 A/B Klystron mixer section with crystal 
mount, choke flange and  Iris flange out-
put 

TR-ATR Section for above with 724 AIR C$022;,5t? 
$8.50 

Cutler  105/APS3I  Directional Coupler 25 DB 
. . .  .  $25.00 

90 degree twist, 6 inches long  $8.00 
723 AB Mixer-Beacon Dual Oscillator Mount 
with Crystal holder ......  $12.00 

2 Way Wave Guide directional coupler, type 
N fitting P/8" x s/e" guide 26DB  .  $18.50 

CG 91313/APG 13, 12" flexible section 11/4" x  
OD    $10.00 
TR-ATR Section, APS IS, for IB24, with 724 AIR 
Cavity with 1824 and 724 tubes. Complete 

00 
Crystal mount in waveguide   $$2171..50  

SO-3 Echo box, Xmsn. type cavity w/ bellows 
. .  $28.50 

3 cm  180° bend  with  pressurizing  nipple 
$6.00 ea. 

3 cm. 90  bend, 14" long 90' twist with Pres-
surizing nipple  $6.00 ea. 

3 cm. "5" curve 18" long   
3 cm, "S" curve 6" long   $1.50 ca 50 ea.. 
3 cm, right angle bends. "E" plane 18" long 
cover to cover    $6.50 ea. 

3 cm. Cutler feed dipole. II" from parabola 
mount to feed back    $8.50 ea. 

TWIST 45 deg.. 6" long    $8.00 
APS-31 mixer section for mounting two 2K25's. 
Beacon reference cavity 1824 TR tube  New 
and complete with attenuating slugs $42.50 ea. 

DUPLEXER SECTION for 1824   $10.00 
CIRCULAR CHOKE FLANGES, solid brass .55 
SQ. FLANGES, FLAT BRASS 

.  .$4e.00a7Ft55. FLEX, WAVEGUIDE  - 
TRANSITION I •  t  x .5/8,14 in.  $8.00 
"X" BAND PREAMPLIFIER, consisting of 2-723 
A/B local oscilator-beacon feeding wave-
guide and TR/ATR Duplexer sect. incl. 30MC 
Pre Amp with tubes   $ 

Random Lengths wavegd, 6" to 18" Lg. $1.106/7FT. 
WAVEGUIDE RUN. P/4" x 1/2 " guide, consist-
ing of 4 ft. section with Rt. angle berd on 
one end 2" 45 deg. bend other end  $8.00 

WAVEGUIDE RUN, 11/4 " x 1/4 " guide, consist-
ing of 4 ft. long  .. .  .  . .. $10.00 

12" SECTION 45 deg twist 90 cieg .  . 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 cover, Silver Plated 

$10.00 
18" FLEXIBLE SECTION    $ 
"X" BAND WAVEGUIDE 11/4" x Vu" OD 11/71.5°  6" 
wall Alluminum . . .. ... .Per Foot $ .75 

WAVEGUIDE 1" x 1/2" 1.0   Per Foot $1.50 
TR CAVITY For 724 A TR Tube ..  ..$3.50 

3" FLEX SECT. sq. flange to Circ. Flange. Adapt 
$7.50 

724 TR TUBE (41 TR 1) 
SWR MEAS. SECTION, with 2 type "N" output$2.50  
probes MID full wave apart. Bell sizes guide. 
Silver plated   $10.00 

WAVEGUIDE SECTION, 12" long choke to cover 

45 deg. tw st & 2-2" radius, 90 deg. bend 

SLUG TUNER/ATTENUATOR, W. E. guide, $940.513 
plated    $6.50 
TWIST 90 deg.. 5' c.',oe to Cover w/press nip. 
ple  56.50 

WAVEGUIDE 'SECTIONS 21/2  ft: long silver 
plated with choke flange $5.75 

ROTARY JOINT choke to choke   $17.50 
ROTARY JOINT choke to choke with deck 
mounting  $17.50 

UG TYPE CONNECTORS 
FULL LINE OF UG CONNECTORS 
IN STOCK. IMMEDIATE DELIVERY. 

60 

"AN" CONNECTORS 

q41  eiP4 

LARGE VARIETY AVAILABLE 
AT GREAT SAVINGS 

Send your specs and let us quote 

1.25 CENTI METER 

"K" BAND DIRECTIONAL COUPLER CUI04 , 
APS 34 20 DB  $49.50 ea. 

"K" BAND FEEDBACK TO PARABOLA HORN, 
with pressurized window  ..  $30.00 

MITRED ELBO W cover to cover   $4.00 

TR/ATR SECTION choke to Cover ....  $4.00 

FLEXIBLE SECTION 1" choke to choke  $5.00 

ADAPTER, rd, cover to sq. cover  $5.00 

MITRED ELBO W and S sections choke to Cove , 

$4.50 
WAVE GUIDE V2 x 1/4  per ft.  $1.00 

K BAND CIRCULAR FLANGES   508 

3131 "K" BAND MAGNETRON   $55.00 

No. 
!WI 
1N22 
IN23 
IN 26 

as. 

TEST EQUIPMENT 

MODEL TS•268/U 

Test set designed to provide 

a means of rapid checking of 

crystal diodes 1N21, IN21A, 

IN21B,  IN23,  'N23A, IN23B 
Operates on 11/2 volt dry cell 

battery. 3x6x7. 

New   $35.00 

CRYSTAL DIODES 

Each  2 for 
$1.00  $1.79 
1.50  2.79 
1.50  2.79 
3.00  5.90 

10 for 
$ 8.30 
14.00 
14.00 
27.50 

10CM ECHO BOX CABV 14A8A-1 of OBU-3. 
2690 MC to 3170 MCS direct reading microm• 
eter head. Ring prediction scale plus 9% to 
minus 9%. Type 'N" input. Resonance indi. 
cator meter. New and Comp, w/access. Box 
and 10 CM Directional Coupler  .  $350.00 

3 CM RECEIVER. SO-3. Complete with W.G 
M,,er Assy (72)-A/8). Reg. Fil. Power Supply 
6 stages IF (6AC7)    $99.50 

10 cm, horn assembly consisting of two 5" dishes 
with dipoles feeding single type "N" output. 
Includes UG28/U type "N" "T" junction and 
type •'N" pickup probe. Mfg. 
cable. New   $15.50 

10 cm. cavity type wavemeters 6" deep. 61/2 " in 
diameter. Coax. output. Silver plated 

.$64/1 s.150 volt 
10 cm, echo box. Part of . S ... Radar w  
DC tuning motor Sub Sig 1118A0  . $47.50 

THERMISTOR BRIDGE: Po wer  meter 1.203-A. 
10 cm. mfg. W.E. Complete with Meter, in-
terpolation chart, portable carrying case 

$7 
W.E. 1 138. Signal generator. 2700 to 2900 Mc, 
range. Lighthouse tube oscillator with atten• 

• uator 8 output meter. 115 VAC input reg 
Pwr. supply. With circuit diagram -.5150.00 

3 cm. wavemetet. Ordnance type micromcte , 
head. New: Absorbtion type   $85.00 
9000-9500 MCS Transmition type   $92.50 

SL. wavemeter. Type CW60ABM  .. .$125.00 

TS 89/AP Voltage Divider. Ranges 100: 1/2 for 
2000 to 20000v. 10:1 for 200 to 2000v. Input Z 
2000 ohms. Output Z 4 meg ohms flat re-
sponse ISO cy to S meg cy  $42.50 

10 cm Wavemeter. WE type 8 435490-Transmis-
sion type. Type N Fittings, Veeder Root Mi-
crometer dial  Gold Noted W/Calib. Chart. 
P/o Freq. Meier X66404A. New  ..  $99.50 

AS14A/AP-10cm Pick up Dipole with "N'' 
Cables  .......  $4.50 
IS 235 UP Dummy Load  $87.50 

COMPLETE RADARS AVAILABLE 

SOI Us,:  S1200.00 
S013 Used  $1200.00 
SE New   $1200.00 
SFI New   $2800.00 
SCR 533 Trailer unused   $950.00 
CXBR Beacon Used  $1500.00 
CPN3 Beacon Used    $1500 00 
APS4 
APSI5 Major Components   $500.00 
Airborne Radar Altimeter   $175.00 

ALL MERCHANDISE GUARANTEED. MAIL ORDERS PROMPTLY FILLED ALL PRICES F.O.B. 
NEW YORK CITY. SEND MONEY ORDER OR CHECK ONLY. SHIPPING CHARGES SENT 

C.O.D. RATED CONCERNS SEND P. 0. MERCHANDISE SUBJECT TO PRIOR SALE 

CO M M U NICATI O NS E41131 P3IE NT CO. 
131 "1 12" Liberty St., New York, N.Y.  Cable "Comsupo" Ph. Digby 9-4124 
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M AGNET1ICONS -RA DAR - PULSE EQUIP MENT 

PULSE EQUIPMENT 

MIT. MOD. 3 HARD TUBE PULSER: Output 
Pulse Power: 114 KW (12 KV at 12 amp.). 
Duty  Ratio:  MI  max.  Pulse  duration: 5. 
1.0 2.0 mic-osec. Input voltage: 115 v. 400 
to 2400 cps. Uses I-715-B, 1-829-B, 3-'72's, 1-73. 
New $110.00 i 

APO-I3 PULSE MODULATOR. Pulse Width .5 
to 1.1 Micro. Sec. Rep. rate 624 to 1348 Pps. 
Pk. pwr, out 35 KW  Energy 0.018 Joules 

$49.00 

TPS-3 PULSE MODULATOR. Pk. power 50 amps. 
24 KV (1200 KW pk): pulse rate 200 PPS. 1.5 
microsec.. pulse line impedance 50 ohms. Cir-
cuit-series charging version of DC Reso-
nance type. Uses two 735-A.1 as rectifiers 
115 v 400 cycle input. New with all tubes 

$49.50 • - 
APS-10  MODULATOR  DECK Complete  less 
tubes  575.00 

APS-I0 Low voltage power supply, less tubes 
$18.50 

PULSE TRANSFORMERS 

G.E.K.-2745 
i.5 KV High Voltage  3.$239 M  KV 

Low Voltage @ 200 KW oper. (270 KW max.) 
I microsec. or 1/4 microsec. @ 600 PPS $3950 

W.E. :DI66173 Hi-Volt input transformer. W E 
Impedance ratio 50 ohms to 900 ohms. Frei 
range: 10 kc to 2 mc. 2 sections parallel con 
netted  Dotted in oil "6 W 

W.E. KS 9800 Input transformer, Winding ratio 
between terminals 3-5 and 1-2 is 1.1:1, and 
between terminals 6-7 and 1-2 is 2:1. Fre-
quency range: 380-520 c.o.s. Permalloy core 

$6.00 
G.E. :K273I Repetition Rate: 635 PPS, Pri 
50 Ohms. Sec. Imp: 450 Ohms Pulse Width-
Microsec. On. Input: 9.5 KV OK Sec Out-

put: 28 KV PK. Peak Output: 800 KW Riflar 
2.75 Am p. .  ..  $64.50 

W.E.  :0169271  Hi . . Volt input pulse T'ArS 
former  $27.50 

G.E. K2450A. Will receive 13KV. 4 micro-second 
Pulse on pr., secondary delivers 14KV Peak 
Power out 100K W G.E.  $4.50 

G.E. 0 K2748A. Pulse Input, line to magnetron 
.  .... .  $36.00 

:9280 Utah Pulse or Blocking Oscillator XFMR 
Freq. limits 790-810 cy-3 windings turns ratio 
1:1:1 Dimensions 1 13/16 k We 19/32  51 co 

Pulse 13I-A WP L-421435   $6.00 
Pulse 134-B W•2F L-440895   $2.25 

PULSE NETWORKS 

I5A-1-400-50: 15 KV, "A" CKT, 1 microsec., 
400 PPS. 50 ohms imp.   $42.50 

G.E.  :6E3-5-2000-50P2T, 6KV. "E" circuit. 3 
sections, .5 microsecond. 2000 PPS. 50 ohms 
impedance   $6.50 

G.E. 0 3E (3-84-810; 8-2.24-405) 50P41; 3KV,  
CKT Dual Unit: Unit I, 3 Sections. .84 Micro-
sec. 

810 PPS, 50 ohms imp.: Unit 2, 8 Sections, 2.24 
microsec. 405 PPS. 50 ohms imp.  ......$6.50 

7.5E3-1-200-67P. 7.5 KV, "E" Circuit, 1 microsec. 
200 PPS 67 ohms impedance. 3 sections $7.50 

7.5E4-16-60.67P. 7.5 KV, "E" circuit. 4 sections, 
16 microsec. 60 PPS, 67 ohms impedance $15.00 

7.5E3.3-2004PT. 7.5 KV, "E" Circuit, 3 TICCOSCC. 
200' PPS. 67 ohms imp., 3 sections  $12.50 

DELAY LINES 

163169  Delay Line Small quantity available 
 $50.00 

0-168184: .5 microsec. up to 2000 PPS, 1800 ohm 
term. 

0-170499: .25/.50/.75. microsec. 8 KV. 50 ohms 
imp.   $16.50 

0-I65997: 11/4 microsec.   $7.50 

THERM ISTORS 

0-I67332 (tube)  .5.95 
0-170396 (bead) .5.95 
0-I67613 (button) 5.95 
0-I64600 for MIG in 
-X- band Guide $2.50 
0-167018 (tube)  .5.95 

WRITE FOR 

C.E.C. MICRO-

WAVE CATALOG 

NO W  AVAILABLE 

VAR ISTORS 
0-170225  $1.25 
0•167176  6.95 
O-168687    6.95 
0•171812  5.95 
O-171526  5.95 
0-I68549  5.95 
O-I62482  $3.00 
0-163298  $1.25 
0-99428  $2.00 
D-16187IA  $2.85 
D-171121  $.95 
3A(12-43)  $1.50 
D•167020  $3.00 

3 CM RECEIVER 

50•3. Complete With 

W.G. Mixer Assy (723 

A/8 Reg. Fl. Power 

Supply, 6 Stages IF 

6AC7)    $99.50 

MAGNETRONS 

Tube  Frq, Range  Pk. Pw,. Out  Price 
2131  2820-2860 mc  265 KW  525 00 
2.121-A  9345-9405 mc.  50 KW  $2500 
2122  3267-3333 mc.  265 KW.  $25 00 
2126  2997-3019 mc  275 KW.  $25 00 
2127  2965-2992 mc.  275 KW.  $25.00 
2132  2780-2820 mc  285 KW.  $25.00 
2137  $4500 
2138 Pkg. 3249.3263 mc.  5 KW.  $35.00 
2139 Pkg. 3267.3333 mc.  87 KW.  $35.00 
2140  9305.9325 mc.  10 KW.  $65.00 
2149  9000 9160 mc  58 KW.  $85.00 
2134  $55 00 
2161  3000 3100 mc.  35 KW.  $65.00 
2162  2914-3010 mc.  35 KW.  5.6500 
3131  24.000 mc.  50 KW  $55.00 
5130  $39.50 
71+Ay.  $2500 
7I8DY  2720.2890 mc.  no K.W.  525 00 
7208Y  2800 mc.  1000 KW.  $50 00 
720CY  2860 mc.  1000 K. W.  $50.00 
725•A  9345.9405 mc  50 KW  $25.00 
730-A  9345-9406 mc  50 KW.  $25.00 
728  AY, BY, CY. DY. EY, FY. GY  $50.00 
700  A, B. C, D  $5000 
706  AY. BY, DY, EY. FY, GY  $5Q.00 
Klystrons.  723A/13 $12.50: 7078  $2000 

W/Cavity 
417A 525.00  21<41  $65.00 

MAGNETRON MAGNETS 

Gauss  Pole Dram  Spacing  Price 
4850  3/4  in.  5/8 in  $12.50 
5200  21/32 in.  Y4 in.  $17.50 
1300  isk in,  15/16 in.  $12.50 
1860  15/8 in.  11/2 in.  514.50 

Electromagnets for magnetrons  524.50 ea 

GE Magnets type M7765115, GI Distance Be-
tween  pole faces variable. 2 1/16"  (1900 
Gauss) to lib" (2200 Gauss) Pole Dia. 15/13' 
New Part of SCR 584  .  . $34.50 

"C W" MAGNETRONS 

01< 62  3150-3375 mc. 
OK 59 2676-2900 mc. 
OK 61  2975-3200 mc. 
OK 60 2800-3025 'nc. 

New, Guaranteed  Each $65 00 
OK 915 Raytheon  . $150 00 

Fil Trans • • above 115v 60 cy Pri Four 6.3v%4A 
Sec: 5000VT  .  .$27.50 

Magnetronkit. of four OK's 2675-3375 mc W/ 
trans. Special  $250.00 

SUPER SONICS 

OCU Magneto striction head RCA type CR 
270225 New  $75.00 

Stainless Steel streamlining housings for above 
$18.50 

013G Driver Amplifier. New  $200.00 
()CU Magneto st(.-t,:in head coil plate asserm 
bli  ne,    $14.50 

QCO-2/0C13  Magneto  striction  head  coil 
plItc /issembI/  $14.50 

APS 4 AIRBORNE RADAR 
Complete  sets  and  var ,•us  components 
available 

AS-17/APS-I0cm. Airborne Antenna complete 
with  ll plumbing, dish, etc.  $89.50 

1__CR 584 
SPARE 
PARTS 

AVAILABLE 

AN/APG2 Servo Ampl.f., icss tubes new $35.00 

ALL MERCHANDISE GUARANTEED. MAIL ORDERS PROMPTLY FILLED. ALL PRICES F.O.B. 

NE W YORK CITY. SEND MONEY ORDER OR CHECK ONLY. SHIPPING CHARGES SENT 

C.O.D. RATED CONCERNS SEND P. 0 MERCHANDISE SUBJECT TO PRIOR SALE 

CO M MUNICATIONS EQUIP MENT CO. 
131 "I 12" Liberty St.. New York, N.Y.  Cable "Comsupo" Ph. Digby 9-4124 

R. F. EQUIPMENT 

LI-ITR. LIGHTHOUSE ASSEMBLY. Part of RT-
39/APG-5 & APG-I5. Receiver and Transmitter 
Lighthouse Cavities with assoc. Ti. Cavity and 
Type N CPLG. To Rev,. Uses 2(40, 2C43, 11327 
Tuneable APX 2400-2700 MCS. Silver plated 

$49.50 

APS-2 10CM RF HEAD COMPLETE WITH HARD 
TUBE  (7158)  Pulser,  714  Magnetron  4I7A 
Mixer all 7/8" rigid coax. incl. rcvr. front end 

.  .. .  $210.00 

Beacon lighthouse cavity 10 cm with miniature 
28 volt DC FM motor. Mfg  Bernard Rice 

$47.50 ea 

T-128/APN-I9 10 cm. radar Beacon transmitter 
package, used, less tubes  $59.50 ea 

SO-3 "X" band 3 cm RF package, new com• 
plete, including receive( unit as illustrated on 
Page 337, Volume 23 RAD LAB Series 

.  . $375.00 ea. 

Pre-amplifier cavities type "M" 74I0590GL to 
use 446A lighthouse tube. Completely tunable. 
Heavy silver plated construction  $37.50 ea 

RT32/APS 6A RF HEAD 

'Iompl.  with  125A 
Magnetron  magnet 
pulse xfmr. TRA-AIR. 
723 A/B local osc. and 
beacon  mount,  Pre 
amplifier.  Used  but 
exc. cond.  .$97.50 

AN/APS-I5A "X" Band compl, RF head and 
modulator. incl. 725-A magnetron and mug• 
net, two 723A/B klystrons (local osc. & bea-
con), 1824, TR, rcyr-ampl. duplexer, HV sup-
ply, blower, pulse xtmr. Peak-Pwr Out: 45 
KW apx. Input: 115, 400 cy. Modulator pulse 
duration .5 to 2 micro-sec. apx. 13 KV Pk 
Pulse. Compl. with all tubes incl. 715-8.829B, 
RKR 73, two 72's. Compl. pkg., new  $210.00 

"S"BAND AN/APS-2. Complete RF head and 
modulator, including magnetron and magnet, 
4I7-A mixer, TR, receiver, duplexer, blower, 
etc., and complete pulser. With tubes, used, 
fair condition  ... .175.00 

10 CM, RF Package. Consists of: SO Xmtr.•re• 
ceiver using 2127 magnetron oscillator, 250 
KW peak input. 707-B receiver-mixer  $150.00 

200 MC COAXIAL PLUMBING 

Right Angle Bend  .  . $35.00 
T Section  .  $55.00 
T Section  with  Adapter  to  7/0"  in  rigid 
coax  $65.00 

5CM. 

2" x 1" RT. ANGLE 
SILVER PLATER 

WAVEGUIDE MIXER CV-I2A/APR 6 
RAPID W. G. FASTENING CLAMPS 

BEND CHOKE TO COVER. 
$38.50 
555 00 
$5.00 

BC I277A Sig. Generator   $300.00 

APR4. Receiver 300-2000 mc.  $475.00 

CPD 10137 Dehydrating Unit  $425.00 

TRANSTAT AMERTRAN 

Input: 0.115 v. 50-60 cycle. Max.. output: 115 
v. ICO amp. 

All units are new, guaranteed  . .  595 
2 KVA: 90-130 v. input 50-60 cycles output 115 v 
2 kva type RH Amertran  $29.95 each 

WILCOX C5390 

CONTROL EQUIPMENT 

FOR AIRPORT CONTROL GROUND STATION 
--Standard relay rack housing, monitor loud 
speaker, dual channel receiver amplifier. Type 
109 A control panel, microphone speech am-
plifier,  etc.,  spare  parts,  new and  com-
plete  $750.00 each 

BIRTCHER TUBE CLAMPS 

926C  9268•16  926-C IS 
926-16  926A-14  926•C-13 
926-BI  926A  9268 
926-82  926(1  926C-I9 
926-88  926-Al I 
Each ScI  10 for $1.40  100 for $12.00 

WE HAVE ONE OF THE 
LARGEST SELECTIONS OF 

OIL, ELECTROLYTIC, MICA BATHTUBS, ETC., 
IN  THE  COUNTRY  AT  SURPLUS  PRICES. 
WRITE FOR CATALOGUE. 

CONDENSERS 

SA 

Sc 

SD 

SE 

SF 

SG 

SL 

SN 

%.)1 

%03 

%On 

SO9 

S013 

SQ 

SU 

TA.I 

TBK 

TIlL 

TIl I 

A19.5 

APB 

APS2 

APS3 

APS4 

AIPSO 

APSI 0 

APSI5 

ABA 

PIIG 

QCQ 

W EA 

RAK 

CPN3 

CPNO 

DAB 

RC145 

11(11411 

VD 

ZA 
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News-New Products c@eam '1211-1Crtkl-EED R.F. CABLES 

A AstoCIC't Er Al-1 040 pt.-0014 

We are specially organi3ed 
to handle direct enquiries 
from overseas and can give 

IMMEDIATE DELIVERIES/oU.SA 

Cable your rush order for 
de4very by air. Settlement M 
dollars by check on yooromn Boni. 
ka71750C/1011 d5 simple as any local 

purchase-anddelneryjod ocncA 

HIGH POWER 
FLEXIBLE 

LOW 
ATTER 
TYPES 

A.1   
4.2  
4.34 

iMPtD 
OH M 

74 

ATTER. LOADING 
dolOOlt  lea  0 
Se  Fki 

1.7 0.11 

74 
73 

1.3 
0.6 

0.24 0.44 

1.5  0.85 

LOW  CAPAC  1114PEO. 
CA W  ann/41, OHMS 
TYPES  • 

CI  7.3  150 
PC1  10.2  132 

MIEN 
A100it 
/004ki 

2.5  
3.1 

C.11 ; 6.3  173 _3.2 
I C.2  6.3  171 2.15 
C.22  5.5  184  2.8  
C.3  5.4  197  1.9 

0 Ct. 

0.36 
 0.36  viDEO 
0.36 fOR epECIA1. 
0.44  ai d J,I•Af/Ori1 
0.44 ApPl, 
0 64 

C.33 . 4.8  220 
CA4  4.1  252 

2.4  0.64 
2.1  1.03 

TRANSRADIO LTD  I38A CROMWELL ROAD 

CONTRACTORS  T O  H. M .  G O VER N ME NT.  LONDON.SWPENGLAND. 

C A B L E S: T R A N S P A D  •  L O N D O N 

DIRECT COUPLED 

AMPLIFIER 

Band Pass DC -2 mc 

Push Pull Throughout 

Gain .5 to 5000 Continuously Variable 

The TEKTRONIX Type 112 Direct-Coupled Ampli-
fier is presented as a highly desirable auxiliary in-
strument primarily intended for use with the TEK-
TRONIX Type 511-A, 511-AD, 512, or other cathode 
ray oscilloscopes. It consists of the vertical ampli-
fier of the Type 512 Oscilloscope complete with self-
contained, fully-regulated power supply and 1 kc. 
square wave voltage calibrator. 

ABRIDGED SPECIFICATIONS 

Price $495.00 

f.o.b. Portland, Oregon 

BAND PASS • • • DC - 2mc. gain 150 or less, DC -Imc. gain 150 to 5000; 
VOLTAGE CALIBRATOR • • • 1 Kc. Square wave in nine ranges, .5V. to 50V. 
full scale. Accuracy ± 5%; INPUT CIRCUIT • • • single ended or push-pull, 
selected by front panel switch; OUTPUT VOLTAGE • • •150V. to high imp. 
(CRT), internal imp. 8000 ohms plate to plate; STABILITY • • • Insured by care-
fully balanced circuitry and use of electronically regulated DC supply to heat-
ers of pre-amp. stages. 

Detailed Specifications on request. 

TE KTR O NI X,  IN C. 

112 S.E. Hawthorne Blvd. Portland 14, Orogen - EAst 6197- Cables: Tektronix 

• 

Their manufacturers have incited PROCEEDINGS 

readers to write Int litetatuie and further technical 

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

(C. ant:nun/ /rum pour 65,1) 

HF Noise Generating Diode 

A new miniature noise generating 
diode, suitable for measurements at fre-
quencies up to 500 Mc, has been an-
nounced by the Radio Div., Sylvania Elec-
tric Products Inc., 500 Fifth Ave.. New 
York 18. N. V. 

[he new T 51 tube 1 ype 3722 is de-
signed for standard laboratory noise meas-
urement. It is operated with 150 volts on 
plate and at filament voltages ranging be-
tween 2 and 5.5 volts, depending on de-
sired plate current or noise output. In in-
termittent service, maximum plate dis-
sipation is 5 watts. 

Record Oscilloscope Displays 
Four Independent 

Variables 

0 

I S -II.  

•  6 

A single 5-inch cathode-ray tube oscil-
loscope capable of indicating four separate 
phenomena simultaneously is currently 
available from Electronic Tube Corp., 
1200 E. Mermaid Lane, Philadelphia 18, 
Pa. 

(Continued on page 69A) 
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the first line of 

STANDARD 

electronic voltage 
regulators 

Sorensen electronic 
voltage regulators offer accuraci 
under simultaneous line and load 
changes. 

FMPORTANT SOFtENSEN FEATURES: 
1. Precise regulation accuracy; 
2. Excellent wave form; 
3. Output regulation over wide input 
voltage range; 

4. Fast recovery time; 
5. Adjustable  output  voltage,  that 
once set, remains constant; 

6. I  itivity to line frequency fluct. 
uations between 50 and 60 cycles. 

The Sorensen Catalog contains 
complete specifications on stand-
ard voltage regulators and noba-
trons. It will be sent to you upon 
request. 

SORENSEN & Company, Inc. 

375 Fairfield Ave., Stamford, Conn. 

NOTE THIS NAM 

4,1v tì ,0 „to 
cs. - 

coo , • 
„, 

/ 
, / 

"11 

, 
• PRECISION' PRODUCED , 

• PERFORMANCE PROVED 

SUPER ELECTRIC PRODUCTS CORP. 
Pacing Electronic Progress With Ingenuity 

1057 Summit Ave., Jersey City 7. N. J. 

News New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued front page 68A) 

Separate focus, intensity, and posit on-
mg controls are provided in each of the four 
channels, and positioning in both hori-
zontal and vertical directions is possible. 
The four signal amplifiers have a fre-

quency range from 0 to 200 kc± 3 db. and 
a gain of about 120 times. 
Power supplies for the tube and the 

amplifiers are contained in the cabinet, 
and require a primary supply of 105-120 
volts, 50 to 60 cps. 
Designated as Model H-43, this oscillo-

scope is normally supplied with a Fairchild 
Type,  F-246A,  Oscillo-Record  35-mm 
camera, but may be used in conjunction 
with larger drum type cameras if preferred. 

Microwave Relay System for 
Industrial Purposes 

New  commercial  microwave  relay 
equipment for high-frequency point-to-
point communication systems is now avail-
able to industrial users from the designer, 
RCA Engineering Products Dept., Radio 
Corp. of America, Camden, N. J. 
Station, are approximately 35 miles 

apart, and house two receivers and trans-
mitters for simultaneous two-way opera-
tion. The Type CWTR-5A radio relay 
equipment provides a modulation channel 
extending from 300 to 30,000 cps, and is 
designed for unattended operation in the 
940- to 960-Mc frequency band. However, 
by use of the channeling equipment, each 
radio circuit is capable of carrying four 
voice conversations simultaneously. Chan-
neling equipment is also available to break 
each of these voice bands into as many as 
16 signaling circuits for telemetering, sig-
nalling, or supervisory control functions. 

Yearbook Binder 

A permanent, springback binder that 
snaps onto the IRE YEARBOOK trans-
forming the book into a handsome, bound 
volume, and that can be transferred to 
each new annual issue, lasting for years, is 
offered for $2.75 by R. V. Metcalf, 52 
Chauncy St., Boston 11, Mass. 

KEEP UP WITH CANNON 
... get on the gratis subscription list 
of "The Cannon Electric Cannonade" 
bi-monthly, eight-page, technical house 
organ and preview of Cannon Plugs, 
news and information about all Cannon 
Electric products. 

PLUGS ON VIDEO CAMERA 
... be assured of "good connections." 
That's why television stations, for in-
stance, use Cannon Electric Type K, P, 
and other series for cameras, micro-
phones and transmission equipment 
that must not fail. Shown above is a 
camera at KTLA —Hollywood. 
Cannon Plugs are available through a 

network of radio parts dealers all over 
the U. S. A. Buy them from Rochester 
Radio Supply, Rochester, N. Y.; Warren 
Radio, Sioux Falls, N. D.; Electra Dist., 
Nashville, Tenn.; Radio Specialties, 
Detroit; The Hargis Co., Austin, Tex.; 
Radio & Electronic Parts, Cleveland; 
and more than 400 other radio parts 
distributors. Write for new C-48 
Condensed General Catalog. 

Cazinon Electric Development Company, Division 
of Cannon Manufacturing Corporation, 3209 Hum-
boldt Street, Los Angeles 31, California. Canadian 
factory: Toronto. World Export: Frazer & Hansen, 
San Francisco, New York, Los Angeles. 

IOU 

ocammaGg e 31004200 
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MOLDED 
S S a l a tt  R E SI S T O R S 

ARE USED IN THIS 
SUPER-SENSITIVE ULTROHMETER 

An S.S. White 100 Megohm Resistor is used as the 

plate load resistor for the first tube in the D.C. 

amplifier in this instrument which measures very 

small d.c. currents and voltages over an extreme 

range of values. The manufacturer, Beckman 

Instruments Division of National Technical Labo-

ratories. says of the S.S. White Resistor "it has 

been very satisfactory" —which checks with the 

experience of many other electronic equipment 

manufacturers who use S.S. White Resistors. 

Photo. rourte.n of National Irchno at Labototors... 

So. Pasadena. Calif. 

WRITE FOR BULLETIN 4906 

It gives essential data about S.S. White 

Resistors including construction, character-

istics, dimensions, etc. Copy with price list 

on request. 

e 
littlikatAet 
Reiitut 

7. 

S.S. WHITE RESISTORS 

are of particular interest to all who 
need  resistors  with  inherent  low 
noise level and good stability in 
all climates. 

HIGH VALUE RANGE 
10 to 10,000,000 MEGOHMS 

STANDARD RANGE 
1000 OHMS to 9 MEGOHMS 

5THES. S. WHITE DENTAL MFG. CO. .41:WHITE INDUSTRIAL DIVISION 

DEPT. GR 10 [AST 4011. ST.. NE W YORK IL N. 11..sm• 
NU M MI W a nt  • S WI MS swa n toots  •  AINCII•PI ACCISSOMIS 

Smuts CuIllta0 AND IMMIDING toots  •  SU MAS, SOO MVIA 1155114$ 

MOL MO MSM1O M  • M ASTIC M O MS =  • COM MACI MAI MS 1101MO M 

age oj 74Nteitl44 .44,44 lgetadttlal ENteitiete4e4 

Pioneer in Radio Engineering Instruction Since Pr27 

CAPITOL RADIO ENGINEERING INSTITUTE 
In  lecrediled Technical Institute 

ADVANCED HOME STUDY AND 
RESIDENCE COURSES IN 

PRACTICAL RADIO.ELECTRONICS 
AND TELEVISION ENGINEERING 

Request your free home study or resi• 
dence  school catalog  by  writing  to! 

DEPT. 261IA 

16th and PARK ROAD N.W. 
WASHINGTON 10. D.C. 

Approved lot Veteran Trointnu 

X1-1 WATT 

FULL SIZE 

Write for 
further details 

"NOBLELOY" METAL FILM 
PRECISION RESISTORS 
* GENUINE METAL FILM 
* NOT CARBON 
* NOTHING TO BURN 

* CLOSE TOLERANCES 1/2 %. I% 
* REASONABLE PRICES 

The "NOBLELOY" X "I y pe Resistors has proven itself over a period of 5 years 
in thousands of critical electronic circuits. Values and tolerances, 12 ohm to 30 
megohms  ohm to 200,000 ohms,  Sizes,  to 5 watt. 

CONTINENTAL CARBON, INC. CLEVELAND 11, OHIO 

&cited 
TUNGSTEN 

WIRE 
FROM .0004" TO .00015" 

DIAMETER AND EVEN SMALLER 

ACCURATE 

UNIFORM 

SMOOTH 

also 

available 

in Molybdenum 

and other metals 

WR. YE FOR FURTHER DETAILS AND LIST OF PRODU(TS 

44 GOLD ST.  NEW YORK 
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Professional Cards 

MEASUREMENTS CORP. 
RESEARCH & MANUFACTURING 

ENGINEERS 
Harry W. Houck  Jerry B. Minter 

John M. van Beuren 
Specialists in the Design and 

Development of Electronic Test Instruments 
BOONTON, N.J. 

MICROCIRCUITS COMPANY 
Consultation —Development 

PRINTED CIRCUIT 

APPLICATI ONS 

Special purpose conducting, Resistance, and 
Magnetic Paints and Hot Melts. 

New Buffalo, Michigan 

PICKARD AND BURNS, INC. 
Consulting Electronic Engineers 

Analysis and Evaluation 
of Radio Systems 

Research,  Development & Design 
of Special Electronic Equipment 

240 Highland Ave.,  Needham 94, Mass. 

PAUL ROSENBERG ASSOCIATES 
Consulting Ph)sicists 

Main office: Woolworth Building, 
New York 7, N.Y. 

Cable Address  Telephone 
PHYSICIST  CcOrth 2-1939 

Laboratory: 21 Park Place. New York 7, N.Y. 

Richard B. Schulz 

Eeeeput-Seau4 
Radio-Interference Reduction; 

Development of 
Interference-Free Equipment, 
Filters, Shielded Rooms 

515 W. Wyoming Ave., Philadelphia 40, Pa. 
GLadstone 5-5353 

TECHNICAL 
MATERIEL CORPORATION 
COMMUNICATIONS CONSULTANTS 

RADIOTELETYPE • FREQUENCY SHIFT 

INK SLIP RECORDING • TELETYPE NET WORKS 

453 West 47th Street, New York 19, N.Y. 

W. J. BRO WN 
Consulting Engineer 

INDUSTRIAL ELECTRONICS 
RADIO AND TELEVSION 

26 years active development experience 

512 Marshall Bldg., Cleveland. O. 
Telephone: TOwer 1-6498 

EDWARD J. CONTENT 
Acoustical Consultant 

Functi .... al Studio-Theater Design 
iss — I eir• inion — 
%mho S'Atemt, Engineering 

Hosintr, Itoad  Stamford 3•7 159 
Stamford, Conn. 

CROSBY LABORATORIES 
Murray C. Crosby & Staff 

FM, Communications, TV 

Industrial Electronics 
High-Frequency Heating 

Offices,  Laboratory  & Model  Shop  at: 
126 Old Country Rd.  Mineola, N.Y. 

Garden City 7-0284 

ELK ELECTR ONIC LAB ORATORIES 

Jack Rosenbaum 

Specializing in the design and 
development of 

Test Equipment for the communications. 
radar and allied fields. 

12 Elk Street  Telephone: 
New York 7, N.Y.  W Orth 2-4963 

WILLIAM L. FOSS. INC. 

927 15th St., N. W.  REpublic 3883 

W ASHINGTON. D.C. 

PAUL GODLEY CO. 
Consulting Radio Engineers 
I. Box J. Upper :Montclair, N. J. 

Offs & Lab.: Great Notch, N.J. 

Phone: Montclair 3 3000 

Established 1926 

HERMAN LEWIS GORDON 
Registered Patent Attorney 

Patent Investigations and Opinions 

Wainer Building 
Washington 4, D.C. 
National 2497 

100 Normandy Drive 
Silver Spring, Md. 
Shepherd 2433 

Samuel Gubin,  Electronics 

G. F. Knowles. Mech. Eng. 

SPECTRU M ENGINEERS, Inc. 
Electronic & Mechanical D C,IgneIll 

540 North 63rd Street 
Philadelphia 31. Pa. 
GRanite 2-2333; 2-3135 
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With television, you see far beyond 
the horizon. Radio brings you sounds 
from around the world. Electron mi-
croscopes peer deep into the world 
of the infinitesimal. 

These, and other "leaves" on our new 
tree of knowledge are rooted in creative 
research—as carried out at RCA Lab-
oratories in Princeton, N. J. Here, re-
search scientists seek new scientific 
principles, improve on old ones, or put 
them to new uses. 

Already on their achievement list are 
hundreds of important and basic develop-
ments in electronics, television, radio, 
electron tubes, radar, and recorded music. 
RCA research works continually to give 
you better products. 

Examples now working for you in-
clude: Today's sharp-eyed Image 
Orthicon television cameras, television 
picture tubes, compact portable radios 
made possible by tiny new RCA elec-
tron tubes, the 45-rpm record-playing 
system with the fastest record changer 

ever devised and distortion-free records. 
Research in your behalf: Cxeative re-

search into new principles is another 
way in which RCA Laboratories work 
to improve your way of living. Lead-
ership in science and engineering adds 
value beyond price to any product or 
service of RCA and RCA Victor. 

Examples of the newest advances in radio, 
television, and electronics—in action—may 
be seen at RCA Exhibition Hall, 36 West 
49th St., N. Y. Admission is free. Radio Cor-
poration of America, Radio City, N. Y. 20. 

R A W ° C OAP P O R 477 011/of A M EA VCA 

Work/ Leader in Radth —,Lirst in 7e /evision 
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they may 

look alike 

—but that's 

about all! 

,-160000-4' 

*CORNELL•DUBILIER 

CAPACITORS 
may look like others, too... 

but... there's quite a difference in 
performance, as most engineers know. That's 

why the overwhelming majority of engineers 

specify Cornell-Dubilier. There's one way you, 

too, can be sure of capacitors that won't 

let you down. That's to specify C-D's. Into the 

making of each unit goes engineering experience 

resulting from 40 years of concentration 

on capacitors. So why take chances? Our 

engineering-service department will gladly 

answer your inquiry. Catalogs on request. 

Cornell - Dubilier Electric 
Corporation, South Plain-
field, New Jersey, Dept. 
1109. Other plants in 
New Bedford, Brookline 

ond Worcester, Moss.: 
Providence, R. I., Indion• 
°oohs, Ind., ond subsidi-
ary, The Radiort Corp., 
Cleveland, Ohio. 

TYPICAL Of THE C•D LINE OF CAPACITORS WITH 
BUILT•IN QUALITY CHARACTERISTICS IS THE 

TYPE GT 
"GREY TIGER" HIGH TEMPERATURE 

PAPER TUBULAR CAPACITOR 

Gne-k, rf-GER  

The "Grey Tiger" Vikane impregnated 
tubular capacitor has won wide acclaim 
in the industry as an economical, durable 
and stable tubular. A few of the many 
desirable features of this unit are: 
• Vikane impregnation assures long life at high 
temperatures • exclusive C-D moisture seal and 
tube impregnation dosigned to stand temperatures 
up to + 100*C • insulation resistance above 10.000 
megs per unit at 25°C or 2000 meg mfds.• P.F. 
averages 0.35% at 1.000 cycles • excellent oapacity 
stability over wide temperature range. An efficient, 
utilitarian tubular built to do a dependable job-

CORNIZI- NB/1/M  cto& ,474,6r776 ,4/7 z./., 
coNsisuNrly DICE 1404111 

* CAPACITORS 

* VIBRATORS 

* ANTENNAS 

* CONVERTERS 
1910  1949 

Req  U. 5. Po , OH 
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Look closely into 

all the advantages of 

VARIAC VOLTAGE CONTROLS 

• EXCELLENT REGULATION --- less than V/c at line voltage and le., than  line at ' line 
voltage There is very little change in output voltage under varying loads with the V ARIAC * 

• TOROIDIAL CONSTRUCTION — voltage change is directly proportional to dial rotation over the 
complete output range 

• MACHINE-WOUND COILS — insure maximum uniformity in lay and tension of windings (and a 
toroidial winding machine for wire of these sizes is a neat machine to design!) 

• ADVANCED BRUSH CONSTRUCTION — coil spring maintains uniform brush pressure under all 
conditions of brush wear, very low inertia of sprung weight in moving part results in less wear 
under vibration, and eliminates bounce; NO TOOLS needed to change brushes 

• READILY REMOVABLE SHAFT — for reversing to table or panel mounting — requires no dis-
assembly of radiators, collars, etc. 

• KEYED SHAFTS — on larger models requiring greater torque, insure permanent line-up of shaft 
and radiator; especially important in ganging 

• NO PIGTAIL CONNECTIONS 

• SAFE TERMINALS — for either screw or solder connections — clearly marked in output voltages 

• PRESSURE CONTACTS in the V ARIAC do not depend upon mechanical properties of insulating 
that CI a I 

VARiAcs are manufactured and sold in standard units or assemblies to control from 170 
to 24,700 va. There is a V ARIAC to fit almost any a-c voltage-control problem. Our 
engineering department will be glad to assist you in selecting the most suitable model. 

•VAS1Ac is a registered trade name 

Write for the new VARIAC BULLETIN 

GENERAL RADIO COMPANY 
Ca mbridge 39, Massachusetts 

90 West St., New York 6  920 S. Michigan Ave., Chicago 5  1000 N. Seward St., Los Angeles 38 

NO tools needed to change the 

VARIAC brush. A twist of the cart-
ridge-like holder and it and the 
brush come out immediately. 

• . 
I • 

For changing to behind-the-panel 
or to table mounting the brush, 

radiator, collar, etc. are not dis-

turbed. Just the shaft, dial and 
knob, as a unit, are removed. 

Moulded  barriers  between  ter-
minals  eliminate  possibility  of 

short-circuits. Both srrew and solder 
terminals provided. Voltages across 

terminals  clearly  indicated  in 
moulded terminal board. 


