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TELEVISION OPTICS 

Optical test charts, hitherto mainly used for photographic-
quality controls, now check performance of television picture-
projection systems. 
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LINEAR STANDARD 
mIgh Fidelity Ideal 

COMMERCIAL GRADE 
Industrial Dependability 

COMPONENTS FOR EVERY APPLICATION 

HIPERM ALLOY 
High Fidelity . . . Compact 

ULTRA COMPACT 
Portable . . . High Fidelity 

OUNCER 
Wide Range ... 1 ounce 

SPFCIAL SERIES  POWER COMPONENTS  VARITRAN 
Ouality for the "Ham"  Rugged  . Dependable  Voltage Adjustors 

VARIABLE INDUCTOR  TOROID HIGH Q COILS 
Adjust like a Trimmer  Accuracy . . Stability 

PULSE TRANSFORMERS  HERMETIC COMPONENTS 
For all Services  Ceramic Terminals 

VERTICAL SHELLS 
Husky . . . Inexpensive 

TOROID FILTERS 
Any type to 300KC 

SUB OUNCER 
Weight Y3  ounce 

MODULATION UNITS 
One watt to 100K W 

MU-CORE FILTERS  EQUALIZERS 
Any type 1/2  — 10,000 cyc.  Broadcast & Sound 

PLUG IN ADAPTER  FOSTERITE  CABLE TYPE 
Impedance Matching  Grade 3 JAN Components  For mike cable line 

REPLACEMENT  STEP-DOWN 
Universal Mounting  Up to 2500W ..  Stock 

LINE ADJUSTORS 
Match any line voltage 

CHANNEL FRAME 
Simple  . low cost 
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CAPACITORS 

Silicone-Sealed 

for Life! 

GENERAL 

I I "Hai control 

Radio filters 

Radar 

Electronic equipment 

Communication 
systems Motors  

Luminous-tub• Capacitor discharge 
transformers 

welding 
Etuorcisce 

Rosh photography 

Stroboscopic 
Oquipmerd 

Television 

Dust precipitators 

Radio interference 
Suppression 

Impulse g•ner 

MANY OniA MINIVONS 

Silicone--the amazing new synthetic — 
made headlines when General Electric 
brought it out during the war. It's news 
again today—for G.E. has now made 
Silicone bushings and gaskets a standard 
feature of all its specialty capacitors up 

through 5000 volts. 
This means that your new G-E capacitor 

is sealed positively, permanently —for max-
imum life. For Silicone seals by compres-
sion alone, without the use of contaminat-
ing adhesives. It will never shrink, loosen 

or pull away—it remains elastic at any 
operating temperature a capacitor will 
ever meet. Moreover, it is impervious to 
oils, alkalies and acids, and its dielectric 
strength is permanently high. 
This exclusive G-E feature —with the 

use of highest grade materials, with stricter 
quality control and individual testing 
make General Electric capacitors finer and 
more dependable than ever before. Appara-
tus Dept.,  General Electric Company, 

Schenectady 5, N. Y. 

Silicone  bushings  used  Silicone  bushings  and 
with capacitors 660-v a-c,  plastic cups used with 
or 1500-v d-c and lower.  capacitors 660-v a-c, or 
 +  1500-v d-c and lower. — ammo mm• 

Silicone gaskets and plas-
tic stand-offs used with 
capacitors rated 2000-v 
d-c and lower. 

ELECTRIC 
Silicone gaskets and por-
celain  stand-offs  used 
with capacitors rated 
2500-v to 5000-v d-c. 
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. . . Write for yours today 
This Sprague Capacitor Indicator comes in mighty handy 

to engineers, designers or anyone else who works with 

capacitors. Fits the pocket. With it you can quickly con-

vert the capacitor color code to capacitance, tolerance 

and voltage values; determine the availability of re-

quired capacitor types in the proper physical sizes, and 

read part numbers direct without cross reference or delay. 

Write on company stationery for your Indicator to-

day. We'll send it promptly—with our compliments. 

SPRAGUE 
Capacitors 

"Koolohm Resistors 

ELECTRIC  AND  ELECTRONIC  PR OGRESS 

SPRAGUE PHENOLIC MOLDED TUBULARS 
The most important paper dielectric capacitor 

development since the war. 

Smaller than conventional paper tubulars —highly heat. 
and moisture-resistant —non-inflammable —rugged 
— vibration-resistant —conservatively rated for — 40°C. 
to +85°C. operation. 

Write for Sprague Bulletin 210A. Samples on request 
to quantity users. 

SPRAGUE ELECTRIC  CO MPANY, NORTH  AD A MS,  M ASS ACHUSETTS 
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# OSCILLATORS GIVE YOU PRECISE 

TEST VOLTAGES from 1/2 cps to 10 mc! 

ANOTHER -hp- SERVICE 
Person-to-Person Help With 
Your Measuring Problems 

Almost anywhere in America, —hp— field 
representatives can give you personal help 
with your measuring problems. They have 
complete data on —hp— instruments, their 
performance, servicing and adaptability. 
Call the nearest —hp— field representative 
whenever, wherever you need help with a 
measuring problem. 

BOSTON, MASSACHUSETTS 
Burlingame Associates 
270 Commonwealth Ave. 
KEnmore 6-8100 

CHICAGO 6, ILLINOIS 
Alfred Crossley & Associates 
549 W. Randolph St. 
State "4•IS 

CLEVELAND 12, OHIO 
M. P. Odell 
1748 Northfield Avenue 
Potomac 6960 

DALLAS 5, TEXAS 
Earl W. Lipscomb 
4433 Stanford Street 
Logan 6-5097 

DENVER 10, COLORADO 
Ronald G. Bowen 
1896 So. Humboldt Street 
Spruce 9368 

FORT MYERS, FLORIDA 
Arthur l. ía h and Associates 
P. 0. Box 466 
Fort Myers 1269M 

HIGH POINT, NORTH CAROLINA 
Bis ins dc taldssell 
Room 807, Security Bank Building 
Phone 3672 

LOS ANGELES 46, CALIFORNIA 
Norman B. Neely Enterprises 
7422 Melrose Avenue 
Whitney 1147 

NE W YORK 7, NE W YORK 
Burlingame Associates 
11 Park Place 
Duchy 9-1240 

SAN FRANCISCO 3, CALIFORNIA 
Norman B. Neely Enterprises 
954 Howard Street 
Douglas 2-2609 

TORONTO 1, CANADA 
Atlas Radio Corporation. Ltd. 
560 King Street West 
Waverley 4761 

WASHINGTON 9, D. C. 
Burlinga me Associates 
2017 S. Street N. W. 
Decatur 8000 

—hp— M ODEL 200C 

From 1/2 cps to 10 mc, there's an —bp— resistance tuned oscillator en-
gineered to your exact need. Ten precision oscillators in all, including a 
portable unit that operates from batteries. Each has the familiar --hp— 
advantages of high stability, constant output, wide frequency range, low 
distortion and no zero set during operation. —hp— precision oscillators 
are used by radio stations, manufacturers, research laboratories and sci-
entists throughout the world. 

SPECIFICATIONS OF —hp— OSCILLATORS 

INSTRUMENT FREO. RANGE OUTPUT DISTORTION FREO RESPONSE PRICE 

—hp— 200A 35 cps to 35 kc I wott/22 5r less than 1% ± 1 db to 15 kc $120.00 

—hp— 20011 20 cps to 20 kc 1 .08/22.5. less than 1% i 1 db to 15 kc 120.00 

—hp— 200C 20 cps to 200 kc 100 inw/10./ 
less than 1.7. 
to  kc 20 

± 1 db to 150 kc 150.00 

—hp-2 000 7 cps to 70 kc 100 mw/lOv 
Leo than 1% 
10 cps to 70 kc 

=1- 1 db throughout 
range 

175.00 

—hp— 200H 60 cps to 600 kc 10  ow/In less than 3% 
± 1 db, 60 cps 
to 600 kc 

350.00 

—hp— 2001 6 cps 1o6 kc 100 mw/ 10 v 
Less than IT. 
above 10 cps 

-.1- 1 db, 6 to 6000 cps 225.00 

—hp— 2018 20 cps to 20 kc 3 w/42.5r 
Less than 1/2 % 
(1 watt output) 

± 1 db throughout 
range 

250 00 

—hp— 20211 1/2  cps to 50 kc 100 mw/lOv 
Less than 1% 
1 to 1000 cps 

1- 1 db, 10 to 
50,000 cps 

350.00 

—hp— 2020 2 cps to 70 kc 100 mw/ 10 v 
Less than 2% 
10 cps io 70 k‘ 

I.: 1 db, 7 cps 
to 70 kc 

275.00 

—hp— 204A 
(lottery Ots d ) 

2 cps to 20 kc 2.5 rnw/.5o less than 1% 
± 1 db throughout 

range 
175.00 

—hp-650A 10 cps to 10 mc 15  rnw/ 3,,  
Less than 1% 

100 cps to 100 kc 

± 1 db throughouj 
range 

475.00 

For complete details on any —hp— 

instrument, write direct to factory 

or contact the —hp— technical rep-

resentative nearest you. 

HE WLETT-PACKARD CO. 
1 8 5 54) Page Mill Rood, Palo Alto, California 

Export Agents: Frazar & Hansen, Ltd. 

301 Clay Street • San Francisco, Calif., U. S. A. 
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Above is a coaxial circuit 
crystal in its glass enclosure. 
At right the crystal is shown, 
3X times actual site, with 
connecting wires soldered in 
position: Weights on wires 
reflect (ne w back into crys-
tal, so cut losses. 

How would you solder a wire to a 

crystal? This must be done for most 

of those wafer-thin plates of quartz 

used in electrical circuits. They play 

a big part in the myriad-channel tele-

phone system that utilizes coaxial 
cables. 

This is how Bell Laboratories sci-

entists solved the problem: A spot of 

paste containing silver is deposited on 

the crystal and bonded to it by. oven 

heat. The crystal is then vapor-plated 

with a thin layer of silver. Then a fine 

wire is soldered to the spot by a con-

centrated blast of hot ail  I he result 

is a rugged electrical connection to 

the surface of the crystal which does 

not interfere with its vibrations. 

Sealed in glass tubes, the crystals 

are precise and reliable performers in 

the telephone system. Each is a crystal 

gate to a voiceway, separating _your 

conversation from the hundreds of 

others which may be using a pair of 

coaxial conductors, at the same time. 

This spot of paste, this tiny wire, 

this puff of air are among the tremen-

dous trifles which concern Bell Tele-

phone Laboratories in finding new 

ways to improve your telephone service. 

BELL  TELEP H O NE  LAB OR AT ORIES 

EXPL ORI N G  AND  INVENTI N G,  DEVISI N G  AND  PERFECTI N G,  FOR 

CONTINUED IMPROVE MENTS AND EC ONO MIES IN TELEPHONE SERVICE 



CO MPONENTS 

speci Peci  
The Leaders in Radio-TV & Communications 
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Chassis of the popular EMERSON Model 611 Television set. 
HI-fa components contribute their part to dependable op-
eration. 

Look at the leaders in Radio, Television 
and Communications, and you'll find they 
)1, 1,) HI-Q for quality components. 
HI-0 engineers have worked closely with 

many of these companies in the develop-
ment of electronic components demanded 
by the ever changing circuits of modern 

.electronics. 
These same engineers with their wide ex-

perience are available to your company for 
confidential consultation. Write—wire—or 
phone. Three (3) plants exclusively devoted 
to the manufacture of ceramic capacitors, 
resistors and choke coils assure prompt de-

livery of your orders. 

Etectiteeed Reeideutee 
FRA NKLINVILLE, N. Y. 

I RANALIN1  1  II SSI I. I1  \INK I I.I REACII, S. C. 
Subs ittifisr,  NEW YORK, PHILADELPHIA, DETROIT, CHICAGO, LOS ANGELES 
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We've Forgotten About It !" 
That's the kind of report we like to hear—because it describes 
a Mallory Magnesium-Copper Sulfide Rectifier Stack which has 
served ten years—in daily operation—with minimum maintenance. 
Its job—supplying DC current for the operation of a magnetic 
chuck on each of five surface grinders such as the one shown above. 
Its performance—it still gives over 90% of its original efficiency. 

This is not surprising. Mallory Magnesium-Copper Sulfide Rec-
tifier Stacks are made rugged—practically immune to damage 
or abuse. Rectification is confined to core of the stack—the out-

side fins are for heat dissipation only. No liquids, bulbs or moving 
parts—nothing to give trouble or wear out. And Mallory Mg-CuS 
rectifier stacks are more than "the world's toughest rectifiers"— 
when subjected to abnormal voltage surges, their rectifying junc-
tions are so made that they actually heal themselves. 

No wonder millions are in use. Write for more information or 
for engineering help. 

Check These Features: 

Proked long life 

Unaffected In high temperatures 

itlistanils abuse and accidental 
short circuits 

Self-healing rectif,ing junci• 

Constant output oker Iu.aul% ”.ars 

!Resists harmful at  split rit 
 s 

Hogged. all-metal construct'   

_1 No bulbs. no brushes. 110 sparking 
contacts 

Mg-CuS Rectifier Stacks and Power Supplies 

MALLORY 
R R. MALLORY EL Co.. Inc. 

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

SERVING INDUSTRY WITH 

Capacitors  Rectifiers 

Contacts  Switches 

Controls  Vibrators 

Power Supplies 

Resistance Welding Materials 

6.k 
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NC O CAPACIT ORS 

Leaders because they perform reliably under all operating 
conditions, these fixed mica dielectric capacitors are used in elec-
tronic applications wherever long life and successful performance 

are demanded. 

CM 15 MINIATURE CAPACITOR 

Actual Size 1.32 " x  x 31,," 

For Radio, Television and Other 
Electronic Applications 

2 to 420 mmf. capacity at 500vDCw 

2 to 524 mmf. capacity at 300vDCw 

Temp. Co-efficient -±-50 parts per 
million per degree C for most capac-
ity values 
6-dot standard color coded 

Each tiny El-Menco Capacitor must pass life and 
humidity tests; meet standards set by the United States 
Army and Navy; pass tests at double their working 
voltages; prove their dielectric strength, temperature 
co-efficient and capacitance drift, and have their in-

sulation resistance double-checked. These little leaders 
are molded in low-loss bakelite and wax-dipped for 
salt water immersion seal. They're available in a wide 
range, all impregnated, all precision-made, all JAN, 

RMA and RCM color-coded. 

Why not protect your product's 
performance with capacitors made 
under these rigid conditions? 

Specify EL-MEN CO 
TESTED• RELIABLF•  r "IERS! 

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

M OLDED MIC A E limi n ti ancoMIC A 

CAPACITORS   

Write on your 
firm letterhead for 
Catalog and Samples 

TRI M MER 

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

vsiki 0 ELECTRONICS, INC. 135 Liberty St., New York, N. Y. —Sole Agent for Jobbers ond Distributors in U.S. and Conodo 

PROCEE MNGS OF THE I.R.E.  Ili Ile,  I  7\ 



Today,  ever  increasing  demands 
for the famous Eimac triodes keep 
assembly lines producing record-

EIMAC 
TYPE 450TH 

D-C Plate Voltage 
D-C Plate Current 
Plate Dissipation - 
Grid Dissipation - 

Many years of reliable service in many types of application 
have established the Eimac 450T as the standout triode in its 
power class. 

Recent technical achievements make the 450T a still better 
tube. Adoption of the Pyrovac plate and a non-emitting grid 
have amplified this already rugged tube's ability to "take it." 
Life expectancy and overload handling qualities have been 
increased multifold. 

Comprehensive technical data on the Eimac 450T are 
immediately available . . . write direct. 

EIMAC TYPE 450TH 

ELECTRICAL CHARACTERISTICS 
Filament: Thoriated tungsten 

Voltage  -  -  7.5 volts 
Current  - 

12.0 amperes 
Amplification Factor (Average) -  -  -  38 

Direct Interelectrode Capacitances (Average) 
Grid-plate -  5.0 mufd. 
Grid-filament  - 

8.8 pufd. Plate-filament  - 
-  0.8 pufd. 

Transconductance (I, =500 ma., E =4000v.)  6650 prnhos 

MAXIMUM RATINGS 

Radio Frequency Power Amplifier end Oscillator 

Class-C Telegraphy (Key-down conditions, 1 tube) 

Frequencies below 40 Mc. 

6000 Max. Volts 
600 Max. Ma. 
450 Max. Watts 
65 Max. Watts 

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

Export Agents: Fraxar & Hansen, 301 Clay St., San Francisco, California 

PRO ii. 1Hi  k  J usie, 1910 



HMIITE THIN RESISTORS 

INGLE-UNIT BRACKET 

ADJUSTABLE TYPE 

VITREOUS-INAMEL 
COVERING 

inding is rigidly 
held in place and 
protected  from 
damage by Ohmite 
special vitreous 
enamel. 

EVEN, UNIFORM 

WINDING 

"Hot spots" and re-
sadtant failures are 
pr  ted by the 
resistance winding's 
unsurpassed uni-
formity. 

STRONG, CERAMIC 
CORE 

I nide-vied by cold, 
heat, fumes, or high 
humidity, its core 
provides a strong 
base for winding. 

M I WATTAGE 
SIZES 

Lengths range 
from 1 inch to 
6 inches, corre-
sponding to rat-
ings of 30 to 75 

INTEGRAL MOUNT-
ING R ACKETS 

Distribute heat 
more evenly 
throughout resis-
tor and conduct 
heat away quickly. 

STACKING BRACKET 

ADJUSTABLE TYPE 

SINGLE-UNIT BRACKET 

FIXED TYPE 

STACKING BRACKET 

FIXED TYPE 

...PACK HIGHER WATTAGE 

INTO LESS SPACE 

Because of their compact design, Ohmite Thin Type Resistors 

have a higher wattage rating per unit of space. They provide 
all the time-proven superiority of conventional Ohmite 
vitreous-enamel resistors—giving you a compact unit you can 
depend upon. Available in four types—all only 1/4 inch thick by 
1 inch wide—in five lengths and a wide range of resistance values. 

Send for Bulletin No. 138 

OHMITE MANUFACTURING CO. 
3 4862 W. Flournoy St., Chicago 44, III. 

-iiig.41̀e 

11411A37E 
RHEOSTATS • RESISTORS • TAP SWITCHES 



ELECTRONICS 

take your choice... 

FIXED 

PAPER-DIELECTRIC 

CAPACITORS Alt LL:ii 

Readily available for DC electronic applications, these capaci-
tors are manufactured in accordance with joint Army-Navy 

specifications JAN-C-25. Case styles include types CP 53, CP 

54, CP 55, CP 61, CP 63, CP 65, CP 67, CP 69 and CP 70. 
Capacitance ratings are from .01 Muf to 15 Muf, and voltage 
ratings are listed from 100 to 12,500 volts. 

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

*Pyranol is General Electric's non-intlammAbk Ilquid dielectric for capacitors. 

pin  GENERI-7 0 

Less than one inch long , an d on ly 
one inch square, this postage-stamp- " 
size selenium rect ifier  offers  ra dio build-
ers substantial sav ings  in pro duct ion  
costs. Only two solder ing  operat ions  
and a minimum of har dware  are  neces -
sary for installation  in places  w here  a 
rectifier tube and socket won 't fit. 
They're built to safely w ithstan d the 
inverse peak vo ltages  obta ine d w hen  
rectifying (half-wave ) 110-125 vo lts,  
rms, and feeding a ca pac itor  as  requ ire d 
in various ra dio circu its.  Tests  prove  
that selenium rectifiers will outlast the 
conventional type of rectifier tubes, at 
the same time cos ting  less . Sen d for  
bulletin GEA-5238. 

10 \ 
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TIMELY HIGHLIGHTS 
e t \ ON GE COMPONENTS 

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

!la = 

t,INER-AL *ELECTRIC 
rai  . 

room. ortar=i2vot..1. 77 1.' 

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

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

FOR YOUR  LEVISION SETS 

General Electric's television cord set 
comes in 6foot lengths, made of 2/18 
Pot-64 brown Flamenol* rip-cord. Set 
has brown plastic plug and new brown 
Flamenol connector molded on opposite 
end. Rip-cord has smooth finish, resists 
oil, water, acids, alkalies, or sunlight 
deterioration. Rating is 7 amps., no. 18 
wire. Set is designed for assembly on 

*Trademark Rea. U. S. Pat. Off. 

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

DEPENDABLE CONTROL 

FOR AUTOMATIC DEVICES 

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

General Electric Company, Section H667-1 
it  Apparatus Department, Schenectady, N. Y. 

/  Please send me the following bulletins: 

GEA -3634B  Voltage Stabilizers 

C: GEA -4357A  D-C Capacitors 
E GEA -5238  Selenium Rectifiers 
7" GEC-306  Multi-contact Relays 
—,GEC-472  Tube Timers 

/  NAME   

/  COMPANY 

ADDRESS   

CITY  STATE 
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TYPE 263-8 

HIGH-VOLTAGE PO WER SUPPLY 

k The Type 263-B High-Voltage Power 
Supply is designed to complement the 
Type 250-H Cathode-ray Oscillograph, a 
slightly modified version of the Type 

250. This combination operates the Type 
5RP-A Cathode-ray Tube in the Type 
250-H instrument at accelerating poten-

tials as high as 13.700 volts, permitting 
the photographic recording of writing 
rates as high as 40 inches per micro-
second. The light output of the Type 
250-H with the Type 263-B is 12 times 

greater than that of the Type 250 alone. 

• and 
Ty  pee 5—  v vbes 

'I he  cathode-la '  Ills 
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the possibilities of 
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DU MONT 
CATHODE-RAY 
EQUIPMENT 

TYPE 2542 

PROJECTION LENS 

With the addition of Type 2542 Projection Lens, the Type 
250-H becomes a projection oscillograph capable of pro-
jecting its trace up to 30 feet for a picture size as large as 
12 feet square. Advantages of such projections for lecture 
or demonstration work are readily apparent. 

Lastly. the Du Mont Types 271-A and 314-A Oscillograph-
record Cameras may be readily mounted on the Types 250 
and 250-H for permanent recording. 

clEmEQuiP mENT oNsTRA  TED  
No obligation  

TYPE 250 

CATHODE-RAY OSCILLOGRAPH 

0 An excellept general-purpose cathode-
ray oscillograph designed for observing 
and recording recurrent and transient 
phenomena. Contains both a-c and d-c 
amplifiers. Linear sweeps, driven and 
recurrent, from 1 cycle to 150 kc with 

automatic beam blanking on driven 
sweep. Deflection factor through a-c am-

plifier, 0.015 rms volt/in. max.; through 
d-c amplifier, 2 d-c volts/in. Built-in 
calibrator permits quantitative measure-

ments. The high-current Type 5CP-A 
Cathode-ray Tube is operated at 3000 
accelerating volts in this instrument to 
provide brilliance adequate for nearly 
all laboratory work. 

DETAILED  4 
ON Rh/ urgirITIIRE 

cc 

ALLE N  B.  DU  M ONT  LAB ORAT ORIES,  INC.,  PASSAIC,  N.  J. 
CABLE  AD DRESS:  ALBEE D U,  NE W  YORK,  N. Y.,  U.S. A. 

I N S T R U M E N T 
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As one of the largest producers 
of toroidal coils and filter, 
Burnell & Co's facilities and 
production experience haNe 
been of immeasurable technical 
and economical value to our 
customers.  Many engineers 
have benefited by our prompt 
technical service.  Why not 
bring your network problem 
to US for the most practical awl 
economical solution? 

NETWORK PROBLEM WITH LOGIC 

10 

20 

30 

40 

50 

60 

70 

EXCLUSIVE MANUFACTURERS OF 
COMMUNICATIONS NETWORK COMPONENTS 

WRITE FOR TECHNICAL INFORMATION 
ALL IN QUIRIES WILL BE PR O MPTLY HANDLED 

In any technical busines-, 
the specialist has a unique 
value in his specific field. 
It is logical that a manufac-
turer of a specialty product 
should he of greater value 
in his particular field. 

Baiuteil g eaoppaol 
YONKERS 2, NEW YORK 

CAL[ AOLREY,  ellAhElL 



Centralab reports to 

Arrow points to Centralab's 
Couplate which Motorola engi-

neers are using to save space 

and cut assembling time of their 
new TV models. 

1 Speeded production and finer products go hand in hand when. CRL's amazing Printed Electronic Circuit is concerned. Take the 
case of Motorola's new TV sets. Engineers at Motorola find that 
CRL's Coup/ate — a printed interstage coupling plate — saves 

2 CRL's Coup/ate consists of a plate lead resistor, grid resistor, plate by pass 
capacitor and coupling capacitor. 
Write for Bulletin 42-6. 

"FiipeC" 

Actual size 

3 

e 

production time time by cutting in half the number of soldered con-
, 

nections ...speeds assembly by simplifying wiring operations. They 
also find it helps produce finer receivers by eliminating loose or 
broken connections —from plate load resistor to coupling capacitor. 

Resistor 

Capacitor 

Actual size 

Centralab's Pilpec is designed for use as a balanced diode load filter, combines 
up to three major components into one tiny unit, lighter and smaller than one 
ordinary capacitor. Capacitor values from 50 to 200 mmf. Resistor values from 
5 ohms to 5 megohms. For complete information, write for Bulletin 42-9. 

14A 
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Electronic Industry 

4 
Great step forward in switching is 
CRL's New Ro w) Coil and Cam In-
dex Switch. Its coil spring gives you 
smoother action, longer life. 

5 
Let Centralab's complete Radiohm line take care of your special needs. Wide 
range of variations: Model "R" — wire wound, 3 watts; or composition type, 
1 watt. Model "E" — composition type, 1/4 watt. Direct contact, 6 resistance 
tapers. Mode/ "M" — composition type, 1/2 watt. Write for Bulletin 697. 

6
 Centralab's development of a revolutionary, new Slide Switch promises improved 
AM and FM performance! Flat, horizontal design saves valuable space, allows 
short leads, convenient location to coils, reduced lead inductances for increased 
efficiency in low and high frequencies. Rugged, efficient. Write for Bulletin 933. 

For by-pass or coupling applications, 
check CRL's original line of ceramic 
disc and tubular Hi-Kaps. For full 
facts. order Bulletins 42-3 and 42-4. 

LOOK TO CENTRALAB IN 1949! First in component research that means lower costs 

for the electronic industry. If you're planning new equipment, let Centrolab's sales 

and engineering service work with you. Get in touch with Centrolab! 

DIVISION OF GLOBE-UNI ON INC., MIL WAUKEE, WIS. 

PROCEEDINGS OF TIIL 1.R.E.  June, 1949 



DELTAMAInowavaibae/ 
15,100 BI2f-1 r 

A new Magnetic Core 

Material with a rectangular 

hysteresis loop . . . 

16 x ,o Gausses (B) 

2 mil Allegheny Deltamax 

Commercially available 

in standard sizes of 

toroidally-wound cores, 

heat treated and cased, 

ready for your use. 

Where can YOU use a Magnetic Material 

with these specialized, dependable characteristics? 
The properties of Deltamax are invaluable for 
many electronic applications, such as new and 
improved types of mechanical rectifiers, magnetic 
amplifiers, saturable reactors, peaking trans-
formers, etc. This new magnetic material is avail-
able now as "packaged" units (cased cores ready 
for winding and final assembly) distributed by the 
Arnold organization. Every step in manufacture 
has been fully developed; designers can rely on 

complete consistency in each standard size of core. 
Deltamax is the most recent extension of the 

family of special, high-quality electrical materials 
produced by Allegheny Ludlum, steel-makers to 
the electrical industry. It is an orientated 50% 
nickel:iron alloy, characterized by a rectangular 

hysteresis loop with sharply defined knees, com-
bining high saturation with low coercivity. 

• Call on us/or technical data. 

THE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 
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die pressed 
Die pressing enables AlSiMag to produce 

many shapes and sizes in large quantity ... 

speedily, and at low cost 

Ono of seueral batteries of AlSiMag presses. These 
presses range from fully automatic high speed presses 
to large presses handling piecos up to le square. 

For better, speedier service, AlSiMag makes its dies in its 

own modern die shop. This die shop serves only our customers, 

operates on a non-profit basis. Superior die pressing equipment 

and technique is another reason why American Lava 

Corporation is known as Headquarters for 

Custom Made Technical Ceramics. 

AMERICAN LAVA CORPORATION 
4  S Y  H  Y  E A R  0  r  C  E  kr  C  L E A  D E R  S H I P 

CH A T T A N O O G A  5,  TE N N E S S E E 

SALES OFFICES. ST. LOUIS. MO., 1123 Washington Ave., Tel Garfield 4959 • NEWARK. N. J., 6/1 Broad St., Tel: Mitchell 2-8159 • CAMBRIDGE, Mass., 38-B Brattle St., 

lel: Kirkland 4498 • CHICAGO, 9 S. Clinton St., Tel: Central 1721 • LOS ANGELES, 324 N. San Pedro St., Tel: Mutual 9079  • PHILADELPHIA, 1649 N. Broad St.. 



NE WS and NE W PRODUCTS 
JUNE, 1949 

Subminiature Filamentary 
Pentode 

The Raytheon Mfg. Co., 55 Chapel St., 
Newton 55, Mass., claims that, for the 
first time, a filamentary pentode is avail-
able with performance equivalent to that 
of many heater-cathode types. The type 

ME W 
1AD4 is a new subminiature sharp-cutoff 
pentode, shielded for rf applications, with 
a nominal mutual conductance rating of 
2000 micromhos and an average plate cur-
rent of 3 milliamperes, with 45 volts plate 
and screen supply. The filament rating is 
1.25 volts, 100 ma. 
This new type, which was originally de-

veloped for the Thermionics Branch of the 
Evans Signal Laboratory, is now avail-
able commercially from Raytheon. 

Non Fluctuating Variable 
Capacitor 

A new line, 167, of variable capacitors, 
which, the manufacturer claims, are free of 
fluctuation in capacity, even under the 
most severe operating conditions, has been 
engineered by E. F. Johnson Co., Waseca, 
Minn. 

This new line of variables possesses 
new and perfected ceramic soldering. The 
ceramic band is stronger than the steatile 
end plates themselves. There are no eye-
lets, nuts or screws to work loose, causing 
stator wobble and capacity fluctuations. 
Stator terminals, mounting posts and rotor 
bearings are all ceramic soldered. Efficient 
operation is obtainable on frequencies 
high as 500 megacycles.  as 

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

New Type Wow Meter 
A flutter, wow, and drift percentage 

analyzer, model 491, type A—the first such 
instrument, the manufacturer claims, with 
a built-in high-gain amplifier and limiter— 
is in production by Amplifier Corp. of 
America, 398-1 Broadwa) , New York, 
N. Y. 

Three distinct and simultaneous read-
ings may be made of flutter, wow, and 
drift. Hum, noise, switching surges, and 
other extraneous transients have no effect 
on the reading or stability of the instru-
ment. 
Three scales: 0.3%, 1.0%, and 3.0%, 

are calibrated for flutter, wow, and drift 
readings. Variable capacitive and resistive 
elements enable accurate calibration and 
flutter measurements to be made on all 
recording and playback equipment whose 
normal linear rotational speed falls within 
+5% of standard. 

Transformer for Reluctance 
Cartridges 

The Acrosound T1-100, a transformer 
to preamplify and equalize the output of 
reluctance-type pickup cartridges, is the 
first of a line of components to be put on 
the market by Acro Products Co., 5328 
Baltimore Ave., Philadelphia 43, Pa. 
The unit is used to replace the usual 

tube preamplifier and equalizer, and; the 
manufacturer claims, does so with the 
elimination of hum, distortion and in-
stability usually associated with pre-
amplifiers. 
New design principles that have been 

applied in the design of the T1-100 provide 
full undistorted high-frequency response, 
plus a rising bass characteristic for low. 
frequency equalization. The output of the 
transformer provides sufficient voltage to 
energize the tuner, phonograph, or other 
medium-level high-impedance input chan-
nels. 

Television Ballast Tube 
A new tele‘ ision ballast tube which is 

hermetically sealed and filled with helium. 
producing rapid cooling, has been placed 
on the market by Amperite Co., Inc., 561 
Broadway, New York 12, N. Y. 

The tube is produced with as man) as 
five separate controlling elements. Further-
more, to withstand the possible overload in 
television receivers, some of the 2.5-watt 
elements are designed to withstand 40 
watts, an overload of 2,000%. Voltage 
breakdown between elements is 13,000 
volts dc. 
Diameter of the tube is 11", seated 

height is 3" 

Recent Catalogs 
• • •A new bulletin, F-2, entitled "How 
to Select Flexible Waveguide Assemblies," 
shows three distinct types of flexible wave-
guide constructions and their uses, applica-
tions, and characteristics. Of special inter-, 
est is a discussion of rigid-flexible combina-
tion assemblies showing the attachment of 
flexible to rigid waveguides with the use of 
flanges, by Technicraft Laboratories, Inc., 
Thomaston & Waterbury Rds., Thomas-
ton, Conn. 

• • • A new, detailed information catalog 
concerning the greatly expanded line of 
capacitors developed to serve the entire 
field can be secured from the Illinois Con-
denser Co., 1616 N. Throop St., Chicago 
22, Ill. 

• • •A bulletin describing the type 110 
Slide-Wire Resistance Boxes, designed as a 
laboratory substitute for the more expen-
sive decade resistance boxes, is available 
to those interested from Technology In-
strument Corp., 1058 Main St., ‘Valthant 
54, Mass. 

• • • A booklet stating reasons for galvanic 
cell corrosion, as well as methods for help-
ing to overcome it (complete in all engi7 
neering details including drawings and 
other essential illustrative material), may 
be obtained from International Nickel Co., 
Inc., New York 5, N. Y. 

(Continued on page 26.-I 
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The NEW 
LAVOIE LA-239A VIDEO OSCILLOSCOPE Gives Quantitative 
Data (Amplitude and Time) In ONE Instrument.  EE AA SSYY OP: RBAI TL 1174 

SINE WAVES OBSERVABLE 
10 cycles to 5 megacyles per second 

TRANSIENTS OBSERVABLE 
Mimimum rise time -0.08 microsecond (10 % to 90 % ) 
Maximum square-puls• duration 
5,000 microseconds 

SIGNAL INPUT IMPEDANCE 
Oscilloscope alone -300,000 ohms paralleled by 30 
Oscilloscope with prob• -3 megohms paralleled by 12 

SYNCHRONIZING INPUT IMPEDANCE 
Oscilloscope olone -300,000 ohms paralleled by 30 mmf. 
Oscilloscope with probe -3 megohms paralleled by 12 mmf. 

SIGNAL  INPUT  VOLTAGE  AND  SENSITIVITY,  NOMINAL  FOR 
IMAGE OF STANDARD AMPLITUDE 0. 6 INCH 
Oscilloscop• alona -0.1 to 100 volts, peak 
With probe —Ten times voltage with oscilloscope alone with 
M AXI MU M limit of 450 volts, peak. 

SWEEP TIME 
0.5 to 50,000 microseconds per inch, continuous. 

SWEEP CIRCUIT 
Start-stop, each sweep independent of preceding. 

SYNCHRONIZING MEANS AND VOLTAGE 
Infernal —Leading or lagging edge of pulse. Signal under 
observation or trigger generator. 
External — Without probe —± 0.5 to -t 150 volts, peak. 

With probe —± 5 to ± 450 volts, peek. 

mmf. 
mmf. 

• WrIt• for quotation and any additional lidormallon 

ZavoiaXdorakitio, 
RADIO ENGINEERS AND MANUFACTURERS 

M ORGANVILLE. N. J. 

CALIBRATING VOLTAGE 
An internally generated square wave of approximately 150 
cycles per second, adjustable from 0.1 to 1 volt peak-to-
peak and applied directly to the input of the signal am-
plifiers, which follow the multiplier. A 75 volt square wave 
for calibrating vertical plate deflections, etc. 

TIMING MARKERS 
Synchronized with sweep and available at intervals of 
0.2, 1, 10, 100 or 500 microseconds. 

TRIGGER PULSE OUTPUT 
74: 25 volts, 4 microsecond pulses, occurring at 300, 800, 
2000, or 5,000 pps. and with rise time of 1/2  microsecond 

SWEEP DELAY AND EXPANSION 
Any portion of sweeps nominally over 10 microseconds 
may be delayed and expanded about 10 times for detailed 
examination of signal. 

MEASURING SCALE 
30 .: 40 divisions, illuminated, optically produced, free from 
parallax and visible only when wanted, with any desired 
brightness. 

EXTERNAL CONNECTIONS AVAILABLE 
To vertical plate of cathode -ray tub•.  (Maximum p•ok 
voltage, 430) 
Through  100,000  micromicrofarads  with  sensitivity  of 
approximately 110 volts per inch deflection. 
To horizontal amplifier.  (Maximum peak voltage, 450) 
Through potentiometer allowing sensitivity to be varied 
from approximately 8 to 200 volts per inch deflection. 
Band width 10 to 10,000 cycles. 

TO CATHODE OF CATHODE-RAY TUBE (Z AXIS) 
Through 10,000 micromicrofarads. Internal timing markers 
cannot be used simultaneously. 

CATHODE-RAY TUBE--3JPI 
POWER SUPPLY 

Volts 115 -50 to 1,600 cycles per second. 

Specialists in the Development and Manufacture of UHF Equipment 
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• 

• 

• 

Ge neral Application 
load Range 

Model  Volt Amperes 

150 
250 
500 
1000 
2000 

25-150 
25-250 
50-500 
100-1000 
200-2000 

Regulation 
Accuracy 

0.5 % 
0.2 % 
0.5 % 
0.2 % 
0.2 % 

Models available with increased regula-
iron accuracy. 

• 

• 
• 

Extra Heavy Loads 
load Range 

Model  Volt-Amperes 

3,000  300-3000 
5,000  500-5000 
10,000  1000-10,000 
15,000  1500-15,000 

'Regulation 
Accuracy 

02 % 
0.5 % 
0.5 % 
0.5 % 

'Models available with increased regula-
tion accuracy 

The NOBATRON Line 
Output 

Voltage DC 

6 

12 

28 

48 

125 

Load Range 
Amps 

5-15-40-100 

5-15-50 

10-30 

15 

5-10 

Regulation Accuracy— 25 % from  to full 
load 

E l  the first line of 

STANDARD 
electronic AC voltage 
regulators and nobatrons 

GENERAL SPECIFICATIONS 

• Harmonic distortion : max. 5% basic or 2% "S' 
models 

• Input voltage range: either 95-125 or 190-250 
volts 

• Output: adiustable between either 110-120 or 
220-240 volts 

• Input frequency range: 50-60 cycles 

• Power factor range: down to 0.7 P. F. 

All AC Regulators and Nobatrons may be used at no load. 

Special Models designed to meet your unusual 
applications. 

Write for the new Sorensen catalogue. It contains 
complete specifications on standard Voltage Regu-
lators and Nobatrons. 

Special Transformers, D. C. Power Supplies, Saturable Core 
Reactors and Meter Calibrators mode to order; please 

request information. 

SORENSEN & Company, Inc. 
Stamford, Connecticut 

Repreienied in all principal (mei. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • 

gitarQ' 

400 Cycle Line" 
Inverter and Generator Regulators for 

Aircraft 

Single Phase and Three Phase 

Model 

D 100 

D 500 

D 1200 

D 2000 

load Range 
Volt-Amps 

10-100 

50-500 

120-1200 

200-2000 

Reg. 
Accuracy 

0.5 % 

3-Phase Regulation 
Star-connected three-phase systems con be 

0.5 %  handled effectively Other three-phase sys-

0.5 %  tems must be reviewed by our Engineering 

0.5 %  Dept  VA Capacities up to 45 KVA. 
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FREED  "PRODUCTS of EXTENSIVE RESEARCH" 
INSTRUMENTS & COMPONENTS! 

HIGH FIDELITY OUTPUT TRANSFORMERS  "Q" INDICATOR 
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INCREMENTAL 
INDUCTANCE 
BRIDGE 

Mel 0•01C I RANG': Oms    te 1000 
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40 Se 1000 cycles  

NULL DETECTOR 
No. 1140 For bridge measurements, 
providing visual null indications or 
aural indications when used in con-
junction with headphones. The unit 
may also be used as a high gain am-
plifier for general laboratory work 
Functionally, the instrument consists 
of a high gain linear amplifier with a 
30 db input attenuator in add:tion 
to the variable gain control. Output 
voltage is 40 volts undistorted into 
I megohm load, and 10 volts into 
20.000 ohms 

neade Toductou 

1160 
10  NI steps 
10. 1 111 steps 
101 0101 steps 
500 15 000 cycles 

No 1161 
It.  1 NY steps 
10 I 01 NV steps 
101 001 NI steps 
2000 50 000 Odes 

NO  1160 

10.  01 NI steps 
0. 001 HY steps 
10 0001 HI steps 
10 000 360 000 cycles 

4 

No 1030 Frequency range 
from 20 cycles to SO kilo-
cycles  "9" range from 
.5 to 500 "9" of induc-
tors  can  be  measured 
with up to 50 volts across 
the  coil.  Indispensable 
instrument for measure-
ment of "9" and induc-
tance of coils, "9" and 
capacitance  of  capaci-
tors,  dialectric  losses, 
and power factor of in-
sulating materials. 

HERMETICALLY 

,o4-* 
•••••-.. 

No  1161 
10.10 111 steps 
10  1 111' SUPS 
10  1 HI steps 
50 1000 cycles 

COMPARISON BRIDGE 

No. 1010 An invaluable instru-
ment for precision laboratory 
adjustment and incoming in-
spection of resistors, capacita-
tors and inductors . . . Entirely 
self-contained, A.C. operated 
and includes a three frequency 
oscillator, an A.C. bridge and 
a null detector. 

SEALED COMPONENTS 

11 
For  f•1•11,•••ring  and  re. 
mote control applicatioes 
using audio and sup•rsosic 
fr•quency subc orri•rs. 

7ottoidete /ototaceola LOW FREQUENCY HI"Q"COILS  c'etet4i. 
100 HY  Narrow  Said pass filt•rs 

.e.. r...  10.00 IS  000 •   2000  00  000  t • •••  10  000  300  000  
I....ta m • V•0•4  YIP. ' 1.0.......• 0.1.•  V... : '....“....• 0.'".  Top. :  for  rernotis  control  and  - 11., 

s mu 7  V•8001  I M N  1800  • 1•11  1 000  :1901  75 HY  telern•t•riniii  applications. 
10 1011.  ••8011  3 M N  1801  1 M N  • 1851  High poss. low pass. band 
1.1  MI .  1•11011  3 1111.1  11103  3 111N  •111142  pass and band •Iinsinatlos 
30 MN.  11•11011  • M N  1801  :1902  SO HY so 1•11.  •••11.11  • 1411  11104  filters  for  consna•nicatIon 3 tem  •1•43 

I • M N.  r•110511  10  M N  180.1  4 N .185.1 
and corri•r systiem 1. M   

100 1.111  vac.,  1 •• •IN  1004  S INN  • I .,  :1903  25 HY 
300 MN,  r.soar  10 10••  1807  10 M N  111,6 

500 1•114•  1•111011,  ,o sem  11•13e  t s sew  'es, 
71.0 miff  I••,0,  7, Mt.  1004  2,, ...  ,oso  :1904  10 HY 

. s ..• 
, N.  •••111  104/ •••• 

I 8131  1,0 11.•  11110 1011  10 M N  10•11  SEND FOR 
2 NV  I O W  300 NO.  11112  :1905  5 HY 40 •141  1660 

3 11•  V •1111  100 1.1..  I •1I  SO 1001  18•1 

• 141  • . 11  •00 001.   .7. ... 1•113  1 HY  COMPLETE 
.1 1.•  I 11231  SOO NI.  1043  #1906   

TI  TI 2  Tn.!) 3  :1 900 

High quality toroidal coils wound on molybdenum permalloy dust co es 
All those listed above can be supplied in hermetically sealed cans, 
commercial  type  construction  or  open  units  Other  types  can  be 
supplied out of stock on special orders 

Available from stock 
in the indicated in-
ductance values. 

DESCRIPTIVE 
LITERATURE 

TRSLI7 RANSFORMER COorrince 18-3_LWEIRFIELD ST., (RIDGEWOOD) BROOKLYN 27, NEW YORK 
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Ecieitett&fig 
Vesamorad 

PLUS GRAPHITE, MOLDED METALS 

SINTERED ALNICO II 

View 

HUNDREDS of STANDARD 
ITEMS ... thousands 
of "Specials" 

Write for details on any type 
Anodes • Battery Carbons 

Bearing Materials 

Brazing Furnace Boats 

Brushes of all types for 
rotating electrical equipment 

Carbon and Graphite Contacts 

Chemical Carbons  •  Clutch Rings 

Dash Pot Plungers 

Electric Furnace Heating Elements 

Electrolytic Anodes• Friction Segments 

Glass Molds • Ground Rods (carbon) 

Mercury Arc Rectifier Anodes 

Metal-Graphite Contacts 

Power Tube Anodes 

Rail Bonding Molds 

Rare Metal Contacts 

Resistance Welding and Brazing Tips 

Seal Rings (for gas or liquid) 

Special Molds and Dies 

Spectrographite No. 1 

Trolley and Pantograph Shoes 

Voltage Regulator Discs 

Water Heater and 
Pasteurization Electrodes 

Welding Carbons 

Welding Plates and Paste 

IN CARBO N 

Adit, 
a dependable source of supply 
The unique electrical, mechanical, physical and chemical 
properties of Stackpole carbon, graphite and carbon-graphite 

products solve countless problems of friction, temperature, 
arcing, corrosion, shaft sealing, voltage regulating and 
others. So broad.is the line of standard Stackpole products. 

so extensive the facilities for "specials" that it is practical 
to list only a few of them here. Let Stackpole engineers 
recommend and quote on your next requirements. 

22\ 
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ONCE AGAIN, MYCALEX 410 
GETS THE CALL . . . 
Leading Automobile firm specifies MYCALEX 410 
molded insulation for new dashboard lightswitch 

04,1. 

Sorry, we can't mention names, but this is the 
insulator body for a new type of dash-board 
light-switch being manufactured of MYCALEX 
410 molded insulation for one of the leading 
lines of cars*. . .*names on request. 

It's no great secret that automotive firms buy 
wisely and well . .. and it's justly proud we are 
that after making exhaustive tests and com-
parisons, this large maker of cars specified 
MYCALEX 410 molded insulation as ideal for 
the new type dash-board light-switch being 
introduced in their 1949 line. 

Again, it was proved that on long run, round 
the clock production, MYCALEX 410 insulation 
parts, molded with or without metal inserts, 
are low-cost and competitive with less-effective 
molded insulation materials. 

Again, MYCALEX 410 molded insulation dem-
onstrated its absolute dimensional and electri-
cal stability; low dielectric loss; high dielectric 
strength; high arc resistance; stability over wide 

humidity and temperature changes; resistance 
to high temperatures, moisture and oils; and 
great mechanical precision and strength. In-
serts of common or precious metals may be 
injected in the MYCALEX 410 molding process. 

Yes, MYCALEX 410 molded insulation meets 
the most exacting requirements of high fre-
quency applications. 

REMEMBER... 
MYCALEX 410 MOLDED INSULATION IS THE 

EXCLUSIVE FORMULATION OF MYCALEX 

CORPORATION OF AMERICA. 

We stock these 

MYCALEX 410 

Tiny Tie-In Terminals 

for 

Sub-miniature 

Transmitting Equipment 

‘2..• 

.  ( 2 ••e ',. • • 

MYCALEX CORP. OF A MERICA 
"Owners of 'MYCALEX' Patents" 

Plant und Germ,' OffIcips, CLIFTON, N. J.  ecuS,  OfTic•s, 30 ROCKEFELLER PLAZA. NE W YORK 20, N. Y. 
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World's Tallest Radio Towers 
I designed and engineered by Truscon 

• Never before has man reached so high 

into the sky with ground-supported radio 

towers. Never before have man's skill and 

science achieved such a structural master-
piece for transmitting sound. 

These new 1220-foot Truscon Rad io Towers 
are an outstanding development. Truscon 

engineers had to meet many essential 

requirements and specifications never 

before encountered in structures 
of this type. 

Broadcasters the world over 
depend on Truscon Radio 

Towers for maintenance of 

continued schedules to hold 
listeners. Every Truscon tower 

is engineered to its location.. .windy 

or sheltered ...open or mountain-
ous ... humid or dry. And, each is 

product of the finest materials and work 
manship serving your industry. 

Truscon can design and erect exactly the 
tower you need. ..tall or small.. .guyed or 

self-supporting ... uniform or tapered in 
Cross-section.. for AM, FM and TV. For engi-
neering assistance without obligation, phone 

or write our home office in Youngstown, O., 

or any convenient Truscon district office. 

TRUSCON STEEL COMPANY 
YOU N GST O W N 1, OHI O 

Subsidiary of Republic Steel Corporation 

a 



GL-2E26 

G1-807 

HARDEST WORKERS ON YOUR COMMUNICATIONS TEAM 

El BEIM Pfliffil 
TRANSMITTINE TUBES 

—always ready for de-
pendable service— 
minutes or hours of it! 

• 

—need low drive, so ask 
less of your power 
supply. 

• 

—replacements are con-
venient to obtain.. .you 
can secure new tubes 
fast from your local G-E 
tube distributor! 

GL-829-B 

GL-813 

DESIGNERS of equipment give first place to 
General Electric beam power economy 

tubes. Their low drive requirements — a char-
acteristic of this type — pay off in less space 
needed for the driving stages of a transmitter. 
That's Saving No. 1! And drain on the battery 
or other source of power supply is reduced ... 
Saving No. 2. 
If you operate police, taxicab, or ambulance 

radio equipment — if you maintain an airport, 
ship-to-shore, or other communications system 
—the benefits of a more compact transmitter 
and lower power consumption are matched by 
G-E tube dependability. These beam power 
types are amply proved in tough service! 
A complete line of General Electric tubes is 

available, spanning the range of outputs and 
frequencies in communications work. De-
signers and builders of equipment, through 
their nearby G-E electronics office, may call 
on experienced G-E tube engineers to help 
select the right types for new circuits. 
Transmitter owners will find that same-day, 

often same-hour service is given by their local 
G-E distributor on tube replacements. From 
coast to coast, stocks are in readiness for your 
emergency call! Get to know your G-E tube 
distributor; he's equipped to serve you fast... 
and well! General Electric Company, Elec-
tronics Department, Schenectady 5, New York. 

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

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

Plate 
voltage 

500 v 
600 v 
600 v 
2,000 v 

Plate 
current 

54 ma 
100 ma 
150 ma 
200 ma 

Driving power  Power output 
(approx)  (approx) 

0.15 w 
0.4 w 
0.9 w 
4.3 w 

GENERAL 

18w 
42.5 w 
70 w 
300 w 

Freq. at max 
ratings 

125 mc 
60 mc 
200 mc 
30 mc 

ELECTRIC 
Photo by courtesy 
N. Y. State Police 
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TYPE 
BHA 

MINIMUM SPACE... 
MAXIMUM PERFORMANCE 

c5;.;  .3w6• 
This miniaturized crystal unit is avail-
able in the frequency range 1 me to 

100 mc with tolerances to meet all 
commercial or military specifications. 

TYPE 
TC0-1 

OPER, TEMP. /VG 
RATING 5.3 V. SW 

xr; exa. . . . down to ± .0001% between-55°C 
and  +70°C, specify 13H6 units in 
TC0-1 (single) or TCO-2 (dual) tem-
perature controlled ovens. 

For over 19 years . . . foremost in fre-
quency control applications. 

BLILEY  ELECTRIC  CO MP A NY 

UNION STATION 81.00.  • ERIE, PA 

NE WS —NE W PR O DUC TS 

These menulactutets have invited PROCEEDINGS readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(I ,,tilrflurii ft   IN 4) 

RF Capacitance Meter 
A new I ype 1612-A rf capacitance meter 

designed to rapidly measure and test small 
capacitors (up to 1,20)) µAi.) is now in 
production at General Radio Co., 275 
Massachusetts Ave., Cambridge 39, Mass. 

Nleasurement is made by a submit rut ion 
method in which the capacitance of a cali-
brated air capacitor is reduced to reestab-
lish resonance after an unknown capacitor 
is connected. Resonance is indicated by 
maximum deflection of a meter. Two 
ranges are provided, 0 to 80 µof and 0 to 
1,200 apt, and range switching is accom-
plished automptically as the dial is ro-
tated. 'Measurements are made at a fre-
quency of 1 Mc. 
Maximum meter deflection can also be 

used as an indication of loss, and hence as 
a basis for rejection of high-loss capacitors 
when compared to a standard sample. 
The meter operates from a 115-volt 

source, ac or dc. Dimension, .11.c: 12" x6".:" 
X7r, weight 11 lbs. 

Three Speed, all Size 
Record Changer 

As a solution to the recent addition of 
two new-type records to he pla‘cil at dif-
ferent speeds, General Instrument Corp., 
829 Newark Ave., Elizabeth, N. J., oilers 
a changer designed to automatically play 
10 or 12' 78 rpm, 7, 10, and 12" 331 rpm, 
and the new 45 rpm records with the same 
pickup arm. 

The new changer has a conventional 
spindle diameter, an d the problem  of the 
large hole diameter of the 45-rpm record 
is overcome by the use of plastic adaptor 
buttons. These buttons are inserted in the 
center of the 45 rpm records, reducing the 
hole diameter to the size of the standard 
spindle. 

26A 

Plastic Insulation for 
Metal TV Tubes 

A ne‘‘ mounting and insulating slee%e 
constructed of a polyethylene compound, 
"Aerollex," which also guards the tube 
against sin s.k and vibration in shipping is 
being marketed bx. Anchor Plastics Co., 
533 Canal St., New York 13, N. V. 

This sleeve fits over the tube cone and is 
held in place by an extruded mounting 
ring; thus all metal portions of the tube 
are covered, eliminating accidental con-
tact. 
"Aerotlex" has been adapted to this 

new use through the development of a 
process in the extrusion of thermoplastics. 
The compound is extruded in circular 
shapes, eliminating the difficulty in bend-
ing. ' 

Recent Catalogs 

• • • A neu  bimonthly exterior house 
organ, devoted to the latest developments 
in the connector and electrical specialty 
fields, will be sent on request to those writ-
ing to the Editor, Cannonade, Cannon 
Electric Dev. Co., 3209 Humboldt St., Los 
Angelus 31, Calif. 

• • •A data folder on capacitor!: with 
necessar  information concerning design, 
capacitance, containers, chassis layout-. 
and mountings and sockets by P. R. Mal-
lory & Co., Inc., 3029 E. Washington St., 
Indianapolis 6, Ind., is available on re-
quest. 

• • • A 28 page illustrated catalog, CDM-
2A, describing stocked permanent mag-
nets has been issued by General Electric 
Co., Chemical Dept., Pittsfield, Nlass. A 
wide \Ariel  of cast and sintered aline() 
magnets, as well as special magnetic al-
loys, are listed. 

• • • The March issue of CEC Recordings 
has an interesting article concerning a new 
sampling probe that raises leak detector 
sensitivit  1,000 times. This May be se-
cured li ariting to Consolidated Engi-
neering Corp., 620 N. Lake Ave., Pasadena 
4, Calif. 

(t'entumed nit Page 45A) 
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WE 551 A REAC11011 
vittautticr KIER 

11" x  t• 011tic 

Nigh 11 calm Precise and 
permanent calibration 

Eitraneous mode• 
suppression 

• These non-sealed frequency ineter will 
soon be augmen ted by a new line of 
hermetically  d. temperature compen-
sated units covering the frequency range 

sea le   

from 500 to second. sig 40,000 megacycles per 
Also available: frequency standarized  . 

nal sources. 

Nigh ditectirtti 

Pima lrequencl 
Broadband operation 

• This unit is representative of a group 
of mono-directional broadband couplers 
c  four  wa veguid 
ove ring in  ga 

e sizes the ire. 

ge  from 4000  to  10,000  me  qu ency ran  - 
cycles per second. 

The items presented above are representative 
of the complete PRD line of precision 
microwave measurement and test equip-
ment. These units embody basically new 
design principles calculated to provide the 
microwave research engineer with the 
ultimate in accuracy and reliability. A 
skilled staff of engineers and physicists 
Is constantly pioneering the advance to the 
higher frequency regions of the micro-
wave spectrum and stands ready to assist 
In the solution of your microwave problems. 
An illustrated catalog may be obtained by 
writing on company letterhead to Dept. II-3. 

211- PRECISION 
IIIIV.611110. UWE° SEC11011 

(0.420  x 0.170"  

Immune operation CrIstal and 
lisloisetst detection Ball beating 

catnap suppott 

• Sitnilar Slotted Sections and Probes eg uide and 
in standard rec tangular waysible 
coa xial line sizes make posr tide precise 
impedance measurements  ov  ega 

e e  micro-

wave spectrum from 1000  to 40,000 m -
se cond 

cycles per . 

Ǹide Tante impedance matching. 
Simplified rapid adiustment 
Broadband operation 

• Also availabl e: similar units in stand-
ard waveguide sizes, fi  an dielectric 

xed  d tunable 

crystal and bolometer mounts,   
tuning devices for coaxial lines. 

„ 

11PE  
SLIDE SCREW 11111ER 

W A"  ys" waveguidel 

11PE 159  CAtIBRI1E0 
VARIABLE 01E111100R 

(2" x 1" vvavegiiiilel 

RESEARCH 

it DEVELOPMENT COMPANY, Inc. 

lAttallited.glass attenuating tie 
mint. Precise and permanen t cal 
rbtation, Negligible insertion loss 

• A full complement of fixed and vari-
and broadband ter n"' 

able attenuators  lions in standard waveguide sizes provides 
coverage for the frequency range from 
2600 to 40,000 megacycles per second. 
Fixed pads and terminations are available 
for standard coaxial transinission lines. 

202 TILLARY ST., BR OOKLYN 1, N Y 
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DESIGNF:D by Sylvania physicists, 
the Demountable Cathode 

Ray Tube allows experimental 

checking of theoretical design of 

electron optical systems. It is made 

so that various component parts of 

television picture tubes may be 

redesigned and fitted into the 

system for continuing research. 

Used in conjunction with 

Sylvania's Electrolytic Tan1 I k that 

enables engineers to make 

meticulous studies of the behavior 

of electrons in electron optical 

systents, this metal demountable 

tube is another example of 

never-ending Sylvania efforts 

for finer and finer products. 

Sylvania Electric Products 

Inc., 500 Fifth Avenue, 

New York 18, N. Y. 

The Demountable Cathode 

Ray Tube for the continuous 

improvement of television 
picture tube reception! 

'aim del tttttttt tahle t'i'eis being to.ed in the design of 
improved tele% ision picture tithes. An zation gauge 
(shout) upright at the small end of the b 

•  
einountaide  

Cathode Ray Tuhe) affords  eurate eontrol 

y  of the 

degree of vacuum in the s  ac 

ystem .. • hut.  ' ' "it 

poster  

ground being ISS N!  the ph% supply is obtained from the unit shotin in the hnelt-

*  *  * 

SYIATkNIA 

ELECTRONIC DEVICES: RADIO TUBES  CATHODE RAY TUBES 

FLUORESCENT LAMPS. FIXTURES. WIRING DEVICES, SIGN TUBING; LIGHT BULBS 

PROCEi• /  V OF THE 1.1?:E. 

v, 
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Scaler  mad• 
by Nuclear In-  
stremient 
Chemical Cor-
poration, Chi-
cago, IIli mit. 

103 gradleyuralts 
Ws NI & C SCO W/. 

L. 7, 
1. 14 

Two 
ton in 

'11 /14 1111/11 0T4  
Ari 

ALLEN-BRADLEY 

FIXED AND ADJUSTABLE RESISTORS 

in this automatic scaling unit 

"Our Model 163 Automatic Scaling Unit," says John I.. Kuranz, 
of Nuclear Instrument 8. Chemical Corporation, Chicago, "contains 
103 Allen-Bradley fixed resistors and two Bradleyometers. To achieve 
the dependability so necessary in this type of research tool, our 
tests show that or..± A-B resistors can be used. In addition to their 
functional superiority, their small size makes our portable instru-

ments really portable." 
Where superlative performance is a must . . . where unfailing 

dependability is a basic requirement . .. as in nuclear research 
... you will find Allen-Bradley quality resistors. If you must meet 
high-quality standards ... specify Allen-Bradley resistors. 

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

P-IgirtAni IF1 RADIO RESISTORS 
- 1111a LITY 



Modern One-Acre Plant with 

Complete Internal Facilities fnr 
Quality-Controlled Volume Production 

From original conception to final product, 
you get full benefit of the unusual E-V 
processes. Here are E-V laboratories, where 
constant research keeps making new con-
tributions to the Art. Here we make tools 
and dies. . . die cast, plate, screw machine, 
stamp, mold plastics, and assemble. Here 
we use specially designed test equipment 
for quality control. With all these facilities, 
we produce high standard acoustical prod-
ucts in quantity, with utmost economy. 
Come—see this plant in action. 

NO FINER CHOICE THAN 

• 

SIFICC V, E07CL 
•E-V Pot. Pencfing 
Licensed under Brush patents 

Export: 13 East 40th St., New York 16, U.S. A. 
Cables: A rlab 

FONO-FITTED 
ORQU 

DRIVE 
CARTRIDGES 

...you draw the curve 
WE'LL BUILD  THE  CARTRID GE 

Your specifications . . . your special requirements in 
phono pickup cartridges. . . are ideally "custom-solved" 
through E-V creative engineering . . . unusual manufac-
turing facilities . . . and inherent advantages of exclusive 
TORQUE DRIVE.* 

CUSTOM 

RESPONSE 

Smooth upper response with roll off frequency 
to your specifications or wide range, peak-free 
response to 10 kc. You draw the curve, we'll build 
the cartridge. 

E-V TORQUE DRIVE cartridges provide the 
highest compliance per volt output. For example, 

VOLTAGE  the E-V 14 cartridge tracks at 5 grams with excel-
lent wave form down through 50 c.p.s. on the 
RCA 12-5-31V record at 1 volt at 1,000 c.p.s. 

TRACKING 

FORCE 

With the high compliance and low mass of the 
driving system, needle forces at 5 grams for both 
one and three mil records are used in everyday 
production by leading manufacturers. Cartridges 
with even lower needle force with slight reduction 
in voltage are thoroughly practical. 3 gram track-
ing pressures are definitely in sight.  • 

COMBINATION 

One and Three Mi/ 

E-V TORQUE DRIVE again leads in twin needle 
cartridge design. Tracking force of 5 grams on 
both one and three mil records precludes weight 
changing. Straight line needle position assures 
accurate set down when used with changers. 
Approximately the same output is obtained on 
both stylii. The E-V Twin-Tilt cartridge mounts 
in any arm with 3" mounting holes with no modi-
fication except adjustment for correct needle force. 

MOISTURE 

PROOFING 

The cartridge is entirely filled with DC4 Silicone 
jelly--the material that is used for inhibiting 
moisture on aircraft wiring. Tests indicate that it 
increases the life of an ordinary crystal some 20 
times. This is a plus feature, found in all E-V 
crystal cartridges. 

Our engineering staff and full facilities are at your 
service. Contact us today. 

ELECTR O-VOICE, INC. • BUCH A N A N, MICHI GA N 

pRo(   III  I. kj .. Ito,-, 
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WILCOX 
FIRST CHOICE OF 

BRANIFF nat AIRWAYS 

BRANIFF EQUIPS GROUND STATIONS 

WITH WILCOX TYPE 364A TRANSMITTER------ ---....,f) 

DESIGN SIMPLIFIES SERVICE 
Conventional circuit design, fewer numbers and types of tubes, 
plus open mechanical construction simplify tube stocking prob-
lems and speed maintenance. The entire transmitter portion of 
the Type 364A is built on a drawer-type chassis, instantly with-
drawable from the front of the panel. 

RELAY RACK MOUNTING SAVES SPACE 
Compact design requires only 15 inches of rack space for installa• 

r- non, frequently utilizing space already available. 

.005 % FREQUENCY STABILITY WITHOUT 
TEMPERATURE CONTROL 
Through the use of a newly developed crystal, troublesome ther-
mostatic temperature controls and crystal ovens are no longer 
necessary to provide adequate frequency stability. 

SIMPLIFIED CONTROL FOR REMOTE LOCATION 
Modulation over a single telephone pair and carrier control by 
means of a simplex circuit allow the transmitter to be readily 
located at a remote point. 

WI L C O X 
ELECTRIC CO MPANY 

KANSAS CITY 1-, MISSOURI 

Li 

WILCOX 
Type 364A Transmitter 
118-136 MC. Band 

70tete ?oda, . for 
Complete Information 



9•Zweatc5rfai 

"'""'"99"""airre. "41110Nalsearatiew 

THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA 

RCA SPECIAL REP TUBES 

Minimum life-10,000 hours! 
• Another RCA First. . . these new 
Special Red Tubes are specifically 

designed for those industrial and 
commercial applications using small. 
type tubes but having rigid require-
ments for reliability and long tube life. 

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

structural design makes them capable 
of withstanding shocks of 100 g for 
extended periods. Rigid processing 
and inspection controls provide these 

tubes with a minimum life of 10,000 
hours when they are operated within 
their specified ratings. Extreme care 
in manufacturing combined with 
precision designs account for their 
unusually close electrical tolerances. 

RCA Application Engineers will be 
pleased to co-operate with you in 

adapting RCA Special Red Tubes to 
your equipment. Write RCA Corn-
mercial Engineering, Section 47FR, 
Harrison, N. J. For RCA Special Red 
Tubes to be used as replacements in 
equipment now in use, see your local 
RCA TUBE DISTRIBUTOR. 

TUBE D EPA RT MENT 

TABLE OF RECEIVING-TYPE COUNTERPARTS 

5691   65L7GT 
(0.6 A. heater)   (03 A. heater) 

5692   65N7GT 
5693   65.17 

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

SEND FOR FREE 
BULLETIN —Booklet 
SRB-1002 provides 
complete data on 
RCA Special Red 
Tubes. For your 
copy write to RCA. 
Commercial 
Engineering, Section 
47F R.Harrison.N.). 

ICA 

RA DIO CORPORATIO N of A MERICA 
HA RRISO N, N. J. 
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Elmer W. Engstrom 
DIRECTOR, 1949 

Elmer W. Engstrom, vice-president in charge of re-
search at the RCA Laboratories in Princeton, N. J., was 
born in Minneapolis, Minn., on August 25, 1901. After 
receiving the B.S. degree in electrical engineering from 
the University of Minnesota in 1923, he entered the 
employment of the General Electric Co., where he 
worked on transmitters, receivers, and sound motion 
pictures. He became an Associate Member of the IRE 
in 1925. 

In 1930 Mr. Engstrom joined RCA, where he was suc-
cessively employed in research positions of increasing 

responsibility, culminating in his being appointed to a 
vice-presidency in 1945. Meanwhile, he transferred to 
Member grade in the IRE in 1938, and was awarded the 
Fellow grade in 1940. 

Mr. Engstrom has been a member of a numb:A- of 
Institute .Committees, including the Board of Editors, 
Awards, and Nominations. A past president of the 

Princeton Chapter of Sigma Xi and current president of 
the Industrial Research Institute, he is also chairman of 
the Visiting Committee of the Navy Industrial Associa-
tion to the Naval Research Laboratory. 
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CLINTON B. DESOTO 

1912-1949 

On April 1, 1946, Clinton B. DeSoto (M'46—SM'49) assumed the duties of technical editor of 
the PROCEEDINGS OF THE I.R.E. Born in Ogilvie, Minnesota, in 1912, he attended the University 
of Wisconsin's School of Journalism. 
Mr. DeSoto became a licensed radio amateur in 1926, and in 1930 he joined the American 

Radio Relay League headquarters staff as assistant to the secretary of the League, transferring 
to the editorial staff as assistant editor of QST in 1942. He became executive editor of QST in 

1943 and editor in 1944. 
The author of a number of books and magazine articles dealing with radio topics, Mr. DeSoto 

handled the revision and production of the 1943, 1944, and 1945 editions of "The Radio Ama-
teur's Handbook." He was associated with the development of radio remote-control sys-
tems for military and amateur applications. From 1933 to 1936 he served as secretary of the 
Connecticut Valley Section of The Institute of Radio Engineers. He also did the publicity work 

for the 1948 and 1949 IRE National Conventions. 
After his acceptance of the position of Technical Editor, Mr. DeSoto capably fulfilled the 

duties of his post, and added substantially to the clarity, arrangement, and promptness of issu-
ance of the PROCEEDINGS OF THE I.R.E. 
The following expressions concerning him were signed by his associates: 

The death of Clinton B. DeSoto, a Senior Member of The Institute of Radio Engineers and Technical Editor of 
the PROCEEDINGS OF THE I.R.E., is a shock to me personally and to the entire Institute. During his three years as 
Technical Editor, his keen insight into the publication business made him a tower of strength on the headquarters' 
editorial staff; and his handling of publicity for our annual conventions was truly inspired. His passing leaves a vacancy 
in our staff which will be extremely difficult to fill, and a gap in our hearts that can never be filled. 

STUART L. BAILEY 
President 

I have known Clint twenty years. lie brought to the IRE a wonderful combination of professional editorial ability, 
knowledge of the printing arts, a keen sense of publicity values, and personal charm. 

GEORGE W. BAILEY 
Executive Secretary 

Clinton DeSoto, scholar, gentleman, and capable administrator, leaves behind him a host of grieving friends. He 
combined literary skill, unusual ability to bring out the best in his associates, and unfailing willingness successfully to 
handle any task, no matter how troublesome or time-consuming. The IRE, whose Technical Editor he has been, has 
lost one of its finest representatives, and deeply regrets his untimely passing. 

A. N. GOLDSMITH 
Editor 
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Tropospheric Effects in Ionosphere-Supported 
Radio Transmission* 

GREENLEAF W. PICKARDt, FELLOW, IRE AND HARLAN T. STETSONt, ASSOCIATE, IRE 

Summary—The importance of meteorological effects in tropo-
spheric transmission has been presented by the authors in previous 
papers. More extended observations in the 40- to 50-Mc band, re-
cently analyzed, substantiate high correlations with temperature, at-
mospheric refraction, and wind direction. 
Since ionospheric-supported transmissions must pass at least 

twice through the troposphere, investigations have been made for 
possible meteorological effects at frequencies from the broadcast 
band to 10 Mc and comparisons made with known tropospheric re-
ception at frequencies in the 40 to 50 Mc band. Correlation coeffi-
cients as high as 0.8 ±0.1 are shown. 
Reception from WBBM, Chicago, 850 miles distant, based on 3 

years data, show a direct correlation with surface refraction and with 

atmospheric temperature changes. Night fields rise from a minimum 
one day before a temperature rise equal to 10°F to a maximum on the 
day such temperature change occurs. Similarly, a drop in field occurs 
one day prior to an equal temperature fall. 

Studies of reception at Needham of W WV, 5 Mc (Beltsville, Md.) 
373 miles distant, show similar correlations as those determined for 
the broadcast band. Furthermore, night fields of W WV, 5 Mc tend to 
a maximum one day preceding a prevailing SE wind directed broad-
side to the transmission path. Little correlation was found with NE 
winds directed along the path. Variations in field intensities, range 
from 15 to 30 per cent of mean fields dependent upon meteorological 
conditions at the receiving end. Such variations may be attributed 
to atmospheric bending, reflection transmissions due to changing 
lapse rate at the lower atmospheric levels, and possibly to as yet 
undetermined troposphere-ionosphere relations. 

FOR THE PAST DECADE, interest in trop-
ospheric effects on radio transmission has been al-

  most entirely centered on the very high frequen-
cies, largely because of the wartime importance of 
radar. But inasmuch as all ionosphere-supported trans-
mission must pass at least twice through the tropo-
sphere, all portions of the radio spectrum must, to some 
extent, at least, be affected by happenings in the lower 
atmosphere. 

In one respect only is there a fundamental difference 
with respect to frequency; the duct transmission so often 
observed at vhf is absent at the lower radio frequencies, 
since these are beyond cutoff for any duct dimension 
possible in the troposphere. In all other respects, tropo-
spheric effects are not dependent on frequency, save 
only that reflection from discontinuities, such as tem-
perature or humidity inversions, and at interfaces of air 
masses of different refractive index is greater at the 
lower the frequency. And the changes in wave bending 
due to varying refractive lapse rate may be expected to 
be the same at all presently used frequencies. 

* Decimal classification: RI13.501. Original manuscript received 
by the Institute, July 15, 1948; revised manuscript received, Sep-
tember 28, 1948. Presented, IRE-URSI Meeting, Washington, D. C., 
October 8, 1948. Supported in part by the Office of Naval Research. 
t Cosmic Terrestrial Research Laboratory, Massachusetts Insti-

tute of Technology, Needham, Mass. 

It might be expected that correlations of radio trans-
mission with tropospheric changes at any one point on 
the transmission path would be most prominent on rela-
tively short distance transmission, for the reason that 
only on such paths would the atmosphere involved be 
in any sense homogeneous. This has been confirmed by 
an'examination of 3 years continuous field strength re-
cording at the MIT Cosmic Terrestrial Research Labo-
ratory at Needham, Mass., from station XEWW at 
Mexico City, Mexico, operating at 9.5 Mc and 2300 
miles distant. This is a two-hop path, and transmission 
must, therefore, pass four times through the tropo-
sphere, in three widely separated areas; obviously tropo-
spheric eundit ions would, in general, be different in these 
areas, so it was not unexpected that analysis of the field 
data showed no definite correlation with Boston 
weather elements. 

In 1928 one of the present authors' examined the rela-
tion between night fields at Newton Center, Mass., from 
broadcast station WBBM at Chicago, then operating at 
1330 kc and 850 miles distant, and also the night fields 
at Pasadena, Calif., from broadcast station KPO at San 
Francisco, Calif., operating at 680 kc and 343 miles dis-
tant, with surface temperature and barometric pressure 
at different points along the transmission paths. The 
highest correlat ion found was with surface temperature 
at the receiving point, and the relation found was direct, 
and not inverse as Austin2,3  had previously found for 
his day fields. 

In 1933 Colwell' found the field at Morgantown, 
W. Va., from broadcast station KDKA at Pittsburgh, 
Pa., 60 miles distant, showed marked correlation with 
surface pressure changes, and particularly with the rela-
tive location of high- and low-pressure areas to the 
transmission path. 

In this early work there was little attempt to suggest 
a mechanism by which tropospheric changes might af-
fect radio transmission. But in 1937 Watt, Wilkins, and 
Bowen in England° and Friend and Colwell in this coun-
try° independently observed and reported reflections 

G. W. Pjckard, "Some correlations of radio reception with at-
mospheric temperature and pressure," PRoc. I.R.E., vol. 16, pp. 765-
773; June, 1928. 

2 L. W. Austin, "Field intensity measurements in Washington on 
the Radio Corporation stations at New Brunswick and Tuckerton. 
New Jersey," PRoc. I.R.E., vol. 12, pp. 681-693; December, 1924. 
'L. W. Austin and I. J. Wymore, "Radio signal strength and 

temperature," PROC. I.R.E., vol. 14, pp. 781-785; December, 1926. 
4 R. C. Colwell, "Cyclones, anticyclones, and the Kennelly-

Heaviside layer," PROC. I.R.E. vol. 21, pp. 721-725; May, 1933. 
6 R. A. W. Watt, A. F. Wilkins, and -E. G. Bowen, "The return 

of radio waves from  the m iddle  atmosphere, " Proc. Roy. Soc., ser. 
A, vol. 161, pp. 181-196; July, 1937. 

A. W. Friend and R. C. Colwell, "Measuring the reflecting re-
gions in the troposphere," PROC. I.R.E. cember, 1937.  , vol. 25, pp. 1531-1541 ; De-
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from layers between 1 and 12 km in height, with occa-
sional echoes from over 15 km. Friend and Colwell sug-
gested that these tropospheric reflections might explain 
Colwell's earlier observations. 
In this present paper, the authors have re-examined 

WBBM Chicago to Boston transmission with respect to 
Boston weather elements, and in addition have analyzed 
over three years each of Needham recorded fields from 
W WV 5 Mc, XEWW 9.5 Mc, W WV 10 Mc, and 
W2XMN at 44.1 Mc for correlation with tropospheric 
changes. They had previously7 established certain trop-
ospheric correlations with the W2XMN field at Need-
ham with two years of recording; here another year of 
data has been added. For the reason that the transmis-
sions other than W2XMN generally contained day-to-
day and even  hour-to-hour ionosphere-controlled 
changes of much greater magnitude than the tropo-
spheric amplitudes, the analysis used throughout was 
purely statistical. In this form of analysis, some sharply 
defined tropospheric event, such, for example, as a large 
temperature change, is taken as an epoch, and received 
fields are repeatedly summed up around a series of such 
epochs. Field changes which are not related to the epoch 
distribute randomly around the epoch and tend to can-
cel out, such cancellations being the more complete the 
longer the series, while related field changes continually 
add up to maxima and minima. 
A statistical examination of 1945, 1946, and 1947 

values of critical frequencies has been made with rE 
and f F2 distributions around tropospheric events, and 
no definite correlation became apparent. However, rela-
tion of troposphere and ionosphere cannot be ruled out; 
Mihran8 has recently shown an apparent correlation. 
Fig. 1 shows the relation of a purely tropospheric 

radio transmission, W2XMN at Alpine, N. J., operating 
at 44.1 Mc as received at Needham, Mass., 167 miles 
away, to Boston; mean temperature changes taken as 
epochs. It will be noted that this figure contains an ele-
ment of prediction as field maxima and minima precede 
by 1 day the Boston temperature changes taken as 

r- epochs. The correlation between W2XMN fields and 
Boston temperatures is best seen by the dotted line 
showing Boston temperature distribution around Bos-
ton temperature rise (moved 1 day to the left) against 
the full-line curve for W2XMN. 
In the absence of tropospheric soundings, surface re-

fraction is our only available measure of refractive 
lapse rate, which determines the bending of radio wave 
fronts. In order to compare radio transmission with 
tropospheric reflections from inversions and interfaces, 
it is, at present, necessary to do this indirectly; that is, 
to compare some surface event which is related to in 

I. 
7 G. W. Pickard and H. T. Stetson, "A study of tropospheric re-

ception at 42.8 Mc and meteorological conditions," PROC. 1.12.E., vol. 
35, pp. 1445-1450; December, 1947. 

3 T. G. Mihran, "A note on a new ionospheric-meteorological cor-
relation," PROC. I.R.E., vol. 36, pp. 1093-1096; September, 1948. 

versions. One such surface event is a prevailing wind 
from the ocean, particularly during the summer months. 
As the transmission path from Alpine to Needham runs 
NE-SW, a SE wind will reach the path most directly. 
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Fig. 1--1)istributiun of W2XMN fields around Boston mean tem-
perature rise and fall of  10°F. 80 cases, 1945 to 1948. 

In Fig. 2 are shown in full-line W2XMN fields against 
SE prevailing winds at Boston as epoch. Despite the 
imperfection of SE winds as an index of inversions, a 
clear relation with an amplitude of 15 per cent is shown. 
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Fig. 2—Distribution of W2XMN fields around Boston SE and 
NE winds. Winter and summer, 1945 to 1948. 

A less definite correlation with NE winds is shown in 
broken line. This figure is based upon all SE and NE 
winds, both summer and winter, with 61 cases of SE 
wind and 83 cases of NE wind. 
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In Fig. 3, based upon 23 cases, is shown the distribu-
tion of W2XMN fields around SE winds at Boston, 
during June, July, August, and September. Here the 
maximum is reached 1 clay after the SE wind's advent, 
and the amplitude has increased to 34 per cent, from the 
15 per cent of the preceding figure. 
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Fig. 3—Distribution of W2XIVIN fields around Boston SE u 
June, July, August, and September only. 

Having shown that a purely tropospheric transmis-
sion, at a frequency too low for duct transmission, is 
highly related to tropospheric changes in temperature 
and wind direction favorable for inversions, we next 
examine similar relations at lower frequencies. Fig. 4 
shows the field distribution of an ionosphere-supported 
transmission, W1313N1 at Chicago, operating at 780 kc, 
and received at Needham, 850 miles distant, around 
epochs of Boston mean temperature rise and fall. In 
the 1928 investigation of the same station and path, 
then at 1330 kc, it was found that the night fields from 
Chicago rose and fell with Boston temperatures; this 
figure shows the same thing. Around a temperature rise 
as epoch, the night field rose from a minimum one day 
before to a maximum on the epoch and one day after. 
The relation to a temperature fall is seen to be rather 
closely inverse, consisting of a field fall from a maximum 
one day•before to a minimum one day after the epoch. 
And from four days before to five days after the epoch, 
the curves run inversely. A portion of the temperature 
distribution around the temperature rise is shown in 
dotted line; the correlation here is r =0.8 +0.07 or a 
ratio of correlation coefficient to probable error of over 
11 

transmitter at Beltsville, Md., 373 miles distant from 
Needham. Owing to the shortness of the path from 
Beltsville to Needham, the transmission passes through 
the troposphere at a fairly high angle, which would not 
favor reflections; nevertheless, a clear correlation is 
evident for night fields. 
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In Fig. 5 is shown the distribution of W WV 5-Mc 
night fields at Needham with respect to Boston tempera-

ture rise and fall. It will be seen that the curves run in-
versely throughout, and also that the relation to Boston 
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Fig. 5— Boston mean temperature rise and fall of  10°F as epoch: 
We shall next examine transmission from W WV's  W WV-5 21-03 E.S.T., 90 and 80 cases respectively, 1945 to 1948. 
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1 
temperature is inverse, as has already been shown for 
WBBM night fields at broadcast frequencies. Again for 
comparison is shown in dotted line the distribution of 
Boston temperatures around rises; this has been moved 
one day to the right, as W WV 5-1'Ic fields lag tempera-
ture by one day. The correlation between the dotted 
and full line curves is r =0.8 + 0.1, or a ratio of correla-
tion coefficient to probable error of 8. 
In Fig. 6 is shown the distribution of W WV 5-Mc 
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Fig. 6 -Distribution of W WV-5 night fields around 
Boston SE and NE winds. 

night fields with respect to SE and NE winds. The full-
line curve is for SE winds, and reaches a maximum on 
the epoch day, whereas the NE wind distribution shows 
little correlation. Again, in view of the unfavorablc 

angle which this transmission makes with the nearly 
horizontal reflecting layers, it is perhaps surprising that 
any correlation should be shown. 
In conclusion, it may be stated that this investigation 

of the effects of meteorological changes upon the prop-
agation of radio waves from the broadcast band to FM 
frequencies has entailed an extended analysis of meas-
urements made for basic studies at the Cosmic Ter-
restrial Research Laboratory at Needham between 1945 
and 1948 of over 30,000 hourly values. Both day and 
night transmissions have been analyzed with respect to 
temperature, atmospheric refraction, including pressure 
and humidity factors, and with wind direction. 
Examination in detail of this large amount of com-

putational work has revealed that there are variations 
of from 15 to 30 per cent in mean-field values dependent 
upon meteorological conditions. -There have been in-
dividual instances where field variations as great as 2 to 
1 in ionospheric-propagated transmission have resulted 
from meteorological factors affecting the waves neces-
sarily traversing the troposphere. Investigations of con-
ditions at various points along the path indicate that it 
is the atmospheric state at the receiving end, rather 
than at the transmitting end or midpoint, that shows 
the greatest correspondence between transmission con-
ditions and the meteorological elements at the earth's 
surface. It is apparent that lack of uniformity in the 
lower atmosphere introduces variable refraction and re-
flection from inversions and air-mass interfaces. This 
causes significant effects in communication at relatively 
low frequencies. 

The Reliability of Ionospheric Height Determinations* 
LAURENCE A. MANNINGt, ASSOCIATE MEMBER, IRE 

Summary—A study is made of the uncertainties existing in de-
terminations of electron distribution based on virtual height data. 
The effect of an assumed distribution in the valley between two 
layers upon the necessary upper-layer form is investigated, and a 
method for evaluating the maximum error in height determination is 
given. 

INTRODUCTION 

IN A PREVIOUS paper' the writer has shown that analysis of ionospheric virtual height versus fre-
quency records, by a process of integral transforma-

,  * Decimal classification: R113.602.21. Original manuscript re-
ceived by the Institute, August 11, 1948; revised manuscript received, 
December 20, 1948. 
The work described in this paper has been supported in part by 

the Office of Naval Research and the Army Signal Corps. 
t Stanford University, Stanford, Calif. 
1 L. A. Manning, "The determination of ionospheric electron dis-

tribution," ['Roc. I.R.E., vol. 35, pp. 1203-1208; November, 1947. 

tion, will yield the true distribution of electrons in the 
upper atmosphere. In the course of that analysis it was 
found necessary to make a number of idealizing ap-
proximations. It is the purpose of the present paper to 
investigate the significance of the most restrictive of 
these assumptions. 
It was assumed that: 
(a) The distribution function Z(M), specifying the 

height at which an electron density M is found, is single-
valued. This condition is violated by an ionosphere of 

more than one layer. 
(b) The ionosphere is lossless, or that the electron 

collision frequency is zero. In the E layer the assumption 
is not upheld. 
(c) Geometrical optics is valid. At the top of the 

path the assumption is invalid. 
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(d) The earth's magnetic field does not affect propa-
gation. 

Assumption (b), (c), and (d) have been treated by 
Rydbeck.2.5 Assumption (a) is of greater practical im-
portance, and will be considered forthwith. 

BASIC DISTRIBUTION ANALYSIS 

As in the previous paper, the abbreviation M=KN 
will be used for electron density. It is proportional to 
the true electron density N, but has units of squared 
frequency. The function M(z) specifies the density at 
hieght z, while the inverse function Z( M)= M—'(z) 
gives the heights at which the density M is to be found. 
In terms of the distribution function M(z) it is possible 
to write the virtual height versus frequency integral ex-
pressing the experimentally measured time delays as 

z(f) =10 
z dz 

(1 _ m/f2)1/2 

where f is frequency. When only one layer maximum is 
present, M(5) is monotonically increasing, and the in-
verse function Z( M) is single-valued. Then it is possible 
to write (1) in the equivalent form: 

Z'(M)dM 
z,(f) = 

(1 _ m/f2)112 

It was shown that, in cases in which the inversion of 
M(z) is valid, the integral may also be inverted; the dis-
tribution function is then given in terms of the experi-
mentally determined virtual height versus frequency 
function by 

(1) 

(2) 

2 f  z„(ndf 
Zr( I) =  (3) 

r 0 (L.2 ___ .12)1/2 

in which Zr(f,) is the true height of penetration of a 
wave of vertical-incidence frequency fr. 

CORRECTION FOR SECOND LAYER 

Virtual-height data is not sufficient to determine the 
electron distribution at heights beyond the first layer 
maximum. Nevertheless, the integral of (3) can still be 
evaluated at frequencies higher than the first-layer 
critical frequency. From physical considerations it was 
indicated in the first paper that, when the frequency f, 
is much greater than a lower critical frequency, the error 
of assuming the representation of (2) to be possible 
must approach zero. The error which will actually result 
from applying (3) when several layers exist will now be 
investigated. 

In Fig. 1 is shown an electron-distribution curve rep-
resenting a lower layer of critical frequency fo; it shields 
a valley at heights between so and 52. At heights greater 
than z2 the electron density rises again to a higher 

O. E. H. Rydbeck, "On the propagation of radio waves," 
Chalmers Tek, Hogskol, Handl. No. 34, 158 pp.; 1944. 

3 0. E. H. Rydbeck, "Theoretical survey of the possibility of de-
termining the distribution of free electrons in the upper atmosphere," 
Chalmers Tek, Hogskol, Handl. No. 3, 74 pp.; 1942. 

maximum. Note that Z( M) is triple-valued when 
112 < M <f02. In order to apply (2) when f>fo, it is 

t2 

z '0 

0 

dens.', 
'O 

Fig, I  iiinospheric height disti ibut ion. 

necessary to break the curve up into single-valued com-
ponents Lo, L1, L2, and La, and then integrate over each 
part of the path separately. If f>fo, 

f fo' Zo'(M)dM  fo- ZI'(M)dM 
:,(f) = 

_ 31/f2p.-2  £ 12 if/ f2)" 2 

f"  M PI M  r _z3,(m)dm 
)1/2  f  ( I —  f 2)  2 ( 4) 

where LA M) is the distribution over the part of the 
curve LI, and is measured from the height 51 downwards. 
Distribution Z2(M) is also measured from the valley 
minimum. The two inner integrals represent the retar-
dation in the valley. The form of (4) shows that, for f >fo, 
the retardation is exactly the same as would be obtained 
from a new distribution Z5(.1/) defined by 

Zb(M) = Zo1.1i) +Z, M) A- Z2( if) +Z3(M.  (5) 

inasmuch as application of (2) to (5) yields just (4). 
When fl  <fo, the virtual height resulting from Zb(M) 
does not correspond to the experimental retardation, 
which is dependent on Zo( M) alone. Since Zo, Z1, Z2t 

and Z2 are all defined in such a way as to be monoton-
ically increasing and single-valued, Z6(M) is also. Fig. 2 
shows the form of the new distribution. 

0 
0 

dens 

Fig. 2- --A single-valued ionization distribution giving identical 
retardation at high frequencies as the actual distribution. 

fT 
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The new distribution gives the same retardation as 
the old distribution when f>fo, but since it is single-
valued the representation of (2), and the resultant in-
version of (3), are possible. The true height correspond-
ing to z,(Zb) is uniquely Zb. Since Zb is the same as the 
original distribution for z > z2, analysis of z(Zb) leads to 
the correct true height Z. when z>z2. To find the true 
distribution Za for 0 <z <zo, the experimental virtual 
height z,=z„(Zo) is correct. 
When f >fo, the experimental Z(Z) is equal to z.(4)• 

When f <fo, the experimental z, is z„(Zo) while the 
virtual height z(Z6) which leads to the correct upper-
layer distribution is z,(Zo-i-Zi-f-Z2). Their difference, 
z,(ZIA-Z2) =Azi, is the addition which must be applied 
to the experimental virtual-height curve before it will 
give the true distribution for z >z2. 

Zi'(M)  Z21(M)  

f = fi2 (1 _ mif2)112 
dM 

f  dz 

Z1  (1  m1/f2)1/2 

M2 -1 (12)  dz 
(6) 

• z,  (1 — M2/19)"2 

Error arises in computing the true height of the upper 
layer if the experimental data are used, because the 
virtual height in the region fi<f <fo is too small by the 
amount Az,. The magnitude of the height error can be 
ascertained by substituting Az, of (6) in (3). 

2 f f.  Az„(f)df 
= —  (7) 

f1 (fr2  f2)112 

The true height of the layer is always greater than that 
computed directly from the experimental data by the 
amount AZT. 

NATURE OF THE SINGLE-VALUED DISTRIBUTION 

When the experimental data are analyzed by applying 
(3) directly, a single-valued distribution is obtained 
which is lower than the true distribution by the error 
height AZT. Fig. 5 shows such a distribution. Now, we 
wish to show that the single-valued distribution thus ob-
tained is consistent with the experimental virtual-height 
curve, and that it is mathematically a correct solution to 
the true-height problem. 
If v(f) is the component of virtual height resulting 

from passage of the wave through the valley of the 
multiple-valued distribution, and 5Z( M) is the differ-
ence between the heights of the single- and multiple-
valued curves for M>f02, the condition that both curves 
give the same total virtual height is 

—6Z'(M)dM 11,2 (1  M 82)1/2  v(f).  (8) 

Reference to (2) shows that the integral on the left is 
the increased virtual height the single-valued distribu-

tion must give, for heights above M=102, in order to 
compensate for its lack of valley retardation. The valley 
retardation v(f) is given in terms of the valley-height 
distribution V( M)=--ZI(M)+Z2( M) by 

V'(M)dM 

= fJO  v(f ) 

h2 (1 — Ml.f2)1" 

By taking 6Z(M) and V'(f) to be zero for M less than 
fo2 and b2, respectively, the lower limits in the integrals 
of (8) and (9) may be made zero. Then, application of 
the inversion of (3) demonstrates that 

15Z(f) = h — —    
2 f  v(f)df 

(10) 
21. o (fv 2 _ f2)112 

where h is the valley width. The. above equation gives 
the height difference between a multiple-valued dis-
tribution and a single-valued distribution having the 
same virtual height. Equation (7) give the relation be-
tween a multiple-valued distribution and the single-
valued distribution obtained by analyzing directly the 
virtual height curve corresponding to the multiple-
valued distribution. If we can show that 6Z(f) =AZT(fr), 
we will have shown that the true height obtained by 
applying (3) to the experimental data is always con-
sistent with the experimental virtual height. We will 
also have shown that (6) and (7) can be used to find new 
true-height curves containing arbitrarily assumed val-
ley distributions and giving the correct virtual height, 
because the height correction AZT(f,) being added to 
the experimentally determined true height will exactly 
compensate for the assumed valley retardation by virtue 
of (8) through (10). 
To show that (7) and (10) are identical, it is first 

necessary to put (6) in (7), and (9) in (10). Remember 
that V(M)=Z2(M)+Z2( M) is the valley distribution. 
Thus, letting p=g, 

1 f  f g  V'(M)dMdg 
AZT(g,) = —7 0  ( g  M ) 1 1 2 ( g  0 1 / 2 

and 

(9) 

1 f  go  V'(M)dMdg 
SZ(g„) = h — f go 0  ( g  M ) 1 1 2 ( g .  01/2  (12) 

These integrals can be shown to be equal by changing 
the order of integration, and noting that the valley 
width h=  V'( M)dM. Both integrals then become 

AZT(g,) = OZ(g.) 

2  u.  (go  3 1 )1/2 

=  ! N M)  Si n - '    dM ,  (13) 
w o  g. — M 

and the mathematical correctness of the directly ob-
tained solution of the true height problem is demon-
strated despite the presence of more than one layer 
maximum. 
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EFFECT OF ASSUMED VALLEY DISTRIBUTIONS 

From ionospheric-sounding data it is physically im-
possible to determine the distribution of electrons in the 
valley of the true-height curve. Since the valley distribu-
tion is needed to evaluate the error heights of (6) and 
(7), or their equivalent, (13), it is not possible to cor-
rect the upper-layer distribution exactly. What can be 
done is to make a number of assumptions as to the val-
ley distribution, and then consider the resulting correc-
tions as first approximations to the true corrections, or 
as limits to•the error of the analysis. 

O  If 8 

Fig. 3—An assumed constant-density valley distribution. 

The simplest assumption about the valley is that it is 
of constant electron density M=f12, as in Fig. 3. Then 
the virtual-height correction of (6) becomes 

dz 
•  = 

L i, (1  f1282)i / 2  (1  f 12/f 2)1 / 2 

where z2--z0=h is the valley width. The error height 
AZT of (7) is now 

•  = 
2 I/o  h  df 

f, (1 _ 112/102)112 (f2 _ f2)112 

2 f 02  f 12\112 

= — h sin-'   
\f02  fi 2 

when f.>fo. If ft, <fo, AZT = 0. Note that when at the 
critical frequency, with fy= fo, the true-height correc-
tion is equal to the width of the valley. For higher fre-
quencies the error decreases, and approaches zero when 
A/fo approaches infinity. 
The true-height curve obtained by direct applica-

tion of (3) to the experimental records does not have 
discontinuous jumps in height at a critical frequency. 
The discontinuity in the true-height curve which actu-
ally exists across the valley must be obtained by adding 
the discontinuous correction factor; since the correction 
factor is zero for f <fo, and invariably equal to h at 
f =fo, application of (7) corrects for the inability of the 
single-valued analysis to cope with a multiple-valued 
situation. 

The result of (8) is useful mainly in establishing a 
limit to the error in neglecting the valley density. If it is 

(14) 

assumed that there are no electrons in the valley, fi =0, 
and AZT = (2/7)h arcsin (fo/f.). If h is assumed to be 
larger than the actual valley width, the error height of 
this assumption will be larger than the true correction, 
and a bound is placed on the inaccuracy of the upper-
layer height determination. In curve (a) of Fig. 4 is 
plotted the error height in percentage of the valley 
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Fig. 4—Height corrections computed for three 
assumed valley distributions. 

9 10 

width, as a function of the extent by which the fre-
quency exceeds the lower critical frequency. In Fig. 5 
are shown the upper-layer electron distributions which 
would result in a typical case from assuming an un-
ionized valley of various widths. The record used is that 
of Fig. 9 of the previous paper. 

fte,of  -  1,./o mete,S 

Fig. 5—An example of an electron distribution corrected for 
assumed empty valleys of various widths. 

Note that a valley width of greater than about 110 
km is impossible physically in Fig. 5, since the 111(z) 
curve would become multiple-valued. A further restric-
tion on the width of the valley may be obtained by not-
ing that the computed true height must be less than the 
virtual height, as witness (1). The true height can only 
exceed the virtual height in the physically impossible 
case in which .11(z) is multiple-valued,' and more than 
one electron density is ascribed to a given height. As 
applied to Fig. 5, this condition demands that the val-
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ley width be less than about 77 km. The first condition 
should serve as well, if it were possible to get the form 
of the curves with sufficient accuracy when M is but 
slightly greater than fo2. If we now assume the largest 
possible valley width of 77 km, and then assume the 
least possible number of electrons in the valley, the er-
ror in the computed true height of the F-layer maximum 
is only 25 km. On the basis of other assumptions as to 
valley distribution, the true height error at the F-layer 

maximum would be less. 
It is rather likely that the lower-layer ionization sud-

denly drops to zero beyond the height zo. A more rea-
sonable assumption is that the ionization drops off as the 
tail of a Chapman region; as an approximation valid 
near zo, we shall assume the density to drop off para-
bolically. Let the parabola be M=f02[1 — (z/h)2], so 
that in a width h of valley the ionization density de-
creases from fo2 to zero. Then, 

= 

1-12/102)1,2  

411  )1 

hf  fo — f 
= — — in   

2.10 fo  f 

and the error height is 

2 f° 

AZ = - -I 

J 0 

dz 

— 1o2[1 — (z/ h)2]/PI' / 

Jo — I  
In 

hf  fo  f 
df. 

2f0 (f2  f2)1 / 2 

Integrated by parts, the error height becomes 

2  1  h  r2 + 1 
AZ = — h sin-' _ _ _ (r2 _ 1)1/2 In   

7  r  7  r2 _  1 

(15) 

where r =b/fo. Equation (15) is plotted as curve (b) in 

Fig. 4. 
One other easily computed valley distribution is that 

for which the density varies linearly from zero to fo2 in a 
width h. Then AZ.= 2h P/f02, and 

1 
AZ = — It {r2 — — (r2 _ 1)1/2 

2   (16) 

where as above r =b/fo. Equation (16) is also in Fig. 4 
as curve (c). 
If it is desired, the valley may be divided into a num-

ber of regions. The first region might be parabolic and 
of width hp, the second of constant density zero and 
width ho, while the last section might be linear of width 

hi. The total correction AZT is then the sum of those 
found separately for all the sections of the valley. 
The true-height corrections which have been com-

puted provide a means of establishing limits to the 
height errors. Whenever a valley distribution is as-
sumed, and a corrected true-height curve obtained, 
analysis of this distribution function by the application 
of (1) will give the experimental virtual-height curve. 
Thus, merely on analytic grounds, the uncorrected true-
height curve is as good a solution to the problem pre-
sented by the experimental virtual-height curve as is a 
corrected curve embodying a valley. The argument in 
favor of assuming a valley distribution must be based 
either on physical reasoning as to probable layer shapes, 
or upon considerations of continuity between records 
obtained at different times of day. 
It seems worth noting that the present method of 

analysis obtains the maximum possible amount of infor-
mation from the experimental curves. All uncertainties 
in the distribution are effects of the physical situation 
and so penetrate such approximate methods of true-
height analysis as Booker and Seaton's parabolic layer-
matching process.4 

CONCLUSION 

An analysis of virtual-height records possessing criti-
cal frequencies invariably involves ambiguity with re-
spect to that portion of the electron distribution beyond 
the first layer maximum. Direct integral analysis of the 
experimental virtual-height curves determines a distri-
bution having an inflection in height versus density at 
the density corresponding to the critical frequency. The 
distribution thus found shows no valley between sepa-
rate layers, and is consistent with the experimental vir-
tual-height curves. For physical reasons, one may be-
lieve that several separate layers actually exist. It is 
then possible to find a true-height correction which 
makes the computed true height include the postulated 
valley, and yet be consistent with the virtual-height 
data. A limit on the width of an assumed valley is im-
posed when it is found that the corrected true-height 
curve is multiple-valued in electron density. By assum-
ing the. largest valley which still permits interpretation 
with a physically realizable distribution, a limit is found 
to the error in determination of upper-layer true height. 
The uncertainty found applies to any method of true-
height analysis from virtual-height data. 

H.G. Booker and S. L. Seaton, "Relation between actual and 
virtual ionospheric height," Phys. Rev., vol. 57, pp. 87-94; January, 
1940. 
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Antenna Impedance Measurement 
by Reflection Method* 

ED WIN ISTVANFFYf 

Summary—Two methods of measuring the impedance of radi-
ators are described. They are based on measurement of the power 
reflected by the radiators. These methods are particularly useful for 
finding the radiation resistance of thick half-wave dipoles. 

NUNlEROUS PAPERS published during the last 
few years relating to antenna-impedance calcu-
lations and measurements are concerned with 

determining the radiation resistance of antennas in 
which the radius of the antenna conductor cannot be 
neglected. Although recently published new methods of 
calculation give better approximations, they are not 
adequate for a dipole in which 12=2 log„ (21/a) 10, 
where 2/ and a are the length and the radius of the 
dipole, respectively, and 12 is an often-used parameter 
determined by the length-to-thickness ratio of the 
conductor. 
Impedance measurements commonly introduce dis-

continuities through coupling the dipole to the measur-
ing equipment. These difficulties may be avoided by 
placing the antenna in the beam of a directional trans-
mitter-receiver--like a radar target—and measuring 
the power reflected to the receiver. 
The amplitude of the received signal depends on the 

reflected power, and the target distance for maximum 
reflected power depends on the phase of the antenna im-
pedance. 

By varying the length of a dipole, while retaining a 
constant thickness, the resonant length for a given 
wavelength may be found from the changes in reflected 
power. 

Another check is to compare dipoles of different thick-
nesses, whose resonant lengths have been determined. If 
their resonant lengths correspond exactly, maximum re-
flection must occur at exactly the same target distances. 
When the resonant lengths of dipoles having different 

length-to-thickness ratios are determined, a comparison 
of their reflective properties from the same target dis-
tance permits the ratio of their radiation resistances to 
be calculated. 
If the field strength produced by the transmitter at 

the dipole is Et the induced voltage in the dipole is 
V=Egheff where hell is the effective length of the dipole. 
The impedance of a dipole adjusted to its resonant 
length is equal to its radiation resistance (R,) . Thus, the 
reflected power is 

Et2hett 2 
P, =   

R, (1) 

• Decimal classification: R221. Original manuscript received by 
the Institute, April 28, 1947; revised manuscript received, August 16, 
1948. 
t Standard Electric Co. Ltd., Budapest, Hungary. 

and I in ratio of Illy reflected powers for two dipoles is 

kir  } 2 Rri  

Pr'  heft ' Rr" 

The directional properties of resonant-length dipoles 
of different thicknesses show only small variations and, 
for small differences in length, 

I  /" 

f 

where I", l' is the ratio of the resonant lengths of the 
two dipoles. The ratio of resistances, as derived from 
(2) and (3), is 

= _Pr' 1" \ 2 

IC  

(2) 

(.3) 

(4) 

Although this is a comparative method, the absolute 
value of the radiation resistances may also be found, 

provided the value of one of the tested dipoles is known. 
Another method of determining radiation resistance 

is based on measured phase-angle data as a function of 
dipole length in electrical degrees. This method is not 
comparative. Using an impedance circle diagram, it is 
possible to determine the radiation resistance by plot-
ting one part of the impedance locus curve. 

1. SETUP AND TECHNIQUE 

The measurements were carried out on an athletic 
field. Horizontally polarized waves were used. Fig. 1 

Fig. 1—The setup of equipment for making 
reflection measurements. 

shows the equipment as set up for making measure-
ments. On the table are the transmitting and receiving 
parabolic reflectors, which are of similar desigr. In 
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front of the reflectors is a wooden track 2.5 meters (8.2 
feet) long and 0.5 meter (1.6 feet) high, on which a 
little wooden carriage, which carries the dipole under 
test, can be moved by strings from behind the reflectors. 
The focal line of the reflectors was 1.5 meters (4.9 feet) 
above the ground and the axis of the dipole under test 
was set in each case to this height. An indicator fixed to 
the side of the carriage and a scale on the track, marked 
at every half centimeter, enabled the target distance to 
be determined within an accuracy of about 1 millimeter 

(0.04 inch). 
A battery-operated 955 acorn triode produced an out-

put power of about 0.1 watt at a wavelength of 55.2 cm 
(540 Mc). The transmitting dipole -and its oscillator 
were placed in the focus of one of the parabolic re-
flectors, the apertures of which measured 69 by 50 cm 
(27 by 20 inches). For reducing the direct pickup by 
the receiver, the focus was 7 cm (2.75 inches) inside the 
aperture. The power gain of the reflector was 9. 
The receiving dipoles and crystal rectifier were 

mounted in the other reflector, from which two wires 
were brought out through an rf filter to a meter. The 
detector was a silicon crystal with gold electrode and 
operated as a square-law rectifier. 
Initially, a heavier carriage was used, but, even 

without a dipole, it caused significant changes in the 
meter deflection as it was moved. The structure of the 
carriage was gradually reduced to that shown in Fig. 1. 
With an initial deflection of 40 divisions on the receiving 
meter caused by direct pickup from the transmitter, a 
change of about 0.5 division or less resulted from moving 
the carriage along the track. 
Tests made with dipole-supporting structures showed 

that, for thin antennas, the use of dielectric materials 
near the dipoles, especially at the ends, tended to de-
crease the resonant length and impair the response at 
resonance. To avoid these effects, the holder, shown in 
Fig. 2, was placed at the center of the dipole. The 
dipole is lying on two 1-mm (0.04-inch) phenol fiber 
plates 10 mm (0.39-inch) apart, and is held in position 

r- by a small rubber strip. 
Some of the transmitted power picked up directly by 

the receiver and a relatively small amount reflected by 
the ground and distant objects produce an initial read-
ing on the meter. Some efforts were made at first to 
compensate for these effects, but later it was obvious 
that this was unnecessary. The direct pickup causes a 
steady field at the receiver, to which the reflected field 
from the target dipole is added and when the target is 
moved, the phase of the reflected wave rotates, causing 
phase additions and oppositions with the steady field 
and alternate maximum and minimum deflections of the 
meter. 
If the distance to the dipole target is large compared 

to that between the transmitting and receiving dipoles, 
the distance between adjacent maxima or minima is 
half the free-space wavelength. It may be shown that, 
with square-law detection, if the reflecting powers of 

two dipoles being tested are unequal, the difference in 
the meter deflections increases as the steady field be-
comes stronger. Further, there is an improvement in the 
accuracy of positioning the dipole for maximum de-
flection of the meter with increasing steady field, and 
the target-distance measurements make possible the 
calculation of the phase of the impedance. 

240 MM (9.45 
NCHE5) 

DIPOLE UNDER TEST 

RUBBER CLAMP - 

WOOD 

CHANGEABLE 
HOLDER 

25 MM (098 INCH)  U  4 MM (0.16 INCH) 

Fig. 2—The dipole support is changeable and is mounted 
at the top of the carriage. 

If a dipole is made longer than its resonant length so 
that the current lags 450 behind the voltage, this will 
cause a time lag at the receiver that may be compen-
sated for by moving the target 1/16 wavelength nearer 
to the transmitter-receiver. In this way, if the resonant 
length is known, the phase of the impedance can be de-

termined. 

2. MEASUREMENTS 

Five series of dipoles were tested; their diameters 
being 0.14, 0.48, 3, 13.6, and 40 mm (0.006, 0.019, 0.118, 
0.535, and 1.575 inches). The first two sizes were of bare 
copper wire, and a series of different lengths ranging 
from 230 to 280 mm (9 to 11 inches) were prepared. The 
3-mm dipoles were brass rods and a similar series were 
made. The dipoles of 13.6- and 40-mm diameters were 
brass tubes with 1-mm (0.04 inch) wall thickness and 
were adjustable in length. Both could be used with 

closed and open ends. 
First, the field strengths were measured along the 

track of the target. For this purpose, a tuned dipole fit-
ted with a thermocouple was placed on the holder and 
the readings on the linear scale of the meter were re-
corded for different distances. The plotted field power 
curve, which is proportional to the square of the field 
strength, is shown in Fig. 3. At a distance of 2.2 meters, 
there is a flat minimum caused by reflections from the 
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earth. From about 2 to 2.4 meters, the field power 
changes very little and, therefore, this range was con-
sidered to be most suitable for measurements. 

60 

30 

0  1.0  1.2  1.4  1.6  1.8  2 0  2 2  2 4 

DISTANCE IN METERS 

Fig. 3—The measured field-power curve along the track of the target. 
From about 2.0 to 2.4 meters, the field power is approximately 
constant and this range is most suitable for the measurements. 

Fig. 4 shows the maxima and minima of the receiver 
meter deflections when moving a 3-mm dipole of reso-

100 

120  140  160  180  200  220 

TARGET DISTANCE IN CENTIMETERS 

Fig. 4—Maximum and minimum deflections when moving a dipole 
along the track. The dotted curve is for 120 volts and the solid 
curve for 150 volts on the plate of the oscillating tube. 

240 

nant length along the track. A deflection of 41 divisions 
was obtained in the absence of a dipole. The square root 
values of the readings are proportional to the field 
strengths. 

From Fig. 4, it is evident that the distances between 
adjacent maxima and minima show some irregularities. 
The average value, however, calculated from the sum of 
the last two maxima and minima, gives accurately the 
free-space half-wavelength used (276 mm). 
Fig. 5 shows curves of the measured maximum deflec-

tions plotted against dipole lengths for different dipole 
thicknesses. The thinnest dipole gave the sharpest 

resonance curve, while the curve of the 40-mm dipole is 
so flat that the resonant length can hardly be deter-
mined from these measurements. 
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Fig. 5—Measured maximum deflections for dipoles of different 
lengths and diameters. The figures identifying the curves are the 
diameters of the dipoles in millimeters. 
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The target (list :MCC'S are plotted against dipole lengt Its 
in Fig. 6 for t he live different diameters. On the co-ordi-

0.14 

- 705 ..... 

0.48 . 
- 

: CI 
294  

-203  

-292 i 73 

-, 
a T 

HI - . 

— 

..r. ....4 

ZOO "- 

—  _ 

—  82• 

- . 13.6 

84* .11  

86' 

'N . 
90* 

92 • 

  -- 

0 

94 

96 ' 

I  

bk. 

98' — 

_ 

...„....... 

230  240  250  260  270 
LENGTH OF 0 POLE IN MILLIMETERS 

Fig. 6—The measured changes of target distances for dipoles of dif-
ferent lengths. The resonant lengths are marked with arrows. 
Actual distances are given for only one dipole thickness, 0.14 
millimeter, the remaining curves being plotted against relative distances. 

20r. 

nate scale, only target distances for the 0.14-mm dipoles 
are shown. For the other curves, only relative changes in 
distance are needed. The resonant lengths are marked 
with arrows. The inflection tangents are also drawn, giv-
ing a rough check of the correctness of the resonant 
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lengths. As may be seen, the angle of the tangents to the 
horizontal will be smaller with increasing dipole thick-

ness. 

3. COMPARISON OF REFLECTED POWER AND CALCULA-
TION OF RADIATION RESISTANCE 

To produce the highest useful deflection of the re-
ceiver meter, measurements were made at a target dis-
tance of 1.7 meters (67 inches) on the previously checked 
five resonant-length dipoles of different thicknesses. 
The results are given in Table I. For the 0.48-, 3-, and 

13.6-mm dipoles, the measured target distances are 
equal, which is a statistical proof of the correctness of 
the lengths. For the 40-mm dipole, the small difference 
in target distance was probably caused by the nonuni-
form current distribution around the surface of the di-
pole and for that reason no correction was made. 
For the 0.14-mm dipole, the somewhat uncertain re-

sults of comparison were probably caused by the fact 
that a straight position of this very thin wire could not 
be secured. For this reason, it is not included in Table I. 
For calculating the ratio of the reflected powers, the 

effect of the steady field must be eliminated. The cor-
rected values were ,calculated by 

cor =  - N/a-0)2, (5) 

in which ao was 41 divisions, the value for the steady 
field. These corrected values are also given in Table I. 
The loss resistance of the 0.48-mm dipole must not be 

neglected in these comparisons. Calculations showed 
that the reflected power decreases by about 2 per cent as 
a result of the. loss resistance. Therefore, the ratios of 
radiation resistance calculated with (4) must be multi-
plied by 1.02. These ratios are included in Table I. 

TABLE I 

Diameter of dipole in millimeters 
Diameter of dipole in inches 
Resonant length in millimeters 
Target distance in centimeters 

Dipole length    
Free-space half wavelength 

Maximum receiver meter deflection 
Corrected meter deflection, without 
steady 604 

Ratio of resistances 
Radiation resistance based on 63 
ohms for 3-millimeter dipole 

*With closed ends. 

0.48  3  13.6*  40* 
0.019  0.118  0.535  1.575 

265  257  244  229 
171.4  171.4  171.4  171.6 

0.96  0.931  0.885  0.83 
96.5  97.5  98  98.5 

11.7  12.0  12.25  12.4 
1  0.935  0.828  0.72 

67.5  63  35.8  48.5 

To obtain numerical values of radiation resistance, 
use was made of one of the values of radiation resistances, 
determined by the phase method, dealt with in Section 
4. The 3-mm dipole was chosen as its radiation resist-
ance of 63 ohms was one of the most reliable values 
found, being only slightly influenced by the limitations 
of the measurement methods. The radiation resistances 
for the other dipoles were calculated from this value and 
the ratios, and are given in the last line of the table. 

4. CALCULATION OF ANTENNA IMPEDANCE 
FROM PHASE MEASUREMENTS 

To calculate antenna impedance from phase measure-
ments, an impedance circle diagram was prepared in 
chart units' as shown in Fig. 7. This represents an en-
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Fig. 7-Impedance locus curves plotted on an impedance 
circle diagram in chart units. 

largement of only a small part of the usual diagram. 
The horizontal distances from the origin are equal to 
the resistive components, and the vertical distances to 
the reactive components of the impedances in chart 
units, i.e., the unit of the chart is the characteristic im-
pedance of the line. The constant ck circles correspond to 
the lengths of the line in electrical degrees; cp =90° rep-

resents the resonant length of a dipole. 
As an example, let us take the diagram of the 3-mm 

dipole. In Fig. 6, the resonant length was 257 mm, which 
is equal to 90 electrical degrees. Thus 1° corresponds to 
2.8 mm change in length. Fig. 6 gives values from 82 to 
98° for this dipole. The vertical distances, measured 
from the target distance of the resonant-length dipole, 
are proportional to the phase angles of the impedances. 
Half the free-space wavelength, i.e., 276 mm, corre-
sponds to 360°, thus 1 mm on the vertical scale is equal 
to 1.3° of phase angle. For ct. =96°, AD = -23 mm, 
which corresponds to 23X1.3 = +30° of phase angle. If 
we draw a line with a slope of 30° from the origin, then 
the intersection with the ck = 96° circle will give one point 

of the impedance spiral diagram. 
A number of points are marked on Fig. 7 for dipoles of 

different thicknesses. The irregularities in some points 
indicate the presence of some disturbing effects, which 
seem to be greatest for the thinnest dipoles and when 
they are tuned off resonance. 

Massachusetts Institute of Technology, Radar School Staff, 
"Principles of Radar," McGraw-Hill Book Co., New York, N. Y., 
1946; chap. 8, P. 58. 
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The radiation resistance at resonant length is ob-
tained at the intersection of the impedance locus curve 
and the X=0 abscissa. It is customary to call this read-
ing the "standing-wave ratio." Multiplying this value 
by the calculated characteristic impedance of the 
resonant-length dipole, we get the radiation resistance at 
the resonant length. The results are given in Table II, 
where the calculated values of the characteristic im-
pedance and the parameter ft are also tabulated. The 
radiation resistances of the first two dipoles could not be 
determined with certainty. 

TABLE II 
- - -  - 
Diameter of dipole in millimeters 
Diameter of dipole in inches 
11-2 log. (21/s) 
Characteristic impedance of res-
onant length dipole in B. Zk 

Standing-wave ratio from Fig. 7 
Radiation resistances at reso-
nant lengths 

Radiation resistances at reso-
nant lengths without loss 

0.14 
0.006 
16.2 

830 
0.092 

76* 

73.5* 

0.48  3 
0.019  0.118 
13.8  10.2 

678 
0.10/ 

72.5* 

71.8* 

456 
0.138 

63 

63 

- 

13.6  14° 
0.535  1.575 
7.15  i 4.87 

269 
0.2 

53.9 

53.9 

* The position of these curves was somewhat uncertain. 

130 
0.35 

45.5 

45.5 

Comparing these values with those of Table I, it may 
be seen that the agreement is fair enough, although two 
quite different methods have been used. The somewhat 
greater values for the thickest dipoles, as measured by 
the amplitude method, could probably be explained by 
the small change in directional characteristics of the 
dipoles of shorter length. 
Some data for dipoles of varying-length-to-thickness 

tt =2 log„ (21/a) 

TABLE 111 2.3 

16.2  I 13.8 10.2 7.15  4.87 

Hallen-Bowkamp, 1.t order 
Hallen-Bowkamp. 2" ,order 
Gray, modified, Pt. 2°° order 
King- Middleton, ltt order 
King-Middleton. 2" order 
Schelkunoff 

63.1 
68.7 
69.7 
69.2 
70.85 
66.7 

61.54 
66.5 
69.2 
68.1 
70.82 
65.2 

58 
60.4 
67.3 
65 
70.77 
61.4 

Measurements 
Amplitude 
Phase 

67.5  63  55.8  48.5 
63  53.9  45.5 

2 D. Middleton and R. King, "The thin cylindrical antenna: a 
comparison of theories," Jour. Appl. Phys., vol. 17, pp. 273-284; 
April, 1946. 

S. A. Schelkunoff, "Electromagnetic Waves," fourth edition, 
D. Van Nostrand Company, New York, N. Y., October, 1945; p.464. 

ratio, calculated by different theories and also measured 
by the described methods, are given in Table III. 
For 12= 10.2, best agreement with measured values 

is obtained with calculations based on the Schelkunoff 
and Ring-Middleton first-order formulas. 
For the same (filmic, some other measured and cal-

culated ytitles may bc compared. For the free-space 
half-way dipole, the measured impedance values ac-
cording to Fig. 7 are: R =82 ohms, X =53 ohms, and 
piktsc angle =32.5°. According to Schelkunolf, these 
vAtics are: R=75 ohms, X = 45 ohms, and phase 
angle = 31°. The King-Middleton second order gives: 

R=.88 ohms „V =42.5 ohms, and phase angle =25.8°. 
The measured resonant length of this dipole was less 
by 0.095 radian than 7r 2, if 7r/2 corresponds to the free-
space half-wavelength. According to the Schelkunoff 
and King-Middleton second-order calculations, this 
value was 0.094 radian. 

For El <10, unfort unately, no data were available for 
comparison. 

Measurements made with open-ended tubes for the 
13.6- and the 40-mm dipoles showed no practical dif-
ferences in resonant lengths and in reflected powers. 

4.1 Limilations 

The slight effect of the carriage and probable small 
changes in earth reflections when moving the target 
may cause some irregularities in the steady field and in 
the meter deflections, especially for thin and detuned 
dipoles. This was substantiated by irregularities ob-
served between adjacent maxima and minima when 
moving the target. Deviations in the impedance locus 
curves may result. Further, difficulties in obtaining ac-
curately straight positions of thin wires made the equip-
ment most suit al& for determining the impedances of 
relatively thick dipoles. For the thickest dipoles, changes 
in target distance versus dipole length were small, and 
the accuracy of setting limited the results. With the 
amplitude method of comparing reflected powers, the 
effect of these factors was reduced. 

During measurements, the anode voltage was main-
tained at 160 ±0.2 volts, and the crystal detector proved 
to be very stable. The accuracy of the wavelength meas-
urements was about +1 mm. 

CORRECTION 

The following errors have been brought to the atten-
tion of the editors by a communication from Leon Rieb-
man, author of the paper, "Theory of the superregenera-
tive amplifier," which appeared on pages 29-34 of the 
January, 1949, issue of the PROCEEDINGS OF THE 
I.R.E. 

In equations (2) and (4) the limits on the integral 
elgAr Pat  should be r, not r. 

On page 30, under definitions of symbols, 
ty (not 1,) =duration of decay phaie 
tr+ts =in (not to) 

GR(t)=G(ti, ti-FID), not G(titi-f-tp)• 
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Measured Impedance of Vertical Antennas Over 
Finite Ground Planes* 

A. S. MEIERt AND W . P. SUMMERS , ASSOCIATE, IRE 

Summary—An investigation was made to obtain some funda-
mental information concerning the relation of the impedance of a 
vertical antenna over a finite ground plane as a function of the size 
and shape of the ground plane when dimensions of the ground plane 
are relatively small in terms of wavelength. It was found that the 
input impedance is a damped oscillating function of wavelength and 
ground-plane dimensions, the impedance of a circular ground 
plane varying from +5 to +20 per cent. Similar variations were 
observed on a square ground plane, which were approximately 50 
per cent of those of the circular ground plane except when the di-
mensions of the ground plane ,were small. In general, it was found 
that the impedance is quite critical with respect to the size and shape 
of the ground plane, and relatively independent of the thickness of 

the antenna. 
Measurements were made at microwaves by a modified Chipman 

method capable of measuring small differences in antenna imped-
ance. Recent emphasis on improved microwave measurement tech-
niques led to the investigation of the merits of the Chipman method 

as compared to those of the more conventional slotted-line standing-
wave method. Although the two methods are shown to be closely 
related from a theoretical viewpoint, practical mechanical and elec-
trical limitations are encountered which dictate preference of method 

entirely dependent on the application. 

I. INTRODUCTION 

I
N MEASURING experimentally the impedance of 
unbalanced antennas, it is the general practice, in 
many cases, to select arbitrarily a ground plane of 

convenient dimensions, the size and shape being dic-
tated solely by practical considerations. A great many 
impedance problems involve unbalanced antenna sys-
tems for which practical ground planes cannot be con-
structed conveniently in excess of five or six wave-
lengths, and there is little information in the literature 
to guide the investigator in determining the relation 
between the antenna input impedance and ground-plane 
configuration. The investigation covered in Section II of 
this paper was undertaken with a view toward provid-
ing some much needed basic information on simple 
ground-plane structures to determine the antenna im-
pedance as a function of the size and shape of the 
ground plane when the dimensions of the ground plane 
are relatively small in terms of wavelength. 
The method of measurement is discussed in Section 

III. The equipment and techniques of measurement 
were developed for scale-model antenna measurements 
at microwaves, with particular emphasis on a high 
order of accuracy and a wide range of impedance. 

* Decimal classification: R221 X R244.21. Original manuscript re-
ceived by the Institute, June 1, 1948; revised manuscript received, r September 29, 1948. Presented, 1948 IRE National Convention, New 
York, N. Y., March 22, 1948. The basic development of microwave 
measuring equipment and techniques was undertaken at the direction 
of the Army Air Forces, Wright Field, Dayton, Ohio, under War De-
partment Contract 33-038ac13493. 
t Sargent and Co., New Haven, Conn. 
: Aeronautical Research Laboratory, Ohio State University, Co-

lumbus, Ohio. 

II. ANTENNA IMPEDANCE OVER FINITE GROUND PLANES 

Antenna impedance measurements were made on 
circular and square ground planes varying in dimen-
sions from 1.7 to 6.1 wavelengths. Two antennas, a 
"thick" antenna 0.0258X in diameter and a "thin" an-
tenna 0.0060X in diameter, were measured at a fixed 
frequency and were varied in length from 0.163X to 
0.529X. The actual wavelength used was 12.28 cm. De-
tails of the antenna and ground-plane mountings are 

shown in Fig. 1. 
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Fig. 1—Antenna and ground-plane mounting, Chipman coaxial 
measuring line and associated components. 

A polystyrene bead was used to support the antenna, 
as shown in Fig. 1. In calculating the antenna im-

pedance at the base of the antenna, the measured im-
pedance was transformed through the polystyrene sec-
tion which was treated as a uniform length of trans-
mission line having a characteristic impedance of 41.5 
ohms and an electrical length of 22.13°. The character-
istic impedance of the measuring line was 66.0 ohms. 
Any error introduced by the polystyrene section does 
not necessarily invalidate results, since the basic ground-
plane investigation involves only variations of imped-

ance. 
Measurements were made with the antenna and 

ground plane projecting through a second-floor window, 
with the ground plane located approximately two wave-
lengths beyond the outside wall of a brick building. 

Circular Ground Planes 

Initial measurements were made with the 0.0060X-
diameter antenna on three circular ground planes of 
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widely varying size in order to determine the approxi-
mate magnitude of impedance variation. The measured 
impedances are shown in Fig. 2. In Fig. 2 it will be 
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Fig. 2-Antenna impedance as a function of antenna length L for 
three circular ground planes of varying diameter D. 

noted that the impedance of the antenna of the 6.11X-
diameter ground plane falls within the values of the 
impedance of the 1.22X- and 3.66X-diameter ground 
planes which suggests, as would be expected, that the 
variation in impedance is an oscillating function of 
wavelength and ground-plane diameter. The magnitude 
of the impedance variation for the three arbitrarily 
chosen ground planes is somewhat larger than was first 
anticipated. It was observed that a considerable varia-
tion exists; the resonant resistance varies between 33 
and 43 ohms, the antiresonant resistance varies between 
545 and 700 ohms, and the maximum reactance values 
vary between +185 to +265 ohms and -335 to -435 
ohms. 

Figs. 3 and 4 show the results of measurements of 
the two antennas over ground planes varying from 1.7X 
to 3.5X in diameter. The results indicate comparable 
amplitudes of oscillation for both "thick" and "thin" 
antennas and a noticeable damping of oscillation as the 
ground plane increases in size. Rather large magnitudes 
of variation are evident which indicate that the antenna 
impedance is very critical with respect to the ground-
plane dimensions. 
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tennas for ground-plane diameters D varying from 1.7 to 3.5X. 
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Measurements were next extended to a ground-plane 
diameter of six wavelengths in increments of 2 cm for 
both "thick" and "thin" antennas. Two antenna lengths 
were chosen which approximated resonant and anti-
resonant antenna lengths. The results of these meas-
urements are shown in Figs. 5 and 6. The variations in 
resistance amount to approximately +5 to + 15 per cent 
and comparable variations in reactance exist except 
when the reactance approaches zero and the percentage 
variation thus becomes meaningless. 

Square Ground Planes 

Measurements of impedance were made on square 
ground planes, the same two antenna lengths of both 
"thick" and "thin" antennas being used so that a direct 
comparison could be made with the circular ground 
planes shown in Figs. 5 and 6. The results of the square 
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Fig. 5 ---Circular ground plane—Impedance of 0.0258X-diameter 
antennas extended to 6X-diameter ground plane. 

ground-plane measurements are shown in Figs. 7 and 8. 
The results indicate comparable amplitudes of oscilla-
tion for both "thick" and "thin" antennas and a gradual 
damping of oscillation as the ground-plane increases in 
size. The larger variations in impedance occur for the 

ir smaller ground-plane sizes, increasing rapidly when the 
lateral dimensions of the ground planes are less than 
2.5X. 
The amplitudes of oscillation of the square ground 

planes are considerably less than those of the circular 
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Fig. 6—Circular ground plane—Impedance of 0.0060X-diameter 
antennas extended to 6X-diameter ground plane. 
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ground planes, and the damping of oscillation is more 
rapid. In general, the variations in impedance are ap-
proximately 50 per cent of the variations of the circular 
ground planes except when the dimensions of the 
ground planes are small. 
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Difficulty was experienced with the measuring equip-
ment when the square ground-plane measurements were 
taken. Deterioration of contact occurred due to exces-
sive wear of the fingers of the movable shorting plunger. 
Measurements were further complicated at this point 
by the oscillator tube giving out, causing fluctuations in 
the output voltage. Measurements of the square ground 
planes were repeated using a new oscillator tube which 
was adjusted as close to the original frequency as the 
cavity adjustment permitted, and temporary repairs 
were made to the contact fingers in order to complete 
the investigation. After repeating data, it was found that 
the contact difficulty had not been entirely corrected, so 
that the curves of Figs. 7 and 8 were finally plotted 
from composite data of the two sets of measurements. 
This accounts for some of the irregularities in the data. 

III. METHOD OF MEASUREMENT 

A modified Chipman' method was used to measure 
the impedance of the antennas discussed in Section II. 

R. A. Chipman, "A resonance curve method for the absolute 
measurement of impedance at frequencies of the order of 300 Mc," 
Jour. App!. Phys., vol. 10, pp. 27-38; January, 1939. 

The Chipman methods has not been used extensively at 
microwaves, so that a discussion of the application is 
given in the following analysis, which differs from the 
original Chipman paper in that the derivation is made 
to afford a direct comparison with the more conven-
tional standing-wave slotted-line method. 
Fig. 1 shows the arrangement of the measuring sys-

tem. The measuring line consists of a coaxial line fitted 
with an adjustable shorting plunger containing a very 
small detecting loop. The line is excited near the load 
end of the line by means of a voltage probe coupled to 
the generator. The actuating screw which drives the 
plunger is connected to a vernier system graduated to 
1/10,000 cm. As in the standing-wave slotted-line 
method, two quantities determine the unknown load 
impedance: (1) the magnitude of the "standing-wave 
ratio" of current through the shorting plunger as the 
electrical length of the measuring line is changed by 
movement of the plunger, and (2) the position of this 
simulated "standing-wave" on the transmission line. 

Chipman Method 

Consideration is given to the ideal case, in which it is 
assumed that the measuring line is lossless and the gen-
erator impedance is zero. 

zo Esi R.,  1,1 ] Zs 

 Iz -

Fig. 9— Generalized transmission line for computing the equivalent 
standing wave due to the load and plunger impedance, Chipman 
method. 

Referring to Fig. 9, the complex load impedance Z L 

is transformed to a real impedance RL' through an ap-
propriate length of transmission line l, and, similarly, 
the shorting plunger and receiver impedance Z. is trans-
formed to a real impedance R,' through a corresponding 
length of line /2. 

Considering the voltage relation in terms of real ini-
pedances, 

F,' = 1 I'RL'  cos ill  jZo sin tid  (1) 

1, 
=  R,') cos 

Z O 

Let 

j(Z02 RL'R,') sin Oa  ( 2) 

and 
R,'  1 

= _ , 
70 p, 

PL representing the mismatch between the load im-
pedance and the transmission line alone and p. that due 
to the mismatch of the plunger impedance and line. 
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t. Then 

1 TI 2 _ 

12 

ZO2 ±  ( 1  1 ) (  1 1 —  ) 
2 Pt  Ps  Pt  P." 

From (3), when pL> 1 and p.>1,11.112 is maximum 
when sin2131= 0 (i.e., when /=nX/2), and 11.112 is mini-
mum when 5in2 131=1 (i.e., when / = (2n —1)X/4). 

1. max PLP. ± 1 

IL' !min =  P°  =  Pt + P. 

where p0 is the apparent "standing-wave ratio" of 
rent measured directly on the line. From (4), 

PoP. — 1  Zo 
PL =  = — 

P.  Po  Rt' 

The terms pi, and P. represent standing-wave ratios 
associated with the load- and plunger-impedance mis-
matches to the transmission line, respectively. 
It will be noted that (4), expressed in terms of reflec-

tion coefficients, reduces to 

K01 = Kr, • I IC, 

where 

IKl= 
P  1 

p + 1 

(4) 

cur-

(5) 

2 I m ax 

1 I. 12 — 

sin? 011 

(3) 

( 1 + -1  ) (1 - 1- ) sin2 /3/ 
2  2 Pt  Pa   • (8) 

/1  ')2 

Pt  P. 

Then, 

(C  1)(PL + P.)2 = (pL 2 _ 1)(p.2 _  sin2 tn. (9) 

Solving for PL in (9), 

where 

Since 
(6) 

Equation (4), in terms of reflection coefficients, cor-
responds to Chipman's original derivation: 

Imax 1 ±  K L • K. 
=  = 

j_t KL1 K.1 
(7) 

Determination of high standing-wave ratios by direct 
measurement of current maxima and minima as in (4) 
and (7) is usually limited by the range of the galvanom-
eter, especially when a square-law detector is used. 
High standing-wave ratios, however, may be measured 
more accurately by determining the current distribution 
near a maximum-current position. 
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Fig. 10—Configuration for determination of the equivalent standing-
wave ratio by determining the current distribution near a current 
maximum position, Chipman method. 

Referring to Fig. 10, I WI „,„.2 will be reduced to 
...VC by moving the shorting plunger a distance 

d from the current maximum position. Then, from (3), 

Pt = 
PO, — 1 

P. — Po 

V C — 1 
Po =    + 1. 

sin2 131 

1 = 1„,„„ — d = nX/2 — d, 

1V  2(C — 1) =    +1. 
Po   — cos 219d 

(10) 

Using the transmission-line equation to find the un-
known load impedance ZL, 

1  RI,'  ZL  jZo tan 1311 
— =  = 

Zo  Zo  jZL tan 13/1 

From Fig. 10. 

tan (3/1 = tan 13(10 —  = tan No.  (13) 

Solving for ZL from (12) and (13), 

pi,Z0(1 + tan' /3/0) 

tan2 f1/0 

(1 — p L2)Zo tan No 
j —  -  • (14) 

pL2 tan2/3/0 

The quantity p. maybe determined from short-cin lilt 

measurements by use of (4), and once p. and po 
known, (14) may be directly applied to determine 
unknown load impedance ZL. 

Standing- Wave Method 

The standing-wave slotted-line method of impedance 
measurement consists of a fixed length of transmission 
line terminated in a load impedance ZL, the generator 

ZI =  RI, +  i Y 

(12) 

are 
the 
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being tightly coupled to the line. A traveling detector 
measures the voltage or current distribution along the 
line from which the unknown impedance ZL is calcu-
lated. " 
The complex load impedance ZL of Fig. 11 is trans-

formed to a real impedance RL' through an appropriate 
length of transmission line /1. Considering, then, the 
voltage relationship in terms of real impedances, 

E = L' [R L' cos 131  jZo sin /31].  (15) 

Then, 

I El' = I I L'1 2[R L'' cos' 0/ + Z02 sin' /31].  (16) 

Let 

RL'  1 

Zo  PL 

Then 

1  (  1 I El 2 = 1  IL'IV o - - + 1 — -- sins )91].  (17) 
LPL  PL/ 

Thus, when pL>l, 1E1 2 is maximum when sin 0/ = 1, 
(i.e., when / =1min ± X/4 = (2n —1)X/4), and I El' is mini-
mum when sin2 131=0 (i.e., when /=/,„;„ = nX/2). 

1. Measured SW R 

2. SWR corrected for Attenuation 

Then 

PL = 
2(C —1) 

+1. 
1 — cos 2/3d 

June 

(20) 

Equations (12) through (14) are directly applicable 
for calculating the unknown impedance ZL, once PL and 
/0 are known. 
It will be noted that the Chipman and standing-wave 

methods are theoretically similar except for the intro-
duction of the plunger impedance in the circuit. For low 
standing-wave ratios (when p,>> p L) the plunger im-
pedance has negligible effect as shown in Fig. 12 and the 
determination of impedance of the unknown, when 
assuming p,= x , is exactly that of the standing-wave 
method. 

Effect of Attenuation 

In the previous analysis, it is assumed that the 
measuring line is lossless. In a very few instances, it 
may be correctly assumed that the errors due to attenua-
tion are negligible and in most cases, especially at 
microwaves and even at very low frequencies where 
high standing-wave ratios are encountered, attenuation 
corrections are of prime importance for accurate meas-
urements. Simple corrections for attenuation may be 
made by correcting the directly measured values by the 
following relations: 

Lossless Case  Attenuated Case 

1V  2(C — 1)  I/   2(C — 1) 
Po =   +1  P. =  + 1 

— cos 2gd  1 — cos 20d 
P. — alo 

Po  
1 — pc,a10 

1 El,„„.  Zo 
1 Elmio = PL = —  • RL'  (18) 

As before, high standing-wave ratios may be readily 
measured by determining the voltage distribution near 
a voltage minimum instead of direct measurement of 
voltage maxima and minima as in (18). Referring to 
Fig. 11, I El 0.;02 will be increased to Cl 4,0;02 by mov-
ing the traveling detector a distance d from a voltage 
minimum position. Then 

I E1 2 

I E Imin 2 

Since /=/rni„—d=nX/2 —d, (19) reduces to 

= C = (pL2 — 1) sin2 + I.  (19) 

2 R. W. P. King, H. R. Mimno, and A. H. Wing, "Transmission 
Lines, Antennas and Wave Guides," McGraw-Hill Book Co., New 
York, N. Y., 1945; pp. 36-41. 
3 F. J. Gaffney, "Microwave measurements and test equipments," 

PROC. I.R.E., vol. 34, pp. 775-780; October, 1946. 
4 R. F. Lewis, "Measurements in the uhf spectrum," Electronics, 

vol. 15, pp. 63-68; April, 1942. 
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Fig. 11—Generalized transmission line for computing the standing-
wave ratio by measurements about a voltage minimum, stand-
ing-wave method. 

The relative magnitudes of the attenuation correction 
are shown in Fig. 12. The above formulas may be 
rigorously 'developed by assuming tanh al al and 
ad2--_'0, which are well within the experimental error of a 
well-designed measuring system. The term a is defined 
by the usual relation  =a--j/3 where  is the propaga-
tion constant and a and /3 the attenuation and phase 
constants of the measuring line. 

In the Chipman method, the measured plunger-im-
pedance mismatch must be corrected for attenuation. 
Although a may be determined within an experimental 
error of 5 per cent, applying this correction to the 
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plunger-impedance mismatch p. results in a much larger 
error in pa. For the measuring line used in Section II, the 
value of p, corrected for attenuation was found to be of 
the order of 600 to 1 within an error of approximately 20 
per cent. However, when p.>>pL as in the case of the 
antennas measured in Section II, very accurate meas-
urements are obtained in spite of the apparently large 

error in p,. 
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Fig. 12—Effects of attenuation and plunger impedance, 
Chipman method. 

Careful consideration of the attenuation effect is 
essential in the calibration of the detecting system. 

r- Usually, a direct calibration is made on short circuit 
which is accurate only within certain limitations. In 
the Chipman method, a direct calibration may be made 
'providing sin /31>>1/ ()A-al. In the measuring line used 
in Section II, a direct calibration can be made only in 
the range 14° <131<  166° in order to satisfy this relation 
without exceeding an error of 1/10 per cent in power. 
Thus, it is essential to make a direct calibration more 
than 14° away from a current maximum position. The 
same condition •applies to the standing-wave method 
for the condition sin fil>>al. 

Effect of Coupling Impedances 

In the theory it was assumed that the generator im-
pedance in the Chipman method is zero. This is not 
rigorous since, obviously, it is necessary to introduce a 
discontinuity in the electromagnetic field in order to ex-
cite the measuring system. Attempts have been made to 

analyze the effect of the probe6 in connection with dis-
crepancies observed in slotted-line measurements by 
the standing-wave method. Rather than attempt cor-
rections of the effect of the probe, satisfactory results 
have been obtained by minimizing the effect of the volt-
age probe by extremely loose coupling, so that only 
negligible error exists in neglecting the probe im-
pedance. In practical measurements, this error can be 
made small enough so that it does not exceed other 
inherent errors of the system. Two precautions are 
necessary: (1) considerable power must be used, so that 
only very small penetrations of the probe are required, 
and (2) the probe must be inserted in a region of low 
electric field. These are rather stringent requirements, 
since small penetrations in a region of low electric field 
result in very inefficient coupling, requiring consider-
able generator power and a very sensitive detecting 
system. 
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Fig. 13—Measured and theoretical impedance of a 1i-wavelength 
short-circuited transmission line, Chipman method. 

In the Chipman method, the effect of coupling to the 
detecting system must be given equal consideration. 
Favorable results may be obtained by using an ex-
tremely small coupling loop at the shorting plunger. 

5 William Altar, P. B. Marshall, and L. P. Hunter, "Probe error 
in standing-wave detectors," PRoc. IR E., vol. 34, pp. 33P-44P; 
January, 1946. 
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This loop must be small enough so that the impedance 
introduced by the plunger and detector will approximate 
a very nearly ideal short circuit in order to achieve a 
maximum range of measurable load impedance with 
minimum effect of tuning of the detecting system. 
A check of the accuracy of the measuring system used 

in Section II was made by measuring the apparent input 
impedance of a 1i-wavelength short-circuited trans-
mission line. The input impedance is of such magnitude 
that standing-wave ratios of 180 to 1 are involved. 
The probe was located at a distance two wavelengths 
from the short circuit, at a voltage minimum point, and 
adequate excitation was obtained with a small penetra-
tion when using a klystron oscillator with an output 
power of the order of two watts. The results of these 
measurements shown in Fig. 13 indicate the validity of 
neglecting the probe impedance for standing-wave ratios 
.of practical significance. These measurements also show 
that the measuring system is capable of a relatively 
high order of accuracy in terms of absolute measure-
ment of impedance. 

General Limitations 
• 

The previous analysis indicated that the Chipman 
and standing-wave methods of impedance measure-
ment are comparable from a theoretical standpoint. 
Physical realization of the measuring systems bring 
about practical electrical and mechanical limitations 
which dictate preference of method entirely dependent 
upon the particular application. 

Fig. 14—Photograph of Chipman measuring 
line and associated components. 

In the standing-wave method, very close machining 
tolerances must be maintained in the cross-sectional di-
mensions in both conductor and probe spacings. If vari-

ations exist in the sp,i( ing of the traveling probe with 
respect to either conductor of the measuring line, ran-
dom variations in measured voltage will occur which 
cannot be compensated for by any simple procedure. 
This necessitates extremely accurate machining, which 
is difficult and expensive. (Fig. 14.) 
Although the Chipman measuring line requires con-

siderably less machining precision than that required 
in the standing-wave method, it is felt that the ma-
jor difficulty encountered with the Chipman line is 
caused by the sliding contact of the movable shorting 
plunger. Considerable difficulty was experienced in 
maintaining uniform contact over a period of time, since 
the contact fingers of the movable shorting plunger de-
teriorated with wear, requiring replacement of the 
plunger and subsequent need for recalibrating the meas-
uring system. On the other hand, it is felt that the Chip-
man method has a distinct advantage at microwave fre-
quencies, since a longitudinal slot is not necessary in the 
outer conductor. 
Although very loose coupling of the detecting system 

is required in the standing-wave method, the generator 
may be tightly coupled to the measuring line which per-
mits use of easily available low-power oscillators in con-
junction with a sensitive detecting system. In the Chip-
man method, loose coupling of both generator and de-
tector requires considerably greater generator power, 
which is not generally available over wide ranges of fre-
quency, especially in the microwave region. 
As previously pointed out, accurate measurements by 

the Chipman method may be made when pa>>pL, p, and 
PL being the standing-wave ratios associated with the 
plunger- and load-impedance mismatches, respectively. 
With the present measuring line operating at a wave-

length of 10 cm, p.C4f-600, which indicates that very good 
accuracy can be obtained when pr, <50, i.e., when pi, is 
relatively small compared to p,. Fairly good measure-
ments may be made to values of pL= 200, as shown by 
the results of Fig. 13, but poor results on an absolute 
basis are obtained for higher values when PL and P. are 
comparable in magnitude. This indicates that the Chip-
man method is not particularly adaptable to the meas-
urement of extremely high standing-wave ratios. 
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Some Properties of Radiation from 
Rectangular Waveguides* 

J. T. BOLLJAHNt, ASSOCIATE, IRE 

Summary—Certain exact relationships between the radiation 
pattern and impedance characteristics of a radiating rectangular 
waveguide with vanishingly thin walls are developed. In particular, 
it is shown that the ratio of radiation intensities in certain preferred 
directions and the power gain in these directions are related in a sim-
ple manner to the reflection coefficient inside the waveguide. Al-
though the information obtained is restricted in the sense that it 
applies to only a few discrete points on the radiation pattern, it is 
quite general as regards the manner in which the waveguide is 
broken or perforated to allow radiation. The results are shown to 
apply equally well if conducting sheets, having arbitrary shapes but 
lying on specified planes, are present in the vicinity of the radiating 

waveguide. 

I. INTRODUCTION 

T IS POSSIBLE to write various free-space solu-
tions to Maxwell's equations in which there appear 
"null planes" or planes having no tangential com-

ponent of electric field. It is readily shown that thin con-
ducting sheets may be inserted into the null planes of 
such a field without affecting the validity of the solution. 
The conducting sheets may, of course, coincide with all 
or any parts of the null planes. It follows that many well-
known solutions to simple radiation problems are, at the 
same time, solutions to a variety of diffraction problems 
involving conducting sheets whose dimensions are com-
pletely arbitrary. 
The problems which may be solved by simply insert-

ing conducting sheets into the null planes of a known 
field are usually of little importance in themselves. In 
some cases, such as those discussed below, however, so-
lutions obtained in this fashion may be used in con-
junction with the principles of superposition and rec-
iprocity to obtain more information than can be ex-
tracted from these general principles alone. 

r-  II. CONSTRUCTION OF THE FIELDS FOR THE 
WAVEGUIDE PROBLEM 

Consider two dipole sources a and b (Fig. 1) which are 
polarized in the z direction and which have their centers 
in the plane z =0 at points symmetrical about the y axis. 
If the distance r is large compared with the wavelength, 
the fields in the vicinity of the origin due to a and b may 
be approximated by plane waves with directions of 
propagation making angles of r +00 and 7r —00 with the 
y axis, respectively. If the two sources are fed with sig-
nals of equal amplitude and phase, the resultant elec-
tric field in the vicinity of the origin calculated on the 

1 

" Decimal classification: R118.1. Original manuscript received 
by the Institute, September 13, 1948; revised manuscript received, 
January 3, 1949. Presented, 1949 IRE National Convention, New 
York, N. Y., March 7, 1949. The research described in this report 
was made possible through support extended by the U. S. Bureau of 
Ships, Contract NObsr-39401. 

University of California, Berkeley, Calif. 

basis of the plane-wave approximation is readily shown 

to be 
Ez = 2E0 cos (kx sin 00)e jklicos60 (1) 

where the time factor eica has been omitted, k =27r/X, 
and E0 is the rms amplitude of the field at the origin due 
to either source (rationalized mks units are employed 
throughout the discussion). We will be concerned with 
the case r = co , so that the plane-wave approximation 
becomes exact, and (1) is valid for all finite values of 

x, y, and z. 

Z axis 
out ol 
paper 

Fig. 1 

It is seen that the electric field vanishes along planes 
which are parallel to the plane x=0 and which occur at 
values of x= + nX/4 sin 00, where n may have odd in-
tegral values. In addition, it is noted that any plane 
parallel to the plane z = 0 has no tangential component 
of electric field. Thin conducting sheets may now be lo-
cated so that they coincide with parts of these null planes 
without changing the solution given by (1). 

b<4 

A  
d = 2 SIN G° 

Fig. 2 

We will consider in detail a configuration of conduct-
ing sheets which consists in part of a rectangular wave-
guide whose walls fit into the field as specified (Fig. 2). 
Only the case in which the waveguide is cut off for all 
modes except the TE01 will he considered. This restric-



O14  PROCEEDINGS OF THE I.R.E. June 

being tightly coupled to the line. A traveling detector 
measures the voltage or current distribution along the 
line from which the unknown impedance ZL is calcu-
lated. " 
The complex load impedance Z1. of Fig. 11 is trans-

formed to a real impedance RL' through an appropriate 
length of transmission line l. Considering, then, the 
voltage relationship in terms of real impedances, 

E = I L'[RL' cos IV  jZo sin 131].  (15) 

"1. hen, 

E1 2 = 1 IL:1 2[RJ," cos' t31  Z02 sin' #11.  (16) 

Let 

Ril  1 

Zo  PL 

'Hien 

1 
E1 2 =  L' I2Z 02[ — + (1 — 

P1.2 
p1L2 ) sin2 t1/].  (17) 

Thus, when pL >1, 1E12  is maximum when sine ill= 1, 
(i.e., when 1  ± X/4 = (2n —1)X/4), and I El 2 is mini-
mum when sin' /31=0 (i.e., when 1=1,„;„ = nX/2). 

1. Measured SW R 

2. S1VR corrected for Attenuation 

Then 

I El,„„„  Zo 
  = I PL = —  • Elm,.  R 

1/  2(C — 1) 
P L = / 

1 — cos 2ild + 1. 
(20) 

Equations (12) through (14) are directly applicable 
for calculating the unknown impedance ZL, once PL and 
/0 are known. 
It will be noted that the Chipman and standing-wave 

mei hods are theoretically similar except for the intro-
duction of the plunger impedance in the circuit. For low 
standing-wave ratios (when p,>>pL) the plunger im-
pedance has negligible effect as shown in Fig. 12 and the 
determination of impedance of the unknown, when 
assuming p,=  , is exactly that of the standing-wave 
method. 

Effect of Attenuation 

In the previous analysis, it is assumed that the 
measuring line is lossless. In a very few instances, it 
may be correctly assumed that the errors due to attenua-
tion are negligible and in most cases, especially at 
microwaves and even at very low frequencies where 
high standing-wave ratios are encountered, attenuation 
corrections are of prime importance for accurate meas-
urements. Simple corrections for attenuation may be 
made by correcting the directly measured values by the 
following relations: 

Lossless Case  Attenuated Case 

4/ 2(C — 1) 
Po =    + 1 

1 — cos 20 

(18) 

As before, high standing-wave ratios may be readily 
measured by determining the voltage distribution near 
a voltage minimum instead of direct measurement of 
voltage maxima and minima as in (18). Referring to 

Fig. 11 , 1E1,,,i." will be increased to CI El ,„t,,2 by mov-
ing the traveling detector a distance d from a voltage 
minimum position. Then 

1 El l 
- = C = (pL2 — 1) sin2 )9/ + 1.  (19) 
E 

Since / = /mt. —d = nX/2 —d, (19) reduces to 

2 R. W. 1'. King, H. R. Minmo, and A. H. Wing, "Transmission 
Lines, Antennas and Wave Guides," McGraw-Hill Book Co., New 
York, N. Y., 1945; pp. 36-41. 
' F. J. Gaffney, "Microwave measurements and test equipments," 

PROC. 1.R.E., vol. 34, pp. 775-780; October, 1946. 
R. F. Lewis, "Measurements in the uhf spectrum," Electronics, 

vol. 15, pp. 63-68; April, 1942. 

Po = I/  2(C — 1) 
 + 1 
1— cos 213d 
a/o 

Po 
1 p.odo 

11•0  it 

Fig. 11-- -Generalized transmission line for computing the standing-
wave ratio by measurements about a voltage minimum, stand-
ing-wave method. 

I. 

The relative magnitudes of the attenuation correction 
are shown in Fig. 12. The above formulas may be 
rigorously -developed by assuming tanh  and 
ad-,--"t0, which are well within the experimental error of a 
well-designed measuring system. The term a is defined 
by the usual relation 7 =a+ jt3 where 1, is the propaga-
tion constant and a and )5' the attenuation and phase 
constants of the measuring line. 

In the Chipman method, the measured plunger-im-
pedance mismatch must be corrected for attenuation. 
Although a may be determined within an experimental 
error of 5 per cent, applying this correction to the 

1 
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plunger-impedance mismatch p. results in a much larger 
error in p1. For the measuring line used in Section II, the 
value of p. corrected for attenuation was found to be of 
the order of 600 to 1 within an error of approximately 20 
per cent. However, when 1:),>>pi, as in the case of the 
antennas measured in Section II, very accurate meas-
urements are obtained in spite of the apparently large 

error in P.. 
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Fig. 12—Effects of attenuation and plunger impedance, 
Chipman method. 

Careful consideration of the attenuation effect is 
essential in the calibration of the detecting system. 
Usually, a direct calibration is made on short circuit 
which is accurate only within certain limitations. In 
the Chipman method, a direct calibration may be made 
'providing sin 131>>1/13,-Fal. In the measuring line used 
in Section II, a direct calibration can be made only in 
the range 14° 0/ <166° in order to satisfy this relation 
without exceeding an error of 1/10 per cent in power. 
Thus, it is essential to make a direct calibration more 
than 14° away from a current maximum position. The 
same condition •applies to the standing-wave method 
for the condition sin Ol>>al. 

Effect of Coupling Impedances 

In the theory it was assumed that the generator im-
pedance in the Chipman method is zero. This is not 
rigorous since, obviously, it is necessary to introduce a 
discontinuity in the electromagnetic field in order to ex-
cite the measuring system. Attempts have been made to 

analyze the effect of the probe' in connection with dis-
crepancies observed in slotted-line measurements by 
the standing-wave method. Rather than attempt cor-
rections of the effect of the probe, satisfactory results 
have been obtained by minimizing the effect of the volt-
age probe by extremely loose coupling, so that only 
negligible error exists in neglecting the probe im-
pedance. In practical measurements, this error can be 
made small enough so that it does not exceed other 
inherent errors of the system. Two precautions are 
necessary: (1) considerable power must be used, so that 
only very small penetrations of the probe are required, 
and (2) the probe must be inserted in a region of low 
electric field. These are rather stringent requirements, 
since small penetrations in a region of low electric field 
result in very inefficient coupling, requiring consider-
able generator power and a vei-y sensitive detecting 

system. 
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13—Measured and theoretical impedance of a 1i-wavelength 
short-circuited transmission line, Chipman method. 

In the Chipman method, the effect of coupling to the 
detecting system must be given equal consideration. 
Favorable results may be obtained by using an ex-
tremely small coupling loop at the shorting plunger. 

6 William Altar, P. B. Marshall, and L. P. Hunter, "Probe error 
in standing-wave detectors," PROC. I.R.E., vol. 34, pp. 33P-44P; 
January, 1946. 
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This loop must be small enough so that the impedance 
introduced by the plunger and detector will approximate 
a very nearly ideal short circuit in order to achieve a 
maximum range of measurable load impedance with 
minimum effect of tuning of the detecting system. 
A check of the accuracy of the measuring system used 

in Section II was made by measuring the apparent input 
impedance of a 1i-wavelength short-circuited trans-
mission line. The input impedance is of such magnitude 
that standing-wave ratios of 180 to 1 are involved. 
The probe was located at a distance two wavelengths 
from the short circuit, at a voltage minimum point, and 
adequate excitation was obtained with a small penetra-
tion when using a klystron oscillator with an output 
power of the order of two watts. The results of these 
measurements shown in Fig. 13 indicate the validity of 
neglecting the probe impedance for standing-wave ratios 
.of practical significance. These measurements also show 
that the measuring system is capable of a relatively 
high order of accuracy in terms of absolute measure-
ment of impedance. 

General Limitations 

The previous analysis indicated that the Chipman 
and standing-wave methods of impedance measure-
ment are comparable from a theoretical standpoint. 
Physical realization of the measuring systems bring 
about practical electrical and mechanical limitations 
which dictate preference of method entirely dependent 
upon the particular application. 

Fig. 14—Photograph of Chipman measuring 
line and associated components. 

In the standing-wave method, very close machining 
tolerances must be maintained in the cross-sectional di-
mensions in both conductor and probe spacings. If vari-

ations exist in the spacing of the traveling probe with 
respect to either conductor of the measuring line, ran-
dom variations in measured voltage will occur which 
cannot be compensated for by any simple procedure. 
This necessitates extremely accurate machining, which 
is difficult and expensive. (Fig. 14.) 
Although the Chipman measuring line requires con-

siderably less machining precision than that required 
in the standing-wave method, it is felt that the ma-
jor difficulty encountered with the Chipman line is 
caused by the sliding contact of the movable shorting 
plunger. Considerable difficulty was experienced in 
maintaining uniform contact over a period of time, since 
the contact fingers of the movable shorting plunger de-
teriorated with wear, requiring replacement of the 
plunger and subsequent need for recalibrating the meas-
uring system. On the other hand, it is felt that the Chip-
man method has a distinct advantage at microwave fre-
quencies, since a longitudinal slot is not necessary in the 
outer conductor. 
Although very loose coupling of the detecting system 

is required in the standing-wave method, the generator 
may be tightly coupled to the measuring line which per-
mits use of easily available low-power oscillators in con-
junction with a sensitive detecting system. In the Chip-
man method, loose coupling of both generator and de-
tector requires considerably greater generator power, 
which is not generally available over wide ranges of fre-
quency, especially in the microwave region. 
As previously pointed out, accurate measurements by 

the Chipman method may be made when pa>>pr., Pa and 
PL being the standing-wave ratios associated with the 
plunger- and load-impedance mismatches, respectively. 
With the present measuring line operating at a wave-
length 01 10 cm, p,L-4600, which indicates that very good 
accuracy can be obtained when pi,<50, i.e., when pi, is 
relatively small compared to p,. Fairly good measure-
ments may be made to values of pi,= 200, as shown by 
the results of Fig. 13, but poor results on an absolute 

basis are obtained for higher values when pi, and p, are 
comparable in magnitude. This indicates that the Chip-
man method is not particularly adaptable to the meas-
urement of extremely high standing-wave ratios. 
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Some Properties of Radiation from 

Rectangular Waveguides* 
J. T. BOLLJAHNt, ASSOCIATE, IRE 

I. 

Summary —Certain exact relationships between the radiation 
pattern and impedance characteristics of a radiating rectangular 

waveguide with vanishingly thin walls are developed. In particular, 
it is shown that the ratio of radiation intensities in certain preferred 
directions and the power gain in these directions are related in a sim-
ple manner to the reflection coefficient inside the waveguide. Al-
though the information obtained is restricted in the sense that it 
applies to only a few discrete points on the radiation pattern, it is 

quite general as regards the manner in which the waveguide is 
broken or perforated to allow radiation. The results are shown to 
apply equally well if conducting sheets, having arbitrary shapes but 
lying on specified planes, are present in the vicinity of the radiating 

waveguide. 

I INTRODUCTION 

I
T IS POSSIBLE to write various free-space solu-
tions to Maxwell's equations in which there appear 
"null planes" or planes having no tangential com-

ponent of electric field. It is readily shown that thin con-
ducting sheets may be inserted into the null planes of 
such a field without affecting the validity of the solution. 
The conducting sheets may, of course, coincide with all 
or any parts of the null planes. It follows that many well-
known solutions to simple radiation problems are, at the 
same time, solutions to a variety of diffraction problems 
involving conducting sheets whose dimensions are com-
pletely arbitrary. 
The problems which may be solved by simply insert-

ing conducting sheets into the null planes of a known 
field are usually of little importance in themselves. In 
some cases, such as those discussed below, however, so-
lutions obtained in this fashion may be used in con-
junction with the principles of superposition and rec-
iprocity to obtain more information than can be ex-
tracted from these general principles alone. 

II. CONSTRUCTION OF THE FIELDS FOR THE 
WAVEGUIDE PROBLEM 

Consider two dipole sources a and b (Fig. 1) which are 
polarized in the z direction and which have their centers 
in the plane z =0 at points symmetrical about they axis. 
If the distance r is large compared with the wavelength, 
the fields in the vicinity of the origin due to a and b may 
be approximated by plane waves with directions of 
propagation making angles of r +00 and r —00 with the 
y axis, respectively. If the two sources are fed with sig-
nals of equal amplitude and phase, the resultant elec-
tric field in the vicinity of the origin calculated on the 

" Decimal classification: R118.1. Original manuscript received 
by the Institute, September 13, 1948; revised manuscript received, 
January 3, 1949. Presented, 1949 IRE National Convention, New 
York, N. Y., March 7, 1949. The research described in this report 
was made possible through support extended by the U. S. Bureau of 
Ships, Contract NObsr-39401. 

University of California, Berkeley, Calif. 

basis of the plane-wave approximation is readily shown 

to be 
Ez = 2E0 cos (kx sin 00)eikYe."0  (I) 

where the time factor ei" has been omitted, k = 2rA, 
and .E0 is the rms amplitude of the field at the origin due 
to either source (rationalized mks units are employed 
throughout the discussion). We will be concerned with 
the case r = co , so that the plane-wave approximation 
becomes exact, and (1) is valid for all finite values of 

x, y, and z. 

Z axis 
out of 
paper 

Fig. 1 

It is seen that the electric field vanishes along planes 
which are parallel to the plane x = 0 and which occur at 
values of x = + nX/4 sin 00, where n may have odd in-
tegral values. In addition, it is noted that any plane 
parallel to the plane z = 0 has no tangential component 
of electric field. Thin conducting sheets may now be lo-
cated so that they coincide with parts of these null planes 
without changing the solution given by (1). 

We will consider in detail a configuration of conduct-
ing sheets which consists in part of a rectangular wave-
guide whose walls fit into the field as specified (Fig. 2). 
Only the case in which the waveguide is cut off for all 
modes except the TEnt will he considered. This restric-
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don specifies that the "narrow" faces of the waveguide 
lie along two adjacent null planes and that 00>300.  This 
value of 00 corresponds to cutoff conditions for the 1'E02 
mode. We will specify, further, the form of the wave-
guide to be considered by stating that all four of its 
boundary walls are continuous for all points to the left 
of the origin (i.e. for y <0). For y >0 on the other hand, 
the waveguide walls may extend any desired distance 
and may be arbitrarily separated or perforated as long 
as the conducting portions remain in the appropriate 
null planes. There may be present, in addition, any num-
ber of conducting sheets occupying any portions of the 
other null planes. Fig. 3 shows some examples of allowa-

(a) 

(b)  d 

(c) 

Fig. 3 

(d) 

ble systems. The waveguide and its array of appropri-
ately located conducting sheets may now be regarded as 
a receiving antenna receiving signals simultaneously 
from the two sources a and b and feeding them into the 
infinitely long waveguide to the left of the origin. Al-
though the procedure followed in the foregoing steps 
fixed the angle 00 simply by the choice of location of the 
two sources, we are ultimately interested in the radia-
tion properties of a waveguide with given dimensions at 
a specified frequency. For this reason, 00 should be con-
sidered as a dependent rather than an independent vari-
able (i.e. 00 =sin-i(X/2d))• 

III. GAIN CALCULATIONS 

If one of the two sources is removed, the problem is no 
longer a simple one for which the solution is the same 
with or without conductors. To find the fields in this 
case would require the solution of a boundary-value 
problem of considerable difficulty even for the simplest 
configurations included in the general description above. 
By virtue of the restriction that the waveguide will 
propagate only the TEN mode, however, we may at 
least write the form of the electric field for points inside 
the continuous portion of the waveguide which are suf-
ficiently far removed from the origin that all the higher-
order modes are essentially damped out. The electric 
field in a TEN wave traveling to the left is of exactly the 
same form as the field given by (1) so we may write for 
the field due to source a alone 

= h„Eo cos (kx sin 00)e1'mr"*0.  (2) 

The complex factor of proportionality h relates the am-
plitude and phase of the 7'EN wave inside the wave-
guide (referred to the origin) to the field E0 which would 
be produced at the origin by source a if all the conduc-
tors were absent. Similarly, for the field due to source b 
alone, 

Eb =  hb E0 COS (kx sin 00)eikv‘."400.  (3) 

Since, by the principle of superposition, the SU in of 
these must equal the field E. given by (1) it follows that 

h„  hb = 2.  (4) 

In the case of the general configuration of conductors, 
subject only to the conditions outlined above, we can 
proceed on simple grounds no further than (4). There are, 
however, two special classes of antennas contained 
within the scope of this general configuration which are 
of considerable interest and which allow additional de-
velopment. These are: 
(i) Systems having physical symmetry about the 

plane x=0. For this class, it follows immediately that 

Ii,, = 'lb = 1. (5) 

(ii) Systems for which it is known from measurements 
or from other considerations that either ha or hb=zero. 
This would be the case if the z component of the radia-
tion pattern were zero in the direction of one of the two 
sources (such as would be expected, for example, with 
the antenna shown in Fig. 3(c)). For antennas of this 
type 

Ii,, = 2 

'lb = 0. 
(6) 

Proceeding with class (i) antennas, we may substitute 
from (5) into (2) and (3) to get 

E. = Eb =  E0 cos (kx sin 00)eik0con00. (7) 

Either of the sources thus produces a TEN wave travel-
ing to the left of the form given by (7). The power ab-
stracted from the incident field due to either source by 
the receiving antenna may now be calculated using the 
well-known expressions developed by integrating the 
Poynting vector over a cross section of the waveguide.i.2 
This calculation yields 

= 

Eo2b 

277 

where n = Voo/e0, b and d are the transverse dimensions 
of the waveguide and the subscript 00 indicates that a 

S. A. Schelkunoff, "Electromagnetic Waves," D. Van Nostrand 
Co., Inc., New York, N. Y., 1943. 

'S. Ramo and J. R. Whinnery, "Fields and Waves in Modern 
Radio," John Wiley and Sons, New York, N. Y., 1944. 

( X )2 

2d 
(8) 
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line connecting the origin and the distant source makes 
this angle with the waveguide axis. 
One of the fundamental parameters characterizing the 

operation of an antenna is the receiving cross section.3 
This quantity is defined for a receiving antenna upon 
which a plane wave is incident by the equation 

E02 
A —= P'  (9) 

where 
A = receiving cross section 
Eo = amplitude of electric field in incident wave (rms) 
P' =available power, or power deliyered to a termina-

tion which provides a conjugate match to the 
antenna impedance. 

The receiving antenna may be represented by an 
equivalent circuit (Fig. 4) in which the waveguide is 
replaced by a transmission line and the antenna im-
pedance or equivalent generator impedance is specified 
in terms of the reflection coefficient ro (referred to plane 
y = 0) which would be present on the waveguide if the 

Fig. 4 

antenna system were transmitting. The conditions 
under which P00 was calculated correspond to the case 
ZL =Zo in the equivalent circuit. A straightforward an-
alysis of the circuit shows that this value of power is 
related to the available power by the expression 

Peo 
Pao' = 1  (10) 

— 1 ro 12 

Combining (8), (9), and (10) yields for this antenna 

bdi / 1 — (—)2 
2d 

A 0„ =   • 
2(1 —I ro 12) 

It is of interest to note that the numerator of this ex-
pression is the projected area of a cross section of the 
waveguide on a wave front of the incident plane wave. 
The receiving cross section is related to the power gain 

through a simple factor of proportionality* 

4r 
G = — A  (12) 

X2 

where G is the power gain over an isotropic radiator in 
the direction from which the incident plane wave arrives 
to give the corresponding value of A. Combining (11) 

3 H. D. Friis and W. D. Lewis, "Radar antennas," Bell Sys. Tech. 
Jour., vol. 26, pp. 219-318; April, 1947. 

and (12), we obtain the expression 

2rbi V 1— /X\2 
2(1 ) 

Goo =   (13) 
x2(1 _I ro  12) 

which gives the gain of the symmetrical antenna in the 
direction 00 in terms of the physical dimensions of the 
waveguide and the reflection coefficient in the waveguide 
when the system is operating as a transmitting an-

tenna. 
For class (ii) antennas, a similar analysis using (6) in-

stead of (5) yields 

8rbd4/1 — ( )2 
2d 

Go, =   x2(1  I 1,012) 

It should be remarked that (13) and (14) apply only 
to the z components of electric field in the appropriate 
directions 00. Symmetry arguments show that there will 
be only a z component of electric field produced by an-
tennas having physical symmetry about the plane z=0. 
but that, in general, there may be x and y components 

also. 
These relationships have been developed for the ideal-

ized problem of antennas being fed through waveguides 
of infinite length. At this point, it is of interest to con-
sider briefly the manner in which the results would be 
modified in the more practical case involving a wave-
guide of finite length. If, in the receiving case with 
both sources operating, the waveguide were closed with 
a conducting plate a finite distance to the left of the 
origin and a matched termination were placed inside the 
waveguide near the closed end, the TEN waves inside 
the remaining portion of the waveguide could still travel 
only to the left. The form of the fields on the outside of 
the waveguide, on the other hand, would have to be 
modified by a correction term to account for the diffrac-
tion of the incident waves about the clos2d end. The 
main part of this correction term would take the form 
of a perturbation field spreading out from the location 
of the closed end. The amount by which the amplitude 
of the TEN wave inside the waveguide would be changed 
from the value calculated above, would depend on the 
amount by which this perturbation field modified the 
fields in the vicinity of the open part of the waveguide. 
It is reasonable to assume that this modification could 
be made negligibly small by moving the closed end suffi-
ciently far from the origin. It is thus concluded that the 
results calculated above should apply to practical sys-
tems with long waveguides, but no attempt is made to 
specify limits in numerical terms. 

(14) 

IV. SOME ADDITIONAL PROPERTIES 

Consider, now, a configuration of conductors meeting 
the requirements of the general case given above, but 
with the sources moved to positions c and d (Fig. 5). 
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As before, the waveguide is continuous to the left of the 
origin, but in this case, it extends only a finite distance 
to the left, ending in an open termination. Proceeding as 
before, the total electric field in this problem is shown to 
be 

E, = 2E0 cos (kx sin 00)e-ikv.0.00.  (15) 

Inside the waveguide, this field constitutes a TE01 wave 
moving to the right. 

Fig. 5 

We will now close the left end of the waveguide with 
a shorting plate and place a matched termination inside 
the waveguide near this end. In addition, we will install 
a source of energy near this terminated end and adjust 
its amplitude and phase so that its direct wave (travel-
ing to the right in the waveguide) is of exactly the form 
given by (15). Since the incident waves from sources c 
and d and the incident TE01 wave reach the antenna 
end of the waveguide with the same relative amplitudes 
and phase as they had when the remote end of the wave-
guide was open (neglecting the perturbation field as dis-
cussed in the preceding section) it follows that (15) still 
gives the electric field both inside and outside the wave-
guide. This field may be interpreted as the superposition 
of the individual fields due to the two external sources c 
and d and the source inside the waveguide. 
The TEN waves excited in the waveguide by the ex-

ternal sources can travel only to the left since energy 
can enter the waveguide only at the antenna end, and 
the matched termination precludes the possibility of 
reflected waves being set up. The fields due to these 
sources, therefore, are of the form 

E. = hrE0 cos (kx sin 00)e1kue0 00,.  (16) 

Ed =  hd E0 cos (kx sin 00)e1kvc054.  (17) 

The internal source, on the other hand, will produce 
waves in both directions, a direct wave traveling to the 
right and a reflected wave traveling to the left. Desig-
nating these fields by the subscript e we have 

E. = 2E0 cos (kx sin MI  roe-i-ikyc000l (18) 

where the reflection coefficient 1'0 is again referred to 
the plane y=0. Equation the sum E.-I-Ed+E. to the 
field E, given by (15) leads to the condition 

h.  hd + 21'0 = 0.  (19) 

Solving for l'o and replacing the numerical factor 2 by 
its equivalent from (4) yields 

he  hd 
l'o = —  --- 

h„ 

June 

(20) 

The h's have been introduced as constants of the re-
ceiving antenna. A simple application of reciprocity al-
lows (20) to be re-stated in terms of the distant fields 
produced by the waveguide antenna when transmitting. 
Thus 

ro = 
E.  Esd 

E,„  Esb 

where the fields E, are measured (in amplitude and 
phase) at the points previously occupied by the distant 
sources. For class (i) antennas, (21) reduces to 

10= — 

Thus a measurement of the reflection coefficient inside 
the waveguide specifies the ratio of the radiation fields 
in these directions. 

Combining the information in (22) with that in (13) 
allows evaluation of the gain in the direction of point c. 

(21) 

Gr-00 = 

A2( 1 -,- -  — 1 

1 1'01 2 

EZS 

hrbl V 1 — — 
/  ( x )2 

2d 

(22) 

(23) 

V. APPLICATION TO ANOTHER TYPE OF 
WAVEGUIDE ANTENNA 

Returning now to free-space conditions, let us con-
sider the fields produced when all four sources, a, b, c, 
and d are operating simultaneously. If the common 
phase of c and d differs from that of a and b by r, the 
total electric field may be written as the field given by 
(1) minus that given by (15) 

E, = j4E0 cos (kx sin Bo) sin (ky cos 0o)•  (24) 

This field has the same null planes as the fields considered 
previously plus another set occurring at the planes 

mX 

2 cos Bo 

where m may have integral values (including zero). 
We will again consider antennas fed by a single wave-

guide of finite length with continuous walls to the left 
of the origin. A few examples of configurations fitting 
into this system of null planes are shown in Fig. 6. 
In this case, the left end of the waveguide may be 

closed with a shorting plate without the appearance of 
correction terms in the equations for the fields, pro-
vided the plate is located on one of the new set of null 
planes. 

It is of interest to note, in passing,' that the null 
planes now available allow the construction of com-
pletely closed systems such as that shown in Fig. 6(d). 
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For such systems, the outside fields must still be given 
by (24), but the inside region is completely isolated from 
the external sources, and hence the fields in this region 
are no longer related to the outside fields. If a hole of 
any size is cut anywhere in the conducting boundary, 
however, it may be argued that since (24) is a solution, 
it is the only solution and is valid in both regions. 

IrI 

_3%:/ 

(c) 

Fig. 6 

(d) 

) 

Returning to the antenna problem, it is seen that the 
waves inside the waveguide now consist of one TE01 
wave traveling to the right and another of equal ampli-
tude traveling to the left with relative phases such that 
cancellation occurs at y =0. This condition is not altered 
if we again place a matched termination and a source of 
energy in the waveguide near the left end with the 
amplitude and phase of the source adjusted so that its 
direct wave (traveling right) is of the proper form (i.e. 
the negative of (15)). The wave components present in 
this case are summarized in the diagram of Fig. 7. The 

no E0 

hb E0 

- E0 

-he En 
- 2 ro E0 

Hg. 7 

2E0 

only wave traveling to the right is the direct wave due 
to the internal source since all components entering at 
the antenna end are absorbed in the matched termina-
tion at the left end. Since the total field must vanish for 
v = 0 in accordance with (24), we have the result 

ha + ho— h, — hd = 2(1 + 1'0).  (25) 

For systems whose radiation patterns have zeros in 
the direction of sources c and d such as might be the 
case, for example, with the antenna of Fig. 6(a), (25) 
is simplified in that It, and hd are both zero. If, in addi-
tion, the antenna is of the symmetrical type (class (i)), 
(25) reduces to 

ha = ho = 1 -I- ro.  (26) 

Proceeding as in the previous gain calculation we obtain 

21 1  12rod, V1 — (L)2 

=   (27) 
X2(1 — I F012) 

In this case, both the magnitude and phase of ro must 
be known in order to evaluate Geo. The reflection coeffi-
cient is again referred to the plane y=0 which is auto-
matically fixed in a physical system as the location of 
one of the conducting sheets normal to the axis of the 
waveguide (or a parallel plane spaced ni)*/2 cos 00 from 
such a conducting sheet). For antennas having radia-
tion-pattern zeros in three of the four directions of 
interest so that h0= =hd =0  6(b)), the gain in 
the remaining direction becomes 

8 1 1 + r, 12/1.bd14/1 — (-
2d 

Go.=   (28) 
X2(1 _I F0 12) 

VI. CONCLUSIONS 

Quantitative relationships between the pattern and 
impedance characteristics of various types of waveguide-
excited radiators have been established. The results 
obtained are exact only for systems employing ideal 
conductors of the type assumed in the analysis. It ap-
pears justified, however, to conclude that these results 
will be good approximations for practical systems using 
good conductors whose thickness is small compared with 
the dimensions of the openings in the waveguide. 
Slotted-waveguide radiators (Fig. 3(b)) would not meet 
this requirement, in general, since the slot width in such 
antennas is ordinarily comparable with the wall thick-
ness. The system shown in Fig. 6(a), on the other hand, 
meets the requirements quite well. In this case, the ends 
of the waveguide walls simply form part of the large 
sheet in which the waveguide terminates, so the "open-
ing" in the system has the dimensions of this transverse 
sheet. It is believed that antennas of this type and of the 
type shown in Fig. 6(b) might find application as gain 
standards. Some development work on standard-gain 
antennas employing these principles will be undertaken 
at this laboratory in the near future. 
Certain properties of the radiation patterns and the 

radiation resistance of loop and dipole elements near 
flat-plate and corner reflectors may be deduced by a 
procedure similar to that used above. 
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A Note on Filter-Type Traveling- Wave Amplifiers* 
J. R. PIERCEt, FELLOW, IRE, AND NELSON WANT 

Summary—A small-signal analysis of systems in which an elec-
tron beam interacts with a circuit composed of discrete filter elements 
is given here. The effects of a line beam interacting with a series of 
gaps, which are capacitive elements of a filter structure, are calcu-
lated, and it is shown that an admittance can be introduced which 
arises from the presence of the electrons. This admittance is in 
parallel with the gap capacitance, and thus will alter the propagation 
factor of the filter circuit. It is shown that traveling-wave solutions 
exist for the combination of electron beam and filter circuit, and that 
there is a solution which has a positive real part, indicating that gain 
will be exhibited. 

RAVELING-WAVE amplifiers with high efficien-
cies and large gains might be obtained if one could 
increase greatly the impedance of the helices used; 

unfortunately, the practicable range of helix impedance 
is relatively small, and one is thus led to a consideration 
of different kinds of circuits. This note presents the re-
sults of a small-signal analysis of iterated structures 
coupled to an electron beam; it is shown that traveling-
wave solutions exist for such systems, and that the gain 
of the system will increase with increasing circuit im-
pedance.' The main disadvantage in using filter-type cir-
cuits of high impedance, rather than helices, would be 
the narrower bandwidths of the former. 
The system to be considered is shown in Fig. 1. A 

source of electromagnetic energy (not shown in the fig-
ure) is delivering power to a load, which terminates the 
lossless circuit in its characteristic impedance. The di-
rection of propagation of energy is to the right, when the 
electrons are absent; i.e., the group velocity of the "un-
disturbed circuit wave" is positive. The average motion 
of the electrons is to the right; the electron stream is 
coupled capacitively to the circuit only at the gaps 
shown, which are similar capacitors in corresponding 
branches of every filter section. 
The following assumptions and restrictions hold 

throughout this work: 
1. Space-charge effects are neglected. 
2. The differences of potential are never more than a 

few kilovolts, and, therefore, the magnetic effects of the 
moving electrons may be ignored. 
3. The time taken for an electron to cross any of the 

gaps is small compared with the period of the ac oscilla-
tions. 

4. The ac components of voltage, current, etc., are 
so small compared to their dc values that products and 
squares of ac quantities may be neglected. 

• Decimal classification: R138 X R339.2. Original manuscript re-
ceived by the Institute, August 4, 1948; revised manuscript received, 
December 22, 1948. 
t Bell Telephone Laboratories, Inc., New York, N. Y. 
University of Illinois, Urbana, Ill. 

' Some similar work is to be found in Andre Blanc-Laprene and 
Pierre Sapostelle, "Contribution a L'Etude des Amplifications a 
Ondes Progressives," Ann. de Telecommunications, vol. 1, no. 12, pp. 
283-302; December, 1946. 

Notation: Circuit quantities will be in upper-case let-
ters, those for the electron stream in lower-case letters. 
(lc quantities will have the subscript zero, and ac quan-
tities (with the factor et  omitted) will have the sub-
scripts appropriate to the gap considered. 
Units: Mks units are used. 
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Fig. I—A schematic representation of the system 
considered is shown here. 

Let v5 be the ac component of velocity of an electron 
just before it crosses the n" gap, and V„ the ac voltage 
across the n" gap. Then v.+, will be related to vn and 
by' 

v. +1 = [v. +, - 1.„1 ( 1 ) 

where 

= the ratio of the charge of the electron to its mass 
uo = the average electron velocity 
M= the modulation coefficient 
0= the transit angle,' j=  1 
e= 2.718. . . . 
If a traveling-wave solution exists, then 

= vner,  (2) 

with similar equations for the other ac quantities;  is 
the propagation factor of the system. 
The ac component of the convection current at the 

(n + 1)st gap, in +l, is given, in terms of in, by' 

= iner = [i„ —  (  no — +  ---- 1",,)  (3) 
uo  - 

v„ 

• 
where io is the dc convection current. 

The ac component of velocity, v„, may be eliminated 
from (1), (2), and (3); then one obtains 

in= —   (4) 
21"0 (er-4-j° — 1)2 

with the dc voltage 170=742/2n. 

2.1. R. Pierce and W. G. Shepherd. "Reflex oscillators," Bell 
Sys. Tech. Jour., vol. 26, pp. 460-681; July, 1947. 

j0,11i01.„  C11 j8 
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The convection current i„ will induce a current 
—Min in the circuit. One may thus introduce an admit-
tance, ye, which arises from the presence of the elec-

trons, 

Ye = 
Mi„  j0i0M2 e1'+0 

In 2V0 (e1'+0 — 1)2 
(5) 

is in parallel with the gap admittance, and is small com-

pared to it. 
Let the propagation factor for the filter, within the 

pass band, be  when there are no electrons present. 
Then 

I"2 
cosh (-0) = 1 + 2y,  (6) 

where II and 12 are the admittances of the series and 
shunt arms of the filter section, respectively. 
One defines the function F(y) by 

Or 

I2(Ye) 
F(ye) = 

2171 

F(Ye) = 
2171(Ye) 

12 

small. This assumption is not necessary, though it is 
convenient, and the exact equations are given in the 
Appendix. 
Equation (10) then becomes 

y 4 

[cos (20 — 0) + cos 0]+ 7' sin (20 — 
4 

—72 [cos 0 + 2 cos 0 — 3 cos (20 — 0)1 
2 

+ 27 sin 0[1 — cos (0 — 0)1 = j0DF'(0).  (11) 

The approximations cosh -y 1 +72/2, sinh  have 

been used. 
The nature of the roots of (11) is dependent on the 

function F'(0). Two cases are considered: (a) the series 
arm, or (b) the shunt arm of the filter is the gap capaci-

tance. 
For case (a) 

F(Ye) = 
2(17 e) 

12 

(7)  with 

where the admittance ye has been added to the gap ad-
mittance appropriately, in either the shunt or series 
arm of the filter, respectively. The parentheses indicate 
functional dependence. 
One may expand F(ye) in a Maclaurin series and ob-

tain 

F(ye) = F(0) + F'(0)ye-1-- • • •  (8) 

where F(0) = Y2/2171, F'(0) etc., depend on the circuit 
used. Two simple examples of it are given below. The 
primes denote differentiation with respect to ye. 
The propagation factor of the system (circuit plus 

electron stream) is given by 

cosh r = 1 + F(ye).  (9) 

One obtains 

er+ie 
cosh r — cos = jODF1(0)   

(e1"-i° — 1)2 
10) 

by combining (5), (6), (8), and (9), and using the first 
two terms in the expansion for F(ye). 

Af2i0 
D =   

2V0 

Let 1= —j(13+7). One assumes here that 171 «101; 
i.e., that the change in propagation factor arising from 
the presence of the electrons is small when the signal is 

F'(0) = — 

For case (b) 

F(ye) = 

with 

1 2 
= 

21712 

12 +  ye 

21'1 

Z12 

2Z2 

(12) 

(13) 

(14) 

1  Zi 
P(0) =  = —2 •  (15) 

In either case F'(0)=jX where X is a real quantity 
(positive for case (b) and negative for case (a)) when the 
filter is composed of pure reactances and the region of 
operation is within its pass band. It is particularly note-
worthy that under these conditions, filters with induc-
tive series arms have Of3 ir (case b) and those with 
capacitive series arms have --if- (case a). (3 in-
creases monotonically with frequency for both case (a) 
and case (b). Furthermore, the direction of propagation 
of the wave cannot be inferred from the phase velocity; 
one must resort to the group velocity. 
Let 17, be the group velocity, v„ the phase velocity, 

co= 27rf, and Itnr the imaginary part of r. 
The relationship between 17„,v„, and co is given by 

1  1  co 
= 

V p  v„  Vp2 

since v„= —co//mF one obtains 

1 

V 

dlmr 

dw 

dv„ 
; 

dw 

dlmr 

dt3  dw 

(16) 

(17) 
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The wave will be propagated to the right, in the direc-
tion of the average motion of the electrons, if the imagi-
nary part of F is negative, and increasing with /3 (or co), 
or positive, and decreasing with /3. 
Returning to (11) and using the expressions given 

above for F'(0) one has 

— [cos (2fi — 0) ± cos 0] + 73 sin (2/3 — 0) 
4 

[cos 0 + 2 cos /3 — 3 cos (2/3 — 0)] 

+ 27 sin 13[1 — cos (13—  0)] + ODX = 0.  (18) 

Equation (18) may be simplified in an important spe-
cial case, namely, when 0= 0+ 2nrir (ease b), in an inte-
ger. This corresponds to linear phase shift with fre-
quency, since the transit angle 0 is linear with frequency, 
for constant de voltage. One obtains 

— cos 0 + 73 sin 0 + 0DX = 0. (19) 

X is a positive quantity here. 

Synchronism between the undisturbed circuit wave 
(i.e. when the electrons are absent) and the average 
motion of the electrons is given, for case (a), by 0=13 
=2m7r (13 negative, in an integer). Equation (19) still 
holds, with X now negative. As 13 varies from —r to 0 
in the pass band, sin 0 will be negative in (19) as well. 
The definition of 7, F = —j(13+7), indicates that gain 

will occur for the system if there is a root of (18) or (19) 
which has an imaginary part that is positive, and a real 
part that satisfies the condition that 17,,, be positive. The 
first condition assures the existence of an increasing 
wave, and the second, that this wave shall be propa-
gated to the right. 
A circuit wave with a negative group velocity (propa-

gation to the left, contrary to the electron motion) may 
appear to have a positive phase velocity equal to the 
electron velocity. It seems physically unreasonable that 
the over-all wave resulting when the electrons are pres-
ent could have a negative group velocity and increase in 
traveling to the left; this would imply a bunching of the 
electrons to give up power in anticipation of the arrival 
of the wave. 
The correspondence between discrete circuits, which 

have been treated here, and continuous circuits, which 
Pierce3has discussed in considerable detail, may be dem-
onstrated by considering the limiting form of the filter 
circuit as the length of a section goes to zero, and the 
number of sections becomes infinite. It is found that 
the equation for the discrete case is indistinguishable 
from that for a corresponding continuous case if 
6/21cot 13<<1. 

3 J. R. Pierce, "Theory of the beam-type traveling-wave tube," 
PROC. I.R.E., vol. 35, pp. 111-123; February, 1947. 

To show the variation of gain and phase of the in-
creasing wave with drift angle 0, the roots of (19) have 
been obtained for the following sets of numbers: M=1, 
170=1000 volts, i0= 0.001 amperes, F'(0) = +j 2,000 
ohms. The real and imaginary parts of the root satisfy-
ing the above conditions for system gain are shown in 
Figs. 2 and 3, as functions of 0 and 13. Two of the other 
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Fig. 2—The real part of the root  pertaining to phase and the 
imaginary part of the root 72 giving gain, shown as functions of 0. 
The change per section of the ac quantities is exp —j(13+  +721• 
The equation which was solved was 14/2 cos 0-i-y3 sin 0+0.0010 
=0, 3=9 (case b). 

roots were real, in each case, indicating a shift in phase 
from the undisturbed circuit wave, and the remaining 
one was the complex conjugate of the one shown in the 
figures, introducing attenuation rather than gain. It 
should be noted that F'(0) can be expressedf in terms 
of the characteristic impedance and phase shift of the 
filter, if desired, and will not be, in general, a constant. 
In these calculations, F'(0) was taken as a constant, 
for simplicity. The regions where this assumption is 
most likely to break down, namely, near the edges of 
the pass band, were omitted in the figures. 
A check on the accuracy of the roots obtained is given 

in the Appendix. 
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• The authors thank their colleague, Miss Mary E. 
doore, for her efficient performance of all the numerical 
.alculations and her care in checking many of the alge-

i )raic details. 

APPENDIX 

It was assumed, in deriving (11) from (10), that 
171 «1#1 where r= —j( +'). This approximation is 
lot invoked here, and the exact small-signal equations 

ire obtained. 
Let er = pe- . If this substitution is made in (10) 

then the pair of simultaneous quadratic equations with 
real coefficients 

p, cos (44) — 0) — 2p3icos 343 + cos (34) — 0) cos 0] 

▪ p21.cos (24 + 0) + cos (24, — 0) 

± 4 cos 2.13 cos 13 ± 20DX cos. 24] 

— 2p [cos 4) -I- cos (4) + 6) cos 13] + cos 0 = 0 (20) 

and 

p4 sin (44) — 0) — 2/J3-kin 34) + sin (34 — 0) cos 0] 

▪ p2 [sin (24, + 0) + sin (24) — 0) 

+ 4 sin 24' cos 0 + 20DX sin 24] 

— 2p[sin  + sin (4' + 0) cos 01 + sin 0 = 0 

are obtained by expanding and separating real 

I-

(21) 

and 

imaginary quantities. The substitution in (10) shows 
directly that there are four waves. 
Gain will occur for the system when p> 1 and when 

the direction of propagation is to the right (a positive 
group velocity). The use of (16) with vr=co/4' yields 

1  d  d (113 
=  =  • 

V,  dco  d dw 
(22) 

As before, V, will be positive when c/4/43 is positive. 
In the body of this paper, the equation r= 

was used; here the substitution er = pe-is is made. The 
connection between the two sets of quantities is, for 

7=71 -FP2, 

e,2 = p 

+  = 43f 

The roots of equation (18) may be used, with the aid of 
equations (23), as a first approximation in the solution 
of equations (20) and (21). 
The root of equations (20) and (21) which corre-

sponds to the values shown in Fig. 2 at (3=0=7r/2, DX 
=0.001, is p =1.08, 4'=1.63; this yields, using (23), 

71= 0.06 , Y2=0.078. The values obtained from (19) are 
7= 0.058,72= 0.101. Similarly when 0 = —7r/2, 0=37/2, 
DX = —0.001, (20) and (21) yield p = 1.16, (I.= —1.49, 
giving 71=0.08, -y2=0.149. The approximate root had 
71=0.084, and 72=0.145. Thus the approximation is 
fairly good even for the relatively large value of X which 
was used. 

CORRECTION 

W. W. Mumford, whose paper, "Directional Couplers," ap-
peared on pages 160-165 of the February, 1947, issue of the PRO-
CEEDINGS OF THE I.R.E., has called to the attention of the editors 
an error in Fig. 6, which appeared on page 163. The correct figure 
is presented herewith. 
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Fig. 6—Coupling (10 logto P0„1/P1„) versus slot width for narrow 
slots across the wide face of 1- X2-inch rectangular waveguide. 
x0=7.4 centimeters. The wall thickness is 0.128 inch. 

(23) 
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Note on Space-Charge Considerations 
in Test-Diode Design* 

ED WARD A. COOMESt, SENIOR MEMBER, IRE, AND JAMES G. BUCIO 

Summary —A computation has been made of the conditions for 

choice of anode and cathode diameters in test diodes that will give 
the minimum variation in the slope of the space-charge line with 
small variations in tube geometry. 

y r liE EXPERIMENTAL development of micro-
wave tubes usually brings about attempted cor-
relations between tube performance and cathode 

quality, particularly when oxide cathodes are used. Such 
experiments indicate that many instabilities, such as 
certain types of mocling and sparking in multiple-cavity 
magnetrons and loss of efficiency in coplaner triodes, 
may to a large extent be decreased by increasing the 
electron emitting capacity of the cathode. 1.2 While this 
cathode property has been ascertained in various ways 
which are often dependent upon measuring techniques 
available, an accurate and conservative measure of the 
intrinsic electron emission may be taken as that value 
of the cathode current density Pm versus V plot at 
which the experimental points first deviate appreciably 
from the theoretical space charge line for the test tube 
which contains the cathode. If the interface plus coating 
resistance of the cathode is small, the emission /0 taken 
at this point (see Fig. 1), which represents the maximum 
space-charge-limited current, corresponds to the pri-
mary emission with zero field at the cathode when held 
at its operating temperature. This point may be deter-
mined without recourse to considerations of the cathode 
characteristic in the Schottky region where phenomena 
may be varied and complicated. For example, if instead 
of /0 in Fig. 1, IA measured at an arbitrary anode volt-
age VA were taken as the cathode emission, definite 
correlation between this quantity and microwave per-
formance would be impossible. 
The testing of experimental cathodes in diodes has 

been found useful both in the production of types needed 
for new tube developments and in deriving new funda-
mental information about the cathodes themselves.'.3 
This is particularly true when II" versus V plots of emis-
sion data were made the basis of interpretation. The 
usefulness of this procedure is contingent on the choice 
of anode and cathode dimensions which will allow the 
expectancy of an accurate fit of experimental data to a 

* Decimal classification: R138. 1. Original manuscript received 
by the Institute, August 23, 1948; revised manuscript received, De-
cember 27, 1948. This work was done under U. S. Navy Bureau of 
ships Contract NObsr-30028. 
t University of Notre Dame, Notre Dame, Ind. 
I E. A. Coomes, J. G. Buck, A. S. Eisenstein, and A. Fineman, 

"Alkaline Earth Oxide Cathodes for Pulsed Tubes," NDRC Report 
No. 14-933, March 30, 1946. 

3 M. A. Pomerantz, "Magnetron cathodes," PRoc. !.R .E., vol. 
34 pp . 903-910; November, 1946. 

3 E. A. Coomes, "The pulsed properties of oxide cathodes," Jour. 
Appi. Phys., vol. 17, P. 647; August, 1946. 

computed space-charge line. A good choice can be made, 
even though small deviations from theoretical geometry 
must be tolerated for practical reasons. 

• I4-

Io-

VA 

Fig. 1—Pulsed cathode emission characteristic of an oxide cathode in 
a cylindrical test diode. The current is plotted against anode volt-
age on I-power paper. 

For test diodes of cylindrical symmetry the space-
charge equations may be written 

1,312 
I = 2.33 X 10-°   

r,r432 
(1) 

where 

I= cathode current density in amperes/cm° 
V= applied potential difference between anot le and 
cathode in volts 

ra = anode radius in centimeters 
rc =cathode radius in centimeters. 
The quantity (3 is a function of ratio of anode to cath-

ode radius, a = ra/re, and is given by the series 

= E Anon On.  (2) 

The A „'s have been given by Langmuir and Blodgett' 
as far as ii=14. 

Equation (1) may be rewritten in tilt. form 

I" = KV  (3) 

' I. Langmuir and K. B. Blodgett, "Currents limited by space 
charge between coaxial cylinders," Phys. Rev., vol. 22, pp. 347-356; 
October, 1923. 
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so that space-charge-limited values of cathode current 
density plotted on an Po versus V plot will lie on a 
straight line of slope K, where 

K = const. 
(  1 )2/3 

t3 rer„' 
(4) 

The smallest change in K with tube dimensions would 
be obtained when K goes through a minimum; and a 
value of a may be chosen to bring about that condition 
in the following manner. 

For 
dK 

K = K m in;  — =0 
da 

(5) 

from which am,n is the value of a at which K = IC„,i„ may 
be obtained. 
If values of K are plotted as a function of cathode di-

ameter, the family of curves in Fig. 2 is obtained which 
indicates that the Kmin  is reached for 
If (5) is solved with accuracy to two decimal places 

crmin has a value of 3.16. 
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Fig. 2—The slope of the /213 versus V line for the space-charge law for 
cylinders plotted against cathode diameter. Note that the ratio of 
anode to cathode radius for minimum change in slope is approxi-
mately 3. 
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The Synthesis of Electric Networks According to 

Prescribed Transient Conditions* 
MORTON NADLERt, ASSOCIATE, IRE 

Summary—By use of the Laplace transform a network function 
may be obtained yielding a prescribed transient response. The pro-

cedure is based directly on the prescribed function of time, without 
consideration of amplitude or delay as a function of frequency. 
An example is given in which the Poisson-Stieltjes integral is em-
ployed for the physical realization of a network function which 
involves a transcendental term. In conclusion, certain questions 
are raised for further research in applied mathematics. 

I. THE PROBLEM 

m ODERN ELECTRONICS, with pulse modula-
tion, television and radar, servomechanisms, 
etc., is very concerned with transient response. 

The usual approach in designing for good transient re-

Decimal classification: RI43. Original manuscript received by 
the Institute, December 15, 1947; revised manuscript received, 
August 2, 1948. This paper is based on a thesis submitted in partial 
fulfillment of the requirements for the degree of Master of Science in 
Electrical Engineering in the graduate school of the Illinois Institute 
of Technology. 

Tesla, Prague, Czechoslovakia. 

sponse is through "wide-band" amplifiers. This is fre-
quently interpreted to mean uniform absolute magni-
tude of response over a sufficiently great frequency 
band. The empiric rule relates the required bandwidth 
to the rise time of the pulse. For instance, at the 1947 
IRE National Convention, Lee' stated that "the fre-
quency at which the response is 90 per cent of maximum 
must be 1/4 to 1/2 the reciprocal of the time required 
for the front of the pulse to attain 90 per cent of maxi-
mum amplitude, the figure of 1/4 to 1/2 depending on 
the circuit." For insurance, some have even proposed a 
bandwidth fully as great as the reciprocal of the rise 
time. But even this extreme "safety factor" is not 
enough to guarantee a satisfactory response. Nicolas' 
uses the sinrple example of the reactive all-pass lattice 

Reuben Lee, "Frequency response," (Abstract), Tale-Tech, vol. 
6, p. 55; May, 1947. 

2 P. Nicolas, "Filtres electriques, largeurs de bande et tamps 
d 'e tabl isse men t, " Rev. Gen. Elec., p. 27; July 8, 1939. 
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filter section. The reciprocal of the bandwidth is zero. 
Nevertheless the rise time is finite. 
The requirement that the time required for the signal 

to traverse the network be uniform over the pass band 
is well known. At the same Convention of the IRE 
DiToro3.4 discussed this question and proposed a defini-
tion of phase bandwidth complementing the amplitude 
bandwidth usually meant by the unmodified term 
"bandwidth." He advised making the phase bandwidth 
several times wider than the amplitude bandwidth. 
While many workers have given formulas relating 

Phase response to attenuation characteristic and vice 
versa,8•6 the sphere of application of these formulas is 
restricted. Furthermore, while the frequency response 
(steady-state) and the time response (transient) are 
directly related in the solution of the differential equa-
tions involved, yet previous methods based on these 
relations have been largely "cut-and-try." 
Whiteman7 anticipates the present work to some ex-

tent. However, this author completely neglects the pos-
sibility that the network function obtained may be non-
rational, and still be physically realizable. 

II. FUNDAMENTAL RELATIONS  • 

A mathematical expression 4)(p) describing an electri-
cal network is called a network function. Formally, this 
function may be obtained by the substitution p=j0., in 
the impedance or admittance function of the network.' 
For the network function to correspond to a physically 
realizable, passive network, it is necessary and sufficient 
that (for two-terminal networks): 

1. Zeros and poles either are real or occur in complex 
conjugate pairs. 
2. The real and imaginary parts are, respectively, 

even and odd functions of p on the imaginary p-axis. 
3. None of the zeros and poles may be found in the 

right half-plane, and zeros and poles on the imaginary 
P-axis must be simple. 
4. The real component of the function cannot be 

negative on the imaginary p-axis. 

Further conditions for four terminal networks are given 
by Bode.8 

As stated above, the network function may be ob-
tained in a formal manner from the impedance or ad-
mittance function with the substitution p =jw. But the 
same function may be obtained in the analysis of net-
works by means of the operational calculus rigorously 
based on the Fourier-NIellin theorem:8 

3 M. J. DiToro, "Phase and amplitude distortion in linear net-
works," Pgoc. I.R.E., vol. 36, pp. 24-36; January, 1948. 
' M. J. DiToro, "Network distortion," (Abstract) Tele-Tech, vol. 

6, p. 55; May, 1947. 
6 Hendrik W. Bode, "Network Analysis and Feedback Amplifier 

Design," D. Van Nostrand, Inc., New York, N. Y., 1945. 
'Wilhelm Cauer, "Das Poissonsche Integral und seine Anwen-

dungen auf die Theorie der linearin Wechselstromschaltungen 
(Netzwerke)," Elek. Nat-h. Tech., p. 17; January, 1940. 

7 R. A. Whiteman, "A contribution to the theory of network syn-
thesis," PROC. I.R.E., vol. 30, pp. 244-245; May, 1942. 
" Louis A. Pipes, "Applied Mathematics for Engineers and 

Physicists," McGraw-Hill Book Co., Inc., New York, N. Y. 1946. 

Let F(t) be an arbitrary function of the real variable 
t, with only a finite number of maxima and minima and 
discontinuities, and F(1)=0 for t <0. If 

g(p) = p f  F(t)dt  IR(p)> C> o], 
0 

then 

pro vided 

f  4 Pc  g( p) 

F(1)  =  e t   dp, 
br./ 

f,z e '‘F(1)(11 

(1) 

(2) 

converges absolutely. 

It should be noted that g(p)/p is the Laplace trans-
form of F(1), written L[F(t)]. 
In the analysis of the response Fr(t) of a network cp) 

to an impressed driving function Fd(1), one obtains the 
basic operational equation 

[Fr(1) j =  d(t) 
o(p) (3) 

This is an algebraic equation and not an integro-differ-
ential equation wit It p and i/p written in place of the 
differential an I integral operators. Therefore, we need 
only solve (3) for of  t 0 obtain 

LIFd(t)I  gd(1) 
(1)( ft) = 

LIF,.(01   
(4) 

When Fd(t)=-11(t), the unit step function [11(1)=0 for 
1<0, 11(1)=1,  then gd(p) = 1, 1,[1l(t)j= up. We 
then obtain 

4( /3) = g(p) (4a) 

If the desired network performance can be specified in 
terms of response to the unit function H(1), the network 
function is given directly, bearing in mind that admit-
tance and impedance have become interchanged; if in 
(4) 4) represents admittance (impedance), then in (4a) 4) 
represents impedance (admittance). In the balance of 
the discussion we shall employ ct. indifferently to repre-
sent the network function of (4) or (4a). 
It is now necessary to determine whether 4) is physi-

cally realizable. For two-terminal networks, the condi-

tions given above are necessary and sufficient. 
When  is a rational function, we may employ the 

standard methods of network synthesis. But, in general, 
will not be a rational function. In this case it is neces-

sary to use some convenient approximation method, 
transforming ck into a convergent or asymptotically con-
vergent rational function. 

e•T 
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For instance, rt• may be expanded as an infinite prod-
uct, realizable by the Foster reactance theorem, or which 
may further be transformed into partial fractions' or 
into a continued fraction.'° The network function may be 
expanded as a Taylor series, which may then be realized 
as a network of lattice structures after a method of 
Wiener and Lee," or which, again, may be transformed 
further, into a continued fraction.° 
In the illustrative example of Section IV a trans-

cendental cf) is expressed as a Poisson-Stieltjes integral, 
which is expanded as a continued fraction. 

III. THE POISSON-STIELTJES INTEGRAL 

Cauer gave a great deal of attention to the Poisson in-
tegral in the form of a Stieltjes integral. This integral 
has value in the physical realization of non-rational net-
work functions. 
Let ck(p) be a positive function, real for real p, regular 

and with positive real part in the right half-plane. Then" 

where 

(6(p) = p[c + dik(x) p2]  x (5) 

c = urn 4)(P) ; diP(x) = R [4(.iNix)1 -  dx.  (6) 
ir.Vz P= 

Stieltjes has shown that if xlf(x) is an increasing function, 
with infinitely many points of growth, if the integrals 

ck = f (--x)k-'4(x)  (k = 1, 2, 3, • )  (7) 

all exist, then the integral 

do(x) 
J z+-; (8) 

may always be represented (except on the negative real 
axis) by a continued fraction of the form 

+ 

Ibiz  b2 1173z 

ii 

r -jb4 ±  • • • 

where the bi are all positive.'° 
[Note: (9) is a concise notation for the more familiar 

1 

biz + 

b2 

1 

b3z 
± • • 

with an infinite number of members.] 

(9) 

9 Murray F. Gardner and John L. Barner, "Transients in Linear 
Systems," John Wiley and Sons, New York, N. Y., 1945. 

10 Oskar Perron, "Die Lehre von den Kettenbruchen," Leipzig, 
1913. 

Norbert Wiener and Y. W. Lee, U. S. Patent numbers 2,024,900, 
2,124,599, and 2,128,257. 

Comparing (8) with (5), when the conditions for ex-
pressing (8) in the form of (9) are satisfied, (5) may be 
also expressed as a continued fraction, except for the 
imaginary p-axis. Fortunately, in network synthesis, it 
is the real p-axis which is employed (p= Jo)). Hence we 
may write 

dip(x)] 
(6(P) = p[C + 

f 0 p2 + 

r_11 
= PC  Ibip2 1b2  1b3p2 

+ 41 + . 

lb, 
1 1 = Pc + i ±  4_ ji Ji + 1 1 ---J + • 
ii,p  rip  [7;4  b b 

which is immediately realizable as a ladder 
pure reactance. 
Following Perron,'° if 

Bo(p) = 1, Bi(p) = b1p2, B2(p) = bib2p2 +1,1 

B2,0_1(p) = 6(2.+1)p2B2.(P) + B(2._i)(P) 

B2 (p) =  b2n B(2n-1)(P)  B(2n-2)(P) 

then the bi are obtained from 

1 

b(2n+1) 

1 

b2„ 

Thus 

= f[B2.(j\/;) [24(x) 
0 

(5) 

(10) 

(10a) 

network of 

1 
=  — [B(2,1)(:11/;)] 24(x). 
Jo  x 

1 
f =  d(x) 
0 bi  

131( = 1)11)2 
1 
= bi2f sr/0(x) 

b2 

B2(p) = bib2p2 +1 

1 — f x(1 — bib2x)24(x) 
b3 o 

etc. 

(n = 0) 

(n = 1) 

(n = 2) 

IV. ILLUSTRATIVE EXAMPLE 

We wish to construct a single-stage amplifier whose 
response to the unit function is approximately the curve 
(2G/7r)Si(21/a). Here, 2G/ir is a proportionality con-
stant relating the response to the gain G of the amplifier; 
Si is the "sine integral" function 

sin t 
fo cil 

and t/a is the rise time in seconds. Si is the response of 
an "ideal" low-pass filter with linear phase response and 
zero attenuation within the pass band and 100 per cent 



630 PROCEEDINGS OF THE I.R.E. 

1 
June 

attenuation above the pass band. The function repre-  ing (15). The first five coefficients are: 
sents an oscillatory type of response (curve (a) in Fig. 1) 

2G  2€ 
Fr(1) = — Si--- ;  d(t) = g„,I1(1).  (13 ) 

I 5 

2G br 

to 

0.5 

T  a 

a 
c 

b 

a— (2c/r s, (zt/a) 

b— Re s po nSe of f 1 rs t 
par tia I network 

c— Response of (-if th 
Part la I network 

40  0  3 0  4.0  5 0 

t/a 
Fig. 1 --Response of the first and fifth partial networks. 

From a suitable table we obtain 

2G  ap 
gr(t) = -- c0t-' — ;  gd(1) = g,,,.  (14) 

7r  2 

This is real for real p, finite and with positive real part in 
the right half-plane, provided we take the principle value 
0 cot --'(ap/2) .7r. If we write RL=G/g„„ we find the 
required impedance 

2RL ap 
o(p) = —  — • 

2 
(15) 

To represent (15) in the form of the Poisson-Stieltjes 
integral, we substitute in (5) and (6) 

= lim 
P.. 

(141(X) = 

But 

Hence 

and finally 

2RL ap 
  cot-' — = 0 
rp  2 

2RL afV-x 
R(cot-' 

77.2v /  2 

R(cot-' jy) = — ;  -1 < y  1 
2 

=0;  yl > 1. 

RL 
dip(x) = -  dx; 

ifV.V 

0; 

( 16) 

(17) 

bi 

ba 

341R1, 
112 b3 = 

7r  161-6, 

817rd 
b , — - - 

256R/, 

.5 Ira 

(19) 

If we denote the network represented by the partial 
fraction terminating with bflas the "nth partial network," 
the transient response of the first and fifth partial net-
works is given in Fig. 1. The convergence of the re-
sponse toward the prescribed response is clearly shown. 
The circuit diagram of the fifth partial network is 

given in Fig. 2. The first member is a shunt capacitance, 
with which is included the input capacitance of the elec-
tron tube. 

= JaR,in 284R, IOW 

Fig. 2 -Fifth partial network. 

Since, at p =0,0 must be equal to RL, the partial net-
works must terminate with a resistance of value RL. In 
each case, RL represents the limit of the impedance of 
the infinite network following the partial network. 

V. CONCLUSIONS 

Mathematical techniques exist that are adequate for 
the synthesis of finite networks whose transient re-
sponse approximates a prescribed response .as well as 
desired. The main obstacle to bringing this method of 
network synthesis from the realm of theory to the realm 
of practice is the difficulty of finding a suitable form for 
Fr(i). Many plausible functions will be found to have 
Laplace transforms which are not positive functions. On 
the other hand, two functions equally good as approxi-
mations to the desired response, and each with satisfac-
tory transforms, may lead to network functions which 
converge at widely different rates. 
Another problem of importance will be the means of 

combining transient and steady-state prescribed condi-
tions. For instance, in the design of television intermedi-
ate-frequency amplifiers, the steady-state conditions to 
be included are the rejection of one sideband, and of the 
sound channel. 

AcKNowLEniimENT 
RLp r 4/ ''  40) =   --  (18) Acknowledgment is made to T. J. Higg ins,  professor  r J 0 N/x(p2 ± x) 
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tam n the coefficients of the continued fraction represent-  to the attention of the author. 
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Transient Response of Cathode Followers 
in Video Circuits* 

B. V. MILLSt 

Summary—The behavior of cathode followers handling the ir-
regular video signals of radar or television is discussed. It is shown 
that the signal-handling ability of a cathode follower may be reduced 
if it has a capacitive load. A general expression for the magnitude of 
this reduction is given, and its effect on design procedures is dis-

cussed. 

I. INTRODUCTION 

HE USE OF cathode followers for providing low-
impedance outputs with a small current drain and 
low distortion is well known, but in general their 

behavior when operating into a capacitive load is the 
subject of some misconception. The object of the present 
paper is to show the limitations this behavior imposes 
on the design of cathode followers required for handling 
the irregular video signals of radar or television. 
The exact shape of these signals depends on the na-

ture of the circuits preceding the cathode follower. The 
signals may be repiesented approximately, however, as 
a series of positive and negative linear transitions of 
constant transition time T, as illustrated in Fig. I. The 
transition time of the actual signals is conventionally 

Fig. 1—A typical signal. 

taken as the time required for the voltage to change 
from 10 to 90 per cent of its final value.' When applied 
to a linear transition, this value will be conservative, 
provided that there is little or no overswing in the origi-
nal. 
The requirement usually imposed on a cathode fol-

lower is that such transitions be reproduced with little 
distortion. It will be shown that the presence of capaci-
tance in parallel with the cathode load resistor may then 
result in a reduction of the maximum signal amplitude-
which may be handled. Although this effect is quali-
tatively familiar to most circuit designers, no quantita-
tive analysis immediately applicable to video signals has 

• Decimal classification: R139.21. Original mantAcript received 
by the Institute, December 8, 1947; revised manuscript received, 
November 17, 1948. 
t Council for Scientific and Industrial Research, Chippendale, 

N. S. W., Australia. 
1 Transition times for common circuits are given by a number of 

authors. See, in particular, H. E. Kallmann, R. E. Spencer, and C. P. 
Singer, "Transient response," Paoc. I.R.E., vol. 33, pp. 169-196; 
March, 1945. 

so far been published. It is common to see uneconomical 
designs based on an exaggerated respect for the limita-
tion. 

II. THE EQUIVALENT CIRCUIT 

In the analysis it has been found convenient to use 
the equivalent circuit of Fig. 2(b). The cathode follower 
of Fig. 2(a) can be represented there by putting its in-
ternal resistance R equal to 1Igm•12/µ-1-1. 

(a)  (b) 

Fig. 2—The cathode follower and equivalent circuit. 

Nonlinearity of tube characteristics is neglected in the 
mathematical analysis, although its effect is demon-
strated qualitatively in the final equations. As explained 
later, its presence does not greatly affect the usefulness-
of the results. 

III. RESISTIVE CATHODE LOAD 

Before commencing a discussion of transient behavior 
in the equivalent circuit, it is desirable to write down 
some of the relations needed which apply to the simple 
resistive-loaded case. These relations hold when the 
transition time of the applied signal is long compared 
with the time constant of the cathode load Rk Ck, so 
that the capacitance Ck may be ignored. 
The gain of a cathode follower with cathode load Rk 

is given by the ratio of the cathode voltage vic to the grid 
voltage vc,: 

Vk  Rk  A 
A = — =   

vr, R + Rk  +  1 

A more useful concept turns out to be the gain of the 
equivalent circuit A', given by the ratio of the cathode 
voltage vk to the input voltage of the equivalent circuit 

(1) 

V k  Rk 
A' =  (2) 

vi,'  R+ Rk 

It. is also necessary to define the maximum output 
voltage swing 1/0 as the maximum amount by which the 
output voltage can change in a given direction from any 
particular reference level. In a negative direction the 
limit is set by cathode current cutoff, or sometimes sim-
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ply an increase in distortion. In a positive direction the 
usual limitation is the drawing of grid current. If /0 is 
the corresponding cathode-current change, 

Vo = Rkio (3) 

IV. CAPACITIVE CATHODE LOAD 

Turning now to the case of an applied signal with a 
short transition time, we may divide the analysis into 
two parts. The first part deals only with the small-signal 
response. The second deals with the limitation on maxi-
mum output voltage caused by the short transition time 
of the applied signal. 
As far as the small-signal response is concerned, it is 

sufficient to note that the transient response of a cath-
ode follower is the same as that of a resistance-coupled 
pentode amplifier with plate load A' R (consisting of R 
and Rk connected in parallel) shunted by a capacitance 
of C. The behavior of such a circuit to various signal 
forms is well known.' In particular its response to a lin-
ear transition is given by equation (9) of the Appendix. 
It is seen that, provided exp (-1.25TIA'RCk) is small, 
the signal is reproduced with little distortion apd de-
layed by a time A'RCk. 
A cathode follower which has an adequate small-sig-

nal transient response may, however, display severe 
transient distortion on a signal which would appear to 
have an amplitude well within the capabilities of the 
tube. The reason is that in reproducing accurately a 
linear transition, a cathode follower must supply a 
steady current of dvkldt•Ck to the capacitance Ck during 
the rise (or fall) time of the signal. The available current 
swing through the load resistance Rk is therefore re-
duced, and consequently the signal-handling capabili-
ties of the tube may be severely restricted. The following 
relation between the maximum output-voltage swing 
possible with a signal transition time T and the maxi-
mum available voltage swing (i.e., for T=00) is derived 
in the Appendix: 

Vo 
VT=   (4) 

RkCk 
1  ' 

1.25T 

where VT is the maximum output voltage swing with 
transition time of T, and Vo is the maximum available 
output voltage swing. 
It is assumed that exp (-1.25T/A' RC,.) is small or, 

inother words, that the transient distortion with a small 
input signal is not large. The equation applies to both 
positive and negative transitions. 
In a cathode follower handling a positive signal and 

biased near anode-current cutoff, the limitation occurs 
usually on the negative-going trailing edge, and its ef-
fect is often apparent as a considerable lengthening of 
this portion of the signal. In such a case the distortion is 
the result of insufficient available voltage swing in a 
negative direction, which causes the cathode current to 

be cut off. The effective time constant of the cathode 
circuit is thereby changed from A'RCk to RkCk, with 
consequent distortion. 
Equation (4) can be shown to apply also when Ck is 

replaced by an open-circuited transmission line with 
propagation time considerably shorter than T, and with 
a total capacitance of C. This is analogous to the simi-
lar and more familiar representation of an open-cir-
cuited transmission line carrying a sine-wave signal of a 
frequency considerably less than the lowest resonant 
frequency of the line. 

V. CATHODE FOLLOWER DESIGN 

For design purposes it is better to write (4) in a dif-
ferent form. In Fig. 3 are represented the cathode volt-
ages in a cathode follower handling a typical positive 
signal. Consider the negative transition, as it is the one 
in which trouble is usually expreienced. It will be as-
sumed that the signal amplitude is the maximum which 
can be handled without cathode-current cutoff. 

VII 

T 

V. 

.,,, 
1   

Fig. 3—Cathode voltages with a typical positive signal. 

The cathode current necessary to maintain a steady 
voltage across Rk equal to the minimum cathode voltage 
is taken as I. The available voltage swing Vo is then 
equal to  whence (4) takes the form 

Vr + 
=   

1  .1' 
R k Ck 

1.25T 

which, on rearranging, becomes 

"I'Ck 
= VT •   

1.25T 
(5) 

In the design of a cathode follower in which the nega-
tive transition is the determining factor, it is therefore 
necessary to ensure that the minimum steady cathode 
current I, is greater than that obtained from (5). This 
equation is based on the ideal linear circuit of Fig. 2(b). 
Actually, of course, the internal resistance of a cathode 
follower increases steadily as the anode current is de-
creased. This will result in a higher possible value of I -7' 
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1 before cutoff occurs because of the decrease in A', but a lower value before transient distortion increases per-
ceptibly. In practice, the equation as given will often 
represent a suitable compromise. If it is necessary to en-
sure that the internal resistance R should never exceed 
a certain value, then I, must be increased by an amount 
equal to the cathode current corresponding to the maxi-
mum allowable internal resistance. 
It will be observed that the signal-handling capacity 

apparently does not depend to any great extent on Rk, 
provided that the gain A' is near unity. This is because 
the negative transition only has been considered. In a 
cathode follower designed to have the minimum value of 
I„ the peak cathode current will be 'given by 

VT 
(ma x) -=  2rs. 

Rk 
(6) 

The current /, is doubled because an extra current of 
this magnitude is required to reproduce the positive 

transition. 
The peak current must, of course, be within the capa-

bilities of the tube, and usually it is desirable that it 
should be as small as possible in order to keep the tube 
dissipation to a minimum. 
Usually, therefore, the cathode resistor should be 

made as large as possible. In the most common practical 
circuit the signal is coupled to the cathode follower grid 
via a capacitor and grid-leak combination in which the 
cold end of the grid leak is at earth potential. The mini-
mum grid voltage is then zero, or even negative, if the 
duty cycle of the signal is appreciable. 
The maximum value of Rk is then limited to that 

which produces a cathode current /, given by (5) when 
the grid has this minimum voltage. Often a more eco-
nomical design is, therefore, one in which the cathode 
resistor is larger than this, and the grid leak is returned 
to a positive voltage sufficient to keep I, above the mini-

mum value. 
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AL' P EN D I X 

MAXIMUM VOLTAGE OUTPUT 

A cathode follower with capacitive load may be rep-
resented by the simplified circuit of Fig. 4, on applying 
Thevenin's theorem to the euqivalent circuit of Fig. 
2(b). The input signal to this circuit is then the output 
of the cathode follower in the absence of the capacitance 
Ck, while the voltage across the capacitance Ck is the 
actual cathode voltage vk. The input signal to be consid-
ered is a linear transition of magnitude VT and transi-

tion time T. It is required to find the relationship be-
tween this applied signal and the maximum change of 
cathode current /0 at time 1.25T. 

VI tv. 

Fig. 4—Simplified equivalent circuit for calculation. of 
the instantaneous value of the cathode voltage Vk. 

The slope of the applied signal is equal to VT/1.25T; 

that is, 

VT . 
V =   1. 

1.25T 
(7) 

It may be shown that, if a signal consisting of a lin-
early changing voltage with the above slope is applied 
to the circuit of Fig. 4, the magnitude of the current ic 
flowing into the capacitor during the transition time of 
the signal is given by 

Ck {1  exp  )} . 
VT 

=   
1.25T  A'RCk 

The voltage vk across the capacitor is then given by 

vk = v — A'Ri, 

[ 1 1.25T  1.25T  A; I RCk)}] 

A'RCk 
=- VT     1  exp   •  (9) 

The total cathode current is the sum of current flow-
ing into Ck and Rk. The former is given by (8) above; 
the latter is equal to vk/Rk. Thus, on adding these and 
rearranging, we have, for the cathode current, 

VT r  t  AiRkck{ 
A'RCk 

1  exp  )}  (10) 
Rk 1_1.25T  1.25T 

The maximum value of i, equal to /0, occurs at a time 
of 1.25T. Inserting these values for i and tin (10) and re-

arranging, we have 

IoRk 

(8) 

ITT =     • (11) 

1 + A'   
RkC k { 

1  exp t 1.25T  —1.25T V k A'Rck g 
Since the requirement of small transient distortion 

dictates a small value for exp( —1.25T/A'RCk), this 
equation may normally be simplified to 

yr = 
Vo 

RkCk 
1 + A'   

1.25T 

(4) 
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A Microwave Impedance Bridge* 
M. CHU N/RO W t, SENIOR MEMBER, IRE, E. L. GINZTONt, SENIOR M E MBER , IRE, AND F. KANEt 

Summary—A six-arm waveguide structure is described which 
is a true microwave equivalent of a Wheatstone bridge. A theoretical 
analysis of the equivalent circuit of the device has been made, 
using the symmetry properties of the structure. The resulting relation 
among the admittances of the various arms is exactly that of a Wheat-
stone bridge with shunting susceptances across each pair of ter-
minals. A device of this sort for use at 10 cm has been built and 
tested, and was found to behave as predicted. 
With this bridge it is possible to measure any impedance to about 

the same accuracy as with a standing-wave detector. A valuable 
feature of this instrument is that the standard impedances required 
are three variable reactances (movable shorting plungers) and a Zo 
termination. The data are obtained in the form of three lengths, 
the positions of the movable shorts. 
Since the device is the complete equivalent of a Wheatstone 

bridge, it can also be used as a four-terminal lattice section in filter 
design or in any other related application requiring the microwave 
equivalent of a lattice section. This allows all the greater flexibility 
which lattice sections have, as compared to tee or pi sections com-
monly used in microwave work. 

I. INTRODUCTION 
• ANY COMPARISON method of measuring im-

pedances at microwave frequencies requires two 
things: (1) some sort of device which can func-

tion as a bridge, and (2) an impedance standard. There 
have been a number of microwave devices invented 
which measure impedances by comparison. Few of them, 
however, are actually bridges in the sense that one uses 
the term at low frequencies. A true bridge of the Wheat-
stone type obeys the equation 

or 
AB = CD 

B = — D. 
A 

Here, A, B, C, and D are four impedances, three of of 
which are known and the other is unknown. By this cri-
terion, for example, a magic-tee or hybrid junction is 
not a bridge, for it obeys the equation 

A = B.  (2) 

The difference between (1) and (2) is not academic. For 
(2) it is necessary to provide an adjustable impedance 
which will exactly equal the unknown. That is, the 
standard impedance will require both a variable resist-
ance and a variable reactance. A variable resistance is 
difficult to provide at microwave frequencies, and this 
is a drawback to the use of a device based on (2). With 
a true bridge which obeys (1), however, it is possible to 
match any impedance by use of a fixed resistance only 
plus variable reactances, both of which, in practice, are 

• Decimal classification: R207.1 X R244.111. Original manuscript 
received by the Institute, June 14, 1948; revised manuscript received, 
September 10, 1948. Presented, 1948 IRE National Convention, New 
York, N. Y., March 24, 1948. 
t Stanford University, Stanford, Calif. 

quite simple to make at microwave frequencies. For 
example, let B be the unknown. Then, if A and C are 
variable reactances consisting of shorted sections of 
transmission line of variable length, the ratio C/A can 
be adjusted to have any real value desired. D consists of 
a perfectly terminated line in series with a variable 
reactance, which is another shorted-section line. By 
adjusting the latter, D can be made to have any arbi-
trary phase angle. Therefore D can be adjusted to have 
the phase angle of the unknown, and the ratio C/A 
can be adjusted to give the correct magnitude. The 
value of the unknown B, then, is determined from the 
three physical lengths of stubs A, C, and D. 
A Wheatstone bridge satisfying (1) has six-terminal 

pairs, the four impedance arms, and an input and output 
arm, and therefore such a device at microwave fre-
quencies requires connecting six waveguides or trans-
mission lines in a suitable way so that the combination 
is a bridge. This is not topologically simple. 
The device shown in Fig. 1 is such a combination. 

and is a true microwave equivalent of a Wheatstone 

'Fig. 1 - A waveguide impedance bridge. 

bridge. It was first suggested by R. Dicke, formerly of 
the MIT Radiation Laboratory. It is made by joining 
six pieces of rectangular waveguide at a symmetrical 
junction. Each waveguide then represents an arm of the 
bridge, or the input, or the detector. Opposite pairs • of 
arms, such as A and C or B and D, lie On common axes 
but are rotated 900 with respect to each other. A bridge 
of this sort has been constructed and tested. It is shown 
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in Fig. 2. It was made of 3 X 11 inch waveguide, which 
is the standard size used in the 10-cm region. 

Fig. 2—A photograph of an early waveguide bridge. 

That the device shown in Fig. 1 is a Wheatstone 
bridge appears plausible from consideration of the geom-
etry and the way in which the various guides are con-
nected. Although this intuitive picture indicates that 
the device is a true bridge, it was thought useful to show 
analytically that this is indeed the equivalent circuit. 
The procedure was to select sets of waves in the struc-

ture, such that the field distribution due to any arrange-
ment of terminating admittances and sources can be 
represented by linear combination of these waves. 
Then, upon consideration of these waves and the sym-
metry properties of the bridge, relations between the in-
put admittance at one terminal pair and all the other 
five terminating admittances can be found. The waves 
that are set up are for the lowest mode in the waveguide 
only; that is, it is assumed that one is measuring the 
field sufficiently far from the junction of the guides so 
that all I e higher modes which are present in the fring-
ing fields at the junction are attenuated. The effect of 
the junction appears in the equation for the bridge, in 
the form of equivalent lumped susceptances at suitably 
chosen reference planes in the guides. The expression 
for the admittance relation among the six arms is 

)r  y ay y s+ y sy  e +  s'Yy  Y  z'Yie  YvYyls 

▪ YvYwYs'  YvYv'Yz  YvYv'Yz'  Y.Ys'Y. 

▪ YOYY.'  YsYs'Yv + YiYehe  Y :Y es 

▪ Ye hls  Ya N'Ys'  Yz'YvYs' = 0,  (3) 

where 

y. = 17. jb  ye =  jb, etc., 

and Y. is the terminating admittance on arm x, etc. This 
is the equation of a Wheatstone bridge with fringing 
susceptance of magnitude jb across each terminal. The 
derivation of (3) will be given in a subsequent section. 
In terms of this general admittance relation, the con-

dition for a balanced bridge is that the input admittance 
is independent of the detector admittance, and a rela-
tion of the form (1) will fulfill this requirement. This 
balance equation, as modified by the fringing suscept-
ances and using a slightly different notation, can be 
written as 

(1' A ± jb)(Y ft jb) = (Yc  jb)(Y D  jb).  (4) 

Y iNP 

Fig. 3—The exact equivalent circuit of the waveguide bridge. 

The equivalent circuit is shown in Fig. 3. 

II. CONSTRUCTION AND EXPERIMENTAL INVESTIGATION 

The bridge to be described here was made of 3X1 
inch waveguide and was operated in the TEio mode. 
Such a bridge can be made for rectangular waveguide of 
any dimensions. The ends of the waveguides which come 
together at the junction have triangular tongues cut 
in each side with angles as shown in Fig. 4. When the 

0=35. 16. 

Fig. 4 One arm of the six-arm waveguide bridge. 

six guides are placed together, these tongues mate to 
give the correct orientation for all the guides. The struc-
ture can then be clamped and soldered. Measurements 
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were made on the bridge to test the correctness of the 
equivalent circuit shown in Fig. 3. 
As is always the case, for such equivalent circuits to 

be applicable, the admittances or impedances must be 
referred to certain special planes in the various arms of 
the structure. In this case, the equivalent plane for any 
of the bridge arms is the position of a shorting plunger 
which will cause a short to appear in the corresponding 
branch of the equivalent circuit. It is clear that, if tlw 
admittances YA, etc., which are measured at such 
equivalent planes satisfy an equation of the form (4), 
they will, in 'general, no longer satisfy it after they have 
been transformed an arbitrary distance down the line 
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from the place at which they were originally defined. 
These equivalent planes can be located by moving 
shorts in two adjacent arms, such as A and C, until the 
standing-wave ratio in the input circuit is infinite. In 
this case, the positions of the shorts determine the 
equivalent planes in A and C. The position of the node 
in the standing wave in the input arm also defines the 
equivalent plane in that arm. 
A more practical method for locating the equivalent 

plane was actually used. This method depends on the 
fact that when shorts are located at the equivalent 
planes of A and C, corresponding to infinite admit-
tances in the branch A—C, then the output of the detec-
tor is zero, independent of variations in YB and YD. The 

admit Lint cs YB and YD were modulated by setting ro-
tating ekctric fans near the open ends of arms B and D, 
resulting in a modulated detector output. The short 
positions in A and C were varied until the detector on 

was reduced to Zero, which determined the equival-
ent planes for these arms, and also in the input arm. 
Planes in the other arms are located in the same way, hy 

, choosing different input arms. 

There is another posit ion of the shorts which gives 
zero detector output. This corresponds to the case Wlleji 
YA -F jb and Ye-Fjb = 0. In t his case, as seen from the 
input circuit, the bridge has a finite impedance and a 
finite standing wave ratio  huh distinguishes it front 
the former case when YA and Ye vere infinite. This sec-
ond way of producing zero detector output permits the 
determination of the magnitude jb. Thus, if the posi-
tion of t he short, which makes the total admittance 
17 4 +:71) = 0, is a distance 1 from the equivalent plane, 
FA = — j170 cot 2r1/Xg and b = F1, cot 2r1/Xg. The value of 
this fringing susceptance was found to be about 0.2 Zo 
at 10 cm. Due to asymmetries in construction, this 
varied slightly from arm to arm by about 10 per cent. 
It was also frequency-dependent. Fig. 5 shows the value 
of this fringing susceptance and also the relative posi-
tion of the equivalent plane as a function of frequency. 
The value of the fringing susceptance becomes zero and 
changes sign at 3.4 k Ale. This fringing susceptance can 
be eliminated at any particular frequency by inserting 
a capacitative screw at the position of the equivalent 
plane or a quarter wavelength away, depending on the 
sign of the jb. No. attempt was made to provide a 
broad-band susceptance which would eliminate the 
fringing susceptance over a wide range of frequency. 
In use as a bridge, a calibrated moveable short was 
placed on arm D in such a position that normalized ad-
mittance l+jY appeared at the equivalent plane. 
Moveable shorts were attached to arms A 'and C and 
the admittance to be measured was-attached to arm B. 
If the fringing susceptance has been eliminated as (Ie-
scribed above, then YD is given by the equation 

Ye 
YB =  - - 

Since YdYA is a dimensionless number M, MYD 
= .11(1+jY) will cover the whole admittance plane. A 
Smith chart, Fig. 6, shows a comparison of some imped-
ances measured first by the bridge described and then 
by it conventional standing-wave detector using a nodal-
shift method. 

Once properly adjusted, the bridge is simple to use, 
and measurements can be made rapidly. The unknown 
impedance is determined in terms of three physical 
lengths, the distances of the shorts from their correct 
reference planes, which is a very simple standard and is 
independent of detector calibration. The accuracy of 
the measurement is equivalent to that of a good stand-
ing-wave detector. The use of the three physical lengths 
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to specify the unknown impedance can be facilitated 
with the aid of simple formulas or charts. Although, in 
the current version of the bridge described here, the 
fringing susceptance was eliminated for only one fre-
quency, it should be possible by conventional broad-
banding techniques to make the device quite broad-
band, so that the fringing susceptance is almost zero 
over a considerable range of frequency. 

r-

III. THEORY 

To find the equivalent circuit for the structure 
shown in Fig. 1, it is necessary to set up suitable basis 
fields in the vdrious arms such that any possible field 
can be represented as a linear combination of these. 
Then, by consideration of the symmetry properties of 
the structure, it is possible to get the relation between 
admittances in the various arms. This method is similar 

Measured by Bridge 

0 Measured by Nodal 

Shift 

Fig. 6—Showing some bridge measurements compared to known impedances determined by nodal shift technique. 
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to that used by Slater' to obtain equivalent circuits for 
series and shunt tees and similar structures. In the cases 
treated by Slater it is possible to select the basic field 
distributions by inspection. The bridge discussed here 
has a more complicated symmetry, and the choice of a 
suitable set of basic fields is facilitated by use of the 
formal methods of group theory. The latter, however, 
are not indispensable. 
The field in a waveguide can be represented in the 

following fashion (co-ordinates u, v, z): 

2 sin Tv 
—   .ei'"V(z) 
ab  a 

2 sin Tv 
IL —    e''1(z) 

ab  a 

where V(z) and I(z) represent an equivalent voltage and 
current. It is possible to define an impedance 

E.  V(z) 

— H.  1(z) 

For a traveling wave in ±z direction, 

V(z)  X, 
= + Z, = + 377 — 

/(z)  Xo 

and 

V = + IZ. =  =  

where V,, is the amplitude and 0= 2T/X„. Instead of 
traveling waves, it will be convenient to use standing 
waves expressed in terms of I and V. 
It is necessary to choose a reference plane for these 

standing waves and also a direction of the positive E 
vector in each arm. Choose axes x, x', y, y', z, z' along 
each arm as shown in Fig. 1, all having positive direction 
outward from the junction. The direction of the positive 
E vector in each is also shown in the diagram. The func-
tions will be expressed in terms of sin Oz and cos 13z, 
etc., but these have no significance so far as evenness or 
oddness with respect to the junction is concerned. Since 
the E vector in z' waveguide and the z waveguide are 
oriented at right angles to each other, there is no such 
simple symmetry property through the junction for the 
E vector. Instead, the cosine and sine merely refer to 
the behavior of the function in its own particular wave-
guide, as referred to some arbitrary reference plane. 
These planes are assumed to be located at the same 
position in each guide. It turns out that the appropriate 
functions can be divided into two sets of three each. 
The three functions constituting each set are degenerate 
in the sense that one function describes a distribution in 
which there is a field in four of the guides, and the other 
two are obtained from it by permuting some of the in-

J. C. Slater, "Theory of Symmetrical Ts," Research Labora-
tory of Electronics, MIT, Technical Report No. 37. 

dices. This will be somewhat clearer after we have writ-
ten down the functions. 
Listed below are the three functions comprising the 

first set: 

1(1)  II(1)  HI M 
A sin )3z  B sin (3z  C sin fix 
A sin Oz'  —B sin flz'  C sin fix' 

—A sin fir  B sin 13y  C sin 6'y' 
A sin Ox'  —B sin 13y'  C sin 13y 

It can be seen that these are independent, since it is 
not possible to get any one of them by linear combina-
tion of the other two. 
The symmetry of this set can be illustrated by con-

sidering the function 1(1). For the fields in the z and z' 
guides, the orientation is such that in the junction they 
can only have a resultant along the y or y' axis, and 
therefore cannot cause any fields in those wave-guides. 
The fields in the x and x' guides have the same propei - 
ties. However, from the way we have chosen the signs 
and since the reference planes are at the same position in 
all of the guides, the resultant of the x, x' function will 
be in the opposite direction from that of the z, z' func-
tion. Another way of saying this is to consider the fields 
of 1(1) as propagating unchanged from the waveguides 
into the junction region, i.e., as if the four waveguides 
concerned intersect each other without interfering with 
each other. In this case, at the midpoint, waves from all 
of these would cancel and give zero resultant. 
For the next set there is a different type of symmetry. 

This set can be written as: 

1(2) 
D cos (3z-4,) 
D cos (Oz' —q5) 
D cos (13x —(0) 

II(2)  III(2) 
E cos (13z-0)  F cos (0x-0) 

—E cos (i3z1—cb)  F cos (Ox' 

—E cos (3y- 0)  — F cos (/3y—, ) 
(Sx' D cos  E cos (f3y' —0) — F cos.(133,' 



1949 Chodorow, Ginzion, and Kane: A Microwave Impedance Bridge  639 

r-

same direction at the junction midpoint. If we again 
imagine as before that the waveguides extend right 
through the junction intersecting without interfering 
with each other, the resultant vector at the center of the 
junction would be the sum of all four, and would not 
cancel as it did in set (1). The fact that this set is of 
different symmetry than the previous set can be shown 
rigorously by means of group theory. The necessity for 
this symmetry as well as for the other can also be shown. 
The details of the proof are omitted. Briefly it may be 
stated that the structure described here has the sym-
metry of the tetrahedral group and the functions I and 
II transform under different irreducible representations 
of this group. 
The requirement of the phase shift rt• for these func-

tions as opposed to the first set is not proved since there 
is no symmetry property which determines this. It is 
to be stressed, however, that even if by some accidental 
property 4) should equal 900, i.e., the functions of both 
sets (1) and (2) should be sine functions in each guide, 
the symmetry of these functions with respect to the 
whole structure is not the same. It would still be true 
that, with regard to the whole structure, it would not 
be possible to form pne distribution by a linear combina-
tion of the other five. 
In terms of these distributions, it is now possible to 

set down the general expression for the voltage and cur-
rent in each arm. 

V z = — A sin #x + C sin fix + D cos (0x — 4)) 

+ F cos (fix — 4)) 

jI,Z0=  A cos #x — C cos fix + D sin (fix — 4)) 

+ F sin 03x — 

A sin fix'  C sin 0x' — D cos (#x' — 4)) 

+ F cos (0x' —4,) 

A cos Ox' — C cos fix' — D sin (13x' — 4)) 

+ F sin (fix' — 4)) 

V, = B sin #y + C sin fly — E cos (0y — 

— F cos (0y — 4)) 

jI„Zo = — B cos #y — C cos 0y — E sin 

— F sin (ft), — 4)) 

V = — B sin fly' + C sin fly' + E cos (13y' — 

— F cos (fly' — 4)) 

jI,;Zo = B cos fly'  — C cos 0y' + E sin (fly' — 4)) 

— F sin (0y' — 4)) 

V, = A sin flz + B sin 13z + D cos (#z — 4)) 

+ E cos (/3z — 41) 

fizz° = — A cos #z — B cos /3z  D sin (fiz — 4)) 

+ E sin (0z — 4)) 

jI  = 

(13y — 4,) 

V,' = A sin I3z' — B sin ifiz'  D cos (#z' — 4)) 
— E cos 03z1 — 4)) 

j/.70 = A cos ifiz'  B cos Clz'  D sin (0z — 4)) 

— E sin (3z' — 0). 

If one selects as the plane of reference in each guide the 
plane where sin fix,  sin  fix',  etc. =0, that is, where the 
voltages of set (1) are identically zero, this simplifies 
the above equations considerably. One can then write 
the admittances at these planes; these admittances be-
ing measured looking away from the junction. 
These admittances are: 

r.  =   tan 4, — C  1 
jZo 4) 

V .  D  F cos q5 

re  j  A + C  1. 
Zo =   tan 4) 

V  D — F cos 4) 

r„  B + C  1 

V„  E  cos 

I.  B — C  1 
— jZo =   tan 4) 

E — F cos 4) 

r,  21-1- B  1 
jZo =    

V,  D + E cos 4) 

jZo   
B —A  1 

= 
V e D — E cos 4) 

tan 

tan 

tan 4). 

Using the notation 

/.  tan 
Y x =    etc., or y. = Y z + jb 

V .  Zo 

and eliminating the coefficients A, B, C, D, E, and F, 
one obtains (3). 

IV. FOUR-TERMINAL APPLICATION 

It should be pointed out that since this structure is 
the exact equivalent of a bridge, it can be used as a four-
terminal lattice section in microwave filter design or in 
similar applications. Most microwave filter structures 
used to date have been the equivalents of ladder sec-
tions. As is well known, a lattice section is the most gen-
eral form of four-terminal network, and offers much 
greater flexibility in design.2 
For example, the image impedances and transfer con-

stant can be separately adjusted. Also, any physical 
four-terminal network can be synthesized by means of 
lattice sections, while this is not always true for ladder 
sections. 

' E. A. Guillemin, "Communication Networks," Vol. II, p. 378 ff., 
John Wiley and Sons, New York, N. Y. 
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Closed- and Open-Ridge Waveguide* 
T. C. \ IHRANt, STUDENT MEMBER, IRE 

Summary —Expressions are developed for the voltage-current 
and voltage-power impedance of closed-ridge and open-ridge wave-
guide, with the discontinuity capacitance taken into account. Ap-
proximate expressions for impedance are derived which are valid 
under given typical conditions. 

I. ( .1.0SED-RIDGE WAVEGUIDE 

-I N A RECENT PAPER, Cohn presented much in-formation on the cutoff frequency and impedance 
of closed-ridge waveguide.' He noted excellent ex-

perimental checks of theoretical calculations for cutoff 
frequency; also for impedance, providing the ratio of 
guide height to width was small. However, when this 
ratio was 0.5, calculated impedances were approximately 
25 per cent too high. He stated, correctly, that the rea-
son for this discrepancy was the partial neglect of the 
discontinuity capacitance at the edges of the ridge in the 
derivation of the impedance equation. In the following 
calculation, the effect of this susceptance will be taken 
into account, giving expressions which are only %lightly 
more complex than those derived by Cohn. In fact, 
Cohn's curves may be used to obtain a preliminary an-
swer, which is then modified to include the total effect 
of the discontinuity. 
Cohn's derivation of impedance was based upon the 

simplifying assumption that E lines within the guide 
run vertically from top to bottom. At the edges of the 
ridge, voltage was made continuous by assuming a dis-
continuity in E at that point. Impedance was defined as 
the ratio of voltage across the center of the guide to to-
tal longitudinal current on the top face. This current 
was calculated on the basis of the assumed distribution 
of E, thus neglecting the effect of the higher order modes 

Fig. 1—E lines terminating on ridge side. 

which are necessary to satisfy the boundary conditions 
at the edges of the ridge. As a result, when the ridge step 

* Decimal classification: R118.I. Original manuscript received 
by the Institute, August 30, 1948; revised manuscript received, De-
cember 14, 1948. 
f Microwave Laboratory, Stanford University, Stanford, Calif. 
S. B. Cohn, "Properties of ridge waveguide," PRoc. I.R.E., vol. 

35, pp. 783-788; August, 1947. 

was of appreciable size, the omission of the contribution 
of current due to the capacitance of the ridge edges re-
sulted in a theoretical impedance which was too high. 
This discontinuity current is readily evaluated. Con-

sider two banks of E lines terminating on the side of the 
ridge in a ridge waveguide, as in Fig. 1. If their spacing 
is dn, the capacitance per unit length of the shaded con-
ductors contained between the terminations of the E 
lines may he written as 

ettIQ =  eoEdir 
(I('   

fEdp 
The longitudinal current in eit her conductor is given by 
the tangential ct)mponent of transverse //, i.e., 

1 
(II, = II„dn =  Ed,: 

ZTE 

where ZTE  is the ratio of transverse E to transverse II 
for a TE mode, 

}fence, 

120,r 

1 -( ) 2 

—  VdC. 
CO LT F. 

(1) 

Equation (1) states that current flow do n the guide 
may be obtained by considering the product of voltage 
and capacitance. It is necessary to apply this equation 
only at the discontinuity, since the current in the rest 
of the guide walls has been determined by Cohn. In 
ridge guide there are two discontinuity capacitances at 
the edges of the ridge. Their presence, therefore, in-
creases the total longitudinal current by the amount 
21 "Cd/toZTE, where Cd is the familiar Whinnery and 
Jamieson discontinuity capacitance2 given in Fig. 2 of 
this paper. Strictly speaking, this value of Cd must be 
modified if.the ridge edges are not far enough from the 
sides of the guide that reflection of higher-order modes is 
appreciable. However, with Cohn, these proximity ef-
fects are neglected in the determination of Cd• 

The derivation of an expression for impedance may 
now be carried through in a manner similar to that of 
Cohn, except that his expression for total longitudinal 

2 J . R. Whinnery and IL W. Jamieson, "Equivalent circuits for 
discontinuities in transmission lines," PROC. I.R.E., vol. 32, pp. 98-
114; February, 1944. 
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current must be augmented by the discontinuity cur-
rent, namely, 2CdEob2 cos 02/eoZTE. Since his imped-
ance has been based on the ratio of voltage to current, 

20 

16 

16 

14 

4 

2 

oo 02 04 

b. 

Fig. 2—Discontinuity capacitance as a function of ridge step. 

06 OS I0 

it will be termed Zri. Accordingly, his equation (3) be-
comes 

1202r 
—  , (2) 
2Cd cos 02 Ac'  bz 0(1 
  +   sin 02 — cos 92 tan — 
eo  Eb2  bi 

where 

2 

Z triZ  =  Z ri 1 /1  ( -1  

e, = 

02 = 

a2\ Xc 

al) Xe' 2 

az Ac 7 
— 

al X,' 2 

X, = cutoff wavelength without ridge = 2a1 

X,' = cutoff wavelength with ridge. 

Equation (2) gives the impedance of single-closed-ridge 
guide as illustrated in Fig. 3(a). The impedance of the 
double-ridge structure is just twice that of the corre-
sponding single-ridge guide. 
If a narrow ridge is employed, 02<<1; cos 02 may be re-

placed by unity and sin 02 by 02, giving the approximate 
expression 

z„-
120/ 

2Cd a2 I AZ  01 

en  112  r  bi 2 

(a 

be 

2be 25. 

_L 

(b) 

Fig. 3—Closed-ridge waveguide. 

(3) 

If X,'/X,> 3, little error results in replacing tan 01/2 by 
01/2, giving a very useful approximation which is inde-
pendent of cutoff frequency 

1207 
=   (4) 

2Cd a2 1 al (  a2) 
1 — — 

ea  b2  2 61 

While the voltage-current definition of impedance is 
useful in problems dealing with the matching of guides, 
it should be remembered that the definition of imped-
ance is not unique when circuit dimensions are an ap-
preciable fraction of a wavelength. If it is desired to find 
the voltage developed across a guide for a given power 
propagating down it, a power-voltage impedance must 
be defined and calculated. Let this impedance be termed 

Z„„. Then 

Z„ = 
V02 

E X lido 

(5) 

The effect of the discontinuity capacitance may again 
be taken into account, with the aid of Fig. 2, by noting 

that 
1  1 

d2P = E X Hda = — Odndp =  (Edn)(Edp). 
ZrE  Z TE 
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Since E dn is constant between the two E lines, the in-  of Fig. 4, an advantageous structure for certain applica-
tegration over p may be carried out, giving  tions. In this guide, the discontinuity susceptance is a 

V  major factor governing guide impedance, since the shun t-
dP =  Ed,  capacitance has been greatly reduced by removal of the 

Z7'R  ridge top. So far, the equations have been corrected for 
From which 

1  the effect of C d. The y must be modified further to in-
dP =  — V2dC.  elude the change of geometry and the resulting loss of 

eoZTR  capacitance. Henceforth, it will be assumed that the 
Hence, the additional power flow due to 2Cd is ridge is narrow and represents a lumped capacitance 
2 172Cd/toZTR. Writing (5) as  subject to a voltage Vo. The discontinutiy capacitance is 

=  Vo'  also lumped with the ridge-top capacitance. A ma jor  

2172Cd problem is to determine how much the ridge-top capaci-
 +  E2da  tance changes when the bridgiog conductor is elimi-
EOZT B  Z7'E c.s.  nated. The simplest approach to this problem is the ex-

Cohn's expression for E may be inserted and the inte-  perimental approach. Measurements have been made to 
gration carried out, giving  determine the difference in capacitance between a ridge 

1207r2b2 
= 

Ca  02  sin 202 
271)2 — cos' 02 +  V {—  — —  — 

et)  2  4 

This simplifies, if a narrow ridge is assumed, to 

1202r 
Zpo°' = 

b2 cos' 02 01 sin 2021} 

b# sin2 0# L2  4 

2Cd a2 1 X,'  1 1-01 sin 2011 
— -I- — + 
eo  bo  r bi sin' 01 L 2  4 _I 

If 01 < 30°, an excellent approximation is 

1207 
Zpv °3 = 

2Cd a2  1 ( — az ) 

eo  b2  3  b# 

II. OPEN-RIDGE WAVEGUIDE 

The preceding expressions were developed primarily 
for determining the behavior of the open-ridge waveguidc 

_ 

with and without a top. It was found that this change 
of capacitance AC depends chiefly upon the ratio of the 

(6)  inside spacing of the fins s to the ridge spacing b2, pro-

(a) 

2b,  2b, 

_L 

(b) 
Fig. 4—Open-ridge v.aveguide. 
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Fig. 5—Experimental determination of AC as a function of 5/61. 

viding this ratio is greater than unity. Experimental re-
sults for several fin thicknesses are presented in Fig. 5, 
from which it is evident that varying this parameter has 
little effect on C. This handily eliminates an unwanted 
variable. 

Sufficient information is now available to calculate 
the cutoff wavelength and impedance of open-ridge 
waveguide. The expressions will again be developed for 
single-ridge guide, but apply equally well to double. 
ridge guide, providing the impedance is doubled. The 
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shunt admittance of Cd+iCr must equal the admittance  and 
of a transmission line of length 01 at cutoff, hence 

Noting that 

3.5 

30 

25 

Lo(Cd + 1C„) = 1-,1 cot 01. 

Yoi =1/1207bi, this may be written 

bi (2Cd +C,) 

a  eo  cot 01 

a2 
1 — — 

et 

1207 
—   
2Cd+Cr  2 X,' al  1  ro, sin 201 

es  T  b1 sin201 L 2  4 

III. SAMPLE CALCULATIONS 

Consider a closed-ridge guide with bdai =0.5, b2/b1 
(7) =0.133, and a2/ai =0.352. Cohn's Fig. 3 gives VP., as 

2.57 and a Z„i"' of 65 ohms. From Fig. 2 of this paper, Cd 
is found to 9.5 A/if/meter for a step of 0.133. Since eo is 
8.85 µµf/meter in mks units, the correction term may be 
evaluated, 2 Cd cos 02/€(6=2.1. Cohn's denominator must 
have been 377/65 =5.8, but this must be increased by 
2.1. Hence, the impedance is 377/(5.8+2.1) =47.5. 
Cohn reported experimental data on a similar guide, 
but with bi/ai scaled down by a factor 0.472/0.500; its 
impedance was measured as approximately 50 ohms. 
Scaling 47.5 down by this factor, the corrected theo-
retical impedance is 45 ohms, a figure within 10 per cent 
of the experimental value. The approximate formula 
(4) gives 47 ohms. 
Cohn gave a second example, a guide with bi/al =0.5, 

a2/a1=0.4, and b2/b1 = 0.1. At a frequency one and one-
half times cutoff, the uncorrected calculation gives 60 
ohms, while including the discontinuity term reduces 
this to 46 ohms. Cohn reported 35 to 40 ohms experi-
mentally. The approximate formula gives 45 ohms. Un-
fortunately, no further experimental data are available, 
but it is evident that the correction is in the right direc-
tion and of the right order of magnitude. 

COT 0,  20 

5 

05 

0 0 02 64  0 0 El t.b 
0, 

Fig. 6—Graphical solution of equation (7). 

1.2 

r ,he solution of this equation may be found from the 
plot of Fig. 6, and X,'/X, obtained from the definition of 
01, 

az)—  T 1 — = (1 —  . 
X,  at 2 01 

(8) 

Impedance may now be obtained from (3) or (6), except 
that a2/b2 must be replaced by C„/€0 as determined by 

(7, az  AC 

fp  b2 to 

rHence, for open-ridge guide, 
i   1207 

— 
2cd + C„  2 X,' al  0; I   -I- — — — tan — 
to  T X, bi 2 

(9) 

r  :55 1  

 25 5   

6 

(b) 
Fig. 7—Open-ridge guide for sample calculation. 
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As an example of open-ridge calculations, consider the 

guide of Fig. 7(a). Here bi/ai =0.392, b2/bi =0.30, and 

a2/ai =0.294. The discontinuity capacity for a step of 

0.30 is given by Fig. 2 as 5.0 yid/meter. The AC for a 

ridge with 0 2 =5.5/3 =1.83 is given by Fig. 5 as 11 

PIA/meter. Thus, from (9), Cr = 11 µµf/meter. Substitu-

tion in (7) and use of Fig. 6 gives a 01 of 0.77. This allows 
evaluation of Xci/X, from (8), giving the value 1.44. Im-

pedance is calculated directly from (10) and (11), giving 

ZriX =113 ohms, and  =124 ohms. 

No direct experi mental check of these figures has been 

made; however, the above guide was set up in an equiv-

alent form on a rectangular network analyzer designed 

and built at Stanford University under the direction of 

Spangenberg.3 Nleasurement of X,'/X, from the board 

gave the value 1.65. This is within 15 per cent of the 

theoretical value, the lack of agreement probably being 

due to the difficulty of representing thin reentrant fins 

on the board, since it makes use of discrete lu mped ele-

ments. 

ACKNOWLEDGMENT 

The writer wishes to thank E. L. Ginzton and NI. 

Chodorow for their encouragement and guidance. 

K. Spangenberg and G. Walters, "An electrical network for the 
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Broad-Band Dissipative Matching 
Structures for Microwaves* 

HERBERT J. CARLINt, MEMBER, IRE 

Summary —Interpolation in the complex plane is employed to 
handle microwave network functions. This yields an approximating 

rational function over a specified bandwidth, and leads to a lumped-
circuit approximation for the microwave structure, which is used as 
a basis for the synthesis of matching networks. In various problems 
involving dissipative devices, the poles of the rational approximating 

function may satisfy special conditions. In such cases the ideal lumped 
matching network has a simple realizable form, and may be trans-

formed into a suitable microwave structure. Applications of this 
method and experimental results are given for the synthesis of a new 
type broad-band coaxial "chimney" attenuator. 

I. INTRODUCTION 

IN ORDER TO insure uniformity of apparatus de-sign in a composite transmission system, and, at 

the same time, maintain conditions for maximu m 

power transfer, it has been the practice to match the 

terminal impedance of components to the character-

istic impedance of the main transmission line. This 

paper considers methods of design of microwave struc-

tures which match the input impedance of transmission 

components over very wide  frequency bands. The 

matching structures are analogous to the constant-

resistance networks of low-frequency circuit theory, 

and hence have loss. Thus the methods are most di-

rectly applicable to devices in which dissipation can be 

tolerated, such as attenuators, terminating loads, cer-

tain types of broad-band probes, etc. Later in the paper, 

* Decimal classification: R117.121XR310. Original manuscript 
received by the Institute, July 8, 1948; revised manuscript received, 
October 5, 1948. Presented, 1948 IRE National Convention, New 
York, N. Y., March 25, 1948. This paper was prepared in connection 
with Navy Bureau of Ships Contract Nobs-28376, and is based on 
part of a doctoral thesis submitted to the Polytechnic Institute of 
Brooklyn. 

t Microwave Research Institute, Polytechnic Institute of Brook-
lyn, Brooklyn, N. Y. 

applications of the method to the design of fixed pad 

coaxial "chimney" attenuators will be given. 

The design procedure consists of essentially three 
steps: 

Step 1: Determine the input driving point imped-
ance function of the microwave device when properly 

terminated, and approxi mate this over a specified fre-

quency band by a suitable rational function and its 

equivalent lu mped-parameter circuit representation. 

Step 2: Determine an ideal lu mped-para meter match-
ing network which, in combination with the lumped-

circuit approxi mation of Step 1, produces •a constant-

resistance input impedance. 

Step 3: Transform the ideal matching network of Step 

2 into the final microwave matching structure. 

II. REPRESENTATION OF MICROWAVE 
IMPEDANCE FUNCTIONS 

The method employed here for approxi mating by a 

rational function the nonrational function which repre-

sents the input impedance of a specified microwave de-

vice, is that of interpolation in the complex plane. Alge-

braic methods of interpolation for the approximation of 

impedance functions have been used heretofore by 

Zobel,' but a more general method employing contour 

integration, described by Walsh,2 appears to be little 

known to engineers. The basic theorem for interpola-

tion in the complex plane may be stated as follows: 

Let the function f(s) be analytic in a region of the 

'Otto J. Zobel, U.S. Patent No. 1,720,777. • 
J. L. ‘Valsh, "Interpolation and Approximation by Rational 

Functions in the Complex Plane," Amer. Math. Soc. Colloq. Public 
Vol. XX, 1935, chap. VIII. 
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•omplex plane bounded by the contour F. Let the points 
,,311 021 • • • On+1 lie inside F. Let r(s) be a rational func-lion of degree n with preassigned poles al, a2, • • • ,a 
ind of the form: 

bsn  bon -1 -E • • • -I- b. 
r(s) = o (1) 

(s — ai)(s — a2) • • • (s — an) 

If r(s) takes on the values of f(s), i.e., interpolates to 

r(s), at the points $ 1 • , 8 29 • • • 9 On+19 then r(s) is given by 

r(s) = 
1 cr 
-1 l 27r j  rL 

(s 131)(s -- 02) - 

(1 — 01)(1 — 02) • 

tive real and hence realizable; and even when this is 
not the case, additional devices may be employed, such 
as a slight change in the choice of interpolating points, 
to produce a realizable rational function. 
As a simple illustrative example, and one which will 

be useful in a design problem to be considered later in 
this paper, consider the case of two interpolating 
points, )31= 0, 132=jX2 where X 2 is a real linear function 
of either wavelength or frequency. Then r(s) from (2) is 

• (s — on,i)(t — c21)(1 — «2) • • • (1 — an)1  f(0  id . 
• • (I —  — at)(s — az) • • • (s — an)] t — s 

Equation (2) may be applied in a variety of ways, and 
can yield much information on the general nature of 
the interpolation process. For example, suppose all the 
Bk to be equal, i.e., a multiple point of interpolation. 
Then the integrand has a pole of order n+1 at Bk, and 
its evaluation by residues will involve the first n deriva-
tives of f(s) at s =t3k. If, now, the ak are chosen ak = 
(2) will then reduce to 

r(s) = ao ei(s — 13 0  a2(s — 1302 -I- • • • 

a„,(s  (3 ) 

where ak become the coefficients of a Taylor series; r(s) 
is thus given by the first n terms of a series expansion of 
f(s) about the point s =i3k. This result indicates that 
the often-used practice of obtaining an approximation 
for a given function by using several terms of a power 
series expansion for that function is actually a form of 
interpolation in which all the interpolating points are 
identical. 
In many cases the use of nonidentical points of in-

terpolation distributed over the region in which an ap-
proximation is required gives better results than ap-
proximation by power series (i.e., repeated interpolation 
at a single point). A case in point is the approximation 
of nonrational impedance functions by lumped-param-
eter networks. For this, (2) may be applied if certain 
additional restrictions imposed by network realizability 
are added. A necessary condition that r(s) be a network 
function is that the roots and poles of (1) be real or 
complex conjugate. It can be shown that, if this is to 
be true, then r(s) may be determined by (2) in conjunc-
tion with the additional equations formed by setting 
the imaginary parts of the numerator coefficients bk 
respectively equal to zero. 
It should be pointed out that although r(s) will satisfy 

certain necessary conditions for realizability as a driving-
point impedance, it may still not be realizable. How-
ever, f(s) is itself an impedance function, though of a 
rdistributed-parameter structure, and is in many ways 
' similar to rational network functions.3 Therefore, in 
practical problems r(s) will usually turn out to be posi-

a H. W. Bode, "Network Analysis and Feedback Amplifier De-
sign," D. Van Nostrand Co., chap. 13, p. 298; New York, N. Y., 
1945. 

(2) 

r(s) = 

where 

— a(s — 3.2)f1 — s(32— a)f2 

/Ws — a). 

= fir  = 1(31) 

12 = 12,  3f2i = 1(I32). 

If the imaginary part of the numerator coefficient in 
s is set equal to zero then a is found: 

X2fzi  
a = 

ft — fzr 

and 

s(12, — af21/X2) — aft  
• r(s) = 

s — a 

(4) 

(5) 

With appropriate values given for the parameters, 
(5) may be realized as a suitable network. 
As an example of the application of (5), consider the 

input impedance to a long, lossy coaxial transmission 
line, which may be written: 

f(s) = ZoVT i,  (6) 

where 
Zo =lossless characteristic impedance of the line 
s =complex wavelength variable with imaginary 
part = X =RX/271-Zo 

R= resistance per unit length of line 
X = real wavelength. 
A range of 0 5 X 52 is applicable to the class of lossy 

coaxial lines encountered in resistive-film microwave 
attenuators,' and may be chosen as the range of ap-
proximation for this example. The two points of interpo-
lation may be determined by a method of least squares 
described in detail elsewhere,' or by inspection. The 
latter method generally yields satisfactory results and 
has the considerable advantage of saving much com-
putational time when applicable. Suppose, then, that 
Xi =0, X 2 = 1.6. Substituting in (4) and (5), the result-

4 Ft. J. c arlin and J. W. E. Griemsmann, "A bead supported 
coaxial attenuator," 1947 Proc. Nat. Electr. Conf., pp. 79-89. 
* H. J. Carlin, Report R-139-47, PIB-90, Microwave Research 

Institute of the Polytechnic Institute of Brooklyn, p. 30; March, 1947. 
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lug function on the imaginary s axis is given by 

5.34 — j3.42X 
r -V)  (7) — 5.34 — jX 

The real and imaginary parts of this approximating 
function are compared with the exact results obtained 
from (6) in Fig. 1. Shown also in Fig. 1 is the lumped-
circuit representation of (7). 

10 

'1--
- 

- 
t 

[zoo] 
• . 1-  

R  r (X 

r xi 

__J ztio 
10 

2 1X1• FI TIX 

534 -.13.42X r (X) • 
534- J4 

445  I • 

1  I   

Fig. 1—Interpolation to the input impedance of diss pative 
coaxial line of infinite length. 

S. to 

Another example is plotted in Fig. 2. In this case the 
given distributed-parameter structure is a dissipative 
short-circuited coaxial line of length 1, and resistance 

I 
044  1226 

1  rttl—.- -1124 

.11 01.2 
365 2 

."  C M J til- Jay 

A 1,-(.11 

N. [Y(51 - -. 

rmyr. 
e_ztitg 
1. 14  

r ".413 .11: 0 0: 113: 

01  02 03 04 05 06 0706011 

itt 1-4 
I I 
I. 

Fig. 2—Interpo ation to the input impedance of a 
short-circuited dissipative coaxial line. 

Rdo. Three points of interpolation were chosen at 
1/X=0.0, 0.05, and 0.20, respectively, to cover the 
range 0 5//X 5 0.25. 

The input admittance function of the line is given by 

Yo coth  pis 
Y(s) =   ()) 

1/1  P/S 

and the interpolating rational function found from (2) 
is then 

8.1352 4.30s + 22.0 
r(s) =   

S2 + 22.74s  9.78 (9) 

tvliere 
c()1111)14•\ f Elq1111•111 . V V:1 6;1   

r =21r1/X 

p= 
The re.il and imaginary parts of r(jr) are plot tell rin 

Jig. 2, %%hi, h also shows a lumped-circuit representation 
of  lie net work shown contains a negat ive 
sistan. ie-i although it can be rigorously shown that 0) 
is  positive real fun( 1 ion ill s, and hence realizable bv 
a finite assemblage of positive resistors and reactors. 
This type of structure with negative resistance is 
chosen since it leads to a simple form of ideal matching 
network. This is discussed further in the next section. 

DLI FICAINATION OF IDEAL MATCHING NETWORKS 

Having found a realizable lumped-circuit approxima-
tion for the given microwave structure, the next step 
in the design process is to find a lumped ideal matching 
network. Fano' has shown how to obtain a lossless net-
work which approximately matches an arbitrary two 
pole, and has given the value of minimum race i ill 

coefficient which may be obtained using an infinite 
ladder structure of reactance elements. The disad-
vantages of reactance matching networks are that they 
must result in a finite residual reflection, and are diffi-
cult to realize as distributed-parameter structures for 
use at microwaves. If loss can be tolerated, the con-
stant-resistance networks discussed here are more suit-
able, since they give ideal reflectionless matching, and 
the relatively small number of elements they contain 
simplifies the problem of finding a final representation 
as a microwave structure 

In order to proceed with the determination of a 
lumped ideal matching network, use is made of a prop-
erty of driving-point network functions given by 
Bode.' This may be stated as follows: If Y(s) is a 
rational, realizable driving-point admittance of the 
minimum-susceptance type, then a partial fraction 
expansion gives: ( Y(s) has only simple poles), 

ais2 bis  Ais  13i) 
1.(s) = +  ± E     ,  er 

, G iS 2 e,s  f,  D, 

where each term of the first summation represents a 
physically realizable biquadratic admittance function 
with one pair of complex conjugate poles, and each 
term, of the second summation represents a physically 
realizable bilinear admittance function with a single real 
pole. III order to insure that all terms under the sum-
mation sign are positive real, it may be necessary to 
make the constant term Go negative. The network 
shown in Fig. 3(b) is always a possible representation of 
(10) for, since none of the terms, by hypothesis, can 
have poles on the imaginary s axis, a finite series re- r 
sistance can be extracted from every shunt branch." 

'R. N1. Fano, Technical Report No. 41, Research Laboratory of 
Electronics, MIT, January, 1948. 
' See chap. 10, p. 200, of footnote reference 3. 
3 In case a term  has  a zero  minimum  value  of  conductance, it will 

be necessary to add some finite conductance extracted from Go. 
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Thus the impedance of each branch is 

Zi = Ri + 2i.  (11a) 

To form a constant-resistance network, a set of shunt 
circuits, as in Fig. 3(a), is added to the given structure. 
Each of these circuits has only positive elements and 
corresponds to one of the branches given by (11a) with 
an impedance 

Zit Ri  Zic  (11b) 

where 7„ and Z, are inverse networks; 

7. 7. = R.2. (11c) 

The resultant structure has an -input admittance 
which is a real positive constant, GT, independent of the 
sign or magnitude of Go. This follows from the fact that 
Y(s) is a positive real function. 

GT = (± Go + E  (12) 
Other questions concerning the general case of Fig. 

3(b), such as the possibility of eliminating mutual re-
actance, will not be treated here, but a special case 
which has found frequent application in design problems 

MATCHING NETWORK 

ii. R: 

(a) 

GT --H. 

LLILC 
GIVEN NETWORK 

i t Go 

GIVEN NETWORK 

(b) 

WATCHING NETWORK 

(c) 

MATCHING  , GIVEN 

NETWORK  NETWORK 

01> I 

(d) 
Fig. 3—General determination of ideal matching networks. 

MATCHING  GIVEN 

NETWORK  NETWORK 

CT <I 

(e) 

will be considered. If Y(s) has only real poles, then the 
terms of the second degree in (10) are eliminated. The 
given network is then made up of shunt branches, each 
of which is of the series RL or RC type, plus one shunt-
ing resistor which may be negative. The input ad-
mittance is then of the form 

11(s) =  Go + E U $ + 1 j+: 
k 

where 
1 

a, gL =   
gk 

k = 

Ck 

gks 

S  1k 

T'   
MATCHING 
NETWORK 

The matching procedure for this case is indicated in 
Fig. 3(c). If the impedances are all normalized to the 
line characteristic impedance, it is desired to have the 
ideal matching network produce a constant input re-
sistance of 1.0. To do this, a single additional normaliz-
ing resistance RN iS used. If GT> 1, as in Fig. 3(d), RN 
is placed in series with the matching network and has a 

value 
1 

RN — 1 —  • 
GT 

(14a) 

If GT <1, as in Fig. 3(e), RN is placed in shunt with the 
matching network and has a value 

1 

RN=   
1 — GT 

(14b) 

Fig. 4 shows the matching procedure for the two in-
terpolating networks whose characteristics were shown 

in Figs. 1 and 2. 

Y • I — •• 

MATCHING 

NETWORK 

0 904 

(a) 

GIVEN 

NETWORK 

0444  ..O.I2213 

-1128  

000545,T 

GIVEN 
NETWORK 

0.1228 

(b) 

Fig. 4—Determination of ideal matching networks. (a) Infinite 
dissipative line. (b) Short-circuited dissipative line. 

IV. DETERMINATION OF THE 
MICROWAVE STRUCTURE 

The final step in the design procedure is to find a 
distributed-parameter structure which will approximate 
the impedance characteristics of the ideal matching 
network over a specified frequency band. This problem 
is essentially the inverse of the original interpolating 
procedure. To obtain an indication of the order of 
magnitude of the mismatch produced by an impedance 
which deviates from the ideal matching network, the 
input voltage-standing-wave ratio may be calculated 
as a function of the admittance deviation between the 
microwave network and the ideal matching network. 
The input reflection factor is given by 

1 — y 
K =   (15) 

1 + y 

where y is the normalized actual input admittance. But 

Y  Ya + Y. = Yo + y.  = 1 + AY  (16) 
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where ya is the normalized admittance of the originally 
specified microwave device, y„ is the admittance intro-
duced by the final microwave equalizer, y„, is the ad-
mittance of the ideal matching network, and Ay = y,„ —ye. 
Substituting in (15), 

Ay  Ay 
K=   —  (17) 

2 + Ay  2 

where the approximation is valid for Ay<<2. The 
vswR, 77, is then given by 

. 1+( Kl  2 +Lir . 
=   '  +  (18) 

1— !K1  2— y 

The final approximation of (18) may be taken as a 
fair indication of the mismatch whenever '7<1.30. 
An important point indicated by (18) is that the 

microwave equalizer may deviate from the ideal 
matching network by an amount of the order of 30 per 
cent of Zo without introducing an inordinate reflection. 
Thus, if a VSWR of 1.30 is permissible, an accurate 
determination of the final microwave structure is not 
necessary, unless an extremely large amount of equaliza-
tion is required. 
The first step in finding the microwave Matching 

network is to choose the form of structure which is to 
be used. .A variety of structures will usually be possible, 
and experience, coupled with some ingenuity on the 
part of the designer, will help in arriving at a practical 
choice. In this phase of the problem, the ideal matching 

Junel!o• 

Fig. 5 shows two simple microwave transmission lines 
with loss, which are ext remely flexible as circuit ele-
ments, and hence are applicable to many problems as 
matching networks. Fig. 6 gives typical input-admit-

T YPE OF LINE LINE CONSTANTS LAW FREQUENCY REACTANCE 
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CAALCITIVE 

INDUCTIVE 

R < ry (2;4,)zo 
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INDUCTIVE  FOR 

IL < to 

Fig. 5—Low-frequency response of coaxial lines. 

tance curves of the short-circuited, uniformly dissipa-
tive line of Fig. 5 drawn for the entire frequency 
spectrum. It indicates quite clearly the wide range of 
admittance loci that it is possible to realize with this 
simple structure, and suggests how such a line may be 
used as a circuit element. More detailed character-
istics are given by Crosby and Pennypacker. 9 
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Fig. 6—Input admittance loci of short-ercuited dissipa ive coaxial lines. 

network is an invaluable aid in suggesting the type of 
distributed-parameter structure which should be chosen. 

9 D. R. Crosby and C. H. Pennypacker, "Radio-frequenc‘ re 
sistors as uniform transmission lines," PRoc. I.R.E., vol. 34, pp. 62-
66; February, 1946. 
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The final problem is to determine quantitatively the 
'ionstants of the chosen microwave structure so as best 
o approximate the ideal matching network. If the in-
mt admittance of the microwave device is given by 

e(s) = F(s, 43Ir 42, • • • r 43.)  (19) 

vhere the (I)j are the parameters such as termination, 
:haracteristic impedance, length, etc., which char-
tcterize the structure, then the solution for these param-
Aers may be formally written down in terms of the 
nethod of least squares. This can be done if it is noted 
-rom (17) that the reflection factor K is proportional to 
ly, so that the solution which minimizes 1K1 2 over a 
specified frequency band may be expressed in terms of 
the square of the magnitude of the admittance devia-
tion 16,y I 2. The result is the set of n simultaneous equa-

tions of the form 

fs. sb[ 
aF,  aF, 

(y„ — y„,) —  [y„ — y„,i]  dq = 0  (20) 
aci),  a4), 

j= 1, 2, • • • , n 

where the subscripts r and i, respectively, denote real 
and imaginary parts, and So and Sb are the band limits. 
A direct solution of equations (20) is generally quite 

difficult, but a great deal of numerical simplification is 
possible.'° In particular, these equations can be con-
verted into a set of simultaneous linear algebraic equa-
tions in the unknowns (13j, provided it is possible to 
make a reasonable initial estimate of these quantities. 
In the example given below, a graphical method is 
used to obtain the approximate values of the microwave 
network constants, and, because a high degree of ac-
curacy is not generally needed, as discussed earlier in 
connection with (18), these values are sufficiently good 
to make the use of (20) unnecessary. This is found to be 
I true in many design problems, particularly when the 
ideal matching network does not have a large number of 

branches. 

k  V. APPLICATION TO THE DESIGN OF FIXED PAD 
COAXIAL ATTENUATORS 

As a typical example, the design procedure for a 20-
db coaxial pad which is to operate over the frequency 
band 1000- to 4000-Mc (7.5 to 30 cm) will be described 
briefly. The given structure to be matched is chosen 
as a length of metallized glass whose resistance per 
unit length does not introduce excessive attenuation 
variation over the frequency band. This is easily accom-
plished but the details are not pertinent here and have 
been described elsewhere.' Initially the entire 20-db loss 
is assumed associated with this lossy line, but the finite 

rloss of the matching network is taken care of in the final 
design by merely shortening the main attenuator insert 
by the requisite amount. Since the loss is high, the input 

'0 I. S. Sokolnikoff and E. S. Sokolnikoff, "Higher Mathematics 
For Engineers and l'hysicists," McGraw-Hill Book Co., New York, 
N. Y., 1934, p.407. 

impedance of the main attenuator insert is equal to its 
characteristic impedance, and is given by (6) .The two-
point interpolation of Fig. 1 is quite adequate, since, 
corresponding to the choice of frequency range and at-
tenuator insert constants, the value of X is well within 
the range of Fig. 1. The interpolating rational function 
is therefore given by (7), and the ideal matching net-
work is formed according to Fig. 4(a). 
A consideration of the ideal matching network, which 

is inductive, in conjunction with Figs. 5 and 6 suggests 
a short-circuited lossy stub line as the microwave 
matching structure. A graphical procedure is used to 
find the constants Rd,., Zo, and lof the stub line shown in 
Fig. 2. First, the admittance of the ideal matching net-
work is plotted. This is a circular locus in the G — B 

Fig. 7—Graphical determination of a microwave matching structure. 
Curve (a): Admittance locus of an ideal matching network. Curve 
(b): Approximate admittance locus of a microwave structure. 

plane, and is shown as curve (a) of Fig. 7, with the ter-
inal points corresponding to the band limits, X =7.5 cm 
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(C)  (d)  (e) 

Fig. 8—Summary of design procedure for a 20-db 
"chimney" attenuator. 

and X =30 cm, indicated. The constants of the stub line 
must now be chosen so that y,„ the admittance of the 
microwave network, approaches curve (a) over the 
specified band. To do this it is assumed that the stub 
line, whose admittance is given by (8), can be approxi-
mated over the 1000- to 4000-Mc frequency band, by a 
rational admittance function found from a two-point 
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interpolation process, i.e., a bilinear form similar to (7). 
This function is realized by a network of the type 
shown in Fig. 8(d), but the element values are unknown. 
However, a network of this type must have a circular 
admittance locus. Since (8) is a function of  =27r//X, 
the length 1 has no effect on the shape of this locus, but 
only on the frequency scale of the curve. Hence, by 
drawing several loci corresponding to a few chosen 
values of Rd, and Zo, the best locus curve can be found 
by comparing the resultant circles with curve (a). This 

gives two of the three required parameters, and, by 
graphically adjusting the scale, the third unknown, 1, is 
found. The whole procedure is actually a very straight-
forward process, for the circular loci may be located and 
drawn very simply in the following way. Suppose spe-
cific values for Rd. and Zo have been chosen. Two 
interpolating points are taken, one being 71=0, the 
other some assumed value of T 2 in the neighborhood of 
27r//X =0.47r; i.e., in order that Y. be inductive, 72, 
according to Fig. 5, is chosen 72<70 < (7r/2). The values 
of Y.(s) are calculated from (7): 

17.(5)1T-o = P = —  (21a) 
Zo • 

Ye(s)  =  ge2 /1,13 (21b) 

where ge, and b.2 will now have some definite numerical 
value. These two points are plotted, and, since the 
center of the circle must lie on the real axis, the entire 
circular locus may be immediately constructed. In this 
manner curve (b) of Fig. 7 was chosen (other circles 
are left out for the sake of clarity) from a number of 
circles; Rd. and Zo, associated with this curve, are thus 
determined. It is now necessary to fix the terminal 
points of the (b) locus curve. Only one of these can be 
chosen independently. In Fig. 7, the high-frequency 
terminal point Th is chosen on curve (b) to lie as close 
as possible to the point X =7.5 cm of curve (a). To find 
the value of 74, a simple geometric property of the 
linear transformation is used." Referring to the con-
struction lines on Fig. 7, 

OC 
74 = T2 

Od 
and 1 is given by 

(22a) 

74 Th 
1 = X• — = 7.5 X — •  (22b) 

27r  27r 

In a similar fashion, a point corresponding to any 
wavelength may now be located on curve (b). For 
example, for the low-frequency limit at 30 cm, 

T = TL = trh, 

and the construction line Qe, with 0e=4 W, locates 
the point on curve (b) corresponding to TL. On the 
basis of (18), the VSWR circles shown in Fig. 7 are 
drawn, and these indicate the mismatch which may be 
expected. 

"C. W. Carter, "Graphic representation of the impedance of re-
sistance networks containing two reactances," Bell Sys. Tech. Jour., 
vol. 4, pp. 387-402; July, 1925. 
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Fig. 9—Summary of design procedure for a 10-db 
"C himney " attenuator. 

Fig. 8 summarizes the procedure described for the 
20-db attenuator, and Fig. 9 shows the steps in the 
design of a 10-db unit for the frequency band 0 to 
1000 Mc. Attenuators of this type have become known 
as "chimney attenuators" from the appearance of the 
stub lines. Although space does not permit discussion 
here, it is possible to utilize the matching networks for 

attenuation equalization as well as matching. The ex-
perimentally measured performance curves of Fig. 9 
for a 10-db and 20-db chimney attenuator are for 
typical designs which have been matched as described 
in this paper, and designed as well for attenuation 
equalization. 
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unit, 1000-4000 Mc. 
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Analysis of a Wide-Band Waveguide Filter* 
SEYNIOUR B. COHNt, MEMBER, IRE 

Summary—A rectangular-waveguide structure consisting of a se-
ies of constrictions and cavities is analyzed and shown to have the 
troperties of a wide-band filter. The lower cutoff of the lowest-
'requency pass band is due to the natural cutoff behavior of the wave-
;uide itself. The upper cutoff of this band is due to the succession of 
liscontinuities. Under the assumption of no dissipation in the filter 
;ections, exact equations for the image parameters of the filter are 
derived. These equations take full account of the discontinuities and 

their interaction. 
As a by-product of this analysis, formulas are obtained for the 

exact equivalent circuits of three rectangular-waveguide structures: 
(a) a cavity formed by two changes in height (Fig. 2(a)); (b) an increase 
of height followed by a short-circuiting wall (Fig. 2 (b ); (c) the hypo-
thetical case of an increase of height followed by an open-circuiting 
wall (Fig. 2 (c)). It is shown how the analysis of structure (b) may 
be used to obtain an improved solution for ridge waveguide. 
The writer will cover the more practical problems of filter design 

and experimental verification in another paper. 

FT
HE FILTER structure that is analyzed in this 
paper is shown in Fig. 1.1 Design relations are 
given for it in the literature,' for b-1. In this pa-

per, the more useful ease of b unrestricted is treated. It is 
assumed that the conductance of the metallic walls is 
infinite. 

T—  

'S. 

t 

— f. i..-  ,..-4 
I—  i — 

Lr 

- -   .- -  \ 

r  (b) 
Fig. 1—The waveguide filter structure studied in this paper. Be-

cause of symmetry considerations, the theory developed for (a) 
applies to (b). 

BASIC PRINCIPLES 

Waveguide is considered from the transmission-line 
standpoint in this paper.3,4  The impedance at a given 

* Decimal classification: R118.1. Original manuscript received 
by the Institute, July 2, 1948; revised manuscript received, Novem-
ber 19, 1948. Presented, 1948 National IRE Convention, March 23, 
1948, New York, N. Y. 
t Sperry Gyroscope Company, Great Neck, L. I., N. Y. 
I Filter configurations of this and other types have been proposed 

by numerous investigators before the war. In order to keep the 
r length of this paper within reasonable bounds, a history of wave-
guide filters is omitted. 

2 Radio Research Laboratory Staff, "Very High-Frequency Tech-
niques," McGraw-Hill Book Co., New York, N. Y., section 27-28; 
1947. 

3 S. A. Schelkunoff, "The impedance concept and its application 
to problems of reflection, refraction, shielding and power absorption," 
Bell Sys. Tech. Jour., vol. 17, pp. 17-49; January, 1938. 

S. A. Schelkunoff, "Electromagnetic Waves," D. Van Nostrand, 
Inc., New York, N. Y., pp. 319-320, 490-494; 1943. 

I. 

reference plane is defined as 

bE, 
Z = — C 

all . 
(1) 

where C is an arbitrary constant, a is the width, and b 
the height of the guide, and .Eu, H. are the transverse 
electric and magnetic field strengths at a given point in 
the reference plane. The characteristic impedance of the 
guide is 

zo_ Cbn 

aN/1 — (f,/ f)2 

where n is the characteristic impedance of free space 
(377 ohms if mks units are used), fc the cutoff frequency 
of the TEio mode, f the frequency of operation, and C 

the same constant as in (1). 
The guide wavelength X. is given in terms of the 

space wavelength X by 

X 
X g 

( fe i n 2 

(2) 

(3) 

The image parameters of classical filter theory may 
be used with wave-guide filters, as explained in the 
literature.6 In Fig. 1 it is shown how the waveguide 
filter may be split up into identical sections. Let Yu and 
be the short-and open-circuit admittances of a filter 

half section (Fig. 2). Then the image admittance 171 and 
image transfer constant 0 of a full section are given by 

LL, 

(a) 

Yr =  17.,Yoe 

tanh  = 
2  Y„ 

*ALL 

E 0 • 0 
• • 0 

(4) 

(5) 

I. 

.•6101. •  I 

go•Li. 

g • . o 

(b)  (c) 

Fig. 2.—A single filter section (a); a short-circuited half section (b); 
an open-circuited half section (c). 

For a nondissipative filter, Yr is real in pass bands and 
imaginary in stop bands. 0 is imaginary in passbands 
and real in stop bands. 0 is usually written 

0  a + jf),  (6) 

where a is the the image attenuation constant in nepers, 
and 13 the image phase constant in radians. 

6 See chapter 26 of footnote reference 2. 
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Fig. 3 shows the kind of Y.,. and 17,„ functions that 
one obtains for a waveguide filter half section. "Islw in-
dependent variable is the inverse guide wavelength 
1/X., which is analogous to frequency in ordinary trans-
mission-line filters. The corresponding  a, and /.1 func-
tions for this case are sketched in Fig. 3, also. Note that 
there is a succession of pass bands, but the first and sec-
ond pass bands are separated by a wide stop band. In all 
actual filter design, only the first pass band is usually 
used. The next pass band begins near the frequency for 
which X . = 10. 

Fig. 3—Open- and short-circuit admittances of a typical half-sec-
tion filter. The image parameters of the corresponding full 
section are also shown. 

THEORETICAL ANALYSIS 

The field in each uniform region of the filter may be 
represented by a superposition of all the modes possible 
in that region. The boundary conditions at the conduc-
tors parallel to the z axis will be met automatically by 
the use of the characteristic modes of the waveguide 

(a) 

(c) (ch 
Fig. 4—The equivalent circuit of a waveguide filter section. The 
capacitances and inductances are, of course, functions of frequency. 

cross section. On the conducting surfaces perpendicular 
to the z axis (Fig. 2), and at the boundaries between the 

different regions, I he houndary conditions are met by 
t I phase for each mode. he proper I II(  f e o amplitude ain 
The electrii and magnetic fieldsit each point inside the 

filler Nydl i hen bc l'X plrsm'd  MI infinite series of mode 

terms. If these series are even where convervent, and 
satisfy all boundary conditions, then they will be the 
true solution of the field problem. The equivalent cir-
cuit or the image parameters of the filter Illay be calcu-
lated once tlw field is known. 
There are several possible methods of t arrving out 

such a solution for this tiller. For the wayet.olide filter, 
Ilahn's method' is easily applicable ityl fairly straight-
forward, and hence is used in this report. It gives an 
entirely adequate and sufficiently accurate solution of 
the fill t•r problem. Schwinger's variational method might 
also have been used. This method is covered in Radia-
tion Laboratory lect tire notes,' and in a paper by \i des. 
Examination of Fig. 1 shows that, except for the 

ends, the filter consists of a periodic composition of two 
different shapes, one of length and height / and b, the 
other of length and height l' and b'. It may be shown 
that the discontinuities at the ends of the l' lengths are 
virtually isolated from each other for any value of l' 
The interaction through the lengths l' will therefore be 
neglected, especially since, in most filter designs, l' /b1 is 
greater than or equal to one. Because of this, the filter 
may be divided into sections as shown in Figs. 1 and 
2(a). Each section is independent of the adjacent ones 
or of the terminating gui(le, is far as higher mode 
!ding is concerned. 

possible method of obtaining the filter-section 
parameters I", and 0 that immediately suggests itself 
is as follows: (a) calculate the field inside the filter by 
lahn's method for the two cases of an open and short 
circuit at the plane z= 0; (b) calculate the open-circuit 
and short-circuit ailmittances for the fundamental mode 

at tlw plane z= — (1+1')/2 through the us.e of (1); (c) 
then calculate Yi and 0 by means of (4) and (5). 
The waveguide u strcture of Fig. 1 is exc ited by a 

TEN-mode wave, which has a half-sine-wave variation 
of field in the x direction. Since the surface of the filter 
St ructure is cylindrical in the x direction, with shorting 
planes at x  a/2, there is nothing in the filter that 
can excite higher modes with more than a half-wave x-
direction variation. The filter discontinuities will, how-
ever, excite modes having variations in the y direction, 
although the 1 E10 mode has none. Because of the V axis 

symmetry. only modes which have 2n half-wave varia-
tions in this direction are excited. That is, only  

and 7.1/1,2„ modes can exist (n =0, 1, 2, 3, • • • ). The 
TE higher mcoles are needed to provide at the x-y-plane 

W. C. Hahn, "A new method for the calculation of cavity reso-
nators,"Jour. 41,p1. Phys., vol. 12, p.62 MIL 

7 D. S. Saxon , "Notes  on  Lectures  by  Itilian  Schwinger—Discon-

tinuities in Wave Guides," NI t-r Rtdj,i i . Laboratory Theoretical 
Group, February, 1945. 
° J. W. Miles, "The equivalent circuit for a plane discontinuity 

in a cylindrical wave guide," PRoc. 1.14.E., vol. 34, pp. 728-743 ; October, 1946. 

c(ill-
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conducting surfaces an II, field which will cancel the Hz 
component of the TEio mode. The TM higher modes are 
needed in order to provide an Ez component for the 
fringing electric field which must exist at these same 
conductors. 
Consider the region of height b and length 1 in Fig. 

2(a). The origin of the x, y, z co-ordinate system is taken 
at the center of this region. Owing to reflections at I-oth 
ends, there will be waves of all possible modes traveling 
in both the plus and minus z direction. That is, there 
will be a set of modes multiplied by e_7.,  and a set mul-
tiplied by e÷7.z. The total field may, therefore, be writ-
ten as a set of modes multiplied by sinh -y„z, plus a set 
multiplied by cosh 7„z. 
The problem can be simplified at this point if one rec-

ognizes that an Ez component of field can not be excited 
by this filter structure. Since both the TE1.2,, and TM —1,2n 
modes have E, components for n greater than zero, one 
must choose a linear combination of these modes for 
each value of n such that Ez. is canceled. When this is 
done, the following field relations result for the nth 
mode. The time dependence factor 04" is understood. 

Ey. = cos kzx cos ky.Y (C. sinh 7„z -I- D. cosh 7.z)  (7) 

zn = 

j4r2 

nk-y„X,2 
cos k zx cos 14y(C. cosh 7„z 

± D. sinh -ynz)  (8) 

cos k zx sin le.y(C„ cosh -y.z ± D sinh -y.z) (9) 
7ft 

— jk z 
—   sin k,x cos ky„y(C„ sinh 7„z 

= 
jk zk„ 

fl k7', 

D„ cosh 7„z)  (10) 

sin kix sin k,„y('C„ cosh 7,,Z 

+ D. sinh 7,2)  (11) 

where kz=rja,k.„=2yrn/b,k= 271-/X,7„ = 1/kz2-Pk,n2— k2, 
X0= guide wavelength of the TEio mode, and n =1207r 

ohms. 
Equations (7) to (11) give the complete field in the 

region bounded by x= ±a/2, y= ±b/2, and z = ±1/2. 
The boundary conditions on the surfaces parallel to the 
z axis are automatically satisfied for each value of n. On 
the transverse surfaces at z = + 1/2, the boundary con-
ditions will be met through the choice of a proper super-
position of modes for all values of n from zero to infinity. 
In addition, since Ez= Ex= II.= 0 for y = 0, the same 
field that satisfies Fig. 1(a) will also satisfy Fig. 1(b). 
The advantage of solving the half sections of Fig. 2 

separately is now apparent, since for the short-circuit 
case, D„ is zero, while for the open-circuit case, Cn is 
zero. 
It can be shown that if the total components E, 
=BE„„ and H = l/z', are matched at the boundary 
plane, then the other total components must also be 

matched.' In the Appendix the matching of E, and Hz 
is partly carried out for the short-circuited half section. 
The open-circuit case is similar and the derivation is 
therefore omitted. The open- and short-circuit admit-
tances at z = -4/2 normalized with respect to the guide 
of height b are: 

IV 
yoc = j tan —  ± 

2 

2b 1S0(6) 
x _ 
u 

[ nr1F 
tanh   

131  26 
Yac = — j cot —  j 

2 

+ E 
n>0 

where 

sin2 7116' 

1  I ± j,,  (12) 
n(rn6)2 

[  nr1F 
coth   

2 
A 

jezz  (13) 

F = V 1 —  .  (14) 
nX, 

In these equations,13=2r/X,, X, is the guide wavelength 
of the TE10 mode, 6= b7b,e., and enz are correction terms. 
Zero dissipation is assumed. S0(6) is the Hahn function 
of zero order. It is tabulated by Whinnery and Jamie-
son." Their value for 6=0.05 is in error, however, and 
should be S0(0.05) =26.23. 
The evaluation of the correction terms eo, and e„ is 

carried out in reference 9, but is omitted here because 
it is tedious and lengthy. Fortunately, for the usual fil-
ter case of 6 small, the correction terms are also small, 
and may be closely approximated by 

eoz  — 0.09 —  ezz. 
X, 

More accurate values are given by (42) and (43). 
The first term on the right side of (12) is the input 

admittance of an open-circuited line of length 1/2 and 
characteristic admittance unity. The second term is a 
capacitive susceptance effectively shunted across the 
input of this line. The same remarks apply to (13), ex-
cept that here the first term is the admittance of a 

shorted line. 
If in either (12) or (13), 1 is made indefinitely large, 

the capacitive susceptance term becomes that of a sin-

S. B. Cohn, "A Theoretical and Experimental Study of a Wave-
guide Filter Structure," Office of Naval Research, Cruft Laboratory, 
Harvard University, Report No. 39, April 25, 1948; also, same title, 
doctorate thesis, Department of Engineering Science and Applied 
Physics, Harvard University, 1948. 
" J. R. Whinnery and H. W. Jamieson, "Equivalent circuits for 

discontinuities in transmission lines," Pgoc. I.R.E., vol. 32, pp. 98-
115; February, 1944. 

(15) 
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gle isolated step discontinuity. Several values of this 
normalized susceptance B,/ Yo have been calculated for 
S=0.1 and are compared with values calculated from 

b/A, 

TABLE I. 

WGHB 
Equation 

Equation 
(12) or (13) 

0 
0.6 
0.9 

3.84 
4.36 
6.41 

3.85 
4.38 
6.48 

the "Wave-Guide Handbook," formula." Values of the 
quantity 13,X9/ Yob are given in Table I. The agreement 
is very good even for b/X, equal to 0.9, despite the fact 
that the series in (13) and in e„ do not converge in the 
close vicinity of b/Ag= 1. Even for 5 as large as 0.5 (12) 
or (13) and (15) are only 3 per cent less than the exact 
value for b/Xg= 0 and 1 infinite. If the more accurate cor-
rection-term formula of (42) or (43) is used, the error is 
reduced to one per cent. 
The equivalent circuit of the double discontinuity 

will now be developed. Any symmetrical two-terminal-
pair iletwork or waveguide structure has the equivalent 
circuit shown in Fig. 4(a). The half-structure equivalent 
circuit is shown in Fig. 4(b). From this one sees that 

yin = yz,  Yac = y2 + 2y, 

or 

yz = Yet,  Yl = (yac - NO/ 2. 

On applying these to (12) and (13), one obtains 

131 
Y2 = j tan —  jBcz 

2 

y = -  -_(cot.  + tan —1321) + jBci 

= - j csc 13/  jBci 

where 

13c2 - 
X,  r2 n>0  n(rnb) 2 

Bcz = 

2b So(0) irnô 
+ E [ tanh nr11; 

1 sin2 

EOC 

27rn1F 
csch   

2b E 
AO n>0 

sin2 rno 

n(rnb) 2 2 

Ese — eoe 

For the range of guide wavelength of interest here, Bel 
and BC, are capacitive susceptances, and tan (i5//2) and 
cs43/ are positive functions which are roughly propor-
tional to 1/A, and A9, respectively. The equivalent cir-

" "Wave-Guide Handbook, First Revised Edition," Radiation 
Laboratory Report No. 43, February 7, 1944. Also, N. Marcuvitz. 
"Wave-Guide Handbook," Radiation Laboratory Series, vol. 10, 
McGraw-Hill Book Co. New York, N. Y., to be published. 

cuit of the portion of Fig. 2(a) between the planes 
z= ±1/2 may therefore be drawn as shown in Fig. 4(c). 
Note that all element values shown on this circuit are 
susceptances normalized with respect to the character-
istic admittance of the waveguide line of height b. A 
complete filter section will have a short length of guide 
of height b' and length /72 at each end. The principal 
effect of this is to add additional shunt capacitance to 
the equivalent circuit. The inverse guide wavelength for 
the waveguide filter is seen to be analogous to frequency 
for the equivalent low-frequency circuit. Since the cir-
cuit is that of an m-derived low-pass filter, one may ex-
pect the waveguide filter to have characteristics similar 
to its low-frequency equivalent, except for the change 
in the frequency scale. Note that without the bridging 
susceptance Bc1, the infinite-attenuation point found 
with the waveguide filter could not exist. 
The portion of Fig. 4(c) within the dotted line is the 

exact equivalent of a transmission line of length 1 and 
characteristic admittance unity. Hence the equivalent 
circuit of the double discontinuity may be drawn as in 
Fig. 4(d). (The last circuit is a symbolic one which 
must be redrawn as in Fig. 4(c) before it can be used.) 

TIIE FILTER RELATIONS 

The values of yet and y., given in (12) and (13) are 
for l' =0. If the symbols yet and ye, are now applied to a 
filter half section having 1' greater than zero, and NZ 

(16)  and yet' to the case of l' equal to zero, then the actual 
half-section open- and short-circuit admittances are 

rl' All (17)  Y. = j1702 tan [- - ± tan-1(  YoiYet')1 
1 02/  /J 

rl'  r oly,c' 
[ Y.c =3102 tan — + tan-' (  )1. 
-x- g I-023 

(18)  (These  equations may be derived from King, Nlimno, 
and Wing.") But Yod Yo2= b7b= 6, and Yoi was set 
equal to one in the last section. Therefore, 

..7 /'  , bye,' 
yet = — tan E-T -1- tan-. (--.--)] 

rl' 

(21) 

Yac =  tan [ —  tan-' ( --)] 
X, 

(19)  (22) 

where yo, and y„ are normalized with respect  to  a gu ide 
(20)  of height b: y0,,' and ye,' are obtaine d from  (12) an d (13) . 

The image parameters  of  the  filter  section  may  now  be  
calculated by means  of (4),  (5),  (21),  and  (22).  
The upper cu toff of the principal  pass  band  occurs  for  

the first zero  of (22) , since  the  image  admittance  changes  
from real to imag inary  at  that  point.  Let X,' be the 
value of A, at the upper  cutoff  frequency.  Equation  (22)  

12  R. W. P. King , H. R. Mimno,  and  A . H.  Wing,  'Transmission  
Lines, Antennas , an d Wave  Guides, " McGraw-Hill  Book  C o.,  New  
York, N. Y., 1945. 

1 
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s zero for 

Tr 
tan — +  =0. 

Aol  j 

(23) 

It is seen from (5) that the infinite-attenuation point 
pccurs for y.,=y0,• 
In Fig. 5 are shown typical image-admittance, phase-

constant, and attenuation-constant curves. Inspection 
of the image-admittance curve shows that it follows the 
low-frequency constant-k image-admittance function 
very closely in the pass band. The latter function is 
given by 

Yr = YriA/1 — Witr-  (24) 

where yro is the value of image admittance at zero fre-
quency and ft is the cutoff frequency. The variable f for 
the low-frequency filter is, of course, the analog of bdt, 
for the waveguide filter, and fi corresponds to b/Xe. 

.2 

6 • ow 
4.2.75 

'2 

or 

40' 

GO' 

16..  -11V 
0- 0414 

i 0 4 14 

/  C 404 

0 

• • 4 • 

I Fig. 5—Image parameters of a filter section. The image admittance 
of a low-frequency shunt-terminated constant-k filter is shown as 
a dashed curve. 

Because of the fact that the waveguide-filter image 
admittance is very nearly independent of the filter 

(parameters, one may match dissimilar sections with 
very little error by merely making their cutoff frequen-
cies and the zero-frequency image admittance referred 
to the terminating lines the same. This makes it pos-
sible to design a filter to have sections with different 

values of infinite-attenuation wavelength, so as to ob-
tain a sharp cutoff characteristic, and maintain high 
attenuation far into the stop band. This procedure is 
common in the design of low-frequency filters. 
In a paper now under preparation, the author will 

show how the above analysis may actually be used in 
the design of practical filters, and a set of design curves 
will be presented which will obviate the use of the com-
plicated relations given here. Such matters as matching, 
spurious responses, etc., will be taken up. Tests will be 
described which have shown that the analysis and de-
sign procedure may be relied on to give cutoff and in-
finite-attenuation frequencies within one or two per 

cent. 

APPLICATION TO RIDGE WAVEGUIDE 

The solution of the double discontinuity of Fig. 2(a) 
and of the two subcases of a single discontinuity in a 
waveguide terminated by an electric wall and by a mag-
netic wall (Figs. 2(b) and 2(c)) should find uses other 
than the application to the waveguide filter. One such 
use will now be described. 

t 
(b) 

Fig. 6—Waveguide cross sections whose properties may be deduced 
from the waveguide-filter solution. 

Fig. 6(a) shows the cross section of symmetrical ridge 
waveguide. The approximate cutoff frequency and char-
acteristic impedance of ridge waveguide has been de-
rived and presented graphically." It will now be shown 
that the analysis in this article can be extended to give 
a more exact solution for ridge waveguide. 
At the cutoff frequency, one may regard the field dis-

tribution in ridge guide as due to waves traveling trans-
versely in the plus and minus x direction. If the struc-
ture of Fig. 6(a) is compared with that of Fig. 2(b), it 
is seen that the ridge-guide cross section has the shape of 
two short-circuited filter half sections joined together. 
At the cutoff frequency of the fundamental mode in 
ridge waveguide, the ratio lIg/E,, must be zero at the 
center of the cross section (see reference 13). Hence this 

"S. 13. Cohn, "Properties of ridge wave guide," PROC. I.R.E., vol. 
35, pp. 783-789; August, 1947. 
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4 4)11411 t  cOrrus1101111S to y,,= -11,1E =0 for the filter 
half section, which is I lie condition for cutoff of tlw 
aveguide filter. The wavelength at which ridge wave-
guide cuts off is, therefore, the same as that at which 
the corresponding filter structure cuts off. This is given 
by the root of (23) with X, set equal to space wavelength 
X. Since the filter analysis can give the field components 
in ridge guide, it is also possible to calculate the exact , 
characteristic inpedance. 

In a similar way, the exact cutoff frequency and char-
I stic impedance of the cross section shown in Fig. 

6, ) might be derived from the open-circuit half-section 
ase of Fig. bc). 
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A PPEN DI X 

For the short-circuit case of Fig. 2(b), set D,,=1) in 
(7) to (11). Then, %% it II x=0 and z= —1 '2, the itt 
field in region A is 

= — C„ cos k y sinh 7,1„1 2  • (25) 

j4w2C,, 
=    cos k„y cosh -y 1,1 2.  (26) 
Ifiria,,X 

The other field components are zero for x=o. 
The total region-A field for x=0 and z=--- —1 2 may be 

written as 

where 

2wity 
= Ro -f E R„ cos -----  (27) 

brit v 
= 7.v.401?0  E w.‘„R„ cos 

I?„ = — j(•0 sin (01,, 2) 

R,, = — C„ sinh (-yAn//2). 

Ica° = /yo cot 031/2) 

-  coth (7.,„1/2) 

V,4 = A nX„ 

j472 

nk71,,X,,2 

= 2r A, 

AYA. = 

it > 0 

2rit \ 2_  (2r\' 

b I  X1 

(28) 

(29) 

30) 

(31) 

(32) 

(33) 

(34) 

(35) 

(36) 

yo is the characteristic wave ;ulmit timer of the 
7'E10 mode; yA,, is the characteristic wave admit-
tance of the higher composite TE-TM modes; w40 and 

wAn are the negative of the wave admittances for the 
fundamental and higher modes at z= —//2 —that is, 
they are the ratio +11„/E11„ for the region-A fields at 
that plane. 

For thii• /1 region, one may write 

where 

- // 
b,„n Bo 8,, 

20 111 /III  

(•• 

2r II 

I/ (I,) t b' 

b' 

(2n-) 

2wit v 

(37) 

who is the negative of the ILIO wave admit tan( c ill 

region B, referred to the plane z= —//2. Since this 

wave admittance is the short-circuit wave  c 
W, for the half-section, one may write 

(41) 

The characteristic admittance in guide B is 43 tinits 

that of guide A, and hence the normalized short-circtiit 
admittance referred In guide .1 is 70,,,/oyo, which will be 
define d ,,,., 

E Y A  II "  5(.1  "1 11.11 and IL, is set equal to 
/1,. /i. From these relations, t hr filimh• amplitudes and 

111:IV be determined. Hie method used is that of 

lialm,6 and the work is similar to that of \Vhinnery intl 
_Jamieson for a capacitive step ill a parallel-plane trans-
mission line.'" For the sake of brevity, the remainder of 

this analysis is omitted. The derivation of y,. is similar 
to that of y„ and is iliercfiire ()mit tcd entirek . 
The exact evaluation of t,„, and to, requirrs the solu-

tion of an infinite set of linear equations having an in-

finite number of unknowns. Good approximations for 
E., and tor are9 

where 

L„,(0)j 2 
- (10417  (.42) 

•  ill 3 

IT„,(45)P 
— (1.0417 b L  (43) 

A l) ,,, (0  tot3 

loaf 
tanh 

I. 
—1 • 

sin' into 

„[(_)_1] 

sin .' Imo 

„[(" )-- 1 

S„,(6) is a I lahn function defined and talitilated in refer-
ence 6. For 0 small, (15) is usually a satisfactory ap-
proximation for (42) and (43). 

;44) 

1.„,(6)=.1'„,(6)-t V 
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Correspondence 

qotes on Digital Coding* 

The consideration of message coding as a 
neans for approaching the theoretical capac-
ty of a communication channel, while reduc-
ng the probability of errors, has suggested 
he interesting number theoretical problem 
)f devising lossless binary (or other) coding 
;chemes serving to insure the reception of a 
:orrect, but reduced, message when an up-
3er limit to the number of transmission er-
-ors is postulated. 
An example of lossless binary coding is 

treated by Shannoni who considers the case 
of blocks of seven symbols, one or none of 
which can be in error. The solution of this 
case can be extended to blocics of 2.-1-binary 
symbols, and, more generally, when coding 
schemes based on the prime number p are 
employed, to blocks of Jr -1/p-1 symbols 
which are transmitted, and received with 
complete equivocation of one or no symbol, 
each block comprising n redundant symbols 
designed to remove the equivocation. When 
encoding the message, the n redundant sym-
bols x are determined in terms of the mes-
sage symbols Yk from the congruent rela-
tions 

k— (p*- 1 )1 p-1)-, 
E.  X. -4-  E a„,k 0 (mod p). 

In the decoding process, the E's are recalcu-
lated with the received symbols, and their 
ensemble forms a number on the base p 
which determines univocally the mistrans-
mitted symbol and its correction. 
In passing from n to n+1, the matrix 

with n rows and r-1/p -1 columns formed 

• Received by the Institute. February 23. 1949. 
C. E. Shannon. •A mathematical theory of com-

munication," Ben Sys. Tech. Jour.. vol. 27. p. 418; 
July. 1948. 

with the coefficients of the X's and Y's in the 
expression above is repeated p times hori-
zontally, while an (n +1) st row added, con-
sisting of p*-1/p -1 zeroes, followed by as 
many one's etc. up to p -1; an added column 
of n zeroes with a one for the lowest term 
completes the new matrix for n+1. 
If we except the trivial case of blocks of 

2S+1 binary symbols, of which any group 
comprising up to S symbols can be received 
in error which equal probability, it does not 
appear that a search for lossless coding 
schemes, in which the number of errors is 
limited but larger than one, can be sys-
tematized so as to yield a family of solutions. 
A necessary but not sufficient condition for 
the existence of such a lossless coding scheme 
in the binary system is the existence of three 
or more first numbers of a line of Pascal's tri-
angle which add up to an exact power of 2. A 
limited search has revealed two such cases; 
namely, that of the first three numbers of the 
90th line, which add up to 212 and that of the 
first four numbers of the 23rd line, which add 
up to V. The first case does not correspond 
to a lossless coding scheme, for, were such a 
scheme to exist, we could designate by r the 
number of E. ensembles corresponding to 
one error and having an odd number of l's 
and by 90-r the remaining (even) ensem-
bles. The odd ensembles corresponding to 

two transmission errors could be formed by 
re-entering term by term all the conbina-
tions of one even and one odd ensemble cor-
responding each to one error, and would 
number r(90 -r). We should have r+ 
r(90 -r) =211, which is impossible for inte-
gral values of r. 
On the other side, the second case can be 

coded so as to yield 12 sure symbols, and the 
a.k matrix of this case is given in Table I. 
A second matrix is also given, which is that 
of the only other lossless coding scheme en-
countered (in addition to the general class 
mentioned above) in which blocks of eleven 
ternary symbols are transmitted with no 
more than 2 errors, and out of which six sure 
symbols can be obtained. 
It must be mentioned that the use of the 

ternary coding scheme just mentioned will 
always result in a power loss, whereas the 
coding scheme for 23 binary symbols and a 
maximum of three transmission errors yields 
a power saving of 14 db for vanishing prob-
abilities of errors. The saving realized with 
the coding scheme for blocks of 2.-1 binary 
symbols approaches 3 db for increasing n's 
and decreasing probabilities of error, but a 
loss is always encountered when n=3. 

MARCEL J. E. GOLAY 
Signal Corps Engineering Laboratories 

Fort Monmouth, N. J 

TABLE I 

Yi Yo Yo Y. Ys Ye Y1  Is It 

Xi  0 0 1 1 1 0 0 
Xs  0 1  0  1  1  0  1 
Xs  0  1  1  0  1  1  0 
X.  1 1 1 o 1 1 
x,  0 0 1 I I 0 
Xs  0 I 0 I I I 
X(  0 I 1 0 0 I 
Xo  I  0  0  I  0  I 
X.  1  0  1  0  I  0 
XI.  1  I  0  0  0  0 
Xat  0  I I I I I 1 

1 

hie hit bit 

O  1 
O I 0 
I 0 0 
I 0 0 
O 0 I 
O I 0 
I 1 0 
O I I 
1 0 1 
I I I 

x, 
x, 
x. 
x. 
XI 

Vs  I4  Vi  Yo 

I I I 2  2  0 
1  I 2 1 11 2 
I 2 I 0 I 2 
I 2 0 1 2  1 
1  0  2  2  1  1 

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

J. "1 . Bolljahn (A'43) was born in Oak-
land, Calif., on June 10, 1918. He received 
the B.S. degree in electrical engineering from 

the University of Cal-
ifornia in 1941. From 
August, 1941, until 
January, 1946, he was 
employed by the Na-
val Research Labora-
tory in Washington, 
I). C. His work in this 
position  was  con-
cerned primarily with 
the development of 
aircraft antennas. 
Since  February, 

1946, he has been a 
part-time graduate student and a member 
'of the research staff of the Antenna Labora - 
1 tory at the University of California. 

J. T. BOLLJAHN 

James G. Buck Was born in 1918 in Tor-
rington, Conn. He received the A.B. degree 
from Dartmouth College in 1940, and the 

Ph.D. degree from 
MIT in 1942. Dur-
ing the academic year 
1940-1941, he was a 
fellow of the Cramer 
Foundation.  From 
1942 until 1946 he 
was a member of the 
staff at the Massachu-
setts  Institute  of 
Technology  Radia-
tion Laboratory. Dur-
ing part of 1944 and 
1945, while on leave 

of absence from the Radiation Laboratories, 
he worked 'on the Manhattan project for 
the Westinghouse Electric Company. 

JAMES G. BucK 

In 1946, Professor Buck was appointed 
assistant professor of physics at the Univer-
sity of Notre Dame. He is a member of the 
American Physical Society, the Instrument 
Society of America, the American Associa-
tion for the Advancement of Science, Phi 
Beta Kappa, and Sigma Xi. 

For a photograph and biography of 
EDWARD L. GINZTON, see page 1002 of the 
August, 1948, issue of the PROCEEDINGS OF 
THE I.R.E. 

For a photograph and biography of J. R. 
PIERCE see page 1003 of the August, 1948, 
issue of the PROCEEDINGS OF THE I.R.E. 

I. 
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Contributors to Proceedings of the 
Herbert J. Carlin (M'47) was born in 

New York, N. Y., in 1917. He attended 
Columbia University, receiving the B.S. de-

gree in 1938, and the 
M.S. degree in 1940. 
In  1947  he  was 
awarded the D.E.E. 
degree from the Poly-
technic Institute of 
Brooklyn. 
From  1940  to 

1945 Dr. Carlin was 
associated with the 
Westinghouse Com-
pany as a design 
engineer  in  the 
power-system relay 

section of the meter division, and has writ-
ten several papers on power-system protec-
tion. He joined the Microwave Research In-
stitute of the Polytec:inic Institute of 
Brooklyn in 1945, and has made contribu-
tions in the field of microwave networks and 
microwave power measurements. He holds 
the position of research supervisor, and lec-
tures in the Graduate School at the Institute. 
Dr. Carlin is a member of the American 

Physical Society, the American Institute of 
Electrical Engineers, Tau Beta Pi, and 
Sigma Xi. 

H. J. CARLIN 

Marvin Chodorow (A'43-SM'47) was 
born on July 16, 1913, in Buffalo, N. Y. He 
received the B.A. degree in physics from the 

University of Buffalo 
In 1934, and  the 
Ph.D. degree from 
the  Massachusetts 
Institute of Technol-
ogy in 1939. During 
1940, he was a re-
search associate at 
Pennsylvania  State 
College. Dr. Chodo-
row was an instruc-
tor of physics at the 

MARIVN CHODOROW College of the City of 
New  York  from 

1941 to 1943, when he became associated 
with the Sperry Gyroscope Company as a 
senior project engineer. He remained at 
Sperry until 1947, when he joined the phys-
ics department of Stanford University, as an 
assistant professor. 
Dr. Chodorow is a member of the Amer-

ican Physical Society, and of Sigma Xi. 

Seymour B. Cohn (S'41-A'44-M'46) was 
born at Stamford, Conn., on October 21, 

1920. He received the 
B.E. degree in electri-
cal engineering from 
Yale University in 
1942. He received the 
M.S. degree in com-
munication engineer-
ing in 1946, and the 
Ph.D. degree in engi-
neering sciences and 
applied physics in 
February, 1948, from 

SEYMOUR B. COHN  Harvard University. 

From 1942 through 1945, Dr. Cohn was 
employed as a special research associate by 
the Radio Research Laboratory of Harvard 
University. During part of this time, he rep-
resented that Laboratory as a Technical 
Observer with the United States Army Air 
Force in the Mediterranean Theater of 
Operations. 
Since March, 1948, Dr. Cohn has been 

employed by the Sperry Gyroscope Com-
pany as a project engineer in the microwave 
department. He is a member of Tau Beta Pi 
and an associate member of Sigma Xi. He is 
now serving on the Papers Review Commit-
tee of the IRE. 

E.A. COOMES 

department 
Dame. 
In 1942, Dr. Coomes was granted leave 

of absence to join the staff of Radiation 
Laboratory to carry out research on oxide 
cathodes for microwave magnetrons. He re-
turned to Notre Dame as professor of phys-
ics and senior member of the Physical Elec-
tronics Group in 1945. He is a Fellow of the 
American Physical Society. 

Edwin Istvanffy was born in Parkany, 
Hungary, on January 4, 1895. He received 
the M.Sc. degree in 1922 from the Technical 

University of Buda-
pest. Since 1923, he 
has been with the 
United Incandescent 
Lamp and Electrical 
Co.  Ltd.,  Ujpest, 
Hungary.  In  1928 
when the Standard 
Electric  Co.  Ltd., 
Budapest, an Inter-
national  Telephone 
and Telegraph asso-
ciate,  was  estab-
lished, he joined this 

company, becoming the technical director in 
1938. Most of his work is connected with 
radio development. 

E. A. Coomes (M'46-SM'46) was born in 
Louisville, Ky., on June 27, 1909. He re-
ceived the B.S. in electrical engineering from 

the University of No-
tre Dame in 1931, and 
M.S. degree in 1933. 
In  1937  he  was 
awarded the Sc.!). 
degree  in  applied 
physics from the Mas-
sachusetts Institute 
of Technology. From 
1933 to 1935, and 
from 1937 to 1942, he 
was a member of the 
teaching and research 
staffs of the physics 

at the University of Notre 

EDWIN ISTVANFFY 

For a photograph and biography of T. G. 
MIHRAN, see page 1135 of the September, 
1948, issue of the PROCEEDINGS OF THE 

John F. Kane u as born on January 18, • 
1922, in Brewer, Maine. He received the 
B.S. degree ;n engineering physics from the 4' 

University of Maine 1, 
in December, 1943. 
Following his gradu-
ation, he joined the 
Sperry  Gyroscope • 
Company as an as-
sistant project en-
gineer on the micro-
wave  development 
staff, where he re-
mained until April, 
1946. Since that time, 
Mr. Kane has been 
a candidate for the 

Ph.D. degree in physics at Stanford Univer-
sity, California, where he holds a teaching 
and research fellowship. 
Mr. Kane is a member of the American 

Physical Society, and an associate member 
of Sigma Xi. 

JOHN F. KANE 

L. A. MANNING 
war, he served suc-

cessively as a teaching assistant in physics, 
research associate in electrical engineering, 
and, since 1947, as an acting assistant pro-
fessor in electrical engineei-ing. He is cur-
rently engaged in a study of the effect of 
meteors upon the upper atmosphere. 
Mr. Manning is a member of Sigma Xi, 

Phi Beta Kappa, and of Commission 3, the 
USA National Committee of the URSI.  es, 

Allen S. Meier was born on March 9, 
1911, at Windsor, Conn. He received the B.S. 
degree in physics and mathematics in 1932, 

and the M.S. degree 
in physics in 1933 
from Trinity College, 
Hartford, Conn. He 
was associated with 
the Pratt and Whit-
ney Machine Tool 
Co. and the Connecti-
cut Mutual Life In-
surance Co. before 
service in the Army 
in 1940. After serving 
with the 704th Mili-
tary Police Battalion 

and the 242nd Coast Artillery Corps, he was 
transferred to the Signal Corps in 1942, and 
was assigned to the Radiation Laboratory 

ALLEN S. MEIER 

Laurence A. Manning (S'43-A'45) was 
born in Palo Alto, Calif., on April 28, 1923. 
He received the A.B. and M.S. degrees in 

electrical engineering 
from Stanford Uni-
versity in 1944 and 
1947,  respectively. 
From 1944 to 1945 
Mr. Manning was en-
gaged in broad-band 
microwave oscillator 
development at the 
Radio Research Labo-
ratory, Harvard Uni-
versity. Returning to 
Stanford after the 
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if the Massachusetts Institute of Tech-
lology, where he was engaged in research 
Ind development. 
From 1942 to 1946, he served as branch 

)fficer of the Antenna Branch, Special Proj-
!cts Laboratory, Aircraft Radio Laborator-
ies, at Wright Field, Ohio. Following release 
from the Army, he was employed as project 
engineer at the Antenna Laboratory, Ohio 
State University Research Foundation. Dur-
ing 1947, he was associated with the Kinsey 
Electric Products Corp., Fairburn, Ga., as 
secretary of the company, and has recently 
been engaged as a development engineer at 
Sargent and Co., New Haven, Conn. 

B. Y. Mills was born at Sydney, Aus-
tralia, in 1920. He received the B.Sc. de-
gree in 1940, and the B.E. degree in 1942, 

both from Sydney 
University. He im-
mediately joined the 
staff of the Radio-
physics Division of 
the Council for Scien-
tific and Industrial 
Research, and until 
1946 was engaged in 
research and devel-
opment work in the 
radar field, particu-
larly in regard to re-
ceiver and indicator 

systems. During the next two years he was 
interested in the application of radar tech-
niques to linear accelerators, and was suc-
cessful in developing a million-volt X-ray 
tube of this type. He has recently begun 
work in the field of radio astronomy. 

Morton Nadler (A'45) was born in 
Brooklyn, N. Y., in 1921. He received the 
bachelor's degree from the College of the 

City of New York, 
and undertook subse-
quent graduate work 
at the University of 
Southern California 
and the Illinois In-
stitute of Technol-
ogy. During the war 
he was employed in 
various electronic in-
strument  research 
programs under the 
office of Scientific Re-
search and Develop-
ment, at the Univer-

sity of Southern California. In the post-
war period he worked in television re-
search, first at Belmont Radio Corporation, 
and then as chief of television receiver de-
sign at Sonora Radio and Television Corpo-
ration. 
At present Mr. Nadler is a member of 

the research staff of Teela, the national elec-
trical enterprise of the Czechoslovak Re-
public, in Prague, as director of the elec-
tronic applications section. 

MORTON NADLER 

Contributors to Proceedings of the I.R.E. 

B. Y. Mtus 

Greenleaf W. Pickard (M'12—F'15) was 
born on February 14, 1877, in Portland, 
Me. He has been associated with radio since 

1901, when he be-
came engineer for the 
American  Wireless 
Telegraph and Tele-
phone Company. In 
1902, he was made 
chief engineer for the 
Federal  Wireless 
Telegraph and Tele-
phone  Company. 
Later, he joined the 
American Telephone 
and Telegraph Com-
pany,  remaining 

until 1907, when he organized the Wireless 
Specialty Apparatus Company, which be-
came the R.C.A. Victor Company of Massa-
chusetts. From 1942 to 1945 Mr. Pickard 
was director of research for the American 
Jewels Corporation. He is now associated 
with the Cosmic Terrestrial  Research 
Laboratory,  Massachusetts Institute of 
Technology, and with the firm of Pickard 
and Burns, consulting engineers. 
Mr. Pickard received the IRE Medal of 

Honor in 1926 for his "contributions as to 
crystal detectors, coil antennas, wave propa-
gation and atmospheric disturbances." He 
also was the recipient of the Armstrong 
Medal of the Radio Club of America in 
1940. He has served on numerous IRE 
committees, including the Board of Editors, 
Constitution and Laws, Wavelength Regu-
lation, and Wave Propagation, and was ac-
tively associated with the organization of the 
Boston Section, in 1914. Mr. Pickard was a 
member of both the Wireless Institute and 
the Society of Wireless Telegraph Engineers, 
when these two organizations fused into the 
present IRE on May 13, 1912. He was 
President of the IRE in 1913. 
Mr. Pickard is a Fellow of the American 

Academy of Arts and Sciences, as well as of 
the American Institute of Electrical Engi-
neers and the Radio Club of America. He 
also holds membership in the American 
Geophysical Union, the American Meteoro-
logical Society, and is a life memLer of the 
Societe des Rodoelectriciens. 

G. W. PICKARD 

Harlan T. Stetson (A'31) was born in 
Haverhill, Mass., on June 28, 1885. After 
graduating from Brown University, he re-

ceived the Sc.M. de-
gree from Dartmouth 
College in 1910, and 
the  Ph.D.  degree 
from the University 
of Chicago in 1915. 
He was associated 
with the physics de-
partment at Dart-
mouth for four years, 
and later taught as-
tronomy and mathe-
matics at Northwest-
ern University. From 

II. T. STETSON 

1916 to 1929, while he was an assistant pro-
fessor of astronomy at Harvard University, 
Dr. Stetson became associated with Mr. 
Pickard in the investigation of the effect of 
sunspots on radio reception. From 1929 to 
1934 Dr. Stetson was Perkins professor of 
astronomy at Ohio Wesleyan University and 
director of the Perkins Observatory, as well 
as lecturer at Ohio State University. He re-
turned to Harvard in 1934 as a research as-
sociate in geophysics. He joined the Massa-
chusetts Institute of Technology in 1936, 
and is now the director of the Cosmic Ter-
restrial Research Laboratory at Needham, 
Mass. 
Dr. Stetson is the author of numerous 

papers on solar activity, radio reception, 
and ionization of the upper atmosphere. He 
has been chairman of the Special Committee 
on Cosmic Terrestrial Relationships of the 
American Geophysical Union, National 
Research Council, since 1938. He is the 
author of "Man and the Stars," "Earth, 
Radio and the Stars," "Sunspots and Their 
Effects," and "Sunspots in Action." 

Willard P. Summers (S'45—A'47) was 
born on August 7, 1922, at Bellevue, Ohio. 
He attended Findlay College, received the 

B.E.E. degree from 
Ohio State Univer-
sity in June, 1946, 
and  did  graduate 
work in antenna the-
ory from 1947 to 
1948. 
From  1944  to 

1945, Mr. Summers 
was an engineer at 
WOSU. He was a re-
search associate at 
the Antenna Labora-
tory, Ohio State Uni-

versity, from June, 1946, to August, 1948. 
At present, Mr. Summers is in charge of 

instrumentation for the Aeronautical Re-
search Laboratory, Ohio State University. 
He is a member of Eta Kappa Nu and Sigma 
Pi Sigma. 

WILLARD P. SUMMERS 

Nelson Wax was born on April 2, 1917, 
at Philadelphia, Pa. He received the B.S. 
degree in 1937 and the M.S. degree in 

1938, from the Moore 
School of Electrical 
Engineering, Univer-
sity of Pennsylvania, 
and the Ph.D. degree 
in 1942 from the 
Ohio State Univer-
sity. Dr. Wax was 
with the Bell Tele-
phone Laboratories, 
Inc., from 1942 to 
1948. Since February, 
1948, he has been an 
assistant professor of 
at the University of 

NELSON WAX 

electrical engineering 
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Institute News and Radio Notes 
TECHNICAL COMMITTEE NOTES 
The Standards Committee held an an-

nual meeting on March 8, 1949. The new 
chairman is J. G. Brainerd of the University 
of Pennsylvania; A. G. Jensen of BTL and 
L. G. Cumming of IRE Headquarters are 
vice-chairmen. Standards on Radio Aids 
to Navigation: Definitions of Terms, 1949; 
and Railroad and Vehicular Communica-
tions: Methods of Testing, 1949 have been 
approved by the Committee and will 
shortly be published. Mr. Jensen reported 
for the Definitions Co-ordinating Sub-
committee, which has two purposes: to 
save work and time for groups writing defi-
nitions by calling attention to any over-
lapping in work, and to establish a more 
efficient transfer of information between the 
IRE and other organizations. It is hoped 
that the Subcommittee will receive defini-
tions while they are in a tentative stage, 
so that they may be referred to ASA 
C-42 Committee for agreement prior to 
adoption by the IRE. The IRE/AIEE 
Co-ordinating Committee on Definitions has 
agreed to set up a group to work on the 
term "Noise." It is advisable that no other 
committee work on this subject until the 
group's task is completed. The meeting was 
addressed by the Institute's Standards Co-
ordinator, W. R. G. Baker, who offered the 
IRE's thanks to A. B. Chamberlain for his 
fine work as Chairman of the Standards 
Committee, and also thanked the chairmen 
of all the technical committees for their ac-
complishments during the year. He spoke 
of a new method of reproducing Stand-
ards by photo-offset, which will require 
strict adherence to the rules governing 
preparation of drafts of standards. . . . 
A meeting of the Antennas and Wave 
Guides Committee was held on March 
30 in Washington, D. C., and L. C. Van 
Atta was chosen chairman for the com-
ing year. A vote of thanks was given to 
the retiring chairman, P. S. Carter.. . . 
J. G. Brainerd, retiring chairman of the 
Circuits Committee, introduced the new 
chairman, \V. N. Tuttle, at the March 9 
meeting. The Committee is continuing its 
work on definitions, and subcommittees will 
be formed for this activity. . .. L. R. 
Nergaard will assume the duties of chairman 
of the Committee on Electron Tubes and 
Solid State Devices, it was announced on 
March 7. The Committee plans to have a 
standard on definitions of terms ready for 
publication shortly. ... At the meeting of 
the Receivers Committee on March 10, R. F. 
Shea was introduced as the new chairman. 
W. 0. Swinyard is the retiring chairman. 
. The Research Committee held a meet-

ing on March 9, during which D. E. Cham-
bers led the Committee in a discussion of its 
scope. The Committee agreed to secure 
for publication interpretative or review 
papers and original papers, to promote 
a "Letters to the Editor" page in the 
PROCEEDINGS, to prepare abstracts, and 
to report on technical meetings... . The 
Video Techniques Committee, under the 
chairmanship of J. E. Keister, met on 
March 9. Three new subcommittees have 

Calendar of 

COMING EVENTS 

Central Section Regional Meeting, 
Society of Motion Picture Engi-
neers, Toledo, Ohio, June 10 

IRE  Conference  on  Electronic 
Devices, Princeton, N. J., June 
20 and 21 

AIEE Summer General Meeting, 
Swampscott, Mass., June 20-24 

NBS Symposium on Construction and 
Applications of Conformal Maps, 
Los Angeles, Calif., June 24-25. 

NBS Symposium  on  Probability 
Methods in Numerical Analysis. 
Los Angeles, Calif., June 27-29. 

AIEE Pacific General Meeting, San 
Francisco, Calif., August 23-26 

1949 IRE West Coast Convention, 
San Francisco, Calif., August 30-
September 2 

1949 National Electronics Confer-
ence, Chicago, III., September 26-
28 

National Radio Exhibition, Olympia, 
London, England, September 28 
to October 28 

AIEE Midwest General Meeting, 
Cincinnati, Ohio, October 17-21 

1950 IRE National Convention, New 
York, N.Y., March 6-9 

been formed: Definitions, headed by R. II. 
Daugherty, Jr.; Methods of Measurement 
and Test for Video Systems and Compon-
ents, headed by W. J. Poch; and Methods of 
Measurement and Test for Video Signal 
Transmission, headed by L. W. Morrison. 
Besides the material which these new sub-
committees are preparing for standardiza-
tion, the Subcommittee on Methods of 
Measurement and Test for Utilization, In-
cluding Video Recording, under the chair-
manship of Vernon J. Duke, is preparing six 
tutorial reports for publication... . At the 
meeting of the Wave Propagation Commit-
tee on March 9, it was announced that C. R. 
Burrows would head the Committee for the 
coming term. The Committee reviewed the 
Glossary of Terms Used in Radio Propaga-
tion, which had been circulated for comment 
by the British Standards Institute. It also 
discussed its activities in connection vith the 
JTAC. ... The Committee on Professional 
Groups met on March 7. The chairman W. 
L. Everitt, announced that three Groups 
have been formally organized and approved: 
Audio, Broadcast Engineers, and Antennas 
and Wave Propagation. Six others are under 
consideration: Circuit Theory,  Nuclear 
Science, Vehicular and Railroad Radio Com-
munications, Receivers, Transmitters, and 
Electron Tubes. The Committee shall have 
primary jurisdiction on policy, which will 
include the actual approval of Groups and 
their objectives. Operation of groups will be 
under the control of the Executive Com-

mittee through the Standards Co-ordinator. 
Minor revisions of the Professional Groups 
Manual were authorized, and a plan was 
adopted for stimulating action in the Sec-
tions for forming Section Groups, the Com-
mittee acting as a clearing house for the 
Sections in supplying information, speakers, 
papers, etc. It was decided that all members 
of Professional Groups, national or sectional, 
must be members of the Institute. All 
Groups shall hold one technical conference 
of national scope each year. 

MILITARY STANDARDS 
AGENCY REORGANIZED 

Under the terms of a charter signed 
by the assistant secretaries of the three 
military services, the government body 
organized in December, 1943, as the Army-
Navy Electronic Standards Agency has been 
reconstituted as the Armed Services Electro 
Standards Agency. The change provides for 
official participation by the Air Force, which 
became a separate component of the Na-
tional Military Establishment under the pro-
visions of the National Security Act of 1947. 
The purpose of the Standards Agency is 

to reduce the number of styles and types of 
electronic components used in the manu-
facture of military equipment of all kinds, 
to insure their quality and dependability, 
and to designate approved sources of supply. 

BRITISH "RADIOLYMPIA" 
EXHIBIT TO BE HELD IN FALL 
Television, as perfect technically as it 

an be demonstrated in all stages from studio 
io receiver, will be a feature of the sixteenth 
\ at ional Radio Exhibition ("Radiolympia") 
to he held at Olympia, London, England, 
front September 28 to October 8. 
Other displays will include an enlarged 

section for communication's equipment, 
navigational aids, and electronics in in-
dustry, and exhibits for the first time since 
the war by the Royal Navy, the Army, and 
the Royal Air Force. The Ministry of 
Supply, the Department of Scientific and 
Industrial Research, and the GPO will also 
exhibit. 

CONSTITUTIONAL AMENDMENT 
BALLOT 

In accordance with Article IX, Section 2 
of the Institute Constitution, the ballots on 
amending Article II, Section 1(c) and 
Article II, Section 2(c) of the IRE Constitu-
tion were counted on May 3,1949, under the 
,aipervision of the Tellers Committee, J. L. 
Callahan, Acting Chairman. The final result 
of the ballot count is as follows: 

Yes  No 
Total  812  2334 
Per cent  25.8  74.2 

Total 

3146 
100 

Total ballots mailed   7,015 
Total ballots received   3,189 

—45.4 per cent of ballots mailed 
Total ballots void   43 

— 0.6 per cent of ballots mailed 
Total ballots counted   3,146 

—44.8 per cent of ballots mailed 
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Report of the Secretary  1948 
To THE BOARD OF DIRECTORS, 
THE INSTITUTE OF RADIO ENGINEERS 
Gentlemen: 
The Secretary again submits a report, 

required annually as stipulated in the By-
laws, of the status of Institute affairs result-
ing from activities during 1948. 
It is especially gratifying to note that 

Institute growth continues unabated both 
in membership and activities. Membership 
is spread over 63 countries. Student 
Branches have increased over 100 per cent 
from 27 to 59. Sections increased from 43 to 
48 or about 11 per cent. Additional data 
and the usual charts are included herewith. 
(Figs. 1-4). 
The past year has seen the inauguration 

of the Regional Director plan, with a re-
duced number of Board of Directors meet-
ings. The attendance at these was excel-
lent, and not only were regional prob-
lems more fully dealt with, but members of 
the various Sections enjoyed a closer re-
lationship with the Institute through their 
ability to express views through the Re-
gional Directors. These Directors carry to 
their Regions authentic information result-
ing from their participation in the operations 
of the Board. A plan wai adopted to render 
limited financial assistance for the handling 
of approved Regional meetings, which 
should go far in promoting activities in these 
several far-flung areas that have area 
interests. 
Further encouragement toward better 

Section activities was provided through the 
increase in Section membership rebates, 
which took effect at the first of the year. 
The year 1948 saw the commencement of 

a new conception created by the Board, 
the Professional Group system. This plan 
was evolved in an effort to develop a 
method whereby members having common 
interests in a given specialized field can give 

• expression to those special interests and de-
velop related activities. The rapid growth 

• of the general field of radio and electronics 
and of this Institute dictated the need for 

t something of this kind. The response seems 
to justify the plan, three Professional Groups 
r having been organized; and it appears that 
the needs of these particular highly special-
ized fields will be fulfilled thereby. 
Convention and meeting activities pro-

vide another gauge of growth. A total of 
14,459 persons attended the 1948 National 
Convention, where 128 technical papers 
were presented during the 29 technical ses-

I sions, and 180 exhibits were shown. At-
tendance included persons from 31 foreign 
countries. This attendance was 21 per cent 
greater than that at the 1947 National Con-
vention. Mention is made of other impor-
tant meetings, including the West Coast 

1 IRE Convention, the New England Radio ir Engineering Meeting, the Southwestern 
IRE Conference, the National Electronics 
Conference, the Rochester Fall Meeting, the 
URSI Meeting at Washington, and the 
Canadian IRE Convention. 
Technical committee activities have 

greatly increased during 1948, as will be seen 

I later in this report. 
Early during the year the Radio Techni-

cal Planning Board went out of existence, as 

TABLE I—MEMBERSHIP DISTRIBUTION BY GRADES 

Grade  As of Dec. 31. 1948 
Number  % of Total 

As of Dec. 31. 1947  As of Dec. 31, 1946 
Number  % of Total  Number  % of Total 

Fellow 
Senior Member 
Member 
Associate 
Student 

259 
2,192 
3,334 
11,713*** 
5,939 

Totals  23,437 

1.1 
9.4 
14.2 
50.0 
25.3 

239  1.1 
2,068  9.8 
3,017  14.4 
12,079**  57.4 
3,634  17.3 

21,037  18,154 

218  1.2 
1,763  9.7 
2,330  12.8 
11,591*  63.9 
2,252  12.4 

----

• Includes 1.701 Voting Associates. 
** Includes 1.490 Voting Associates. 
00 * Includes 1.260 Voting Associates. 

TABLE II—FIVE-YEAR ANALYSIS OR U. S. AND FOREIGN MEMBERSHIP 

1948  1947  1046  1945  1944 

TOTAL 
U.S. and Possessions 
Foreign (including Canada) 
Per Cent Foreign 

23.437 
21,048 
2,389 
10.2 

21,037 
18,723 
2,314 
11.0 

18.154 
15,898 
2,256 
12.4 

15,779  13,137 
14,053  11,596 
1,726  1,541 
10.9  11.7 

its form of organization no longer served the 
problems of the day. In its place, the In-
stitute, in concert with the RMA and with 
the encouragement of the FCC, created, on 
June 20, an eight-member organization 
called the "Joint Technical Advisory Com-
mittee." These eight persons are jointly 
selected by the Boards of Directors of 
IRE and RMA, and serve for two-year 
terms. The Committee has been very ac-
tive, has issued technical reports on ques-
tions of public interest upon which the 
FCC has sought information, and has pre-
sented technical testimony at meetings 
held under FCC auspices. It is hoped that 
through this Committee a real public 
service wi'l continue to be provided. 
The Institute, by very careful manage-

ment, met its budget, as can be noted from 
the accompanying statement. However, the 
Institute's income is inadequate to provide 
many desired services, to publish more of 
the available technical papers in the PRO-
CEEDINGS, and to increase the surplus, which 
is not keeping pace with Institute growth. 
The advent of 1949 finds the Institute 
management with a better understanding of 
its problems, and it is hoped that the new 
activities introduced during 1948 will render 
real service to the membership. 

Respectfully submitted, 

c-147 , 

IIARADEN PRATT, .S.ecrelary 
March 24, 1949 

Membership 

At the end of the year 1948, the member-
ship of the Institute, including all grades, 
was 23,437, an increase of 2,400, or 11 per 
cent over the previous year. The 2,400 mem-
ber increase in 1948 compares favorably 
with 2,375 and 2,883, the increases for 1946 
and 1947, respectively. The percentage in-
crease was 16 per cent in 1946, and 15 per 
cent in 1947. The membership trend from 
1912 to date is shown graphically in Fig. 2. 
The distribution of members in the vari-

ous grades for the years 1945, 1946, 1947, 
and 1948 is shown in Fig. 3. Actual figures 
for 1946, 1947, and 1948 are shown in Table 

I. Note that the loss of Associates was due 
largely to the loss of Voting Associates be-
cause of transfer to Member grade. Of the 
10,453 nonvoting Associates, 2,680 have 
been in that grade for more than five years. 
The membership ratio of Associates to 
Higher Grades was 6 to 1 in 1944, 4 to 1 in 
1945, less than 3 to 1 in 1946, and about 2 to 
1 in 1947 and 1948, a very satisfactory trend. 
Note also that the drop in percentage of 
higher grade members was due to the very 
substantial increase of Student members. 
Table II shows an analysis for the past 

five years of the distribution of members at 
home and abroad. It may be noted that the 
foreign membership increased rapidly at the 
end of the war. Monetary exchange diffi-
culties since the end of the war have con-
tributed to the reduced increase in foreign 
membership during the past two years. 
It is with deep regret that this office re-

cords the death of the following members of 
the Institute during the year 1948: 

Fellows 
Louis Cohen (F'15) 
Harry Diamond (A'26-M'30-F'43) 
Kenneth B. Warner (A'18-M'22-F'36) 
William Wilson (M'26-F'28) 

Senior Members 
Kenneth N. Cumming (A'16-M'28-SM'43) 
David M. Davis (M'43-SM'43) 
Cecil E. Haller (A'34-M'40-SM'43) 
Ralph G. McCurdy (M'42-SM'43) 
Frank Rieber (M'41-SM'43) 
George H. Rockwood, Jr. (A'31-SM'46) 
McMurdo Silver (SM'43) 
Frank N. Waterman (A'12-M'15-SM'43) 

Members 
Howard C. Dunn (A'43-M'46) 
Philip J. Konkle (A'28-M'44) 
William W. Robertson, Jr. (A'37-M'46) 
Richard R. Syrdal (M'46) 

Associates 
Robert L. Anderson (S'40-A'41) 
Richard B. Arnson (A'44) 
Ralph S. Clarke (A'21-VA'39) 
R. Douglas Clerk (A'37-VA'39) 
David L. Curtis (A'44) 
George B. David (A'43) 
Frank H. Fay (A'38-VA'39) 
Edwin W. Hamlin (A'40) 
Alexander M. Haubrich (A'37-VA'39) 

(Continued on pag6.663) 
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TECHNICAL COMMITTEE NOTES 
The Standards Committee held an an-

nual meeting on March 8, 1949. The new 
chairman is J. G. Brainerd of the University 
of Pennsylvania; A. G. Jensen of BTL and 
L. G. Cumming of IRE Headquarters are 
vice-chairmen. Standards on Radio Aids 
to Navigation: Definitions of Terms, 1949; 
and Railroad and Vehicular Communica-
tions: Method; of Testing, 1949 have been 
approved by the Committee and will 
shortly be published. Mr. Jensen reported 
for the Definitions Co-ordinating Sub-
committee, which has two purposes: to 
save work and time for groups writing defi-
nitions by calling attention to any over-
lapping in work, and to establish a more 
efficient transfer of information between the 
IRE and other organizations. It is hoped 
that the Subcommittee will receive defini-
tions while they are in a tentative stage, 
so that they may be referred to ASA 
C-42 Committee for agreement prior to 
adoption by the IRE. The IRE/AIEE 
Co-ordinating Committee on Definitions has 
agreed to set up a group to work on the 
term "Noise." It is advisable that no other 
committee work on this subject until the 
group's task is completed. The meeting was 
addressed by the Institute's Standards Co-
ordinator, W. R. G. Baker, who offered the 
IRE's thanks to A. B. Chamberlain for his 
fine work as Chairman of the Standards 
Committee, and also thanked the chairmen 
of all the technical committees for their ac-
complishments during the year. He spoke 
of a new method of reproducing Stand-
ards by photo-offset, which will require 
strict adherence to the rules governing 
preparation of drafts of standards. . . . 
A meeting of the Antennas and Wave 
Guides Committee was held on March 
30 in Washington, D. C., and L. C. Van 
Atta was chosen chairman for the com-
ing year. A vote of thanks was given to 
the retiring chairman, P. S. Carter.. . . 
J. G. Brainerd, retiring chairman of the 
Circuits Committee, introduced the new 
chairman, \V. N Tuttle, at the March 9 
meeting. The Committee is continuing its 
work on definitions, and subcommittees will 
be formed for this activity. . .. L. R. 
Nergaard will assume the duties of chairman 
of the Committee on Electron Tubes and 
Solid State Devices, it was announced on 
March 7. The Committee plans to have a 
standard on definitions of terms ready for 
publication shortly. ... At the meeting of 
the Receivers Committee on March 10, R. F. 
Shea was introduced as the new chairman. 
W. 0. Swinyard is the retiring chairman. 
. .. The Research Committee held a meet-
ing on March 9, during which D. E. Cham-
bers led the Committee in a discussion of its 
scope. The Committee agreed to secure 
for publication interpretative or review 
papers and original papers, to promote 
a "Letters to the Editor" page in the 
PROCEEDINGS, to prepare abstracts, and 
to report on technical meetings.... The 
Video Techniques Committee, under the 
chairmanship of J. E. Keister, met on 
March 9. Three new subcommittees have 

Calendar of 

COMING EVENTS 

Central Section Regional Meeting, 
Society of Motion Picture Engi-
neers, Toledo, Ohio, June 10 

IRE  Conference  on  Electronic 
Devices, Princeton, N. J., June 
20 and 21 

AIEE Summer General Meeting, 
Swampscott, Mass., June 20-24 

NBS Symposium on Construction and 
Applications of Conformal Maps, 
Los Angeles, Calif., June 24-25. 

NBS Symposium  on  Probability 
Methods in Numerical Analysis. 
Los Angeles, Calif., June 27-29. 

AIEE Pacific General Meeting, San 
Francisco, Calif., August 23-26 

1949 IRE West Coast Convention, 
San Francisco, Calif., August 30-
September 2 

1949 Nhtional Electronics Confer-
ence, Chicago, III., September 26-
28 

National Radio Exhibition, Olympia, 
London, England, September 28 
to October 28 

AIEE Midwest General Meeting, 
Cincinnati, Ohio, October 17-21 

1950 IRE National Convention, New 
York, N.Y., March 6-9 

been formed: Definitions, headed by R. H. 
Daugherty, Jr.; Methods of Measurement 
and Test for Video Systems and Compon-
ents, headed by W. J. Poch; and Methods of 
Measurement and Test for Video Signal 
Transmission, headed by L. \V. Morrison. 
Besides the material which these new sub-
committees are preparing for standardiza-
tion, the Subcommittee on Methods of 
Measurement and Test for Utilization, In-
cluding Video Recording, under the chair-
manship of Vernon J. Duke, is preparing six 
tutorial reports for publication. .. . At the 
meeting of the Wave Propagation Commit-
tee on March 9, it was announced that C. R. 
Burrows would head the Committee for the 
coming term. The Committee reviewed the 
Glossary of Terms Used in Radio Propaga-
tion, which had been circulated for comment 
by the British Standards Institute. It also 
discussed its activities in connection with the 
JTAC. ... The Committee on Professional 
Groups met on March 7. The chairman W. 
L. Everitt, announced that three Groups 
have been formally organized and approved: 
Audio, Broadcast Engineers, and Antennas 
and Wave Propagation. Six others are under 
consideration: Circuit Theory,  Nuclear 
Science, Vehicular and Railroad Radio Com-
munications, Receivers, Transmitters, and 
Electron Tubes. The Committee shall have 
primary jurisdiction on policy, which will 
include the actual approval of Groups and 
their objectives. Operation of groups will be 
under the control of the Executive Com-

mittee through the Standards Co-ordinator. 
Minor revisions of the Professional Groups 
Manual were authorized, and a plan was 
adopted for stimulating action in the Sec-
tions for forming Section Groups, the Com-
mittee acting as a clearing house for the 
Sections in supplying information, speakers, 
papers, etc. It was decided that all members 
of Professional Groups, national or sectional, 
must be members of the Institute. All 
Groups shall hold one technical conference 
of national scope each year. 

MILITARY STANDARDS 
AGENCY REORGANIZED 
Under the terms of a charter signed 

by the assistant secretaries of the three 
military services, the government body 
organized in December, 1943, as the Army-
Navy Electronic Standards Agency has been 
reconstituted as the Armed Services Electro 
Standards Agency. The change provides for 
official participation by the Air Force, which 
became a separate component of the Na-
tional Military Establishment under the pro-
visions of the National Security Act of 1947. 
The purpose of the Standards Agency is 

to reduce the number of styles and types of 
electronic components used in the manu-
facture of military equipment of all kinds, 
to insure their quality and dependability, 
and to designate approved sources of supply. 

BRITISH " RADIOLYM PIA " 
EXHIBIT TO BE HELD IN FALL 
Television, as perfect technically as it 

.111 be demonstrated in all stages from studio 
In receiver, will be a feature of the sixteenth 
National Radio Exhibition ("Radiolympia") 
to be held at Olympia, London, England, 
front September 28 to October 8. 
Other displays will include an enlarged 

section for communications equipment, 
navigational aids, and electronics in in-
dustry, and exhibits for the first time since 
the war by the Royal Navy, the Army, and 
the Royal Air Force. The Ministry of 
Supply, the Department of Scientific and 
Industrial Research, and the GPO will also 
exhibit. 

CONSTITUTIONAL AMENDMENT 
BALLOT 

In accordance with Article IX, Section 2 
of the Institute Constitution, the ballots on 
amending Article II, Section 1(c) and 
Article II, Section 2(c) of the IRE Constitu-
tion were counted on May 3, 1949, under the 
supervision of the Tellers Committee, J. L. 
Callahan, Acting Chairman. The final result 
of the ballot count is as follows: 

Yes  No 
Total  812 
Per cent 

Total 
2334  3146 

25.8  74.2  100 

Total ballots mailed   7,015 
Total ballots received   3,189 

—45.4 per cent of ballots mailed 
Total ballots void   43 

— 0.6 per cent of ballots mailed 
Total ballots counted   3,146 

—44.8 per cent of ballots mailed 
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Report of the Secretary  1948 
To THE BOARD OF DIRECTORs, 
THE INSTITUTE OF RADIO ENGINEERS 

Gentlemen: 
The Secretary again submits a report, 

required annually as stipulated in the By-
laws, of the status of Institute affairs result-
ing from activities during 1948. 
It is especially gratifying to note that 

Institute growth continues unabated both 
in membership and activities. Membership 
is spread over 63 countries. Student 
Branches have increased over 100 per cent 
from 27 to 59. Sections increased from 43 to 
48 or about 11 per cent. Additional data 
and the usual charts are included herewith. 
(Figs. 1-4). 
The past year has seen the inauguration 

of the Regional Director plan, with a re-
duced number of Board of Directors meet-
ings. The attendance at these was excel-
lent, and not only were regional prob-
lems more fully dealt with, but members of 
the various Sections enjoyed a closer re-
lationship with the Institute through their 
ability to express views through the Re-
gional Directors. These Directors carry to 
their Regions authentic information result-
ing from their participation in the operations 
of the Board. A plan was adopted to render 
limited financial assistance for the handling 
of approved Regional meetings, which 
should go far in promoting activities in these 
several far-flung areas that have area 
interests. 
Further encouragement toward better 

Section activities was provided through the 
increase in Section membership rebates, 
which took effect at the first of the year. 
The year 1948 saw the commencement of 

a new conception created by the Board, 
the Professional Group system. This plan 
was evolved in an effort to develop a 
method whereby members having common 
interests in a given specialized field can give 
expression to those special interests and de-
velop related activities. The rapid growth 
of the general field of radio and electronics 
and of this Institute dictated the need for 
something of this kind. The response seems 
to justify the plan, three Professional Groups 
having been organized; and it appears that 
the needs of these particular highly special-
ized fields will be fulfilled thereby. 
Convention and meeting activities pro-

vide another gauge of growth. A total of 
14,459 persons attended the 1948 National 
Convention, where 128 technical papers 
were presented during the 29 technical ses-
sions, and 180 exhibits were shown. At-
tendance included persons from 31 foreign 
countries. This attendance was 21 per cent 
greater than that at the 1947 National Con-
vention. Mention is made of other impor-
tant meetings, including the West Coast 
IRE Convention, the New England Radio 
Engineering Meeting, the Southwestern 

r IRE Conference, the National Electronics 
Conference, the Rochester Fall Meeting, the 
URSI Meeting at Washington, and the 
Canadian IRE Convention. 
Technical committee activities have 

greatly increased during 1948, as will be seen 
later in this report. 
Early during the year the Radio Techni-

cal Planning Board went out of existence, as 

TABLE I-MEMBERSHIP DISTRIBUTION BY GRADES 

Grade As of Dec. 31, 1048 
Number  % of Total 

As of Dec. 31. 1047  As of Dec. 31. 1946 
Number  % of Total  Number  % of Total 

Fellow 
Senior Member 
Member 
Associate 
Student 

259 
2,192 
3,334 
11,713**0 
5,939 

Totals  23,437 

1.1 
9.4 
14.2 
50.0 
25.3 

239  1.1  218 
2,068  9.8  1,763 
3,017  14.4  2,330 
12,079.9 57.4  11,5919 
3,634  17.3  2,252 

----
21,037  18,154 

1.2 
9.7 
12.8 
63.9 
12.4 

• Includes 1.701 Voting Associates. 
*4' Includes 1.490 Voting Associates. 
*I* Includes 1,260 Voting Associates. 

TABLE II-FIVE-YEAR ANALYSIS OF U. S. AND FOREIGN MEMBERSHIP 

1948  1947  1946  1945  1944 

TOTAL 
U.S. and Possessions 
Foreign (including Canada) 
Per Cent Foreign 

23,437 
21,048 
2,389 
10.2 

21,037 
18,723 
2,314 
11.0 

18,154 
15,898 
2,256 
12.4 

15,779 
14,053 
1,726 
10.9 

13,137 
11,596 
1,541 
11.7 

its form of organization no longer served the 
problems of the day. In its place, the In-
stitute, in concert with the RMA and with 
the encouragement of the FCC, created. on 
June 20, an eight-member organization 
called the "Joint Technical Advisory Com-
mittee." These eight persons are jointly 
selected by the Boards of Directors of 
IRE and RMA, and serve for two-year 
terms. The Committee has been very ac-
tive, has issued technical reports on ques-
tions of public interest upon which the 
FCC has sought information, and has pre-
sented technical testimony at meetings 
held under FCC auspices. It is hoped that 
through this Committee a real public 
service wi'l continue to be provided. 
The Institute, by very careful manage-

ment, met its budget, as can be noted from 
the accompanying statement. However, the 
Institute's income is inadequate to provide 
many desired services, to publish more of 
the available technical papers in the PRO-
CEEDINGS, and to increase the surplus, which 
is not keeping pace with Institute growth. 
The advent of 1949 finds the Institute 
management with a better understanding of 
its problems, and it is hoped that the new 
activities introduced during 1948 will render 
real service to the membership. 

Respectfully submitted, 

'Cot es " 

HARADEN PRATT, Secretary 
March 24, 1949 

Membership 

At the end of the year 1948, the member-
ship of the Institute, including all grades, 
was 23,437, an increase of 2,400, or 11 per 
cent over the previous year. The 2,400 mem-
ber increase in 1948 compares favorably 
with 2,375 and 2,883, the increases for 1946 
and 1947, respectively. The percentage in-
crease was 16 per cent in 1946, and 15 per 
cent in 1947. The membership trend from 
1912 to date is shown graphically in Fig. 2. 
The distribution of members in the vari-

ous grades for the years 1945, 1946, 1947, 
and 1948 is shown in Fig. 3. Actual figures 
for 1946, 1947, and 1948 are shown in Table 

I. Note that the loss of Associates was due 
largely to the loss of Voting Associates be-
cause of transfer to Member grade. Of the 
10,453 nonvoting Associates, 2,680 have 
been in that grade for more than five years. 
The membership ratio of Associates to 
Higher Grades was 6 to 1 in 1944, 4 to 1 in 
1945, less than 3 to I in 1946, and about 2 to 
1 in 1947 and 1948, a very satisfactory trend. 
Note also that the drop in percentage of 
higher grade members was due to the very 
substantial increase of Student members. 
Table II shows an analysis for the past 

five years of the distribution of members at 
home and abroad. It may be noted that the 
foreign membership increased rapidly at the 
end of the war. Monetary exchange diffi-
culties since the end of the war have con-
tributed to the reduced increase in foreign 
membership during the past two years. 
It is with deep regret that this office re-

cords the death of the following members of 
the Institute during the year 1948: 

Fellows 
Louis Cohen (F'15) 
Harry Diamond (A'26-M'30-F'43) 
Kenneth B. Warner (A'18-M'22-F'36) 
William Wilson (M'26-F'28) 

Senior Members 
Kenneth N. Cumming (A'16-M'28-SM'43) 
David M. Davis (M'43-SM'43) 
Cecil E. Haller (A'34-M'40-SM'43) 
Ralph G. McCurdy (M'42-SM'43) 
Frank Rieber (M'41-SM'43) 
George H. Rockwood, Jr. (A'31-SM'46) 
McMurdo Silver (SM'43) 
Frank N. Waterman (A'12-M'15-SM'43) 

Members 
Howard C. Dunn (A'43-M'46) 
Philip J. Konkle (A'28-M'44) 
William W. Robertson, Jr. (A'37-M'46) 
Richard R. Syrdal (M'46) 

Associates 
Robert L. Anderson (S'40-A'41) 
Richard B. Arnson (A'44) 
Ralph S. Clarke (A'21-VA'39) 
R. Douglas Clerk (A'37-VA'39) 
David L. Curtis (A'44) 
George B. David (A'43) 
Frank H. Fay (A'38-VA'39) 
Edwin W. Hamlin (A'40) 
Alexander M. Haubrich (A'37-VA'39) 

(Continued on pagel663) 
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VOLUME OF TECHNICAL  AND EDITORIAL  MATTER 
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Frank R. Hillyer (A'45) 
Albert E. Johnson (A'46) 
Charles J. Lemieux (A'38—VA'39) 
Virgil L. Miller (A'48) 
Alfred J. Mills (A'44) 
Howard R. Molton (A'45) 
Irvin Nevins (A'45) 
Willis B. Plummer (S'36—A'40) 
George E. Rueppel (A'43) 
Jack M. Sadowsky (A'37—VA'39) 

v- Kenneth L. Scott (A'21—VA'39) 
William J. Sharpe (A'44) 
Monroe H. Sheppard (S'43—A'45) 
Allen C. Stecher (A'44) 
Llewelyn L. B. Summers (A'40) 
Charles W. Taussig (A'22—VA'39) 
Mervin J. Ullman (A'46) 
William J. Yahnke (A'46) 

1 

Editorial Department 

The year 1948 again found the Editorial 
Department faced, on the one hand, with an 
ever-increasing inflow of submitted papers, 
and on the other with rigid space limitations 
imposed by stern budgetary realities. The 
problem, while it could not be said to have 
been solved as of the end of the year, was 
being brought under partial control by 
drastic editorial selection and compression. 
In 1948 there were published in the 

PROCEEDINGS a total of 2,452 pages, includ-
ing covers. Of these, 1,592 were editorial 
pages and 860 advertising pages. Of the 
editorial pages, 1,151i were devoted to 
technical papers, (including discussions and 
correspondence), 166i to Abstracts and 
References, and 274 to nontechnical material 

(including covers, contents pages, and an-
nual index). Of the advertising pages, 757i 
represented paid advertising, while the re-
maining contained useful editorial filler in 
the form of Institute Membership and Sec-
tion-meeting lists, and news of new products 
and the industry in general. 
The total of 2,452 pages published during 

the year compares with 2,576 in 1947 and 
2,240 in 1946. The number of editorial pages 
(1,592) compares with 1,636 in 1947, and 
1,256 in 1946. Advertising pages numbered 
940 in 1947 and 984 in 1946. The number of 
editorial pages published each year since 
1913 is shown in Fig. 1. 
Technical papers totaling 173 were pub-

lished in 1948, as against 172 in 1947. 
Authorship of these papers was by 241 in-
dividuals, of whom 176, or 73 per cent, were 

PO 
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members of the Institute. In 1947, 205 of 
the 266 authors, or 77 per cent, were mem-
bers. 
The backlog of papers on hand in the 

Editorial Department at the end of 1948 
included 141 papers, totaling an estimated 
981 PROCEEDINGS pages, of which 69 papers 
representing 442 pages had been accepted, 
the remainder being under review. At the 
start of the year the backlog was only 95 
papers with 651 pages, having been reduced 
from the postwar peak of 171 papers totaling 
1,225 pages by the "expanded publication 
program" executed during the last part of 
1947. Under this program the size of issues 
was increased from an average for the first 
eight issues of 1947 of 109 pages of editorial 
content to 144 pages in September, 1947, 176 
pages in October, 224 pages in November 
and December, respectively, and concluding 
with 176 pages in the January, 1948 issue. 
The average number of pages for the remain-
ing issues of 1948 was 128 pages, or 19 more 
than the average for the "regular" issues of 
1947. 
Despite this increased regular allotment, 

the volume of material received was so great 
as to make it impossible to hold entirely the 
gains on the backlog which had been 
achieved by the expanded publication pro-
gram. 
The volume of papers-submitted for pub-

lication continues to increase markedly. 
During 1947, 201 papers totaling an esti-
mated 1,298 PROCEEDINGS pages were sub-
mitted, or an average of 16.7 papers and 
108.2 pages per month. During 1948 these 
receipts increased to 289 papers of 2,043 
pages, or 24 papers and 170 pages per 
month. 
To aid in keeping the backlog within 

manageable dimensions and to enable more 
effective employment of the editorial budget 
allocated by the Executive Committee, new 
procedures were set up within the Editorial 
Department and in the Editorial Admin-
istrative Committee. In consequence, even 
more stringent standards have been estab-
lished for the acceptance of papers, and 
maximum compression feasible is required 
in all accepted papers. 
In connection with the related problems 

of printing costs and lack of space, studies 
r- were made of possible methods of achieving 
printing production economies. A partic-
ularly detailed study was made of the pos-
sibilities of space and cost saving by the use 

t of smaller typeface sizes. The study revealed 
that no significant economies could be 

• realized by such a course without using 
measures which would result in degradation 

. of legibility and appearance. 
With the approval of the Executive Com-

mittee, modifications in format and treat-
ment of nontechnical material were made to 

) conserve space for technical papers. This 
I has been accomplished with slight impair-
m ment or reduction of content, and even with 
i some improvement in readability and dis-
Ircernability. Publication of the Abstracts 
I and References Section of the PROCEEDINGS 
i continued during the year. The question of 
i its merit relative to the great need for addi-
tional space for technical papers was given 

I careful consideration, and the membership 
! at large was asked to express opinions. More Ithan 100 responses were received, the opin-
ions being overwhelmingly favorable for its 

continuance. The Editorial Department was 
finally instructed by the Executive Com-
mittee to continue publication of the sec-
tion, at least throughout 1949. 
An innovation in the printing production 

procedures of the Institute was the decision 
to reproduce the editorial section of the 1949 
Yearbook by the photo-offset method of re-
production, the membership lists being 
composed by the varitype method. It is ex-
pected that appreciable economies will be 
effected by the use of these methods, and 
that production will be considerably ex-
pedited, with tolerable impairment of ap-
pearance and legibility, which is regarded as 
of negligible importance because of the non-
permanent. reference nature of the book. 
Several Standards reports were produced 

or were in production during the year, which 
are listed under the subject of Technical 
Activities in this report. 
The Editorial Department is directed by 

Editor Alfred N. Goldsmith in matters of 
editorial policy, content, and format, and by 
Executive Secretary George W. Bailey in 
matters of administration, both functioning 
through  Technical  Editor  Clinton  B. 
DeSoto. An effective staff assists these 
officers. It has been greatly aided by the 
helpful advice and assistance unstintingly 
given by the 78 members of the Board of 
Editors, the 92 members of the Papers Re-
view Committee, the Papers Procurement 
Committee, and the Editorial Administra-
tive Committee. 

Section Activities 

We were glad to welcome five new Sec-
tions into the Institute during the past year. 
They are as follows: 

San Antonio  (March) 1948 
New Mexico  (April)  1948 
Toledo  (April)  1948 
Omaha-Lincoln  (Sept.)  1948 
Salt Lake  (Oct.)  1948 

The total number of Sections is now 48. 
There has been a substantial increase in 
membership of these Sections, with a few 
exceptions. It should be borne in mind that 
most Sections with noticeable decreases in 
membership released substantial numbers of 
members to new Sections. In addition, dur-
ing the year there has been formed the fol-
lowing group, unofficially designated as a 
Sub-section: 

Center County  (Emporium) 

Student Branches 
The Institute's program with respect to 

Student Branches, reactivated in 1947, con-
tinued to flourish in 1948. The number of 
Student Branches formed during 1948 was 
32, 14 of which operate as joint IRE-AIEE 
Branches. The total number of Student 
Branches is now 59, 26 of which operate as 
Joint IRE-AIEE Branches. This unpre-
cedented increase of student interest was 
accompanied by a large increase in student 
members. Additional applications for the 
establishment of Branches are now in 
process. This work, under the direction of 
E. K. Gannett, Assistant Secretary, is very 
productive in building the foundations upon 
which future Institute progress will depend. 
Following is a list of the Student 

Branches formed in 1948: 

Alabama Polytechnic Institute; *Uni-
versity of Arizona; Polytechnic Institute of 
Brooklyn; California State Polytechnic Col-
lege; *Columbia University; University of 
Dayton; University of Detroit; *University 
of Florida; Illinois Institute of Technology; 
*Iowa State College; John Carroll Univer-
sity; Lehigh University; Manhattan College; 
*University of Maryland; *Massachusetts 
Institute of Technology; *Michigan State 
College; *Missouri School of Mines and 
Metallurgy; Newark College of Engineering; 
University of New Mexico; *University of 
North Dakota; *University of Notre Dame; 
Oregon State College; *Princeton Univer-
sity; *University of South Carolina; South 
Dakota School of Mines & Technology; St. 
Louis University; *Agricultural & Mechani-
cal College of Texas; *University of Toledo; 
Utah State Agricultural College; University 
of Virginia; University of Wisconsin; and 
University of Wyoming. 

Technical Activities 
Technical Committees. During 1948, 20 

technical committees, with their subcom-
mittees and task groups, held a total of 112 
meetings at Institute Headquarters, 21 
meetings at the Hotel Commodore during 
the National Convention, and 25 meetings 
in other localities, or a total of 158 meetings, 
a substantial increase over 1947. 
The following standards prepared by the 

IRE technical committees were published 
during the year: 
Standards on Abbreviations, Graphical 
Symbols, Letter Symbols, and Mathe-
matical Signs, 1948 

Standards on Antennas: Methods of 
Testing, 1948 

Standards on Antennas, Modulation 
Systems, and Transmitters: Defini-
tions of Terms, 1948 

Standards on Television: Definitions of 
Terms, 1948 

Standards on Television: Methods of 
Testing Television Receivers, 1948 

In addition, publication of Standards on 
Radio Receivers: Methods of Testing Fre-
quency-Modulation Broadcast Receivers, 1947, 
was completed in January, 1948. 
In addition to the standards published, 

approval of the Board of Directors was 
secured for Standards on Receivers: Meth-
ods of Testing Amplitude-Modulation Broad-
cast Receivers. Approval was also secured 
for a large portion of the revision to the 
standards on Definitions of Terms relat-
ing to Electron Tubes and to the stand-
ards on Methods of Testing Electron Tubes. 
These standards will be available during 
1949. The Standards Committee prepared 
Proposed Standard Frequency-Band Desig-
nations for publication in the PROCEEDINGS. 
It will be considered for standardization in 
1949. The Committee on Electroacoustics, 
in co-operation with ASA, prepared a glos-
sary of acoustical terms which has been pub-
lished and distributed as a preliminary ASA 
standard. It will be adopted as a final 
standard by IRE and ASA during 1949. 
The Technical Committee on Annual 

Review completed a survey, "Radio Progress 
During 1948." Thirty-six pages in the 
March, 1949, issue of PROCEEDINGS are de-
voted to publication of this material. 

• Joint IRE-AIEE Student Branches. 
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The Nuclear Studies Committee pro-
cured a series of papers in its field for pub-
lication in the PROCEEDINGS. Four papers 
have appeared in 1948 issues, and one paper 
per month is available and scheduled for 
publication in 1949. 
A Definitions Co-ordinating Subcom-

mittee of the Standards Committee was 
established during the year. Its function has 
been to correlate definitions of all terms 
under consideration within the technical 
committee structure of the IRE and, in 
addition, to take cognizance of the defini-
tions of outside agencies to eliminate dupli-
cation of man hours and conflict. Work was 
started at Headquarters toward the compila-
tion of a master index of all terms defined by 
IRE and other organizations having defini-
tions in the electronics field. This index will 
be made continually available to all IRE 
committees, and, upon request, to other pro-
fessional societies. 
Two major symposia were sponsored by 

technical committees during 1948; the 
Electron Tube Conference, and the Con-
ference on Electronic Instrumentation in 
Nucleonics and Medicine. The Electron 
Tube Conference, sponsored by the Com-
mittee on Electron Tubes, was held on June 
28 and 29 at Cornell University, and was 
attended by over 200 scientists. The 
Nucleonics Conference, sponsored by the 
Nuclear Studies Committee in co-operation 
with AIEE, was held in New York, N. Y., 
on November 29 and 30, and December 1. 
It was attended by 550 scientists. Both con-
ferences are considered to have been out-
standing contributions to electronic engi-
neers. 
Professional Group System. Two groups, 

namely the "Audio Group," established in 
June, and the "Broadcast Engineers Group," 
established in July, were becoming active 
by the end of 1948. The formation of Pro-
fessional Groups in "Nuclear Science" and 
"Antennas and Wave Propagation" was 
under way. In addition, interest was de-
veloping for the formation of Professional 
Groups in the fields of Circuit Theory, Rail-
road and Vehicular Communications, Radio 
Receivers, Radio Transmitters, Telemeter-
ing, and Quality Control. 
Joint Technical Advisory Committee. The 

first task undertaken by the JTAC resulted 
from a request by the FCC to study the 
problem of uhf television development and 
to provide information for the FCC hearing 
scheduled for September 20. The JTAC pro-
vided this information in its Proceedings, 
Volume 1, entitled "Utilization of Ultra-
High Frequencies for Television," Docket 
8976, September 20, 1948. This report was 
followed by a second volume, "Allocation 
Standards for vhf Television and FM Broad-
casting," Docket 9175, December, 1948. 
General Joint Technical Activities. Dur-

ing 1948 there was an appreciable increase 
in the co-operative technical activities of 
the Institute with other professional societies 
and federal agencies. Sixty-five committee 
meetings were held jointly with other 
organizations during the year, in addition 
to the 158 meetings of technical committees 
previously mentioned. Work on this total of 
223 committee meetings was accomplished 
by 580 committee members, of whom ap-
proximately 180 were engaged in the joint 
committee activities. These meetings repre-

sent co-ordination of technical activities 
with the American Standards Association, 
American Institute of Electrical Engineers, 
Joint Technical Advisory Committee, Radio 
Technical Committee on Aeronautics, Na-
tional Research Council, Army-Navy Elec-
trical and Electronics Standards Agency, 
and its successor, Armed Services Electro 
Standards Agency, International Scientific 
Radio Union, Research and Development 
Board of the National Military Establish-
ment, Atomic Energy Commission, Civil 
Aeronautics Administration, and  Inter-
national Civil Aviation Organization. 
Technical activities were carried on 

under the guidance of the Standards Co-
ordinator W. R. G. Baker, Technical 
Secretary L. G. Cumming, and a competent 
staff. 

Fiscal 

A condensed summary of income and ex-
penses for 1948 is shown in Table III, and a 
balance sheet for 1948 is shown in Table IV. 
Income and expenses for each year since 
1914 are shown graphically in Fig. 4. 

TABLE III —SUMMARY OP INCOME AND EXPENSES. 
1948 

Income 

Advertising'  $157,501.64 
Member Dues and 
Conventions  339,177.92 

Subscriptions  33,679.55 
Sales Items, Binders, 
Emblems, Stand-
ards, etc.  18,229.77 

Investments Income  10,337.60 
Miscellaneous  In-
come  3,296.27 

Total Income 
Expense 
PROCEEDINGS Edi-
torial Pages  $142,372.35 

Advertising Pages  81,979.41 
Yearbook  31,423.27 
Section Rebates  21,228.76 
Sales Items  20,991.33 
Miscellaneous Print-  4,807.77 
General Operations  157,139.73 
Convention Cost  89,802.44 

Total Expense 

Surplus 
Reserve for Depreciation 
Net Surplus 

$ 562,222.75 

$ 549,745.06 

12,477.69 
$  5,880.59 
$  6,597.10 

TABLE IV—BALANCE SHEET—DECEMBER 31,1948 

Assets 
Cash and Accounts 
Receivable  $211,827.25 

Inventory  12,061.91 

Total Current Assets 
Investments at Cost 361,023.50 
Building and Land 
at cost  356,687.30 

Furniture and Fix-
tures at cost  67,394.92 

Other Assets  64,661.38 

Total 

Total Assets 

Liabilities and Surplus 
Accounts Payable 
Federal  Taxes on 
emblems, etc. 

Total Current Lia-
bilities 

*Deferred Liabilities 

7,371.38 

1,979.78 

Total Liabilities 
Reserve for Depre-
ciation 

Surplus —Donated  596,468.83 
Surplus —Earned  189,535.42 

Total Surplus 

Total Llabilitiesand 
Surplus 

$ 223,889.16 

849,767.10 

$1,073,656.26 

$  9,351.16 
261,635.13 

$ 270,986.29 

16,665.72 

786,004.25 

$1,073,656.26 

• 1949 items. PROCEEDINGS for members and sub-
scribers, Advertising, and Convention service. 

Industrial Engineering 
Notes' 
N BS DEVELOPS 
ABSOLUTE VALUES 

Recent experimental work at the Na-
tional Bureau of Standards has resulted in 
developments of importance to the design 
of cathode-ray tubes and many other elec-
tronic devices. 
The absolute value of the magnetic 

moment of the proton has been determined 
with unprecedented accuracy, and the 
value of the basic constant elm—electric 
charge to mass ratio of the electron—with 
even greater accuracy. 
A complete report on the development 

was published in the May issue of The 
Technical News Bulletin, monthly publica-
tion of the NBS, copies of which may be 
obtained from the Superintendent of Docu-
ments, U. S. Government Printing Office, 
Washington 25, D. C. 

LACK SUCCEEDS SARNOFF AS 
AFCA PRESIDENT 

RNIA Director Frederick R. Lack was 
elected to succeed David Sarnoff as president 
of the Armed Forces Communications As-
sociation, which met in Washington on 
March 28 and 29. Close co-operation and co-
ordination between government and in-
dustry in the communications operating and 
manufacturing fields were emphasized by 
speakers on both sides during the third an-
nual meeting of the association. 

NE W EXPORT SCHEDULE 
. PUBLISHED By OIT 

A new comprehensive export schedule 
(No. 27), containing all export regulations in 
effect on March 31, 1949, was published by 
the Office of International Trade, U. S. De-
partment of Commerce. 
The new edition supersedes No. 26, pub-

lished last fall, and covers all changes in 
regulations previously described in Current 
Export Bulletins 485 to 517, inclusive. Both 
the new Comprehensive Export Schedule 
and all Current Export Bulletins are now 
published in loose-leaf form to provide in a 
single volume all new regulations, as well as 
changes in older ones. 

WAA COMPLETES 
DISPOSAL OF ELECTRONIC Striteuts 

The War Assets Administration has 
completed its disposal of surplus radio and 
electronic equipment, except for the process-
ing of documents and the completion of 
final auditing reports of agents and distribu-
tors. 

Out of a total surplus electronic-radio 
acquisition of $816,307,000, at original cost, 
the WAA disposed outright of electronic 
equipment and parts valued at $584,310,000. 
Approximately $63,672,000 was received in 
cash. About $300,000,000 worth of radio and 
electronic equipment was distributed among 
state, city, and county governments and 
educational institutions without charge. 

I The data on which these NOTES are based were 
selected, by permission. from 'Industry Reports," 
issues of March 18 and 25. and April 1.8, and 15, pub-
lished by the Radio Manufacturers  Association. 
wknhoowseiedhaeedi Pint attitude in this matter is here by ac-
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W. L. Barrow 
D. E. Chambers 
E. W. Engstrom 

r-W. L. Everitt 
V. M. Graham 
R. A. Hackbusch 

F. W. Albertson 
J. S. Allen 
G. M. K. Baker 
W. L. Barrow 
R. R. Batcher 
A. E. Bowen 
R. M. Bowie 
Ralph Bown 
R. S. Burnap 
0. H. Caldwell 
C. W. Carnahan 
C. C. Chambers 
L. M. Clement 
J. D. Cobine 
M. G. Crosby 
R. B. Dome 
W. G. Dow 
E. W. Engstrom 
W. L. Everitt 
W. G. H. Finch 
D. G. Fink 
H. C. Forbes 
I. A. Getting 
P. C. Goldmark 
A. W. Graf 
F. W. Grover 
L. B. Headrick 
E. W. Herold 
J. A. Hutcheson 
C. M. Jansky, Jr. 
J. K. Johnson 
L. F. Jones 
H. S. Knowles 
J. D. Kraus 
J. B. H. Kuper 
J. L. Lawson 
D. G. Little 

EXECUTIVE 
S. L. Bailey, Chairman 

D. B. Sinclair, Vice-Chairman 
Haraden Pratt, Secretary 

W. R. G. Baker  A. N. Goldsmith 
M. G. Crosby  B. E. Shackelford 

BOARD OF EDITORS 
A. N. Goldsmith, Chairman 

F. B. Llewellyn 
S. S. Mackeown 
Nathan Marchand 
E. D. McArthur 
Knox McIlwain 
J. W. McRae 
L. A. Meacham 
G. F. Metcalf 
E. L. Nelson 
D. 0. North 
H. F. Olson 
R. M. Page 
H. 0. Peterson 
G. W. Pickard 
Haraden Pratt 
C. A. Priest 
J. R. Ragazzini 
Simon Ramo 
H. J. Reich 
J. D. Reid 
F. X. Rettenmeyer 
P. C. Sandretto 
S. W. Seeley 
V. W. Sherman 
L. C. Smeby 
C. E. Smith 
J. A. Stratton 
W. C. Tinus 
K. S. Van Dyke 
E. K. Van Tassel 
E. C. Wente 
H. A. Wheeler 
J. R. VVhinnery 
W. C. White 
L. E. Whittemore 
G. W. Willard 
I. G. Wolff 

. K. Zworykin 

AWARDS 
Keith Henney, Chairman 

Austin Bailey  R. W. Hickman 
A. V. Lou hren 
J. W. McRae 
David Packard 
E. R. Piore 
S. W. Seeley 
G. R. Town 

EDUCATION 
H. J. Reich, Chairman 

R. E. Beam 
R. M. Fano 
G. H. Fett 
R. A. Galbraith 
A. W. Graf 
A. E. Harrison 
R. W. Hickman 
G. B. Hoadley 
L. N. Holland 
G. L. Hollander 

P. H. Nelson 
L. R. Quarles 
J. R. Ragazzini 
J. D. Ryder 
B. E. Shackelford 
R. P. Siskind 
K. R. Spangenberg 
F. R. Stansel 
Ernst Weber 
L. E. Williams 

A. H. Howell  A. H. Wing, Jr. 
Irving Wolff 

CONSTITUTION AND LAWS 
J. E. Shepherd, Chairman 

F. W. Albertson  H. 1. Reich 
I. S. Coneshall  G. T. Royden 
R. A. Heising  H. R. Zeamans 

Institute Committees-1949 

PROFESSIONAL GROUPS 
W. L. Everitt, Chairman 

0. L. Angevine, Jr.  W. H. Doherty 
A. B. Chamberlain  V. M. Graham 

R. A. Heising 
(Professional Group Chairmen 

Ex-Officio) 

TELLERS 
G. F. Metcalf, Chairman 

J. F. Byrne  J. L. Callahan 

ADMISSIONS 
T. H. Clark, Chairman 

H. S. Bennett  G. A. Downsborough 
P. S. Christaldi  T. M. Ferrill, Jr. 
H. P. Corwith  A. Hachemeister 
F. M. Deerhake  G. B. Riley 
D. D. Donald  Rohn Truell 

POLICY DEVELOPMENT 
B. E. Shackelford, Chairman 

R. E. Beam  R. A. Heising 
K. C. Black  T. A. Hunter 
M. G. Crosby  F. B. Llewellyn 
E. A. Cullum  J. A. Stratton 
A. V. Eastman  F. E. Terman 

W. N. Tuttle 

SECTIONS 
A. W. Graf, Chairman 

R. A. Heising  J. E. Shepherd 
J. F. Jordan  E. T. Sherwood 
C. A. Norris  W. 0. Swinyard 
B. E. Shackelford  R. N. White 

(Section Chairmen Ex-Officio) 

NOMINATIONS 
T. A. Hunter, Chairman 

W. L. Barrow 
Ralph Bown 
A. E. Cullum, Jr. 
Melville Eastham 

F. E. 

W. L. Everitt 
I. J. Kaar 
F. H. R. Pounsett 
B. E. Shackelford 

Terman 

MEMBERSHLP 
R. F. Guy, Chairman 

F. W. Albertson  R. V. Howard 
J. E. Brown  A. S. Kramer 
A. B. Chamberlain  F. B. Llewellyn 
J. B. Coleman  F. L. Marx 
A. S. Cramer  R. M. Mitchell 
G. W. Fyler  J. D. Reid 
V. M. Graham  ID. B. Smith 
George Grammer  W. C. White 

(Chairmen of Section Membership 
Committees Ex-Officio) 

PUBLIC RELATIONS 
R. F. Guy, Chairman 

W. J. Barkley  R. A. Hackbusch 
0. H. Caldwell  Keith Henney 
W. C. Copp  T. R. Kennedy 
0. E. Dunlap, Jr.  M. B. Sleeper 

Lewis Winner 

FINANCE 
W. R. G. Baker, Chairman 

1. S. Coggeshall  F. B. Llewellyn 
D. B. Sinclair, ex-officio 

PAPERS REVIEW 
G. F. Metca 

H. A. Affel 
C. F. Baldwin 
J. L. Barnes 
B. de F. Bayly 
P. H. Betts 
F. J. Bingley 
D. S. Bond 
Kenneth Bullington 
H. A. Chinn 
J. K. Clapp 
S. B. Cohn 
J. M. Constable 
F. W. Cunningham 
A. R. D'Heedene 
R. L. Dietzold 
M. J. Di Toro 
H. D. Doolittle 
0. S. Duffendack 
R. D. Duncan, Jr_ 
E. H. Felix 
V. H. Fraenckel 
R. L. Freeman 
Paul Fritschel 
E. G. Fubini 
Stanford Goldman 
W. M. Goodall 
W. C. Hahn 
G. L. Haller 
0. B. Hanson 
A. E. Harrison 
T. J. Henry 
C. N. Hoyler 
P. K. Hudson 
D. L. Jaffe 
Hans Jaffe 
D. C. Kalbfell 
A. G. Kandoian 
Martin Katzin 
J. G. Kreer, Jr. 
Emile Labin 
J. J. Lamb 
V. D. Landon 
M. T. Lebenbaum 
C. V. Litton 

H. R. 

If, Chairman 
B. D. Loughlin 
Louis Malter 
R. E. Mathes 
H. F. Mayer 
H. R. Mimno 
Jerry Minter 
R. E. Moe 
F. L. Moseley 
I. E. Mouromtseff 
G. G. Muller 
A. F. Murray 
J. R. Nelson 
K. A. Norton 
Ernest Pappenfus 
H. W. Parker 
L. J. Peters 
A. P. G. Peterson 
W. H. Pickering 
A. F. Pomeroy 
Albert Preisman 
T. H. Rogers 
H. E. Roys 
J. D. Ryder 
M. W. Scheldorf 
Samuel Seely 
Harner Selvidge 
R. E. Shelby 
C. M. Slack 
J. E. Smith 
R. L. Snyder 
E. E. Spitzer 
J. R. Steen 
E. K. Stodola 
H. P. Thomas 
Bertram Trevor 
W. N. Tuttle 
Dayton Ulrey 
A. P. Upton 
G. L. Usselman 
S. N. Van Voorhis 
J. R. Weiner 
R. M. Wilmotte 
W. T. Wintringham 
J. W. Wright 

Zeamans 

PAPERS PROCUREMENT 
J. D. Reid, Chairman 

Andrew Alford 
B. B. Bauer 
R. M. Bowie 
G. H. Brown 
Cledo Brunetti 
J. W. Butterworth 
I. F. Byrnes 
T. J. Carroll 
K. A. Chittick 
B. J. Chromy 
J. T. Cimorelli 
L. M. Clement 
G. V. Eltgroth 
M. K. Goldstein 
R. C. Guthrie 
J. R. Harrison 
John Hessel 
T. A. Hunter 
Harry Huskey 
Hans Jaffe 
J. J. Jakosky 
Martin Katzin 
C. E. Kilgour 
N. L. Kiser 
A. V. Loughren 
I. G. Maloff 
H. B. Marvin 
W. P Mason 

Pierre Mertz 
B. J. Miller 
I. E. Mouromtseff 
A. F. Murray 
L. L. Nettleton 
G. M. Nixon 
D. E. Noble 
T. M. Odarenko 
W. C. Osterbrock 
W. E. Reichle 
F. X. Rettenmeyer 
H. W. G. Salinger 
K. M. Schafer 
R. E. Shelby 
W. P. Short 
W. E. Shoupp 
Daniel Silverman 
P. L. Smith 
J. Q. Stansfield 
G. R. Town 
L. G. Trolese 
H. J. Tyzzer 
W. L. Webb 
J. R. Whinnery 
W. C. White 
G. S. Wickizer 
R. H. Williamson 
R. J. Wise 
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Technical Committees, May 1, 
ANNUAL REViLW 
R. R. Hatcher, Chairman 

F. A. Cowan, Via-Chairman 
I. II Clark  George Rappaport 
I. I). Crawford  II. I). Westman 
K. I'. Hamlett  L. E. Whittemore 

ANTENNAS AND WAVE GUIDES 
L. C. Van Atta, Chairman 
A. G. Fox, Vice-Chairman 
L. J. Chu, Vice-Chairman 

F. NI. Bloomer  W. W. Mieher 
P. S. Carter  T. Moreno 
J. E. Eaton .  J. D. Parker 
R. M. Fano  D. C. Ports 
Sidney Frankel  M. W. Scheldorf 
E. G. Hamilton  S. A. Schelkunoff 
R. F. Holtz  J. C. Schelleng 
E. C. Jerdan  S. Sensiper 
0. E. Kienow  J. P. Shanklin 
W. E. Kock  George Sinclair 

P. H. Smith 

AUDIO TECHNIQUES 
R. A. Miller, Vice-Chairman 

O. 1.. Angevine, Jr.  D. E. Maxwell 
I. G. Easton  R. B. Monroe 
I. A. Green  W. E. Stewart 

CIRCUITS 
W. N. Tuttle, Chairman 

Cledo Brunetti, Vice-Chairman 
M. A. Antman  E. A. Guillemin 
W. R. Bennet  H. L. Krauss 
J. G. Brainerd  D. 0. McCoy 
A. R. D'Heedene  E. E. Overmier 
R. L. Diezold  C. H. Page 
A. L. DoInick  E. H. Perkins 
W. L. Everitt  J. B. Russell, Jr. 
R. M. Foster  C. A. Shannon 
Stanford Goldman  W. M. Smith 

Ernst Weber 

ELECTROACOUSTICS 
E. S. Seeley, Chairman 

P. N. Arnold  Martin Greenspan 
B. B. Bauer  E. C. Gregg 
Eginhard Dietze  F. V. Hunt 
M. J. Di Toro  Benjamin Olney 
W. D. Goodale, Jr.  H. F. Olson 

P. S. Veneklasen 

ELECTRON TUBES AND SOLID 
STATE DEVICES 

L. S. Nergaard, Chairman 
R. S. Burnap 
J. W. Clark 
W. G. Dow 
C. E. Fay 
A. M. Glover 
J. E. Gorham 
J. W. Greer 
L. B. Headrick 
L. A. Hendricks 
E. C. Homer 
S. B. Ingrain 
S. J. Koch  R. W. Slinkman 

C. M. Wheeler 

ELECTRONIC COMPUTERS 
J. W. Forrester, Chairman 
N. Rochester, Vice-Chairman 

S. N. Alexander 
J. H. Bigelow 
D. P. Brown 
Perry Crawford 
C. S. Draper 
J. P. Eckert 
E. L. Harder 
B. L. Havens 
John Howard 
J. H. Kusner 
Emory Lakatos 

Herbert Krauss 
Louis Ma!ter 
D. E. Marshall 
J. A. Morton 
I. E. Mouromtseff 
G. D. O'Neill 
0. W. Pike 
H. J. Reich 
A. C. Rockwood 
R. M. Ryder 
A. L. Samuel 

B. R. Lester 
G. D. McCann 
R. D. O'Neal 
C. H. Page 
J. A. Rachman 
Robert Serrell 
R. L. Snyder 
D. L. Stevens 
G. R. Stibitz 
J. R. Weiner 
C. F. West 

1949-May 
FACSIMILE 

J. V. L. Hogan, Chairman 
C J. Young Vire-Chairman 

J. C. Barnes 
Henry Burkhart! 
J. J. Callahan 
A. G. Cooley 

F. A. Hester 
Pierre Mertz 
G. H. Scheer, J. 
U. J. Wise 

INDUSTRIAL ELECTRONICS 
D. E. Watts, Chairman 

G. P. Bosomworth 
J. M. Cage 
E. W. Chapin 
J. L. Dalke 
C. W. Frick 
G. W. Klingatnan 
H. R. Meahl 

MODULATIO 
H. S. Black, 

Bertram Trevor, 
Robert Adler 
B. V. Blom 
F. L. Burroughs 
C. C. Chambers 
M. G. Crosby 
W. J. Cunningham 
E. Dyke 
L. A. W.'East 
C. W. Finnigan 
A. C. Goodnow 
D. D. Grieg 
R. F. Guy 

Eugene Nlittelinann 
I'. E. Ohmart 
H. W. Parker 
H. 0. Peterson 
Walther Richter 
W. C. Rudd 
Julius 1Veinberger 

N SYSTEMS 
Chairman 
Vice-Chairman 
L. B. Hallman, Jr. 
D. M. llill 
J. L. Hollis 
J. G. Kreer, Jr. 
E. R. Kretzmer 
V. D. Landon 
C. T. McCoy 
L. A. Meacham 
Dale Pollack 
S. W. Seeley 
%V. G. Tuner 
J. B. Wiesner 

NAVIGATION AIDS 
Henri Busignies, Chairman 
Harry Minna), Vice-Chairman 

G. C. Comstock 
John Dyer 
D. G. Fink 
C. J. Hirsch 
Wayne Mason  E. G. Schneider 
H. K. Morgan  W. J. Sen 
M. D. O'Day  Ben Thompson 

R. Welsh 

J. A. Pierce 
J. A. Rankin 
W. M. Richardson 
P. C. Sandretto 

NUCLEAR STUDIES 
L. R. Hafstad, Chairman 
R. E. Lapp, Vice-Chairman 

R. M. Bowie  IL H. Goldsmith 
A. H. Dahl  M. M. Hubbard 
W. F. Davidson  J. L. Lawson 
William Geohegan  Harner Selvi(Ige 

%V. E. Shoupp 

PIEZOELECTRIC CRYSTALS 
K. S. Van Dyke, Chairman 
R. A. Sykes, Vice-Chairman 

C. F. Baldwin  Clifford Frondel 
W. L. Bond  Hans Jaffe ' 
W. G. Cady  W. P. Mason 
J. K. Clapp  P. L. Smith 

RADIO TRANSMITTERS 
J. F. McDonald, Chairman 
A. E. Kerwein, Vice-Chairman 

E. L. Adams  J. B. lieffelfinger 
L. T. Bird 
T. J. Boerner 
M. R. Briggs 
H. R. Butler 
Harold Goldberg 
L. T. Findley 

J. B. Knox 
L. A. Looney 
J. C. R. Punchard 
I3erthold Sheffield 
J. E. Smith 
I. R. Weir 

1, 1950 
RA1110).11) AND VIAID I I.Ah 

NI. It a ii. ('halruida 
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L. II. II. Itariclink  ( I. 1),., 
E. I . lindelnian  D. I..  
D. It. Hariis  J. (' ()Ail len 
C. M. Heiden  Dt‘id lath \ 
I'. N.  Ji.  (;. II. 
I). N1.1: tin  It. V. 1i.ti 

(_;. L. Beers 
J. E. Brown 
%V. F. Cotter 
A. R. Hodges 
K. V. Jarvis  F. H. R. Pounseti 
J. K. Johnson  J. I). Reid 

W. O. Sv.inyard 

RE( LIVERS 
R. F. Shea, Chairman 

S. C. Spielman, Vice- Chairman 
Jack Avins  13. 1). Loughlin 

C. R. Miner 
Garrard Mountjoy 
J. F. Myers 
J. M. Pettit 

Dudley 
\V. I.. Barrow 
Ralph !town 
Gregory Breit 
E. I.. Chalice 
J. W. Coltman 
W. G. Dow 

RESEARCH 
Chambers, Chairman 

K. W. 
C. G. Fick 
\V. R. Jones 
A. I.. Samuel 
I.. C. Van Arta 
J. B. Wiesner 

SOUND RECORDING Aso 
REPRODUCING 

S. J. Begun, Chairman 
II. E. Roys, Vice-Chairman 

George Graham  G. M. Nixon 
F. L. Hopper  Lincoln Thomps,m 

STANDARDS 
J. G. Brainerd, Chairman 
A. G. Jensen, Vice-Chairman 
L. G. Cumming, Vice-Chairman 

Ralph Batcher  J. E. Keister 
S. J. Begun  E. A. Laport 
II, S. Black  J. F. McDonald 
G. M. Brown  L. S. Nergaard 
C. R. Burrows  A. F. Pomeroy 
Henri I3usignies  George Rappaport 
W. G. Cady  E. S. Seeley 
P. S. Carter  R. F. Shea 
A. B. Chamberlain  J. R. Steen 
Dudley Chambers  W. N. Tuttle 
J. \V. Forrester  L. C. Van Atta 
K. R. Hafstad  K. S. Van Dyke 
.1. V. L. Hogan  D E. %Vous 

K. E. Whittemore 

SYMBOLS 
A. F. Pomeroy, Chairman 
A. L. Samuel, Vice-Chairman 

K. E. Anspach  V. R. Hudek 
C R. Burrows  0. T. Laube 
A G. Clavier  C. D. Mitchell 
II F. Dart  C. Neitzert 
E. T. Dickey  M. B. Reed 
W. J. Everts  Duane Roller 
R. I. Ilaviland  E. W. Shafer 

W'. F. Snyder 
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TELEVISION SYSTEMS 
A. G. Jensen, Chairman 

R. E. Shelby, Vice-Chairman 
Gordon W. Andrew 
. W. F. Bailey 
M. W. Baldwin, Jr. 
R. M. Bowie 
J. E. Brown 
K. A. Chittick 
C. G. Fick 
D. G. Fink 
C. J. Franks 
P. C. Goldmark 
R. N. Harmon 
J. L. Hollis 

G. M. K. Baker 
H. S. Black 
R. S. Burnap 
M. G. Crosby 
E. W. Herold 

L. E. Whittemore 

I. J. Kaar 
R. D. Kell 
P. J. Larson 
H. T. Lyman 
Leonard Mautner 
Jerry Minter 
J. H. Mulligan, Jr. 
J. A. Ouimet 
D. W. Pugsley 
David Smith 
M. E. Strieby 
N. H. Young 

EDITORIAL ADMINISTRATIVE 
A. N. Goldsmith, Editor, Chairman 

F. B. Llewellyn 
Donald McNicol 
Haraden Pratt 
J. R. Ragazzini 
H. J. Reich 

VIDEO TECHNIQUES 
J. E. Keister, Chairman 
W. J. Poch, Vice-Chairman 

A. J. Baracket  R. L. Garmen 
P. F. Brown  A. G. Jensen 
R. H. Daugherty  L. W. Morrison, Jr. 
V. J. Duke  R. S. O'Brien 
G. L. Fredendall  J. F. Wiggin 

Special Committees 
PROFESSIONAL RECOGNITION 

G. B. Hoadley, Chairman 
C. C. Chambers  C. M. Edwards 
Harry Dart  W. E. Donovan 

FOUNDERS 
R. F. Guy, Chairman 

WAVE PROPAGATION 
C. R. Burrows, Chairman 
H. G. Booker, Vice-Chairman 

E. W. Allen, Jr. 
S. L. Bailey 
A. B. Crawford 
A. E. Cullum 
W. S. Duttera 
A. G. Fox 
E. G. Fubini 
I. H. Gerks 
M. C. Gray 
D. E. Kerr 
J. E. Keto 

K. A. Norton 
H. 0. Peterson 
J. A. Pierce 
George Sinclair 
Newbern Smith 
R. L. Smith-Rose 
A. W. Straiton 
E. F. Vandivere 
A. H. Waynick 
H. W. Wells 
J. W. Wright 

ARMED FORCES LIAISON 
COMMITTEE 

G. W. Bailey, Chairman 

CONVENTION POLICY 
J. E. Shepherd, Chairman 

Austin Bailey  E. J. Content 
G. W. Bailey  B. E. Schackelford 

INSTITUTE REPRESENTATIVES IN COLLEGES  1949 
*Agricultural and Mechanical College of 
Texas: Tom Prickett, Jr. 

Akron, University of: P. C. Smith 
*Alabama Polytechnic Institute: C. C. 
Clements 

*Alberta, University of: J. W. Porteous 
*Arizona, University of: H. E. Stewart 
*Arkansas, University of: G. H. Scott 
British Columbia, University of: H. J. 
MacLeod 

*Brooklyn, Polytechnic Institute of: A. B. 
Giordano 

*California Institute of Technology: S. S. 
Mac Keown 

*California State Polytechnic College: Clar-
ence Radius 

*California, University of: L. J. Black 
*Carnegie Institute of Technology: E. M. 
Williams 

*Case Institute of Technology: J. D. Johan-
nesen 

Cincinnati, University of: A. B. Bereskin 
' *Clarkson College of Technology: F. A. 
r  Record 
' *Colorado, University of: H. W. Boehmer 
' *Columbia University: J. R. Ragazzini IConnecticut, University of: L. E. Williams 
Cooper Union: J. B. Sherman 
*Cornell University: H. K. Northrop 
*Dayton, University of: Appointment later 
*Detroit, University of: Appointment later 
Drexel Institute of Technology: R. T. Zern 
Duke, University of: W. J. Seeley 
Evansville College: J. F. Sears 
*Fenn College: K. S. Sherman 
*Florida, University of: P. H. Nelson 
*George Washington University: W. S. 
Carley 

*Georgia School of Technology: M. A. Hon-
nell 

Harvard University: E. L. Chaffee 
, *Illinois Institute of Technology: G. F. Levy 
' *Illinois, University of: E. C. Jordan 
'Iowa, State University of: L. A. Ware 
*Iowa State College: W. L. Cassell 
*John Carroll University: J. L. Hunter 
Johns Hopkins University: Ferdinand Ham-
burger, Jr. 

*Kansas State College: J. E. Wolfe 
Kansas, University of: D. G. Wilson 

*Lafayette College: F. W. Smith 
Lawrence Institute of Technology: H. L. 
Byerlay 

*Lehigh University: D. E. Mode 
Louisiana State University: Appointment 
later 

*Louisville, University of: Appointment 
later 

*Maine, University of: W. J. Creamer, Jr. 
*Manhattan College: R. T. Well, Jr. 
*Maryland, University of: G. L. Davies 
*Massachusetts Institute of Technology: 
E. A. Guillemin, W. H. Radford 

McGill University: F. S. Howes 
*Michigan State College: J. A. Strelzoff 
*Michigan, University of: L. N. Holland 
*Minnesota, University of: 0. A. Becklund 
*Missouri, School of Mines and Metallurgy: 
G. G. Skitek 

*Missouri, University of: D. L. Waidelich 
*Nebraska, University of: F. W. Norris 
Nevada, University of: I. J. Sandorf 
*Newark College of Engineering: Solomon 
Fishman 

New Hampshire, University of: W. B. 
Nulsen 

*New Mexico, University of: W. H. Mullins 
*New York, College of the City of: Harold 
Wolf 

*New York University: Philip Greenstein 
*North Carolina State College: W. T. 
Dickinson 

*North Dakota, University of: Clifford 
Thomforde 

Northeastern University: G. E. Pihl 
*Northwestern University: A. H. Wing, Jr. 
*Notre Dame, University of: H. E. Ellithorn 
Ohio State University: E. M. Boone 
Oklahoma Agricultural and Mechanical Col-
lege: H. T. Fristoe 

*Oregon State College: A. L. Albert 
Pennsylvania State College: G. L. Crossley 
Pennsylvania, University of: C. C. Cham-
bers 

*Pittsburgh, University of: J. F. Pierce 
*Pratt Institute: Appointment later 
*Princeton University: N. W. Mather 
*Purdue University: R. P. Siskind 
Queen's University: H. H. Stewart 

Rensselaer Polytechnic Institute: H. D. 
Harris 

Rice Institute: M. V. McEnany 
Rose Polytechnic Institute: H. A. Moench 
*Rutgers University: J. L. Potter 
*San Diego State College: D. C. Kalbfell 
Santa Clara, University of: W. J. Warren 
*Seattle University: Appointment later 
*South Carolina, University of: J. C. Cosby 
*South Dakota School of Mines and Tech-
nology: Appointment later 

Southern California, University of: G. W. 
Reynolds 

*Southern Methodist University: E. J. 
O'Brien 

*Stanford University: J. M. Pettit 
*St. Louis University: G. L. Hollander 
Stevens Institute of Technology: Carl Neit-
zert 

*Syracuse, University of: Samuel Seely 
*Tennessee, University of: E. D. Shipley 
Texas Technological College: C. E. Houston 
*Texas, University of: A. W. Straiton 
*Toledo, University of: D. A. Powers 
Toronto, University of: George Sinclair 
Tufts College: A. H. Howell 
Union College (N.Y.): R. B. Russ 
Union College (Neb.): M. D. Hare 
United States Military Academy: F. K. 
Nichols 

United States Naval Post Graduate School: 
G. R. Giet 

*Utah State Agricultural College: L. S. Cole 
*Utah, University of: 0. C. Haycock 
Virginia Polytechnic Institute: R. R. Wright 
*Virginia, University of: L. R. Quarles 
*Washington, University of: V. L. Palmer 
Washington University: S. H. Van Warn-
beck 

*Wayne University: H. M. Hess 
Western Ontario, University of: E. H. Tull 
West Virginia University: R. C. Colwell 
*Wisconsin, University of: Glenn Koehler 
Witwatersrand, University of: G. R. Bozzoli 
*Worcester Polytechnic Institute: H. H. 
Newell 

*Wyoming, University of: R. G. Schaefer 
Yale University: H. J. Reich 

• Colleges with approved Student Branches. 
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INSTITUTE REPRESENTATIVES ON OTHER BODIES  1949 
American Association for the Advancement 
of Science: J. C. Jensen 

American Documentation Institute: J. H. 
Dellinger 

ASA Standards Council: J. G. Brainerd, L. 
G. Cumming, alternate 

ASA Conference of Staff Executives: G. W. 
Bailey 

ASA Electrical Standards Committee: L. G. 
Cumming, F. B. Llewellyn, E. A. LaPort 

ASA Sectional Committee (CI6) on Radio: 
V. M. Graham, Chairman, A. B. Cham-
berlain, L. G. Cumming, J. J. Farrell 

ASA Sectional Committee (C18) on Specifi-
cations for Dry Cells and Batteries: 
H. M. Turner 

ASA Sectional Committee (C39) on Electri-
cal  Measuring  Instruments:  Wilson 
Aull, Jr. 

ASA Sectional Committee (C42) on Defini-
tions of Electrical Terms: J. G. Brainerd, 
A. G. Jensen, Haraden Pratt 

ASA Subcommittee (C42.1) on General 
Terms: J. C. Jensen 

ASA Subcommittee (C42.6) on Electrical 
Instruments: J. H. Miller 

ASA Subcommittee (C42.13) on Communi-
cations: J. C. Schelleng 

ASA Subcommittee (C42.14) on Electronics: 
R. S. Burnap 

ASA Sectional Committee (C60) on Stand-
ardization of Electron Tubes: L. S. Ner-

Books 

gaard, C. E. Fay 
ASA Sectional Committee (C61) on Electric 
and Magnetic Magnitudes and Units: 
S. A. Schelkunolf 

ASA Sectional Committee (C63) on Radio-
Electrical Co-ordination: C. C. Cham-
bers 

ASA Sectional Committee (C67) on Stand-
ardization of Voltages—Preferred Volt-
ages-100 Volts and Under: A. F. Van 
Dyck 

ASA Sectional Committee (Z10) on Letter 
Symbols and Abbreviations for Science 
and Engineering: A. F. Pomeroy 

ASA Sectional Committee (Z14) on Stand-
ards for Drawings and Drafting Room 
Practices: Austin Bailey 

ASA Sectional Committee (Z17) on Pre-
ferred Numbers: A. F. Van Dyck 

ASA Sectional Committee (224) on Acous-
tical Measurements and Terminology: 
Eginhard Dietze, H. F. Olson 

ASA Sectional Committee (Z32) on Graph-
ical Symbols and Abbreviations for Use 
on Drawings: A. F. Pomeroy 

ASA Subcommittee (Z32.9) on Communica-
tion Symbols: H. M. Turner 

ASA Sectional Committee (Z57) on Stand-
ards for Sound Recording: S. J. Begun 

ASA Subcommittee of Z57.1 on Magnetic 
Recording: W. J. Morlock 

ASA Sectional Committee (Z58) on Stand-
ardization of Optics: E. D. Goodale 

(L. G. Cumming, alternate) 
ASME Glossary Review Board: W. R. G. 
Baker 

Joint EEI, NEMA, RMA Co-ordination 
Committee on Radio Reception: C. E. 
Brigham 

Joint IRE, ASA C42 Definitions Coordinat-
ing Committee: C. L. Dawes, A. G. 
Jensen, J. C. Schelleng 

Joint IRE, AIEE, NEMA Co-ordination 
Committee on Commercial Induction 
and Dielectric Heating Apparatus: D. E. 
Watts 

Joint I RE-R MA Coordination Committee: 
S. L. Bailey, Keith Henny 

Joint Technical Advisory Committee: S. L. 
Bailey 

National Electronics Conference Board of 
Directors: W. C. \Vhite 

National Research Council, Division of 
Engineering  and  Research:  F.  B. 
Llewellyn 

UR SI (International Scientific Radio Union) 
Executive Committee: C. M. Jansky, Jr. 

U. S. National Committee, Advisers on 
Electrical Measuring Instruments: Mel-
ville Eastharn, H. L. Olesen 

U. S. National Committee, Advisers on Sym-
bols: L. E. Whittemore, J. W. Horton 

U. S. National Committee of the Interna-
national Electrotechnical Commission: 
L. G. Cumming, E. A. LaPort, F. B. 
Llewellyn 

Elements of Electromagnetic Waves, by 
Lawrence A. Ware 

Published (1949) by the Pitman Publishing Corp.. 
2 W. 45 St.. New York, N. It., 200 pages +3-page in-
dex +x pages. 69 figures. 6 X91. $3.50. 

The purpose and level of this book is 
stated by the author as follows: 

'This text has been prepared to meet the need 
for an elementary introduction to the basic ideas of 
electromagnetic theory. It is intended as first-course 
material for either juniors or seniors, and the only pre-
requisites are calculus and the fundamentals of 
alternating current theory.... It is assumed that the 
reader is familiar with the circuited law of mag-
netism... . A knowledge of Faraday's emf law in 
line-integral form is also assumed.' 

It is quite revealing to read this book and 
learn how many inconsistencies and errors in 
physics, mathematics, logic, and concepts 
can be made in a little volume of 200 pages. 
It is also amusing to observe that the author 
somehow managed to arrive at correct an-
swers most of the time, in spite of the numer-
ous mistakes in many of the derivations. The 
following examples represent a small fraction 
of the errors presented in this book. 
First of all, the author does not distin-

guish among electrostatic, magnetostatic, 
quasistationary, and electromagnetic prob-
lems. For example, on page 41, after stating 

da$ E • ds = E = — — 
di 

the author goes on to say that "The analysis 
of electric and magnetic fields are better 
carried cti in terms of the gradients of the 
two scalar potentials 

— V mmf and E = Vritt," 

on the same page. Still on the same page, one 

finds equation 3.5: 

B =  = 
A 

a new form of vector analysis where a scalar 
quantity can be divided by a vector quan-
tity. 
As an illustration of mathematical laxity, 

one finds on page 65: 

fsvXH•da= f J•da. 
a 

The two integrals are taken over the same 
area so that, necessarily, the integrands 
must be equal, as follows: 

V X El = J. 

The result happens to be correct, provided 
the J is interpreted correctly. 
"In preliminary form,"  the author 

states, "the text presented here has been 
successfully used through two semesters." 
The assumption might be, consequently, 
that the footnotes in the book are the results 
of questions raised by the students. In one 
footnote (page 125) the author manages to 
prove that "the real part of e-"tte)" is the 
same as els cos wt" where -y is a Complex 
quantity! The reviewer is reminded of his 
school days, when he managed in a quiz to 
prove a theorem in a dubious way, and was 
proud of his accomplishment. The only 
difference in the above case is that the theo-
rem is incorrect. 
The publishers are to be commended for 

the excellent appearance of the book, and the 
fine line drawings. 

L. J. CHU 
Massachusetts Institute of Technology 

Cambridge. Mass. 

Photof act Television Course, edited by 
B. V. K. French 

Published (1949) by the Howard W. Sams Co., 
Indianapolis 7, Ind. 200 pages +5-page index +6-page 
glossary +5-page bibliography. 250 figures. 81 X11. 

. Hound in boards. $3.00. 

This book, based on a series of lectures by 
Albert C. W. Saunders, describes television 
principles, operation, and practice for those 
already familiar with radio techniques. Us-
ing the cathode-ray tube as a point of depar-
ture, the book is divided into three sections, 
covering beam formation and control, beam 
deflection systems, and beam modulation 
and synchronization. Under those headings, 
cathode-ray  tube  construction,  camera 
tubes, voltage supplies, sawtooth generators, 
sync circuits, control functions, receiving an-
tenna circuits, rf input tuning systems, if 
systems, video amplification, and many 
other aspects of the field are analyzed, with 
diagrams. 

Tables of Bessel Functions of Fractional Or-
der, Volume II 

Published (1949) by the Columbia University 
Press, Morningside Heights, New York 27, N. Y. 
365 pages +xviii pages. 8X10$. $10.00. 

This volume, compiled by the Computa-
tion Laboratory of the National Applied 
Mathematics Laboratories, National Bureau 
of Standards, is devoted to the tabulation of 
4(x) for ± =1, L Land is a sequel to the 
volume containing .1,(x) for the same orders. 
The functional values in both volumes are  ft 
given either to ten decimal places or to ten 
significant figures. Tables of the Everett in-
terpolation coefficients,, a list of constants, 
and a table for facilitating interpolation with 
respect to v are also included. 
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The Scintillation Counter* 

Summary —The scintillation counter is a relatively 
new instrument for the detection and measurement of 

nuclear and atomic radiations. Light produced in a 
fluorescent material by the incident particle or quan-

tum is picked up by a photomultiplier tube. The re-
sultant photoelectric emission is amplified in the 
photomultiplier by a series of secondary-emission 

stages. 
This paper is a review of the present state of 

knowledge regarding the characteristics of the counter 
and the details of its operation. 

THE FLASHES of light released when 
high-energy alpha particles strike a 
fluorescent screen constituted one of 

the earliest means of detecting nuclear 
particles. With such means, several of 
the classic experiments in radioactivity were 
performed. As other more convenient and 
sensitive detectors became available, this 
early method fell into complete disuse. Re-
cently, however, it has become possible 
to replace the eye of the observer with an 
extremely sensitive and rapidly responding 
device, the multiplier phototube. The re-
sulting detector is one which responds to the 
individual particles or quanta of all high-
energy ionizing radiations, and which thus 
has a field of application similar to that of 
the Geiger counter.' For many purposes, the 
higher counting rate of the scintillation de-
tector, its tremendous range of sensitivity, 
and its high intrinsic efficiency make it 
superior to the Geiger counter. 
An important advantage is that the 

fluorescent material is a highly absorbing 

* Decimal cl .ssification: 621.375.2 X535.3. Orig-
inal manuscript received by the Institute. January 
14, 1949. 

Weet ,ngliouse  Research  Laboratories.  F-a.t 
Pittsburgh. Pa. 
I Fitz-Hugh Marshall and J. W. Coltman. 'The 

photomultiplier radiation detector." Phys. Rev., vol. 
72. p. 528; September. 1947. 

J. W. COLTMANt 

solid, rather than a gas. The phosphor is in 
an exposed position external to the vacuum 
envelope of the phototube, and requires no 
difficult thin-window technique with easily 
absorbed radiations like alpha rays, beta 
rays, and soft X rays. Even for very pene-
trating radiations, the position of the de-
tecting layer is well defined. The new de-
tector is rugged and stable, shows no evi-
dence of temperamental qualities, and ap-
pears to have an indefinitely long life. 
The detector consists of a photomulti-

plier tube, such as the RCA 931A,2 and a 
fluorescent material mounted external to the 
envelope. Some system for collecting as 
much of the light as possible is desirable, 
and in the arrangement of Coltman and 
Marshall3 this takes the form of a hemi-
spherical mirror. Fig. 1 shows the phototube 
with the fluorescent screen attached, and 
Fig. 2 the completed detector, with the 
light-gathering mirror in place. Fig. 3 shows 
diagrammatically the construction and oper-
ation of the detector. The radiation—for 
example, an alpha particle—enters the win-
dow and causes a scintillation within the 
fluorescent screen. The rays of light from this 
flash are collected by the light-gathering 
mirror and focused upon the sensitive area 
of the photocathode of the multiplier tube. 
Since the incident quanta or particles of all 
the radiations for which the detector is used 
have large energies in comparison with pho-
tons of light, and since the energy efficiency 
of the fluorescent screen in converting these 
radiations into light is high, each quantum 

2 R. B. Janes and A. M. Glover, 'Recent develop-
ments in photo tubes," RCA Rev.. vol. 6, pp. 43-54; 
July. 1941. 

1 J. W. Coltman and Fitz-Hugh Marshall. "Photo-
multiplier radiation detector," Nucleonics, vol. 1. 
pp. 58-64; May, 1947. 

Fig. 1—A photomultiplier scintillation coun-
ter without mirror. 

of absorbed radiation results in a very large 
number of photons of light. Despite light 
losses in the screen, incomplete collection of 
light by the mirror, and a yield of only about 
one photoelectron per ten photons of light 
at the photoelectric surface, an appreciable 
number of photoelectrons are ejected from 
the photocathode for each quantum of de-
tected radiation, thus forming a signal pulse 
of photoelectrons. This pulse is then ampli-
fied by the familiar secondary-emission sys-
tem of the multiplier tube. Each photoelec-
tron is swept to the first dynode by a poten-
tial difference of about a hundred volts, 
and ejects four or five secondary electrons. 
These, in turn, are swept to the second 
dynode and similarly multiplied by second-
ary-emission amplification. After nine such 
stages, an avalanche of a million electrons, 
more or less, appears at the output of the 
multiplier tube as a result of each initial 
photoelectron. The output signal pulses are 
sufficient to operate directly the amplifier 
of an oscilloscope, though it is usually 
preferable to introduce one or two intermedi-
ate stages. Fig. 4 shows the detector in a 
compact unit, including power supply and 
auxiliary stages, ready for operation of an 
oscilloscope,  speaker,  or  discriminator-
scaling-counting system. 
The excellent properties of the scintilla-

tion detector are due in large part to the 
unique character of the amplification af-
forded by the multiplier tube, by which the 
signal is lifted to a high output level before 
being released to external circuits. Not only 
is the response time of the multiplier ampli-
fier extremely short, but the amplification 
is almost totally free of drift, stray pickup, 
and resistor noise. One may think of the in-
termediate step in the new detector, the step 
by which the original radiation is trans-

Fig. 2—Complete counter with mirror, win-
dow, and light-proof coating. 
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Fig. 3—Schematic diagram of opera-
tion of the scintillation counter. 

formed to light before it is used for release 
of electrical charge, as being a means by 
which the multiplier type of amplification 
can be introduced with a minimum of dif-
ficulty. Radiation which may or may not be 
sufficiently penetrating to traverse a vacuum 
envelope is transformed to light, which defi-
nitely can. Thus a commercial sealed-off 
multiplier tube is practical, and the pressure 
of the surrounding atmosphere is thereafter 
of no importance to the operation of the 
detector. The question often arises as to 
whether penetrating radiations might better 
be allowed to eject photoelectrons directly, 
without the intermediate step of producing 
light in the fluorescent screen. With the 
fluorescent screen omitted from the detector, 
some response due to direct photoelectric 
excitation is actually observed with X rays, 
but only a few of the absorbed quanta give 
rise to signal pulses, and the number of 
photoelectrons in these pulses is small. 
With any known photoelectric material, the 
efficiency of such a method would be low 
in comparison to that obtained when the 
fluorescent process is introduced as an inter-
mediate step. With penetrating radiations, 
efficiency is inherently low for direct excita-
tion, regardless of the kind of cathode mate-
rial used. The photoelectrons are produced 
throughout the depth of the cathode, and 
most of them are absorbed within the ca-
thode or emerge with energies too high 
to permit focusing by the electron-optical 
system of the multiplier. In contrast, when 
the intermediate fluorescent process is used, 
radiation energy is effective when trans-
formed into light anywhere within the 
thickness of the solid fluorescent screen, at 
least to the extent that the fluorescent mate-
rial is transparent to light. 
While the advantages of multiplier am-

plification are beyond dispute, the multiplier 
phototube brings with it two problems of its 
own. These are dark-current noise and sta-
tistical fluctuation in gain for elemental 
processes. The dark-current noise appears as 
pulses which tend to overlap the signal 
pulses in amplitude, determining in this 

Fig. 4—.% scintillation counter with built-in 
preamplifier and power supply. 

way the low-intensity limit of sensitivity of 
the detector, at least for radiations charac-
terized by weak signal pulses. The electrode 
surfaces, hiving a low work function, as is 
necessary for good sensitivity to light and 
to electron bombardment, tend also to re-
lease electrons whenever they acquire the 
higher thermal velocities associated with 
molecular agitation even at room tempera-
ture.' Thus a dark current of 10,000 to 
100,000  thermal-emission  electrons  per 
second, depending on the particular tube, is 
emitted from the photocathode and from 
each dynode. Only those emitted from the 
photocathode receive the full amplification 
of the tube, and are of primary importance 
in contributing to noise. On an oscilloscope 
at the output of the multiplier tube, these 
noise pulses may be observed individually. 
They intermingle with any radiation signal 
pulses which may be present, and tend to 
obscure them. Only at radiation intensities 
so high that the signal-pulse rate approaches 
the noise-pulse rate can the presence of radi-
ation be detected as a general increase in 
integrated output current as measured by 
an ordinary dc meter. But even at low inten-
sities, radiation may be detected if the signal 
pulses have amplitudes sufficiently greater 
than the noise pulses. The output may then 
be passed to a discriminator circuit which 
delivers to a scaling-counting-circuit meter 
only those pulses above a selected ampli-
tude. 

Each noise pulse is associated with emis-
sion of a single thermal electron, whereas, 
ideally, each signal pulse is associated with 
the emission of an appreciable number of 
photoelectrons. Since signal-pulse detection 
is possible only to the extent that the signal-
pulse amplitude is greater than the noise-
pulse amplitude, it is exceedingly important 
that the detector be made as efficient as 
possible in the production of photoelectrons 
at the photocathode. To this end, the num-

t R. W. Engstrom. 'Multiplier phototube char-
acteristics: application to low light levels." Jour. 
opi. Soc. Amer.. vol. 37, 9.420; June. 1947. 

ber of photoelectrons per radiation quantum 
absorbed must be made as great as possible 
by the proper choice of fluorescent screen, 
by the use of reasonably efficient light-
collecting systems, and by the use of a se-
lected  multiplier phototube. Also,  the 
distinction between signal and noise pulses 
must be maintained as carefully as possible 
by the use of a proper external circuit. 
These precautions are desirable for all radi-
ations, and are essential to good low-in-
tensity sensitivity for radiations yielding 
weak pulses. The output amplitudes of both 
.signal and noise pulses vary widely, because 
of the statistical nature of the amplification 
at the various stages of the multiplier and 
other factors. Since the noise pulses are so 
numerous and the spread of amplitudes so 
great, the tendency to overlap extends to 
much greater signal-pulse amplitudes than 
might, at first, be expected. 
Several experimenters have resorted to 

cooling the photornultiplier tube with dry 
ice or liquid air, at which temperatures the 
dark-current pulses may be almost com-
pletely eliminated. While this procedure is 
very effective, and particularly useful in 
studying the characteristics of the detector, 
the method is very inconvenient and, in 
most cases, unnecessary. Signal pulses have 
been successfully separated from noise 
pulses simply by the use of efficient phos-
phors, good light collection, and proper at-
tention to the associated circuits. 

PHOTOMULTIPL1ER TUBES 

Only a very few types of photomultiplier 
tubes are commercially available. Of these, 
the RCA 931A has been most widely used. 
It has a photocathode surface of cesium 
antimony, with a spectral response curve as 
given in Fig. 5. 

The 1P2I tubes are identical with the 
931A in construction, but have been espe-
cially selected by the manufacturer for 
better over-all sensitivity, which is consider-
ably above that of the average 931A. 
The 1P28 has the same internal construc. 
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tion as the 931A, but is enclosed in an en-
velope of  ultraviolet-transmitting  glass 
which extends the spectral response of the 
tube well into the ultraviolet. The 1P22 
utilizes a cesium-bismuth  photosurface 
which has a spectral response much further 
into the red, but has greatly reduced total 
sensitivity. 
Recently RCA has made an experimental 

photomultiplier,  designated  the C7132, 
which departs radically from the construc-
tion of the other types. The photocathode is 
transparent and deposited on the inside of 
the end of the cylindrical envelope. It is 11 
inches in diameter, an area some 150 times 
that of the sensitive area of the 931A, and 
is almost directly accessible to the exterior, 
so that good light collection is assured. 
Though no reports are available as to its 
performance as a scintillation counter, the 
geometry is certainly excellent for this 
purpose. 
All of these tubes have one characteris-

tic in common—they are extremely variable 
from one sample to the next. Because it is 
very difficult to control accurately the prop-
ties of the photoelectric and secondary-
emission surfaces, and because any factor 
which affects the sensitivity of all the sur-
faces is raised to the 10th power, it is little 
wonder that the over-all sensitivity varies 
so much from tube to tube. In addition, the 
amount of noise current generated in the 
tube varies over a wide range. For use as a 
scintillation counter, the gain and sensitivity 
are of little importance, for the output of 
the tube is well up to where simple ampli-
fiers may be used. The important charac-
teristic is the signal-to-noise ratio, i.e., the 
response to available amounts of light as 
compared to the dark current. Since some of 
the dark current occurring at the anode 
is simply dc leakage, it is important that 
only the ac component (shot noise) of the 
dark current and signal currents be com-
pared. 
Marshall, Coltman, and Bennett' have 

made comparative measurements on fifty-
three 931A tubes bought from unused war 
surplus stock, using a wide-band ac volt-

I Fitz-Hugh Marshall. J. W. Coltman. and A. I. 
Bennett. 'Photo-multiplier radiation detector. • 
SCi. 1113l.. vol. 19. pp. 744-771; November, 1948. 

r-

meter connected to the output of the photo-
multiplier. The voltmeter reading with no 
light admitted to the phototube served as a 
measure of noise. The increase of voltmeter 
reading with the introduction of a standard 
feeble beam of light upon the photocathode 
served as a measure of signal. The appropri-
ate ratio of these two values then provided 
a relative signal-to-noise ratio which served 
satisfactorily for arranging tubes in the 
order of their merit. The standard light beam 
used was crudely collimated, was smaller in 
cross section than the photosensitive area, 
and was directed perpendicularly through 
the electrostatic shielding grid to the posi-
tion on the cathode showing maximum 
response. Measurements were made quite 
rapidly. Once set, the geometry was not 
varied as successive tubes were introduced 
into the rigidly mounted socket, the position 
of maximum response having been found 
not to vary appreciably from tube to tube. 
The light intensity was set so low that the 
increase in meter reading for light was never 
more than a few times the reading for noise 
alone. The actual ratios are shown as ab-
scissas in Fig. 6. Unfortunately, the optical 
system used for reducing the light intensity 
involved a number of elements and could not 
be specified accurately enough to permit 
duplication by others for the purpose of 
comparing single tubes with their results. 
The histogram of Fig. 6 shows the results 

of the measurements. Most of the tubes are 
seen to be very poor in comparison to those 
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Fig. 5—Relative cathode response of various photomultiplier 
tubes as a function of the wavelength of the received light 
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in roughly the upper 20 per cent which 
proved to be satisfactory when made into 
detectors. No correlation whatever was 
found between signal-to-noise ratios and 
output sensitivity as indicated by the signal 
values obtained in these tests. When in-
stalled in radiation detectors, the tubes 
have been found to be effective in the order 
expected from the histogram within the 
limits of simple oscilloscopic comparison. 
An ac meter was used for these measure-

ments so as to eliminate the dc component 
of the dark current arising from resistive 
leakage in the output stage of the multiplier 
tube. This leakage, which does not con-
tribute measurably to noise, is partly in-
ternal along the coating of condensed cesium 
between the elements of the tube, and it 
cannot always be eliminated or easily meas-
ured. The meter used was a Ballantine 
Model 300 voltmeter, which has a band-
width of 150 kc. In this instrument the signal 
is amplified and passed through a full-wave 
rectifier, so that the meter indicates the 
average of absolute values of fluctuations 
impressed upon it. 
It is fairly evident that signal-to-noise 

ratios obtained in these tests are independ-
ent of the gains of later stages of the multi-
plier tube. Instead, they tend to be related 
only to the very-early-stage pulse events, 
which are thus of primary concern. The ob-
vious practical success of the method arises 
from the fact that the signal-to-noise ratios 
have to do essentially with photocathode 
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Fig. 6—Distribution of fifty-three 931-A tubes with 
respect to signal-to-noise ratio. 
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Fig. 7—Variation of signal-to-noise ratio with 
dynode voltage for two typical 931-A's. 

sensitivity to light and with cathode dark 
current. Beyond this point there is some 
question as to exactly what is measured, 
and even as to what is most desired. For low 
pulse rates, as in the measurement of low 
thermal-emission currents, the pulses are 
probably largely resolved by the meter 
amplifier, and the meter reading tends to be 
proportional to the pulse rate. At high pulse 
rates the pulses may be poorly resolved, so 
that the reading tends toward proportional-
ity to the square root of the pulse rate. Such 
a scale distortion may weight the signal-to-
noise ratios in a way to favor tubes with 
unusually low cathode noise-pulse rates. It 
is questionable whether this is strictly de-
sirable. 
The variation in signal-to-noise ratio as 

a function of applied dynode voltage is 
shown for two typical tubes in Fig. 7. The 
curves suggest that it is generally advisable 
to operate at the lowest voltages that will 
yield sufficient gain; about 80 volts per 
stage is usually satisfactory. While the ma-
jority of tubes tested show a drop in signal-
to-noise with increased voltage, a very few 
exhibit a slight improvement in signal-to-
noise ratio as the voltage is increased. 
Some difficulty is occasionally experi-

enced with noise due to external electrical 
leakage. The chief source is corona leakage 
in the socket into which the tube is inserted, 
between the cathode terminal, which is op-
erated at a high negative potential, and the 
adjacent anode terminal, which is operated 
near ground potential. This source of noise 
can be completely eliminated by removing 
the anode terminal lug from the socket, 
drilling out the socket, and inserting a new 
tubular pin grip surrounded completely by a 
polystyrene cylinder which is shielded, in 
turn, by a thin grounded metal tube. There 
is also leakage in the tube base itself, but 
this leakage seems to be purely resistive 
and does not contribute measurably to 
noise. While of no importance in the pulse 
detector, variations in this leakage are 
sometimes annoying in dc measurements; 
they can be reduced by removing the anode 
pin from the base of the tube, drilling a 
rather large hole through the side of the base 
for easy access, and connecting a polyeth-
ylene-insulated wire directly to the anode 
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Fig. 8—Variation of sensitivity across the width and length 
of the photocathode of a 93I-A tube. 

lead at the base of the glass envelope of the 
tube. Noise is also introduced when grounded 
conductors are permitted to contact the glass 
envelope of the tube, so that shielding or 
light-proofing coatings must either be in-
sulated from ground or kept from touching 
the glass. The cause of this phenomenon has 
not been determined. 
Many factors associated with noise, gain, 

and cathode photosensitivity in the multi-
plier phototube are poorly understood. For 
example, there is no indication whether the 
large variations in signal-to-noise ratio 
shown in Fig. 6 are primarily attributable 
to variations in cathode photosensitivity or 
in cathode noise. As another example, the 
increase in noise with dynode potential, as 
shown in Fig. 7, is not fully understood. 
Engstrom' mentions that the increase of 
noise with dynode potential may be associ-
ated with ionic feedback from the anode to 
the cathode. Also, it is difficult to explain 
Richardson plots determined experimentally 
for the photosurface, and to correlate them 
with work functions as indicated by the ob-
served long-wavelength cutoff.' 
The results of the signal-to-noise meas-

urements, together with the performance of 
these tubes as scintillation counters, indi-
cate that only about one tube out of five 
will be satisfactory for counter use. It ap-
pears that tubes should be selected on the 
basis of signal-to-noise ratio, a requirement 
which is not met by existing procedure in 
photomultiplier production. Though the 
IP21 is a selected tube, the manufacturer 
has in the past based the selection on over-
all sensitivity, which would appear to bear 
little or no relation to the signal-to-noise 
ratio. 
A characteristic of the photomultiplier 

which must be considered is the area and 
location of the sensitive portion of the photo-
cathode. Though the entrance grid on the 
931A is approximately 1 inch by 4 inch, the 
useful cathode area is very much smaller, 
because only photoelectrons ejected from a 
certain rather narrow region will be carried 
to the first dynode by the focussing field. 
The size and shape of the useful photo-

sensitive area on the photocathode has been 
measured' for a number of 931A tubes. To 
simplify the process of measurement of a 

large number of tubes, an arrangement has 
been used whereby a line along the cathode 
was scanned rapidly with a 13-mil beam of 
light directed perpendicularly through the 
electrostatic shielding grid, and the re-
sponse of the tube observed on a synchron-
ized oscilloscope. Typical central traces 
along the width and length of the cathode 
are shown in Fig. 8. All tubes tested ex-
hibited the asymmetry of vertical sensitivity 
shown in the figure. The shape of these 
curves, of course, is primarily determined 
by the electron-optical focusing properties 
of the electrode system, and does not indi-
cate true variation of photosensitivity over 
the cathode. The potential difference per 
stage was 100 volts. No tests were made of 
change of size of photosensitive area with 
applied potential or of variation in sensi-
tivity with angle of incidence of the light 
upon the cathode surface. 
The tubes were found to be quite con-

sistent, the width at half-maximum sensi-
tivity varying not more than +10 per cent. 
Despite the asymmetry in the vertical curve, 
the sensitive area, measured to points of 
half-maximum sensitivity, is approximately 
centered in the vertical direction midway 
between the mica spacers at the top and bot-
tom of the cathode. In the horizontal direc-
tion the sensitive area is approximately 
centered along the projected midline of the 
entrance grid. 

PHOSPHORS 

The search for suitable fluorescent ma-
terials for use in scintillation counters at 
present still proceeds at a rapid pace. Since 
the desired characteristics for this use differ 
markedly in certain respect from those re-
quired in ordinary applications, many ma-
terials which are usually considered inferior 
have proved to give better results than the 
more usual phosphors. 
For highly penetrating radiations, such 

as gamma and beta rays, the phosphor must 
be relatively thick if high absorption (i.e., 
good counting efficiency) is desired. In order 
that the fluorescent light may reach the 
photocathode, it is, of course, necessary that 
the material be relatively transparent to 
the light wavelengths emitted. For very 
thick sections, the usual finely divided 
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crystalline materials are quite opaque and 
are thus at a considerable disadvantage, 
even though they may have a relatively high 
intrinsic conversion efficiency. 
The attention of most experimenters has 

turned toward materials which can be ob-
tained in large clear pieces, and some effort 
has been expended in growing single crystals 
of various materials for this use. However, 
for readily absorbed radiations, such as al-
pha particles, X rays, and low-energy beta 
rays, the materials in powder form can be 
used quite effectively, especially if some 

N optical system such as the mirror of Fig. 3 
is employed. 
It is very difficult to compare in a rigor-

ous manner the effectiveness of the various 
phosphors. Ideally, one would like to know 
the intrinsic efficiency of the luminescent 
process, i.e., the light energy generated by 
the crystal for a given energy absorbed from 
the exciting radiation. In addition, the ab-
sorption of the crystal for the exciting radi-
ation, the efficiency of transfer of the 
fluorescent light from the crystal to the pho-
tosurface, and the spectral distribution of 
the emitted light should be known. Unfor-
tunately, it is quite difficult to determine 
any of these factors. 
Almost all observations taken consist 

simply of measuring the number of counts 
obtained with a given source of radiation. 
Usually a distribution curve of pulse heights 
is also taken, which may sometimes enable 
one to get a measure of the relative pulse 
heights for different materials. This appears 
to be a straightforward-enough method; yet 
it is beset with many uncertainties. First, 
results from different experimenters are al-
most impossible to compare unless they have 
each measured a common sample; for the 
geometries, radiation sources, and electronic 
equipments are bound to differ, often in im-
portant respects. Second, it is not easy to 
interpret the data taken on different mate-
rials, even with the same apparatus. As will 
be enlarged upon later, the distribution 
curves of pulse heights from a single sample 
have a shape somewhat similar to a hyper-
bola, so that the extrapolation to zero pulse 
height is often very uncertain. Without a 
knowledge of total number of pulses, the 
true average pulse height cannot be ob-
tained. In spite of this, there is very great 

2-- temptation to estimate pulse heights from 
visual observations. This is a dangerous 
procedure, for the apparent average pulse 
height is greatly affected by the pulse rate, 
which is a function of the absorbing power 
of the material as well as its intrinsic ef-
ficiency. In a few clear-cut cases, the differ-
ential bias curves (distribution of pulses 
according to height) show sufficient differ-
ence in slope when plotted on a logarithmic 
scale to enable meaningful statements as to 
the relative efficiencies of various phosphors 
to be made. 
In spite of these drawbacks, the tests 

usually performed have the virtue that they 
represent the practical performance of a 
given sample, at least under the conditions 
of the test. What is perhaps an even worse 
state of affairs is the notorious variability 
of fluorescent substances. The fluorescent 
properties of many of the interesting mate-
rials depend on the presence of minute 

amounts of a foreign substance, or a very 
slight stoichometric excess of one of the 
constituents. It is possible to manufacture 
phosphors with reasonably uniform proper-
ties only when extreme measures are taken 
to control rigidly the purity of the materials, 
and all the steps in the processing. Naturally 
occurring materials are, of course, likely to 
vary widely in their fluorescent properties. 
Until more work is done on separating fac-
tors responsible for the behavior of a given 
phosphor sample, it will be difficult to cor-
relate results of experiments, and a certain 
amount of disagreement between experi-
menters is to be expected. 
The first materials successfully used for 

counting gamma and beta rays were silver 
activated zinc sulfide' and naphthalene.' The 
first material has a very high intrinsic ef-
ficiency  (X-ray  measurements  indicate 
roughly 50 per cent), but its finely divided 
form prevents its being used in thick sec-
tions, and its relatively long decay time (20 
microseconds or more) is prone to give rise 
to multiple counting. Most of the experi-
menters have compared their materials with 
naphthalene, and so it has, in a sense, be-
come a standard of comparison. However, 
there are no published data on the varia-
tions of naphthalene from sample to sample, 
nor is there a generally accepted procedure 
for making comparisons, so that no real 
standard exists as yet. Moon7 published 
results on twenty-eight inorganic materials 
tested with 1P28 and 1P21 photomultipliers 
using radium gamma rays as a source. The 
list is divided into categories of excellent, 
fair, medium, weak, and no "response." 
Listed as excellent are CaW04 (Scheelite) 
CaF2 (Fluorite) LiAlSi206 (Spodumene) 
A1202 (synthetic sapphire) and LiF (syn-
thetic). CaW04, in the form of a large, 
clear natural crystal about 7 by 10 by 1.1 
mm, was said to be by far the best, and 
yielded about three times the gamma count-
ing rate obtained with a much larger (11 by 
16 by 45 mm) naphthalene crystal. No pulse-
height measurements are reported. 
Bell' has reported that anthracene, in 

the form of large, clear pieces crystallized 
from the melt, is much more effective than 
naphthalene. His pulse-height distribution 
curves show the total numbers of pulses 
(extrapolating to zero pulse height) as equal 
for the two materials, yet the anthracene 
pulses are about three times as high using 
gamma radiation, and five times using alpha 
particles. 
Collins and Hoyt° report that anthra-

cene, naphthalene, diphenyl, and a BaSO4 
+6 per cent PbS02 phosphor are effective 
with radium beta rays, but do not ascribe 
an order to their effectiveness. 
Hofstadter'° reports some work with 

crystals of KI and NaI activated with small 
amounts of thallium. The Nal appears to 

• H. ICalimann. No w sad Technik. July. 1947. 
Robert J. Moon. "Inorganic crystals for the 

detection of high-energy particles and quanta," Phys. 
Rev.. vol. 73, p. 1210; May 15, 1948. 
• P. R. Bell, The use of anthracene as a scintilla-

tion counter, Phys. Rev.. vol. 73, pp. 1405-1406; 
June 1, 1948. 
• George B. Collins and Rosalie C. Hoyt. The de-

tection of beta rays by scintillations." Phys. Rev., 
vol. 73, p. 1259; May 15. 1948. 
10 Robert Hofstadter, 'Alkali halide scintillation 

counters, • Phys. Rev., vol. 74, pp. 100-101; July I, 
1948. 

be a much more efficient phosphor than 
naphthalene, although  the distribution 
curves do not afford a quantitative measure 
of pulse height or counting rate, for the dis-
tributions appear to be quite different, and 
the choice of bias setting (which determine 
the minimum pulse height counted) greatly 
affects the relative counting rate. 
A private communication from Hofstad-

ter indicates that NaI(T1) gives about 1.5 
times the pulse height of anthracene, and 
that apparently this material is the most 
effective known at the present time. 
Before the true status of the various ma-

terials can be properly evaluated much work 
remains to be done. The Nal(T1) appears 
to have a relatively high intrinsic efficiency, 
but it is doubtful if it approaches that of 
ZnS(Ag). Under X rays, a natural CaW04 
crystal is quite noticeably weaker in visible 
fluorescent light yield than a good X-ray 
screen of synthetic CaW04. The intrinsic 
efficiency of the tatter is knownu to be 5 
per cent for 80 kv X rays, while that of 
ZnS(Ag) is probably about 50 per cent. 
Though no direct comparison of NaI(TI) 
with CaW04 is at hand, one would guess 
from the above references that NaI(T1) is 
not more than three times as efficient as the 
natural CaW04. It would appear, then, that 
there is at least theoretically room for con-
siderable improvement. 
It should be emphasized again that con-

ditions of an experiment will greatly affect 
its results. For example, the spectrum of 
emitted light from naphthalene is believed' 
to extend well into the ultraviolet, so that 
experiments with the 931A, which cuts off 
at about 3500A°, may favor other materials 
with a spectrum nearer the visible but with 
less total output. Again, when the decay 
time of the phosphor is not very small with 
respect to the time constants of the amplifier 
circuit, the spreading of the pulse in time 
lowers the relative height, even though the 
area (representing total light in the pulse) 
may be large. 
The experiments have, however, turned 

up several materials which give excellent 
results, and the place of the photomultiplier 
scintillation counter as a detector seems to 
be assured, together with promise of con-
siderable improvement in the near future. 

OPTICAL SYSTEMS 

For greatest possible discrimination be-
tween  signal  pulses and  dark-current 
pulses, attention must be given to collecting 
as much light as possible from the phosphor. 
Rough computations based on the variation 
of sensitivity over the cathode (Fig. 8) and 
its geometrical configuration indicate that, 
for a small screen mounted directly on the 
envelope, the response is only 1/30 of that 
which would be obtained if all the light were 
directed to the most sensitive spot. These 
calculations assumed a Lambertian distribu-
tion of light from the screen, but did not 
take into account possible variation of pho-
tosensitivity with angle of incidence of the 
light. 
When relatively large crystals are used 

for the phosphor, it is evident that only a 

111. W. Coltman, E. G. Ebbighausen, and W. 
Altar, "Physical properties of calcium X-ray screens," 
Jour. Appi. Phys., vol. 18, pp. 530-544; June. 1947. 
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small fraction of the light will be collected 
from each scintillation. By wrapping the 
crystal in bright aluminum foil except for 
the face adjacent the tube, an improvement 
can be obtained which may be of the order 
of two times, depending on the geometry 
and transparency of the crystal. 
For low-penetrating radiations such as 

soft beta rays, X rays, and heavy particles, 
a thin phosphor layer can be used; and, if 
the reduced area can be tolerated, the mirror 
system of Coltman and Marshall" provides 
the gain which is almost essential for low-
energy radiations. 
The dimensions of the sensitive cathode 

area and the magnification of the mirror 
system determine the maximum useful size 
of the fluorescent screen. Measured to points 
of half-maximum sensitivity in Fig. 8, the 
dimensions of the sensitive cathode area are 
about 5 mm by 12 mm. The mirror has a 
magnification of about two. For this mirror 
therefore, a fluorescent screen size of 2.5 
mm by 6 mm gives an image which approxi-
mately covers the sensitive area on the 
cathode. 
The mirror was made from the hemi-

spherical bottom of a Corning T-10 glass 
bottle, cut off with a wet carborundum 
wheel, and ground to the dimensions shown 
in Fig. 9. The inside surface is aluminized 
by vacuum evaporation. 

3.24 CM 
6. 25MM 

2.64 CM 
I.43CM 

P.O CM 

Fig. 9—Dimensions of an effective light-
gathering mirror. 

In the final assembly, the position of the 
mirror on the tube envelope is adjusted in-
dividually for each unit. The phosphor is 
first strongly excited by daylight, causing a 
faint phosphorescence which persists for 
several minutes after the tube is taken into 
the dark. With a vacuum-tube voltmeter 
used as a dc microammeter to measure 
anode current, the position of the mirror for 
maximum response is then located. At the 
same time the phosphorescing screen pro-
vides a means for measuring the effectiveness 
of the light-gathering mirror. Response with 
the mirror in place has been found to be 
about five times that from the phosphor 
alone without a mirror. 
It is necessary, of course, to exclude 

external light from the tube when in opera-
tion. For most purposes this requires the 
use of either a light-proof coat of black 
laquer, or a small enclosure around the tube, 
and, for most radiations, an opaque thin 
window. Perhaps the most satisfactory win-

"J. W. Coltman and Fitz-Hugh Marshall. 'Photo-
multiplier radiation detector.' Nucleonics. vol. 1. PD. 
58-64; November. 1947. 

dow material is beaten aluminum leaf. This 
can be obtained as thin as 0.00003 inch 
(0.18 mg/cm') from M. Swift and Sons, 10 
Love Lane, Hartford, Conn. Because of 
small pinholes, it is best to use two thick-
nesses, which still have a very small stopping 
power, even for alpha particles. 
The enclosure shown in Fig. 4 has the 

mirror attached to the inside wall of the box 
rather on the phototube, and the window 
mount includes a convenient provision for 
simultaneously punching out a round disk 
of the aluminum leaf and securing it in 
position. 

CIRCUIT CONSIDERA I IONS 

The type of amplifier used with the 
scintillation counter will be dictated to some 
extent by the intended use of the counter. 
For alpha particles, where the response is ex-
tremely high, it is possible to operate a pair 
of headphones directly from the anode of the 
photomultiplier." For operating discriminat-
ing circuits, some form of preamplifier is 
desirable, and its design will depend on the 
maximum counting rate desired, and on the 
fluorescent decay characteristics of the 
phosphor. 
While decay times of naphthalene and 

anthracene phosphors are apparently ex-
tremely short, other useful phosphors have 
measurable tiecay times ranging from 0.6 
to 20 microseconds." The time constants of 

Is I Scherr, 'Scintillation counter for the detec-
tion of a-particles," Rev. Sci. Instr., vol. 18. pp. 767-
771; October, 1947. 

ii Fitz-Hugh Marshall, 'Microsecond measure-
ment of the phosphorescence of X-ray fluorescent 
screens." Jour. Appl. Phys.. vol. 18, pp. 512-519; 
June. 1947. 

the amplifier will have a distinct influence on 
the ratio of signal pulse heights to dark cur-
rent pulse heights, and it is worth while to 
design the amplifier for optimal performance, 
at least in the case of the lower-energy radi-
ations. The considerations governing ampli-
fier design will be discussed in some detail, 
not only for their practical importance, but 
because of the insight which they afford 
into the detection process itself. 
The resolving time of the multiplier tube 

itself is of the order of 10-' second, this 
limit being set by variations in the 10-7 -
second total transit time for electrons 
through the successive multiplier stages. 
Approximately stated in round figures, each 
electron (10-" coulomb) leaving the cathode 
gives rise to an avalanche of 10° electrons 
(10-" coulomb) at the anode, spread over a 
dine of 10-3 second. With the anode capaci-
tance reduced to the minimum of 10-" 
farad, and with the anode output resistance 
set at 103 ohms to provide an RC time con-
stant matching the resolving time of the 
tube, such a pulse might appear at the 
anode as a potential swing rising to 10-3 
volts and persisting for 10-3 second. The 
dark-current noise of a selected 931A tube 
is made up of perhaps 20,000 such pulses a 
second, randomly distributed in time. These 
pulses vary considerably in amplitude be-
cause of large statistical fluctuation in gain 
in the early stages of the multiplier, where 
the number of electrons carrying the pulse 
is still small. If an oscilloscope with the 
necessary sensitivity and resolving time 
were available, the dark-current noise might 
appear as in Fig. 10(a). In this figure and in 
those which follow, a single extraordinary 

Fig. 10—Effect of circuit constants on noise 
and signal pulses. 
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large noise pulse is included at the left to 
represent one which can be discriminated 
against only with difficulty; otherwise, the 
distribution of amplitudes and spacing is 
typical. 
Let us now consider a signal pulse, from 

a beta particle, say, which results in the 
emission of 20 photoelectrons at the photo-
cathode. Although the stimulation of the 
fluorescent screen by the beta particle is 
essentially instantaneous, emission of light 
is spread over an appreciable interval of 
time because of phosphorescent persistence 
of the screen. The intensity is a maximum 
at the instant of stimulation, and then drops 
off according to the decay curve of the phos-
phor; for the present example we may think 
of this curve as exponential, with a decay 
time constant of ten microseconds. Such a ' 
signal pulse, as it might appear at the photo-
tube anode, is shown in Fig. 10(b), super-
imposed upon the pattern of noise pulses 
carried over from the previous figure. 
It now becomes clear that a circuit time 

constant of 10-8 second would be an unfor-
tunate choice, for it would resolve a signal 
pulse into its component photoelectron 
pulses, as illustrated in Fig. 10(b). The com-
ponent photoelectron pulses average no more 
in amplitude than noise pulses. A discrim-
inator set to miss the high noise pulse at the 
left in the figure would also completely miss 
the signal pulse, everi though the total 
charge associated with the latter happens 
to be greater than that of the large noise 
pulse. This difficulty can be avoided by using 
a circuit time constant long enough to in-
tegrate the signal pulse. 
Fig. 10(c) shows the effect of a high re-

sistance across the output of the multiplier 
tube such that the anode RC time constant 
is 100 microseconds. Since this is large in 
comparison to the decay constant of the 
phosphor, integration of the total charge 
associated with the signal pulse is almost as 
complete as it would be with an infinite cir-
cuit time constant, and the signal pulse is 
properly shown rising well above the ampli-
tude of the large noise pulse at the left, per-
mitting easy discrimination on the basis of 
amplitude. However, this time constant is 
too long; the trace does not let down suf-
ficiently between noise pulses, which occur 
on the average once ever 50 microseconds, 

r and the maximum signal-pulse counting 
rate is unduly low. 

- MULTIPLIER PHOTOTUBE 
ANODE 

In Fig. 10(d) the other extreme is il-
lustrated. The anode circuit time constant 
is set at 10 microseconds, equal to the decay 
constant of the screen. Though the response 
drops down almost completely between noise 
pulses, and though the counting rate is about 
as good as the decay time of the phosphor 
will permit, a new difficulty has arisen. The 
peak amplitude of the signal pulse in rela-
tion to that of the large noise pulse has begun 
to fall off appreciably and no longer approxi-
mates the sum of the componet photoelec-
tron pulses. However, if we should choose 
to retain this shortened circuit time con-
stant for purposes of fast counting or other-
wise, the loss in signal-pulse amplitude can 
be approximately balanced by the introduc-
tion of another circuit device by which the 
noise pulse amplitude is also reduced. 
Fig. 10(e) shows the effect of adding a 

second circuit time constant, also of 10 
microseconds duration, designed primarily 
to control the rate of rise of potential. This 
damps out the initial fast-rising swing of the 
noise pulse, without greatly affecting the 
more slowly rising signal pulse. At the same 
time, it increases somewhat the pulse dura-
tion. With the initial sharp peak of the noise 
pulse cut off by this second circuit, the dis-
tinction originally inherent between the sig-
nal and noise pulses by virtue of their total 
charges may again be closely realized, even 
though the time constants used may ap-
proach the decay time of the fluorescent 
screen. 
The basic circuit for introducing these 

two time constants is shown in Fig. 11. 
RiCi is the anode-circuit time constant 
which controls the rate of fall so as to in-
tegrate the signal pulse. R2C2 is the constant 
introduced to control the rate of rise. As will 
be shown in the next section, these constants 
are best set approximately equal to the 
decay constant of the fluorescent screen. The 
simple RC networks chosen to adjust the 
frequency characteristics of the system are 
not necessarily the most effective networks 
for the purpose of obtaining optimal signal-
to-noise pulse discrimination. However, as 
will be shown, the results obtainable are 
quite close to the optimum. 
The features pointed out above in the 

discussion of signal and noise pulse charac-
teristics are strikingly demonstrated in the 
high-speed oscillogram of Fig. 12, which was 
made under approximately the conditions 

Fig. 11—Basic circuit for introducing RIC, 
and RIC. time constants. 

Fig. 12-0scillograms of a beta-ray pulse 
(upper), noise pulses (middle), and an 
exceptionally large noise pulse (lower). 

assumed in Fig. 10(c), though with a 
shorter circuit time constant. In this oscillo-
gram time increases from left to right, but 
each successive trace appears at a higher 
position than the last. The time for one com-
plete sweep is 200 microseconds, the gap 
near the middle of each trace being a 100-
microsecond time marker. Signal pulses 
from Pa2 beta rays are included in the upper 
part of the figure, the largest shown being 
well below the maximum amplitude ob-
served. The component photoelectron pulses 
making up these signal pulses are clearly re-
solved as steps, the statistical variations in 
amplitude and spacing being quite evident. 
The decay of the Patterson Type-D fluores-
cent screen is not exponential, and persists 
longer than might be expected from the ini-
tial decay rate. The middle part of the figure 
shows only background noise pulses, being a 
fairly typical section of the recording made 
while the beta rays were blocked off. The 
bottom part of the figure also shows only 
noise pulses, but it is selected to include an 
exceptionally large noise pulse. Although 
this large pulse is distinctively different in 
appearance from signal pulse, being charac-
terized, as always, by a sharp rise and an un-
broken exponential fall, it has a greater am-
plitude than many of the signal pulses re-
corded; with a reasonable discriminator set-
ting, it would ordinarily be counted as a 
signal pulse. 
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The oscillogram of Fig. 12 brings out the 
somewhat unusual situation that arises in 
the multiplier anode circuit with respect to 
resolving time. The RIC* time constant ap-
plies a resolving time only during the fall of 
the response. The resolving time for the rise 
is essentially instantaneous, and is unaf-
fected by the RIC' constant. This instantan-
eous rise has some interesting consequences. 
It makes possible the resolution of the indi-
vidual photoelectron pulses in the signal 
pulses in the oscillogram. On the other hand, 
the R2C2 time constant later in the circuit is 
required if the rise rate is to be slowed down 
to match the response time of the fluorescent 
screen. 

DERIVATION OF OPTIMAL 
CIRCUIT CONSTANTS 

The most suitable values for the circuit 
time constants RIC' and RIC, may be deter-
mined by mathematical analysis. For con-
venience, the phosphorescent decay of the 
fluorescent screen can be assumed to be ex-
ponential with a decay time constant. This 
approximation is justifiable in view of the 
noncritical nature of the results obtained. 
With the circuit taken as having the basic 
form shown in Fig. 11, equations for signal 
pulses and noise pulses at the pentode anode 
can be derived, and from these the ratio of 
their maximum amplitudes can be obtained. 
The variation of this ratio may be plotted 
for various values of R1C2 and R2C2 to permit 
selection of the optimal values. The analysis 
proceeds as follows. 
Let the total charge Q due to a signal 

pulse be delivered to the multiplier anode in 
Fig. 11, according to the exponential decay 
law 

" = — e-str (1) 

where T is the multiplier anode current or 
pentode grid current at the time after the 
start of the signal pulse, and r is the decay 
time constant of the excited phosphor. Since 
the current 4 divides between the resistance 
Rs and the capacitance C1, 
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Fig. 13—Contours of circuit performance ra-
tio (signal pulse amplitude versus noise 
pulse amplitude for the same total 
charge) as a function of the circuit time 
constants. 
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Fig. 14—Contours of time required for a 
noise pulse to subside to 5 per cent of 
maximum amplitude, as a function of the 
circuit time constants. 

where Eg is the grid potential. The solution 
of this differential equation is 

Q 
Eg  VIP  (3) 

C1 RICO. 

The plate current of the pentode is then 
4=g Eg, where g is the transconductance of 
the tube. Since the plate current divides be-
tween the resistance R2 and the capacitance 
Cs, 

Q 
1 R11:1/7.  

E  E3, 

(de - 11* _ e-t/RIC1) 

R2 di 

where E, is the plate potential. The solution 
of this differential equation is 

g — Q R ri Ric,  
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Given r, this equation for the emerging sig-
nal pulse as a function of time can be maxi-
mized and the maximum pulse height thus 
determined. 
For a noise pulse, let the total charge 

again be Q. We may represent the fact that 
this charge arrives instantly at the multi-
plier anode by letting 7=0. Then (5) simpli-
fies for the noise pulse to 

E,'=g  R2  Rt.,— R2C2 (e-emici_e--tiusc.2) (6) 
i   

The ratios of the maximum amplitudes of 
E, and E,', which incidentally do not occur 
at the same values of time 1, may be deter-
mined by graphical methods for various val-
ues of RIC' and R2C2 and are plotted as con-
tours in Fig. 13. The curves are symmetrical 
with respect to the axes. Since the same total 
charge Q was assumed for both types of 
pulse, the best possible value for the ratio 
plotted in the figure is unity. As might be ex-
pected, the circuit fails to maintain this per-
fect ratio for finite values of /Ws and R2C2; 
however, the performance ratio approaches 
unity for reasonable values of the circuit 
constants. 

June l 

The effect of R1C1 and R2C2 upon the 
resolving time of the circuit must be taken 
into account in making a choice of circuit 
constants. In Fig. 14 contours are plotted 
which show the time required for a noise 
pulse to decay to e-3, or 5 per cent of its 
maximum value. This is a more complete 
decay than is necessary as an indication 
of resolving time, but its choice simpli-
fies computations from (6). Comparison of 
Figs. 13 and 14 shows that in the likely 
working range the best resolving time on 
each performance ratio contour occurs at 
RIC2=R2C2. Considering only such values 
and keeping in mind that a short resolving 
time is preferable, we see that with these 
circuit time constants increased only to the 
value of the phosphorescent decay constant 
T, the performance ratio is about 75 per 
cent; the inherent ratio of charge in a signal 
pulse to charge in a dark current pulse is 
brought out three-fourths as well as would 
be possible if the resolving time were in-
creased to infinity. Since further improve-
ments in the performance ratio cannot be 
large, and since they entail disproportion-
ately large increases in resolving time, op-
timal values of the circuit constants would 
appear to be approximately RICI=R2C2=7. 
As will be seen, however, the final choice of 
constants may be varied somewhat accord-
ing to the conditions and requirements of 
the application. 

FLUORESCENT SCREEN DECAY CONSTANT 

Since the time constants of the circuit 
following the multiplier tube do not have to 
be set with high accuracy, an approximate 
value for the phosphorescent decay constant 
of the fluorescent screen will suffice. Satis-
factory measurements can be made by direct 
study of the signal pulses on an oscilloscope, 
according to any of several circuit arrange-
ments. Even with radiations characterized 
by weak signal pulses, the wide distribution 
of pulse amplitudes assures the occurrence 
of occasional pulses comprising a sufficient 
number of photoelectrons to permit estima-
tion of the decay rate. When the yield of 
photoelectrons per signal pulse is very large, 
the decay curve of the phosphor, represent-
ing light intensity as a function of time dur-
ing a signal pulse, may be directly observed 
on an oscilloscope having the necessary 
short resolving time. Since the curve ob-
served on the oscilloscope represents merely 
the interaction of the desired decay curve on 
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the circuits which follow the multiplier tube, 
it is essential that the resolving time of all 
parts of the circuit be kept short in compari-
ion to the decay time of the phosphor or that 
ippropriate corrections be introduced. Thus, 
in a circuit like that shown in Fig. 11, RIC, 
snd R2C2 must be small. With this method of 
observation, the sweep may be triggered by 
the signal pulse itself. Successive signal 
pulses then appear at approximately the 
same starting position along the time axis. 
Though they vary statistically in amplitude, 
they form an umbrella of curves, the lower 
edge of which tends to be sharply defined by 
pulses having just enough amplitude to 
trigger the sweep, these being the pulses 
which occur with greatest frequency. Good 
visual measurements can be made, or the 
umbrella may be photographed with a sim-
ple time exposure. With a more elaborate 
photographic arrangement for registering 
high writing speeds, individual pulse traces 
may be photographed, the shutter time 
being adjusted to admit on the average only 
a few pulses. 
With weak signal pulses, the method of 

the last paragraph is less suitable. Each 
signal pulse is composed of only a few com-
ponent photoelectron pulses, which vary 
statistically in amplitude and position. The 
trace partially resolves these and appears 
very irregular in shape. The trace may be 
smoothed somewhat by using an RIC' cir-
cuit constant which is not a great deal 
smaller than the decay constant of the phos-
phor, but the effect of this circuit constant 
on the apparent decay curve must be taken 
into account. Such an increase of RIC' also 
increases the rise time, the result being that 
several of the few available photoelectrons 
are used up in the initial rise before the decay 
process begins to register. For weak pulses, 
therefore, the component photoelectrons are 
more economically utilized and the results 
are perhaps less questionable if one goes to 
the other extreme of introducing a very 
large multiplier-anode circuit constant RIC!, 
R2C2 still being kept small, so as to obtain 
an oscilloscopic trace similar to the response 
illustrated in Fig. 10(c). Under these condi-
tions the resolving time for the rise is essen-
tially instantaneous, and all the information 
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inherent in the original signal pulse tends to 
be preserved. For a very large RICI, the 
slope of the trace corresponds to the light 
intensity from the phosphor; except for an 
exponential decay, the curve does not 
strictly represent an inverted decay curve. 
Though the signal pulses may be used to 
trigger the oscilloscope sweep, no sharply 
defined envelope is formed, and accurate 
visual estimates are difficult. 
Greater accuracy with weak signal pulses 

can be obtained by a logical extension of the 
method of the last paragraph, which re-
quires, however, that individual traces be 
photographed. Though the method will be 
illustrated by the oscillographic recording of 
Fig. 12, which involved rapid motion by the 
'film, a satisfactory oscillogram could have 
been obtained with the film at rest and with 
the exposure limited by an appropriate 
shutter time to one or two self-triggered 
signal pulses. From the oscillogram, the time 
of occurrence of each component photo-
electron pulse in the signal pulse is first 
tabulated. A new curve is then drawn which 
is like the original one, except that all photo-
electron pulses are plotted as steps of identi-
cal amplitude and the effect of the Ri 
capacitor discharge is omitted. A curve de-
rived in this way from Fig. 12 is shown in 
Fig. 15. On still another curve the actual 
decay of the phosphor is plotted as in Fig. 
16, the ordinates being slopes taken from the 
curve of Fig. 15; these slopes are propor-
tional to the instantaneous light intensity 
or rate of occurrence of photoelectron pulses. 
The primary improvement of this method 
arises from the elimination of statistical vari-
ation in amplitudes of the photoelectron 
pulses comprising the signal pulse, the vari-
ation in this factor being much greater than 
that in the time-distribution of the photo-
electron pulses. The method also eliminates 
all dependence upon circuit constants. 
In Fig. 16 a curve for Patterson Type-D 

screen from a separate experiment is in-
cluded for comparison, this curve having 
been obtained with microsecond-pulsed 30 
kv X rays." On the basis of these closely 
agreeing curves, the circuit time constants 
RIC, and R2C2 in the final detector should 
be set at about 17 microseconds for this 
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Fig. 15—Curve of integrated response for a beta-ray signal pulse, 
replotted from the large pulse in the oscillogram of Fig. 12. 
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phosphor. Though the nonexponential decay 
drops to cl of the initial intensity in about 
10 microseconds, the e-2  point is at about 35 
microseconds, and the e-3 point is at about 
100 microseconds. Thus the 17-microsecond 
circuit constant choice corresponds some-
what arbitrarily to the decay constant meas-
ured through the e-2  point; performance 
studies suggest that larger circuit constants 
would be better at low counting rates. This 
choice is primarily appropriate only to the 
detection of low-amplitude signal pulses, 
such as are characteristic of X rays, beta 
rays, and gamma rays. For alpha rays in 
fast-counting  applications,  considerably 
shorter circuit constants could be used. 
For a phosphor having a nonexponential 

decay, the decay curve depends upon the 
type of excitation. This is easily observed 
when large signal pulses from alpha particles 
are compared with weak signal pulses from 
beta particles. Thedecay time of the Patter-
son Type-D screen for pulses from Po'" 
alpha particles is observed to be about one-
fourth that for P32 beta particles. The den-
sity of excitation with alpha particles is 
much higher than with beta rays, due to the 
short range of the alpha particles. The 
shorter alpha-pulse decay time may be sim-
ply the consequence of the nonexponential 
decay curve, the active centers being excited 
to a higher point on the decay curve where 
the slope or decay rate is higher. However, 
the sharp inflection of the decay curve taken 
with pulsed X rays" occurring before the 
1-microsecond point, suggests the presence 
of two distinct fluorescent processes of dif-
ferent decay times. If this is so, the short 
decay time obtained with high-density 
alpha-particle excitation might be explained 
on the basis of saturation of the fluorescence 
having the longer decay time. Regardless 
of the decay mechanism involved, it is inter-
esting to note that as an alpha pulse sub-
sides to the level of a beta pulse, its curve 
may be observed to fall off at about the same 
rate as that of a beta pulse. 
The close agreement of the two curves 

for beta rays and X rays in Fig. 16 is rather 
surprising in view of the nonexponential 
nature of the decay. Two different types of 
radiation are involved, in one case X ray 
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Fig. 16—Phosphorescent decay curves of zinc-sulfide (Patterson 
"D" X-ray screen) with excitation; (a) by a single beta particle, 
and (b) by microsecond irradiation with 30-kv X rays. 
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quanta having energies up to 30 key, and in 
the other case a beta particle with an energy 
which can be as high as 1.7 Mev. Further, 
the excitation time might be expected to be 
different; a microsecond interval of "con-
tinuous" irradiation was used with the X 
rays, as compared with the essentially in-
stantaneous excitation of the single beta 
particle. However, the excitation level is 
not necessarily different in the two cases. 
From estimates in the X-ray case of the 
number of phosphor particles in the screen 
and the number of X-ray quanta absorbed 
by the screen during each irradiation in-
terval, it is found that the average number 
of X-ray quanta absorbed per phosphor 
crystal was considerably less than one; it is 
unlikely that any crystal received excitation 
from more than one quantum during a 
single observation interval. This is also ob-
viously true for the beta-ray case, where a 
single event was observed. It is also known 
that excitation is not, in general, trans-
mitted from one excited crystal to its neigh-
bors. Thus, in each case, the level of excita-
tion would appear to depend largely on the 
energy imparted to the screen by a single 
quantum or particle. Calculation of the 
energy lost by a beta particle in traversing 
the screen shows that it loses only about 30 
key, which is roughly the energy supplied 
by an X-ray quantum. One concludes that 
the actual excitation conditions for the two 
cases are quite similar, despite what appear 
at first glance to be very different condi-
tions. 
Several measurements of the decay time 

of phosphors suitable for photomultipliers 
have been published. Hofstadter reports a 
decay constant of  microsecond for 
Na! (TI). CaW04 is known" to have an ex-
ponential decay with a time constant of 6 
microseconds, and BaSO4-PbSO4 a decay 
time of 0.6 microsecond. Wouters" has es-
timated the decay constant of anthracene 
as being in the neighborhood of 0.05 micro-
second, though a more sensitive determina-
tion by Collins" gives a value of 1.3 ±0.2 
X10-8 seconds. Collins also reports decay 
constants for naphthalene (5.7 +0.5 X10-8 
seconds (and phenanthrene (0.9 ± 0.2 X10-8 
seconds). 
In the general field of phosphorescence 

many fundamental problems remain which 
have not yet been satisfactorily attacked. 
The methods discussed in this section may 
offer an additional experimental approach 
by which the mechanism of phosphorescence 
can be studied. Aside from techniques for 
studying ultra-short phosphorescent events, 
a chief merit of these methods is that meas-
urements may be made upon individual 
quantum events. 

PREAMPLIFIER CIRCUITS 

The output signal from the photomulti-
plier circuit is in the form of a charge, which 
produces a corresponding voltage on the 
capacitance of the anode circuit. The anode 
resistor serves merely to return this ca-

Is Louie F. Wouters, 'Pulse characteristics of 
anthracene scintillation counters," Phys. Rev.. vol. 74. 
pp. 489-490; August IS, 1948. 

" George B. Collins. 'Decay times of scintilla-
tions,' Phys. Rev., vol. 74, pp. 1543-1544; November 
IS. 1948. 
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Fig.. 17—The preamplifier circuit diagram 

pacitor voltage to zero, and if the signal 
pulse duration is short compared to the 
time constant of this circuit, the peak anode 
voltage is independent of the resistance, and 
depends only on the charge and the capaci-
tance. It is thus advantageous to keep the 
capacitance of the anode circuit small and 
constant in villue. For this reason it is prefer-
able to use a preamplifier head to which the 
photomultiplier tube is directly connected. 
The anode-circuit capacitance is then the 
grid capacitance of the first preamplifier 
tube, the anode capacitance of the multiplier 
itself, and the strays due to sockets and wir-
ing. Compact construction will result in a 
total capacitance of about 10 pa. The anode 
resistance is then chosen to give the required 
resolving time. 
A practical preamplifier circuit is shown 

in Fig. 17. This circuit was designed in 
accordance with the principles outlined 
under the section on circuit considerations 
for use with a ZnS:Ag phosphor which has a 
relatively  long  (17-microsecond)  decay 
time. For use with other phosphors the pho-
tomultiplier anode resistor and the 75-91.if 
interstage filter capacitor should be modified 
to keep the corresponding RC time constants 
close to the decay time of the phosphors. 
The power supply for the circuit is not 

shown, for it will vary in form according to 
the requirements of stability, compactness, 
and portability. A negative voltage of 700 
to 1,000 volts is required for the dynode 
potential divider. It should preferably be 
variable over this range, since photomulti-
plier tubes show wide variations in gain and 
noise characteristics. The divider shown 
provides equal voltage steps for the various 
dynodes, although Wouters" has shown that 
greatly increased over-all gain can be ob-
tained by running the later stages at higher 
voltages, without affecting the signal-to-
noise ratio. It is likely that individual tubes 
behave differently in this respect, and it is 
probably necessary to adjust the voltage 
distribution for each tube used. The power 
supply need not be highly filtered, but, since 
the gain varies rapidly with dynode voltage, 
and the pulse-height distribution curves are 
quite steep, a certain amount of stabilization 
is desirable. A simple stabilizing device 
which is adequate for most purposes con-
sists of a series of small neon tubes connected 
across the high-voltage supply, with a suit-
able series resistor to limit the current to a 
few milliamperes. 

The 0.01 -Apr  capacitors across  the 
bleeder at each of the last four dynode 
stages of the multiplier tube may be neces-
sary to handle very large instantaneous cur-
rents during large signal pulses. A gain 
control in the last dynode stage is also pro-
vided to permit lowering of the amplification 
so as not to overload the 9001 pentode am-
plifier tube when large pulses are being ob-
served. The latter part of the circuit in Fig. 
17 comprises a direct-coupled cathode 
follower stage to drive at low impedance the 
cable leading to the discriminator and count-
ing circuits. The output to the cable is posi-
tive and is of the order of 40 volts for beta 
pulses, which is adequate for precise opera-
tion of biased discriminators. The entire cir-
cuit may be built in a small box on the top 
of which the multiplier phototube detector 
may be mounted in an exposed position. 
Discussion of discriminator, scaling, and 

•counting circuits is outside the scope of this 
paper. These circuits are in general similar 
to those used with pulse ionization chain-
bers, proportional counters, and Geiger 
counters, except that extremely fast circuits 
are necessary if full advantage of the high 
resolving power of the scintillation counter 
is to be realized. 
Coincidence techniques, using two pho-

tomultipliers with a single phosphor, have 
been used " to obtain a considerable im-
provement in discrimination of signal over 
noise pulses. 

PERFORMANCE 

The scintillation counter is, as yet, in the 
earlier stages of its development. Of the 
rather sizeable number of publications so far 
released, only one" describes the use of such 
a counter for an actual experiment in nuclear 
physics; all the rest are concerned with re-
ports of its characteristics using various 
materials as phosphors under a wide variety 
of experimental conditions. From these re-
ports it is possible to formulate a general 
picture of the performance of the tube, but 
as yet each experimenter who plans an ap-
plication for the counter will be obliged to 
determine for himself the performance of the 
particular arrangement chosen. 

" Martin Deutsch, 'High efficiency, high-speed 
scintillation counters for beta and gamma rays.' 
(abstract). Phys. Rev.. vol. 73,p. 1240; May 15. 1948. 
"S. DeBennedetti. F. R. McGowan. and J. E. 

Francis, Jr.. 'Self-delayed coincidences with scintilla-
tion counters... Phys. Rev.. vol. 73, pp. 1404-1405; 
June 1, 1948. 
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The efficiency of detection and the abil-
ity to detect small amounts of radiation are 
important characteristics of the detector. 
These are determined partly by the absorb-
ing power and light yield of the phosphor, 
but are also affected in practice by the ex-
tent to which signal pulses and noise pulses 
overlap in amplitude. For this reason, the 
pulse height distribution curves constitute 
important information as to the behavior 
of the counter. 
When the counting rate is measured as a 

function of discriminator bias voltage, in-
tegral-bias curves such as those shown in 
Fig. 18(a) are obtained. In this figure a curve 
for background noise is included along with 
curves for two radiation intensities differ-
ing by a factor of 10; for the two signal-pulse 
curves the background counting rate has 
been subtracted before plotting. The bias-
voltage scale will vary with over-all amplifi-
cation in the multiplier and later amplifiers. 
The distribution of pulse heights is shown in 
Fig. 18(b), in which the slopes of the curves 
in Fig. 18(a) are plotted. 
When a thin zinc-sulfide phosphor is 

used, no upper limit to the counting rate is 
ordinarily observed as the bias voltage is 
reduced toward zero, either in the bias in-
tegral curve or in the pulse-amplitude dis-
tribution curve. This is especially surprising 
with signal pulses, for which a finite limit 
must logically exist. At low radiation in-
tensities, the signal curves cannot be traced 
back close to zero bias because the signal-
pulse rate is soon masked by the rapid in-
crease in noise-pulse rate. Yet, even at high 
radiation intensities, the signal-pulse rate 
for X rays, gamma rays, or beta rays ap-
pears to rise indefinitely as zero bias is ap-
proached. In the case of signal, this con-
tinued rise near zero bias does not appear to 
represent a true increase in pulse rate. It is 
caused by multiple counting of statistical 
fluctuations near the end of signal pulses 
and of late photoelectrons associated with 
long-period, low-intensity phosphorescence 
of the fluorescent screen. The dashed 
branches of the signal curves in Fig. 18 are 
believed to represent the true pulse rates at 
low bias. 

r-
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The most striking feature of the curves 
in Fig. 18 is the extremely broad distribution 
of pulse amplitudes. As far as evidence from 
a routine data set is concerned, the curves 
for signal pulses and noise pulses are similar 
to hyperbolas in that they appear to extend 
indefinitely in both directions. Even if the 
portion of the signal curves below 4 volts 
bias that is believed to be spurious is disre-
garded, the distribution is very broad. As 
the radiation intensity is lowered, complete 
discrimination of signal pulses against noise 
pulses becomes impractical with this phos-
phor. Complete discrimination can be ap-
proximated only by raising the bias until a 
large proportion of signal pulses are also 
rejected, thus reducing the efficiency with 
.which the signal quanta are detected. The 
difficulty is greatly increased if a tube having 
a poor signal-to-noise ratio is used, or if any 
other factor in the construction of the de-
tector acts so as to expand the noise curve 
to the right in relation to the signal curves. 
Since curves such as these do not inter-

sect the axes at well-defined points, it is 
often not possible to make satisfactory com-
parisons of average heights of pulses of vari-
ous types from curves as ordinarily taken. 
The difficulty is the lack of a zero-bias inter-
cept. Another aspect of this difficulty is 
illustrated by the signal-pulse curves for 
different radiation intensities in Fig. 18. It 
is seen that the general upward shift associ-
ated with an increase in radiation intensity 
is readily confused with an outward shift: 
that is, with an apparent increase in pulse 
amplitude. Without a knowledge as to where 
the termini of the curves lie, very little in-
formation as to relative pulse heights may 
be obtained. This effect is also very pro-
nounced with visual observation on an os-
cilloscope. The eye sets artificial termini to 
the distribution curve, ignoring very large 
pulses because of their infrequency and very 
low ones because of their small size. Though 
the average height may seem fairly well de-
fined, the impression of increasing pulse 
heights is very strong as the intensity of the 
radiation is increased. Thus visual estimates 
of relative pulse heights are in general to be 
mistrusted. 
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The broad distribution of noise-pulse 
amplitudes arises from statistical variation 
in gain per stage in the multiplier, and from 
the fact that noise pulses may originate from 
any of the stages of the multiplier. Not only 
do pulses vary a great deal in amplitude for 
thermal electrons emitted from the photo-
cathode, but they overlap pulses from 
thermal electrons emitted from the first 
dynode, which overlap in turn pulses from 
later dynodes. Thus, it is quite reasonable 
for the noise pulse rate to increase continu-
ously all the way to zero bias. Of course, 
only noise pulses originating at the photo-
cathode receive full amplification and are of 
primary importance. 
For signal pulses the spread in ampli-

tudes is similarly contributed to by statis-
tical variations in amplification per stage, 
although for large signal pulses this factor is 
reduced by the larger number of electrons 
initially ejected from the photocathode. 
More important is the variation in position 
in the phosphor of the exciting event. While 
certain geometries with easily stopped 
particles may permit rather definite localiza-
tion of the fluorescence, gamma or X rays 
may generate only a very few secondary 
electrons at widely scattered points. Some of 
the secondaries may escape from the phos-
phor before imparting much of their energy. 
The light produced in various locations will 
be collected with different efficiencies by the 
photocathode. If a relatively small number 
of photoelectrons is produced at that ca-
thode, there will be of course a spread ex-
pected in this number. Upon these factors 
are superimposed variations in light pro-
duced by different energy particles when 
nonmonchromatic radiation is used. In this 
connection it should be remarked that, if 
the phosphor is thin, the light produced by 
penetrating particles tends to be inversely 
proportional to their energy. 
Although a considerable spread in signal 

pulse amplitude is thus to be expected, it is 
not reasonable for the distribution curve to 
rise indefinitely as zero bias is approached. 
For one thing, there should be no signal 
pulses smaller than the range associated 
with individual first-electrode photoelec-
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Fig. 18—(a) Sample integral bias curves, and (b) the corresponding pulse-height distribution curves. 
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trons. It has been definitely established that, 
in the case of the ZnS:Ag phosphor, this rise 
is due to multiple counting at low bias 
settings. The reason for this is apparent from 
oscillograms of the pulses. The individual 
photoelectron pulses which make up a signal 
pulse vary statistically in amplitude and 
position along the time axis. These com-
ponent pulses are poorly integrated near the 
end of the signal pulse, where the average 
interval between photoelectrons begins to 
be an appreciable fraction of the time con-
stant of the circuit. Thus, as the main pulse 
ends, the trace often bobs up and down one 
or more times. After this, there is an addi-
tional sprinkling of individual electrons 
which can sometimes be followed on the film 
with a degree of certainty for a millisecond 
or so. These photoelectrons are mostly late 
arrivals associated with the long period, low 
intensity phosphorescent persistence of the 
fluorescent screen. Thus multiple counting 
appears to arise in two ways; from poor in-
tegration at the end of the main pulse, and 
from late photoelectrons caused by long per-
sistence in the phosphor. 
Though ZnS is peculiar among the im-

portant phosphors in having a long period 
phosphorescence, multiple counting has also 
been observed with CaW04, which has an 
exponential decay. This is apparently en-
tirely due to poor integration at the end of 
the main pulse. Such multiple counting is of 
course inherent in the nature of the de-
tector; if resolving times are pushed close to 
the decay time of the phosphor, a certain 
amount of multiple counting will ensue. 
Multiple counting has also been observed 
to some extent with naphthalene and an-
thracene, even though these phosphors have 
apparently very short decay times. 
It is evident from the above that under 

many conditions efficiency measurements 
are difficult to carry out with accuracy. With 
the localized fluorescence and very large 
pulse sizes obtained from alpha particles, 
the efficiency can be quite accurately meas-
ured; with less readily absorbed radiations 
which give smaller pulses, the count ob-
tained %%ill depend very much on the bias 
setting, and as this setting is reduced in an 
attempt to count smaller and smaller pulses, 
multiple counting may vitiate the results. 
It appears in general, however, that the 

efficiency of the device is high. Deutsch'7 
reports that, using naphthalene, substan-
tially every electron is counted if it spends 
0.15 Nlev in the screen, when the tube is 
used at room temperature. At dry ice 
temperatures the minimum energy expen-
diture for which counting is highly efficient 
is reduced to 0.05 Mev. He also finds an 
efficiency of 20 per cent for 1.2 Mev gamma 
radiation, using naphthalene screens several 
centimeters thick. Most experimenters find 
that efficiencies are near 100 per cent for 
radiation which is effectively absorbed in 
the phosphor. Fast neutrons may be de-
tected from the recoil protons produced in 
anthracene with an estimated efficiency of 

10 per cent for one arrangement.7 Using a 
zinc-sulfide phosphor substantially 100 per 
cent efficiency is obtained for 8 key X rays.' 
All of these measurements are rough, but 
indicate that with care very good efficiencies 
can be obtained for a wide variety of 
types of radiation. 

COMPARISON WITH 0 Ell R I )1.11,croRs 

Under certain conditions the ionization 
chamber, the Geiger counter, the propor-
tional counter, and the photomultiplier 
radiation detector may each approximate 
perfect efficiency of quantum detection, 
responding to all the information available 
in the incident radiation quanta. One may 
compare these detectors by considering the 
ease with which these conditions are ob-
tained, the range of practical operation over 
which they apply, and the secondary char-
acteristics which make one detector or an-
other specially suited for certain applica-
tions. 
In comparison with conventional de-

tectors, the photomultiplier detector dif-
fers chiefly in that the primary detecting 
area may be quite small, but the absorption 
is relatively high. On the one hand, this re-
stricts the new detector to narrow-beam 
applications if full sensitivity is to be realized. 
On the other hand, the small area of the 
fluorescent screen is an advantage in narrow-
beam applications. It results in a greatly 
reduced sensitivity to general background 
radiation; the contribution of background 
radiation to the response of the new de-
tector being so slight that it may be dis-
regarded in most considerations. In its 
place, of course, one must consider the 
entirely different type of background arising 
front dark-current noise. 
The new detector can hardly be com-

pared with the ionization chamber, for the 
special advantages of the two instruments 
are entirely different. The ionization cham-
ber tends to be much less stable and much 
more difficult to operate at its highest sensi-
tivity. The photomultiplier detector, like 
the Geiger counter, is quite easily operated 
at full sensitivity. With the present phos-
phors the new detector does not share 
with the ionization chamber those funda-
mental properties which, according to the 
design of the chamber, permit measurements 
linearly related either to the absorbed radia-
tion energy or to the roentgen units of inci-
dent radiation, over a wide range of radia-
tion quantum energies. However, it is likely 
that linear dependence upon absorbed 
energy can be obtained with greater atten-
tion to the phosphor. 
The photomultiplier detector is more 

easily compared with the proegortional 
counter. Both detectors are capable of very 
high counting rates. There is a further simi-
larity in that the pulse amplitude in the new 
detector tends to be dependent upon the 
type of radiation and the particle or quan-

tum energy of the radiation. It is evident 
that the new detector may be used to die-
crii ii i ll ate between signal pulses which differ 
considerably in amplitude. The dependence 
of amplitude upon the energy of the radia-
tion particle has not been investigated care-
fully. Other things being equal, the spread 
of pulse heights for particles of identical 
energy might be expected to be greater for 
the new detector than for the proportional 
counter. Perhaps cases peculiarly suited to 
discrimination by one detector or the other 
will be found. For high energy particles, 
however, complete absorption should be ap-
proximated better in the solid fluorescent 
screen than in the gas of the proportional 
counter. The photomultiplier detector tends 
to be more stable, more free of stray pickup, 
and less voltage sensitive than the propor-
tional counter. Because of this the new de-
tector would appear to be preferable for 
many applications not requiring strict pro-
portionality of pulse amplitude to particle 
energy. 
In many ways the photomultiplier de-

tector is more nearly similar to the Geiger 
counter than any other conventional de-
tector. Though technically limited by the 
decay time of the phosphor, the counting 
rate of the new detector effectively has 
almost no upper limit, inasmuch as in-
tegrated dc current measurements may be 
used with very high intensities. The speed 
with which measurements of a given ac-
curacy can be completed with the new de-
tector tends to be determined only by the 
available radiation intensity, rather than 
by an arbitrary upper limit of counting rate 
as in the Geiger counter. In addition to the 
ability to handle large amounts of radiation, 
the detector has an extremely high resolu-
tion which is determined by the decay char-
acteristics of the phosphor. With certain 
phosphors, events separated by as little as 
0.1 microsecond may be distinguished. The 
life time of the photomultiplier detector is 
much longer than that of a fast self-quench-
ing Geiger counter, and the working charac-
teristics appear to vary somewhat less from 
week to week. For penetrating radiations, 
the efficiency of the scintillation counter is 
superior to that of the Geiger counter, and 
for very soft radiations the absence of any 
window which might interfere with the 
measurement is a distinct advantage. 
Perhaps the most promising feature of 

the new detector is the fact that the radia-
tion is absorbed in a solid. Many of the coin-
ing advances in nuclear physics will arise 
from the study of the behavior of extremely 
energetic particles to be produced by the 
huge accelerators now being built. Since 
these particles are highly penetrating, the i 
absorbing properties of the scintillation --
counter will place it at a considerable ad-  ! 
vantage with respect to other types of de-
tectors. Thus one may expect to see a 
rapid development of this counter, together 
with a considerable widening of its field of 
application, in the near future. 
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A Standard Diode for Electron-Tube Oxide-Coated 
Cathode-Core-Material Approval Tests* 

ROBERT L. McCORMACKt, SENIOR MEMBER, IRE 

Summary—A diode has been designed and used for testing vari-
ous samples of cathode material in sevetal plants and laboratories 
during recent years. Several criteria have been used for evaluating 
the emissive power of the various materials tested. To simulate the 
usual space-charge-limited emission test commonly used on receiv-
ing tubes, a cathode-temperature versus emission characteristic 
has been taken on each test lot. Temperature-limited emission has 
been examined under both low-field, low-temperature conditions and 
normal-temperature, high-field conditions. Results indicate that this 
method has several important advantages over the present approved 
method. 

I. INTRODUCTION 

HE ROLE played by the core material in the 
emission of electrons from oxide-coated nickel 
base cathodes has been the subject of considerable 

conjecture and controversy almost since the discovery of 
the oxide-coated cathode. Various hypotheses have been 
proposed from time to time to account for the apparent 
superiority of one core material over another. These 
hypotheses were not always in complete agreement, and 
attempts to resolve their differences frequently led to 
inconclusive results. The main difficulty seems to be in 
the complexity of the emission phenomena. Emission 
from oxide-coated cathodes is subject to time changes 
and fatigue effects, and to a very pronounced degree is 
dependent upon the composition, method of application, 
and processing of the materials used in the tube assem-
bly. So far, it has been very difficult to isolate the single 
variable of core material for comprehensive studies. 
Despite the fact that the mechanism of emission is 

not clearly understood, tube manufacturers have been 
producing, for many years, good oxide-coated-cathode 
rtubes at relatively low cost. However, the possibility 
that a low-emission epidemic may suddenly shut down 
his production lines has caused every tube manufacturer 
to spend considerable time and money trying to im-
munize his product from all known carriers of this dis-
ease. Since the source of emission is the cathode, the 
material from which it is made obviously is one of the 
first places to look for trouble. For this reason, it has been 
standard practice for many years in radio-tube plants to 
check the performance of each new melt of nickel cath-
ode material on one or more production tube types be-
fore accepting it for production use. 

• Decimal classification: R262.9. Original manuscript received by 
the Institute, March 10, 1948; revised manuscript received, Decem-
ber 28, 1948. Presented, 1948 IRE National Convention, March 24, 
1948, New York, N. Y. This paper is a report on the work of the 
Diode Committee, Section A, Committee B4, Subcommittee VIII, 
f of the American Society for Testing Materials, of which the author 
is chairman. 
t Raytheon Manufacturing Company, Newton, Mass. 

In the past, the type of tube chosen for such tests, the 
conditions under which the test was made, the accept-
ance criteria, and the interpretation of test results has 
varied widely from company to company, and even from 
division to division of the same company. Since it was 
obviously impossible for a company to test each new 
melt of nickel on all production tube types under all 
conceivable operating conditions, most manufacturers 
tested two or three tube types as representative of vari-
ous classes of tube service, such as rectifiers, oscillators, 
and power-output types. Sample quantities of each new 
cathode-nickel melt in a tubing size to fit these types 
would be ordered with the fervent hope that the type 
chosen would be in production when the samples ar-
rived. In the happy but infrequent event that all test 
results, both initial and life-test performance on the 
various types run for approval, indicated that the new 
melt was inferior to, equal to, or superior to the com-
parison melt, the course of action presented no problem. 
In the more usual case, when test results disagreed, it 
was sometimes necessary to resort to occult practices to 
effect a decision. It is not particularly surprising, there-
fore, that new melts of core material accepted by one 
company or division would be rejected by another. 
Nickel for seamless-cathode electron-tube use is pro-

duced in melts of about 10,000 pounds. Prior to World 
War II, usage of cathode nickel in the electron-tube in-
dustry was such that it was possible for a cathode sup-
plier to hold a melt of this size for the period of approxi-
mately three months required to obtain melt approval 
from the various tube manufacturers. However, this 
situation was at best only tolerable, as it involved some 
financial risk on the part of the cathode supplier. If all 
companies should reject the melt, its value depreciated 
to that of Commercial Grade A material, this loss being 
sustained by the cathode supplier, who would then 
channel this material into less critical usage. If some 
companies accepted and some rejected the melt (the 
normal situation), the cathode supplier would purchase 
another melt to submit to the companies rejecting the 
first melt, and so on until all companies were satisfied. 
This method required considerable juggling of melts on 
the part of the vendor, who assumed the risk of supply-
ing the proper-size cathode cylinder of the approved 
melt to each customer. 
By 1944, the usage of seamless cathode material had 

reached a new high, and, in addition, new applications 
for tubing, particularly in the aircraft industries, placed 
an added drain on the cathode vendor and the raw ma-
terial supplier. It became increasingly difficult to supply 
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each radio tube manufacturer with the particular nickel 
melt which met his melt approval requirements. 
In January, 1945, a meeting was called by one of the 

cathode base material vendors to discuss this problem. 
Representatives of all cathode-tubing vendors and users 
were invited. It was the consensus of this group that the 
problem could best be studied through the medium of 
four committees, whose membership would be drawn 
from the various companies represented at this meeting. 
One committee was to propose referee methods for the 
chemical analysis and sampling of nickel melts. A sec-
ond committee was to outline metallurgical test meth-
ods and a program for metallurgical development. A 
third committee was to prepare a specification for a 
standardized diode test to serve as a starting point for 
a laboratory test method. The fourth and last commit-
tee was to propose methods for presenting data on the 
multitube production test method of melt approval. 
These four committees were organized and later in-
corporated as Section A, Committee B4, Subcommittee 
VIII of the American Society for Testing Materials. 
This paper is a report on the work of the Diode Commit-
tee. 

II. THE STANDARD-DIODE APPROVAL-
TEST METHOD 

The primary purpose of the diode structure, as con-
ceived by the committee members, was to provide a 
standard tool for the investigation of the various cath-

Fig. 1—Structure of the standard diode designed by 
the Diode Committee. 

ode-material melts supplied for production use. It was 
felt that by providing a single structure which could be 
run conveniently in every tube plant, many of the vari-
ables introduced by the previously mentioned multitube 
tests could be eliminated. A secondary purpose of the 

diode was to investigate the effect of variations in the 
additives in the nickel melt and variations in processing 
and testing methods. In deference to the primary pur-
pose of the diode, that of melt approval, it was agreed 
that the structure should consist of standard receiving-
tube parts, so that standard receiving-tube equipment 
and techniques could be employed in processing them, 
thus insuring that a melt accepted for production use on 
the basis of diode tests would have been tested under 
conditions prevalent in the factory in which the melt 
would be used. It was realized that a structure utilizing 
receiving-tube parts and techniques might limit the ef-
fectiveness of the diode as a sensitive instrument for the 
investigation of melt additives and process variations. 
The structure designed by the Diode Committee is 

shown in Fig. 1. Table I lists the important tube dimen-
sions. The heater is designed for 6.3-volt, 300-ma opera-

tion. Under these conditions, the cathode operating 
temperature is approximately 1050°K. The anode was 
designed with an oval barrel to permit the use of a grid, 
should the occasion arise. 

TABLE I 

STANDARD DIODE- CONSTRUCTION DETAILS 

Anode 
Material 
Dimensions 

Cathode Cylinder 
Material 
Dimensions 

Cathode Coating 
Material 

Dimensions 

Stem 
Material 

Getter 
Material 

Heater 
Material 
I )imensions 

Form 
Insulation-Coat 

Bulb 
Base 
Spacers 

0.005 inch Grade A Nickel 
Inside diameter oval cross section: 0.132 
X0.185 inches 

Barrel length: 0.75 inches 

Electronic Grade A seamless nickel tubing 
Outside diameter: 0.045 inch 
Length: 1.06 inches 

ASTM barium-strontium double-coprecipi-
tated carbonates 

Coated length: 0.475 inch (centrally located on 
cylinder) 

Coating weight: 3.40 ±0.4 milligrams 

Lead glass (G12) 
Nickel-dumet-copper welds 

Barium-cored iron wire 

Cleaned and straightened tungsten wire 
Wire weight: 12.0 milligrams ±14 per cent 
per 200 mm 

Wire cut length: 7.05 +0.04 inch 
Six-leg folded 

ing Alundum 
Lime glass; T9 
Standard octal 
Mica 0.011 ±0.001 inch thick 

The diode melt-testing method has several advan-
tages over the multitube test method. It is a simple 
structure, easily produced on equipment available in all 
tube plants. Standard parts have been made available 
to all companies interested in diode testing, so that, re-
gardless of where the tube is produced, uniformity of 
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parts is assured. It is necessary for the cathode-material 
vendor to produce only one size of cathode cylinder for 
melt-approval use if all testing is done on the diode. A 
comparison melt has been set aside for diodes which 
provides a uniform standard of comparison. Standardi-
zation of design, processing techniques, test methods 
and controls are possible, and changes found to improve 
the accuracy or reliability of the test method by one 
laboratory can be applied readily in other laboratories. 
The general procedure used in conducting melt-ap-

proval tests on the diode is as follows: Test lots, as a 
rule, are run in groups consisting of at least ten "con-
trol" diodes employing the standard control-melt cath-
odes (Melt 66), and at least ten each Of diodes employ-
ing cathodes of the melt or melts under test. All parts 
other than cathodes are obtained from a common inven-
tory. Identical parts-processing and tube-processing 
schedules are used on all lots within the group. In gen-
eral, these processes are standardized for a particular 
plant; i.e., all diode-test lots in one plant are processed 
under the same schedules. Some of these processes have 
been proposed as industry-wide diode standards by the 
Chemical Committee; e.g., parts cleaning, cathode-
coating preparation-, and certain testing schedules. 
Each plant has been allowed to set its own exhaust and 
aging schedules, because the approval of melts on the 
basis of diode tests implies the acceptance of the melt 
for production use, and the tube manufacturer is most 
interested in knowing how the melt will perform under 
his particular plant conditions. 

III. TESTING OF THE STANDARD DIODE 

To evaluate the emissive power of a cathode, it was 
assumed by the Diode Committee that some method of 
observing its total emission current (not limited by 
space charge) was necessary. If one attempts to test the 
diode structure, or any receiving-tube structure, for to-
tal or temperature-limited emission current, at its nor-
mal cathode temperature under static conditions, the 

rrated wattage dissipation of the anode is usually ex-
ceeded long before temperature-limited current is drawn. 
t Anode overheating usually results in gas evolution and 
* subsequent cathode poisoning. 

To avoid this difficulty, tubes may be tested for total 
emission by reducing the cathode temperature so that 
the temperature-limited current drawn does not exceed 
I the rated anode dissipation. With this in mind, the 
I Diode Committee fixed the anode potential for emission 
test at 40 volts, which, at normal cathode temperature, 
I would give a space-charge-limited emission current in 
the neighborhood of 50 ma in the diode structure. This 
rcorresponds to a current density of about 120 ma per 
t square centimeter, which is somewhat higher than is 
t required by conventional emission tests on receiving-
I tube types. The full cathode-temperature versus emis-
sion-current curve at this fixed 40-volt anode potential 
I was then taken on each tube under test and the position 

of the "knee" of the curve (that is, the transition point 
between temperature-limited emission and space-charge-
limited emission) was taken as a measure of the relative 
emission capabilities of the cathode. Fig. 2 shows this 
curve on a normal tube and on a tube deficient in emis-
sive power. It will be noted that, at rated cathode tem-
perature, both tubes have the same space-charge-limited 
emission, but that on tube B the temperature-limited 
emission is somewhat lower than on tube A. 

50 
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Fig. 2—Emission-current versus heater-voltage characteristic, Ameri-
can Society for Tetsing materials standard diode. 

It was this sort of data that the Diode Committee set 
out to obtain on each new melt of cathode nickel sub-
mitted for test. Practically all conclusions reached to 
date in this program are based on cathode performance 
under this type of test. However, it was found that this 
cathode-temperature versus emission test has at least 
one serious limitation; the emission currents observed 
under these conditions at very low cathode temperatures 
were apt to be unstable. This may be due to the rela-
tively high anode potential used on the test. It is well 
known that certain oxides and chlorides, which are on 
the surface of the anode as a result of the cleaning and 
processing of the tube parts and structure, tend to break 
down when the anode voltage exceeds about 4.5 volts. 
Oxygen or chlorine are released, and may poison the 
cathode surface. This effect should be particularly no-
ticeable at low cathode temperatures, where the rate 
of barium production within the cathode is low. If the 
rate of poisoning exceeds the rate of barium production, 
slumping emission will result. 
To avoid this difficulty, data have recently been taken 

under low field conditions, with an anode potential of 
4.0 volts, which should be safely below the breakdown 
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voltage of the oxides and chlorides likely to be found on 
the anode surface. To obtain temperature-limited emis-
sion at this low anode voltage on the diode, it was neces-
sary to lower the heater input voltage to 1.75 volts, 
which corresponds to a cathode temperature of about 
640°K. Emission currents obtained under these condi-
tions are relatively stable. 
During the late war, there was considerable interest 

in the pulse-emission properties of cathodes, and, since 
many receiving tube types were being used in pulsed 
applications, the Diode Committee thought it desirable 

to examine new cathode melts for their pulsed-emission 
properties. Peak emissions as of high as 100 amperes per 
square centimeter were reported on nickel-base cathodes 
by observers at the MIT Radiation Laboratory,' the 
Bartol Foundation,' and elsewhere. The pulsed-emission 
testing techniques developed by these laboratories were 
borrowed and utilized for diode pulse testing by one of 
the companies involved in the diode program. The pulse 
technique has one significant advantage over the two 
static emission tests mentioned previously, in that it 
permits examination of temperature-limited emission at 
rated cathode temperatures without exceeding tbe rated 
anode dissipation of the diode. 

Life Tests 

The electron-tube manufacturer is interested not only 
in the initial performance of a cathode melt, but also in 
the performance against time under operating condi-
tions. The Diode Committee has incorporated a life test 
as part of the melt approval procedure. The conditions 
of this test have been modified as data were accumu-
lated under various drain conditions. The present life 
test schedule consists of a minimum of 500 hours opera-
tion at rated heater voltage (Ef = 6.3 volts) and a drain 
of approximately 100 ma per square centimeter. 

IV. DIODE-TEST RESULTS 

From the time of its inception, the Diode Committee 
has been conducting diode tests of three general classes: 
1. Tests directed toward improving the structure and 

standardizing processing and testing procedures 
2. Melt-approval tests on commercial cathode nickel 
3. Tests directed toward examining the effects of 

variations in chemical composition of the cathode 
nickel. 
Tests in the first class have been and are being con-

ducted in considerable volume. Results from this class 
of tests are the basis for the formulation of diode struc-
ture and process specifications. 
Melt-approval tests are represented in the summary in 

Table II, by the compilation of test results on commer-
cial melts 70 through 76. 

I E. A. Coomes, "Pulsed properties of oxide cathodes," Jour. 
App!. Phys., vol. 17, pp. 647-654; August, 1946. 

2 M. A. Pomerantz, "Magnetron cathodes," PROC. I.R.E., vol. 34, 
pp. 903-910; November, 1946. 

Melt-composition tests have been conducted on about 
fifty different nickel-base materials. Test results on only 
a few of these lots are shown in Table II, for comparison 
with the 220-alloy commercial melts. The test results 
reported here represent only a very small portion of the 
total diode tests run during the three-year period of di-
ode investigation, but serve to illustrate the effective-
ness of this structure in differentiating between the 
emission capabilities of cathodes as a function of core 
material. The data reported are based solely on the in-
formation obtained from the 40-volt static characteristic 
curves (see Section III). Low-field-emission test, pulsed-
emission test, and life-test results are not included in 
this report, because these data are still incomplete. 
Since it is difficult to characterize the 40-volt static 
characteristic test data by a complete heater-voltage 
versus emission-current curve, a "figure of merit" rating 
based on the difference in slope of these curves in the 
region between heater 4.5 and 6.5 volts has been sub-
stituted. This "figure of merit" was determined in the 
following manner: 

F.M. 
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where 
/s6.6 = emission current with 6.5 volts applied to heater 
/s4.6-= emission current with 4.5 volts applied to heater. 

Thus, for example, a "figure of merit" of -0.5 for melt 
70 (Company "2") indicates that the slope of the Ef 
versus h curve for the average of the ten tubes made 
with melt 70 cathode material was 0.5 ma/volt steeper 
in the region between 4.5 and 6.5 volts heater voltage 
than its control lot (melt 66). 

V. Dim•UssION OF DIODE TEST RESULTS 

The seven melts, 70 through 76, whose "figure of 
merit" ratings are given in Table II, are 220-alloy seam-
less tubing material submitted to the radio tube indus-

TABLE 11 

SUMMARY OF INITIAL TEST RESULTS ON DIODE TESTS OF 
COMMERCIAL CATHODE MATERIAL MELTS SEAMLESS TUBING 

"NORMAL" 220-ALLOY MATERIAL FIGURE-OF-MERIT RATING 

Melt 
Num-
ber 

Coln-  Com-
pany  pany 
"1"  '2" 

Com-
Patty  pdny 
"3"  

Com-
pany 

Com-
pany Test 

Description 

70  •-0.5  -2.1  -0 .3 
71  -1.8 -1.0 -1.9  -1 .9 
71C  0.1  -0.2 

711( +0.5 -0 .1  +0.1 

72  - 0 4  -0.4  -0.2 
73  -0 8  -0.1  -0.2 
74  -0.5  -0.3  -0.4 
75  -0.5  -0.2  -0.5 
7O  -0.2  0  +0.4 
Lccbseam Tubing 
W  - 9.6  - 7.5  -15.9 

-10.0 

- 0.2 

- 0.4 

-11.4  -15.4 

+ 0.1  - 1.3 

O  - L3 

1-0.7 
t 0.1 

-0.3  +0.5 

-0.1 
-0.1 
-0.1 
0 

+0.1 

-0.4 
-0.2 
+0.5 
-0.1 
-0.3 

Initial sample 
Initial sample 
cleaned 

Second sample. 
melt 71 

"PassIve • material. 
499 alloy 

'Passive' material. 
707 alloy 

"Active" material. 
599 alloy 

"Active  • material. 
766 alloy 
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:ry for approval testing. Most of the data obtained by 
the Diode Committee so far has been on this alloy, al-
though approval tests have also been conducted on 
3ther alloys in lockseam tubing. For comparative pur-
poses, "figures of merit" are shown in Table II for the 
:hree grades of cathode tubing commonly employed by 
the receiving-tube industry. These three grades are 
termed "normal," "active," and "passive" alloy base 
materials by the ASTM.3 This classification refers to the 
relative barium-producing potential of the alloy, as de-
termined by the percentage of reducing agent present in 
the melt. "Active" alloys contain a relatively high per-
centage of reducing agents, such as silicon and mag-
nesium; "passive" alloys contain relatively low percent-
ages of reducing agents; and "normal" alloys contain a 
moderate amount of reducing agents. Typical chemical 
analyses of these three grades of material are listed in 
Table III. 

TABLE III 

TYPICAL CHEMICAL COMPOSITIONS OF "NORMAL," "ACTIVE" AND 
"PASSIVE" CATHODE BASE MATERIALSt 

"Normal"  "Active"  "Passive" 

Carbon 
Copper 
Iron 
Magnesium 
Manganese 
Sulphur 
Silicon 
Nickel and Cobalt 

0.15%* 
0.20 
0.20 
0.01-0.1 
0.20 
0.008 
0.01-0.05 
99.0 min. 

0.12%* 
0.04 
0.05-0.01 
0.0 -0.15 
0.10 
0.005 
0.15-0.25 
Balance 

0.10%* 
0.04 
0.05 
0 
0.02 
0.005 
0.01 
Balance 

t All figures are percentages by weights. Compositions are maxima unless a range 
is indicated. 
* Carbon content is generally lower as wall thickness is reduced through succes-

sive annealings. At 0.0022 inch wall, carbon is 0.02 per cent nominal, while at 
0.005 inch wall, carbon may exceed 0.05 per cent nominal. 

Certain minor constituents may be found in varying amounts according to melt-
ing practice for the alloys. Such elements may be aluminum, titanium, boron, etc. 

The differences observed in "figure-of-merit" ratings 
for melts 70 through 76 as reported by the six companies 
reporting diode-test results were considered by the diode 
committee to be random variations within the sensitiv-
ity of the test method, with one exception, the initial 

(-sample of melt 71. It was felt that some significance 
could be attached to the fact that three of the four com-
panies reporting diode results on this melt found it 
somewhat inferior to the control melt 66. Company "3" 
repeated the test on their initial sample, and again found 
it poor. Investigation showed that the three companies 
reporting poor results on the initial sample had obtained 
their melt-approval samples from one run of cathode 
tubing, while the company reporting good results, Com-
pany "5," on the initial sample had obtained its melt-
approval sample from a later drawing of the material. 
• Surface contamination of the initial sample was immedi-
irately suspected. Companies "2" and "3" therefore tried 
i surface cleaning of their initial sample. The results of 

A specification covering Radio Tube Core Material classifica-
tions is now being prepared by Section A, Committee B4, Subcom-
mittee 8, ASTM. 

these tests, indicated as melt 71C on Table II, indicated 
that this suspicion might be well founded. Company "3" 
found a definite improvement in emission performance 
from the suspected melt after etching the bare sleeves. 
Company "2," employing a different cleaning proce-
dure, found the performance of this suspected lot of tub-
ing could be brought above that of the control melt by 
this means. The original sample processed along with 
this test uncleaned, was still very poor. 
As a result of these findings, the cathode-tubing sup-

plier prepared a new sample of melt 71, with special care 
being taken to avoid all possible contaminants in the 
drawing operations. These samples were submitted to 
the same companies who had reported on this melt pre-
viously. Results on this second sample are shown in Ta-
ble II as melt 71R. All companies testing this sample 
found it better in emission performance than its control 
melt 66. To substantiate the conclusion that the initial 
sample of melt 71 was bad, two comparative tests were 
run later by Company "2" on a production tube type 
under normal factory conditions. In both cases, a high 
initial shrinkage due to poor emission was obtained on 
the initial sample, whereas normal results were obtained 
on the comparison melt run at the same time. 
Results on a few melts of "active" and "passive" al-

loys are also tabulated on Table II. Melts W and K 
show the effect on emission of reduction in silicon and 
magnesium content of the base material. The "active" 
alloy tests X and M show performance characteristics 
very similar to the "normal" alloy tests. It should be 
borne in mind however, that these lots represent results 
on only single samples of these alloys, and should not be 
not be taken as necessarily representative of the average 
emission performance characteristics of these materials. 

VI. CONCLUSIONS 

An inventory of the results achieved in the three 
years of diode testing shows a very favorable balance. 
Correlation between test results reported by the various 
plants testing cathode-core-material melts has shown 
marked improvement with diode testing. The study of 
testing methods has brought about a better understand-
ing of the effects of tube design and processing upon 
emission. This has resulted in improved tube-to-tube 
and test-to-test uniformity. Work on processing, test-
ing, and materials standards has been started, and in 
most cases completed. The effects on emission of various 
additives in core materials, and the significance of modi-
fications in core material melting, drawing, and cleaning 
methods has been evaluated. In some cases, the cause 
of poor activity in a particular test sample has been iso-
lated. 
Full understanding of the emission problem still seems 

remote. However, because active interest in the problem 
has been aroused and crystallized into a joint effort, the 
immediate goal, that of a satisfactory melt-approval 
test method, now seems attainable. 
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Testing Cathode Materials in Factory Production* 
J. I'. ACKERt 

Summary—The paper deals with the methods of testing radio-
tube cathode materials in factor production, and especially with a 
comparison of several specific lots of materials of variable content. 
It is believed that this is the first time the electron-tube industry has 
made mass tests on a well-controlled engineering basis of cathode 
materials which vary in singe component elements. 

THE CHAOTIC conditions under which the manu-
facturers of electron tubes have been testing cath-
ode-nickel tubing for their use have been described 

by McCormack.' These costly tests, together with 
prove-in tests on other components of electron tubes, 
such as alkaline-earth carbonates, getters, and anodes, 

are performed to insure good manufacturing yields. The 
lack of fundamental knowledge concerning thermionic 
emission makes these acceptance tests necessary. 
Each company in the industry accepts or rejects a 

new melt on the basis of the final test results and life 
perfot mance of electron tubes containing cathodes made 
from the new melt, as compared with tubes being cur-
rently made using cathodes from the previously ac-
cepted melt. The type of tube used for this comparison is 
usually one of those in current production. The results 
of these tests, as reported by the entire industry to the 
suppliers of cathode tubing, were contradictory and 
full of inconsistencies. Through one of the supplier's 
efforts, a meeting of the representatives of the tube man-
ufacturers was called in January, 1945, to discuss the 
situation and try to formulate better methods of evalu-
ating cathode nickel tubing. A section of Subcommittee 
VIII of Committee B4 of the American Society for Test-
ing Materials, was formed for this purpose, and possibly 
to improve the understanding of thermionic-emission 
phenomena and the type of nickel used. 
The intent of this paper is to report on the progress 

made by the so-called "Data Subsection" in co-ordinat-
ing the methods of test and interpretation of results so 
that an industry-wide evaluation of each melt may be 
made to compare with evaluations based on the use of 
simple and much cheaper diode structures and ulti-
mately chemical and/or metallurgical tests on the 
nickel. 

One of the first steps taken to reduce the factory 
prove-in tests to a common denominator was to estab-
lish a standard melt of cathode nickel against which all 
tube manufacturers would rate new melts. One of the 

• Decimal classification: R720. Original manuscript received by 
the Institute, May 25, 1948. Presented, 1948 IRE National Conven-
tion, March 24, 1948, New York, N. Y. 
f Western Electric Company, Allentown, Pa. 
I R. L. McCormack, "A standard diode for electron-tube oxide-

coated cathode-core-material approval tests," PROC. I.R.E., this is-
sue, pp. 683-687. 

major suppliers of cathode tubing agreed to set aside for 
this purpose a 200-pound portion of melt 66, which is a 
220-grade nickel melt of typical composition and nor-
mal 10,000-pound size, and which had given apparently 
normal test results in electron tubes. This quantity of 
material is sufficient to last for many years for melt-
approval control purposes exclusively. Sample cathodes 
of appropriate size from this melt are sent along with 
the same size cathodes from a new melt to each factory 
when a new melt is to be tested for approval. The prove-
in factory runs are made on cathodes from the new melt 
and melt 66 simultaneously and under identical process-
ing conditions. 
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Fig. 1--Variety of electron tubes formerly used in cathode 
testing. 

A second step in the direction of greater uniformity of 
test conditions was to strive to have the participating 
companies choose similar types of tubes for prove-in 
factory runs. It had been the practice to use any type 
of tube that happened to be in production at the time 
of the melt-approval test. The accompanying Fig. 1 
shows the great variety of types of tubes formerly used 
by the industry for this purpose. Fig. 2 shows the pen-
todes that are currently used in these tests. 

The committee found that the industry was evaluat-
ing the melts on the basis of initial shrinkage, initial 
tube characteristics, and life-performance tests. A study 
was made of the early test results in order to formulate 
a pattern or form that could be used by each company 
in reporting its test results, regardless of the parameters, 
for purposes of evaluation. 

Factory prove-in runs of 50 to 200 tubes each are 
made using cathodes from the test melt, and the stand-
ard melt 66. Variations in geometry and processing are 

eT 
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Fig. 2-Electron tubes used in recent cathode 
testing. 

minimized by simultaneous manufacture under shop 
conditions. The shrinkage is counted only for causes 
related to the cathode. The initial tube characteristics 
are taken either on all of the tubes or on a representa-
tive sample of the run. Life tests are carried out for 500 
hours on 5 to 10 tubes selected at random from the lots. 
In each category the comparison is expressed as a ratio 
of results for the test melt to the control melt. In order 
to avoid zero values in the shrinkage ratios, the per cent 
yield rather than the per cent shrinkage is used. It has 
been agreed that shrinkage and life are more important 
than initial characteristics, so that, in arriving at the 
over-all figure of merit, they are rated as twice as impor-
tant. The sum of all the ratios so adjusted gives the 
over-all figure of merit for the industry. Figs. 3, 4, and 5 
show the results obtained by eight plants, on melts 72 
to 76 inclusive, when compared with melt 66. Melt 72 
is a normal 220-grade melt of seamless tubing, while 
melts 73 to 76, inclusive, were made from a single 10,000-
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Fig. 3-Factory prove-in tests on cathode nickel melts. 
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Fig. 4-Factory prove-in tests on cathode nickel melts. 

pound melt of nickel, half of which was poured normally 
with additional silicon added to the second half before 
pouring. Each half was split between seamless and wel-
drawn tubing as shown in Table I. 

Seamless 
Weldrawn 

TABLE I 

Normal Half-0.02 
per cent Si 

Melt 73 
Melt 75 

Special Half-0.09 
per cent Si 

Melt 74 
Melt 76 

It will be noted from Fig. 5 that the over-all figure 
of merit would be 40 for a melt of identical test results 
with melt 66. The spread of these five melts is not very 
large-only 2.9 per cent. This is not surprising, in view 
of the fact that these melts are all essentially identical 
with the exception of the variation in silicon content. 
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However, the individual variations in each melt among 
the various companies are still very large. The shrink-
age results are +11.6 per cent and —18.3 per cent from 
the standard, the tube characteristics vary +8.5 per cent 
and —18.1 per cent from the standard, and the life re-
sults are +16.3 per cent and —17.6 per cent from the 
standard. There still are instances, as there were for-
merly, before this work started, where one company 
gets the best results for a given melt in a particular 
comparison, and another company finds it poorest. The 
maximum variations for a given melt are of the order of 
25 per cent. Despite these difficulties, the over-all figure 
of merit seems to give a true picture of the quality of the 
cathode nickel. This is substantiated by the fact that the 
melt which shows up to be the worst was the only one of 
this series rejected by more than one company. 

Junel 

It is recognized that the cathode sleeve is, perhaps, 
of secondary importance to the coating applied to the 
cathode and the processing of the tube. That is why it is 
so important to keep these and other factors constant 
when making cathode-nickel tests. In the course of the 
work it has been found also that surface contamination 
of the cathode sleeve may mask the effect of the base-
metal composition on thermionic emission. 
It is felt that this work has put melt-approval tests on 

at least a semiquantitative basis, and that a melt sub-
stantially different from the usual variety will show a 
figure of merit higher or lower by several per cent. An , 
instruction manual for factory testing by this method 
is being prepared in considerable detail so that even 
better control of factory tests will be made in the future, 
and the results are expected to be more reliable. 

A Method of Measurement of the Internal Series 
Resistance of a Capacitor Under 

Surge Conditions* 
BEN S. MELTONt, SENIOR MEMBER, IRE 

Summary—Recent application of capacitors as energy-storage 
devices for low-impedance loads, such as short-duration light 
sources and electric detonators, has emphasized the importance of 
examination of capacitor efficiency from this standpoint. Ballistic 
measurements, using a vacuum thermocouple and galvanometer, 
are shown to afford the desired evaluation. 

THEORY 

RECENT APPLICATION of capacitors to spar k 
photography, radar, and the firing of low-resist-
ance electric detonators has involved their use 

as energy-storage devices in connection with circuits of 
very low impedance. Consequently, it becomes perti-
nent to inquire about the effectiveness of the capacitor in 
delivering its stored energy under these conditions. 
Evaluation of the low internal series resistance in 

question, not readily made by the usual bridge methods, 
is important in application of the capacitor to some low-
impedance surge circuit, as will be shown below. 
The energy stored in a capacitor is 

CD 
.1 = 

2 

• Decimal classification: R241 XR215.1. Original manuscript re-
ceived by the Institute, March 21, 1948; revised manuscript received, 
August 30, 1948. 

Formerly, Applied Physics Laboratory, Johns Hopkins Univer-
sity, Silver Spring, Md.; now, Department of the Air Force, 1009th 
Special Weapons Squadron, Washington, D. C. 

where J is the work or energy in joules, C is the capaci-
tance in farads, and E the potential in volts. It is con-
venient to discuss the percentage of this energy made a-
vailable to the external load as a function of the load re-
sistance and the internal series resistance of the capacitor. 
If we assume that the capacitor and load are represented 
by the simple circuit of Fig. 1, showing the capacitor 

N AV   R, tLOAD RESISTANCE 

Fig. I 

of capacitance C, charged to a potential E and having an 
internal series resistance Rs, connected to a load resist-
ance RL, the expression for the energy transfer must be 

CE2 
= —  = Rs f  i'dt  RL f  i2d1.  (1) 

2  0  0 

The first and second terms on the right-hand side of 
this expression represent the work converted into heat 
in the resistors Rs and RL, which can be represented by 
Js and JL, respectively, so that 

J = 10E2 = Js (2) 

As the energy in the series circuit divided proportionally 
to the resistances, 
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JS = RS 
-- • 

L  RL 

Then, combining (2) and (3), 

JL = 
Rs 

1 + 
RL 

(3) 

(4) 

Thus, the energy delivered to the load can be expressed 
as the fraction of the energy of the charged capacitor 
by evaluating the fraction 

2 6 8 

1 

Rs 
1 + 

RL 

Rs•O 2o0,,, 

1.0ohm 

2 0ohms 

0  12  14  16  S  20  22  24  26  28 
LOAD RESISTANCE (ohms) 

Fig. 2—Load energy versus load resistance, expressed as 
per cent of iCE2 for several values of Rs. 

30 

Theoretical values have been obtained for capacitors 
whose internal series resistance Rs is 0.2 ohm, 0.5 ohm. 
1.0 ohm, and 2.0 ohms, and the resulting theoretical 

1---curves are plotted in Fig. 2. Of these curves, the one for IRS= 1.0 ohm can be considered as basic, so that, if the 
load resistance RL is expressed as a factor times Rs, the 
, per cent of charge energy to the load can be derived. 

Measurement of the internal series resistance can be 
I made by varying the load resistance RL over a range of 
values, noting the corresponding variation of energy de-
livered to the load, and fitting the values thus obtained 
to the nearest theoretical curve. However, since the 
equations so far introduced contain only first-order 
terms, the theoretical curves may be replaced by irtstraight lines and the computations correspondingly 
implified. 
Rewriting (4) as 

1 
--- = 1 ± Rs 
jL  RL 

(4') 

and plotting .././../L against 1/Rz, for various values of 
Rs, we obtain the straight solid lines of Fig. 3, which 
represent the same four cases shown by the curves of 
Fig. 2. 
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EXPERIMENTAL ARRANGEMENT AND ANALYSIS 
OF READING METHOD 

Since only total energies are involved in the foregoing 
analysis, some method of measurement of these energies 
is .indicated, and it has been found that a simple bal-
listic method is satisfactory, provided adequate precau-
tions are taken. Fig. 4 shows a circuit arrangement 

2 
- 

BAT SW 

HIGH IMPEDANCE 
ELECTRONIC V.M. 

LOAD SWITCH 

(4/./2•MW§ 
Ft,  R2 

LOAD PAD 

Fig. 4 

DAMP RES. 
200 11  

THERMOCOUPLE 

which includes a small vacuum thermocouple and long-
period galvanometer to measure the energy delivered 
to the load; a "load pad," which consists of a plug-in 
resistor combination; and a "load switch," whose func-
tion is to discharge the capacitor into the load when a 
galvanometer reading is to be taken. It is to be noted 
that the capacitor-charging circuit is of sufficiently high 
impedance so that no measurable current will be de-
livered directly from the battery to the thermocouple. 
Resistors R1 and R 2 of the load pad shown in the cir-

cuit, together with the heater resistance RT of the 



692 PROCEEDINGS OF THE I.R.E. - Waves and Electrons Section  June 

thermocouple, constitute the load resistance RL previ-
ously discussed, the relationship being 

1  RI + R2 +  R 

RL R1(R2 + Rr) 
(5) 

where the reciprocal form is obtained for convenience 
in using the chart of Fig. 3. 

In practice, because of the number of variables in-
volved, it was found most convenient to proportion the 
values of R1 and R2 by setting up the experiment on a 
trial basis,, reading galvanometer deflections as obtained 
from a 1-pf mica capacitor having a 1-ohm resistor con-
nected in series. Resistance values were adjusted by 
trial until the galvanometer swings were of the same or-
der. This precaution was taken to avoid errors due to 
nonlinearity of the thermocouple voltage with tempera-
ture. In order to translate the galvanometer scale read-
ing into a value which can be used in conjunction with 
the curves of Fig. 2 or Fig. 3, it must be multiplied by a 
factor which expresses the ratio of the energy taken by 
the thermocouple heater to that of the entire load JL. 
On the basis of instantaneous power and total energy 
considerations, it can be shown that 

(1 + -RR2 )(Ri + R2 + R.) 

L = kI) 
R I 

(0) 

where D is the galvanometer deflection and k is some 
calibration constant which need not be evaluated in the 
practice of this method. For convenience, we can now 
call the fraction in (6) the "load energy factor," writing 

load energy factor = - - 
(1 ± -RR 1(R1 + R: +  R) 

R1 

COMPUTATIONAL PROCEDURE 

The computations are divided into two parts. The 
first of these covers the factors determined by the val-

ues of the load pads, and need not be repeated for other 
capacitors unless other load pads are constructed. The 
second part of the procedure is performed quickly by 
using successive approximations. 
Table I includes sample calculations made on a 0.12-

if General Electric Pyranol capacitor (Cat. 26F699) 
rated at 15,000 volts dc. The first six columns may be 
set up once and for all when the load pads have been 
constructed. The values of Rs sought for a particular 
capacitor are finally obtained in column 12, while the 
last column has been used here simply to record the 
"RC constant" as a means of indicating the rate of dis-
charge or equivalent frequency components. 

• It has been seen that, when load pad g is used, nearly 
all of the energy goes to the external load. Therefore, if 
we set J.= J for this load, making J/JL equal to unity, 
first approximation values of J/JL can be obtained for 
the other pads, since these values are inversely propor-
tional to the number of load energy units computed for 
each pad. Such first approximation values are shown in 
column 10 of Table I and have been plotted in Fig. 3, 
the dotted line being drawn to make the best fit possi-
ble. 

Such a line will be seen to intercept the J/JL axis at a 
point slightly less than unity, about 0.975 in this case. 
Since the intercept must be at unity, we now raise the 
left end of the line arbitrarily. This shows that the ordi-
nate for load pad g should be increased to about 1.025. 
Using this corrected value of ..//./L for load pad g, we 
now recompute th:.. %-althis of J/../L for the other load 
pads, obtaining column 11 as a second approximation. 
While it can b. seen from the foregoing that a better es-
timate of the value of J 'JL for the high-resistance load 
pad g could have been made on the basis of expected 
values for Rs for commercial capacitors, it can also be 
seen that this assumption is not necessary, since one or 
two approximations at the most will give rapid conver-
gence to an accurate answer. 

The values of column 11 have been plotted as shown 
in Fig. 3, and the graphically fitted line, 0.514 ohm, is 

seen to intercept the J/JL axis very close to unity. The 
values of Rs given in column 12 are computed from (4), 
rewritten for convenience as 

TABLE I 

LOAD-PAD CHARACTERISTICS AND CALCULATIONS FROM EXPERIMENTAL READINGS TAKEN ON A 0.12-µf CAPACITOR 

Load-Pad Data 

1  2  3  4  5  6 

Load 
Pad (ohms) 

/21 
(ohms) 

Rr 
(ohms) 

1/ RI, 
(ohms) 

Load 
Energy 
Factor (volts) 

Galv. 

(cm.) 

Experimental and Calculated Values 

8 '  9  '  10  11  12  1  13 

Load  I J/JL  .1/JL 
Energy ' (first  , (second 
Units  approx.) I approx.) 

- -

ed 

a 

co 
3.76 
2.96 
2.28 
1.42 
0.953 
0.519 

16.46 
2.77 
1.79 
1.00 
0.31 

2.44 
2.44 
2.44 
2.44 
2.44 
2.44 
2.44 

0.0529 
0.458 
0.575 
0.729 
1.068 
1.46 
2.34 

7.75 
5.09 
4.21 
3.54 
3.31 
3.56 
5.70 

150 
150 
150 
150 
150 
150 
150 

2.89 
3.65 
4.21 
4.76 
4.54 
3.65 
1 84 

22.4 
18.60 
17.70 
16.84 
15.04 
13.00 
10.48 

.00 

.20 

./7 

.33 

.49 

.72 
14 

Rs 
(ohms) 

RC 
(micro-
sec.) 

.025 

.233 

.296 

.364 

.526 

.766 
_190 

(0.473) 
0.509 
0.515 
0.500 
0.492 
0.524 
0.508 

2.33 
0.32 
0.27 
0.22 
0.17 
0.15 
0.11 
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.1 
- - 

RS = 
1/R1, 

k4") 

From the graph of Fig. 3 it is seen that only two load 
pads are absolutely necessary. If low and high values of 
Rr, are chosen, as obtained through load pads a and g, 
quite satisfactory measurements can be made to an ade-
quate order of accuracy for subsequent calculations of 
energy deliverable by the capacitor to an external cir-

cuit. 

DISCUSSION 

The most important single factor in successful appli-
cation of this method of measurement is the use of a 
"perfect" switch for closing the circuit. This switch, 
shown as the "load switch" in Fig. 4, must close the cir-
cuit through the load in such a manner that no electrical 
energy will be expended in the switch during the closing 
process. In practice, this means that the contacts must 
neither spark nor bounce, that they must not be required 
to break down an oxide film upon closing, and that the 
entire switch circuit, including leads, must have, when 
closed, a resistance low in comparison to the resistance 
being measured. 
A number of switches have been tried, and no solid-

contact switch, including one of the vacuum type, has 
proved satisfactory. The most successful switches seem 
to be those of the mercury-to-mercury contact type, 
provided they are well made, with very clean mercury 
and clean metal electrodes dipping into the mercury.' 
The galvanometer used in the measurements described 

was a Rubicon (Cat. No. 3412-S), having a resistance of 
39 ohms and a current sensitivity of 0.01 microamperes 
per mm. This instrument has a period of 4.5 seconds, 
and was used at slightly less than critical damping. It 
should be realized that use of a galvanometer of higher 
sensitivity will impose less rigid requirements on the 
load switch, inasmuch as the required capacitor-charg-
ing potential is lowered. 
The vacuum thermocouple used was a G.E. Type 

K A-91 X536 with a heater element rated at 2.5 ohms 
(actually, 2.44 ohms). These thermocouples are availa-
ble with heater elements having a resistance as low as 1 
ohm (Type K A-91 X537), and there would be some ad-
vantage in the use of the lower resistance value in deliv-
ering more energy to the galvanometer when measuring 
with the lower resistance loads. 

Switches which have been found satisfactory—all of the mer-
,, cury-to-mercury contact type—include the Minneapolis-Honeywell 
v Type H-168 "Con-Tac-Tor," the G.E. Code Nos. 4-24 KR1 and 
40-40 KR1 "Kon-Nec-Tors," and a magnetically operated mercury-
plunger relay now available commercially from the Champion Nlfg. 
Co., 509 Fifth Ave., New York, N. Y. 

It is, of course, advisable in these measurements to 
keep lead length down and to eliminate errors due to 
contact resistance. In this connection, it would be pref-
erable to provide four connectors for the load pads in-
stead of three, in order to avoid inclusion of one con-
tact resistance in the common load and thermocouple 
circuit. However, no detectable error due to this com-
mon contact has been discovered in the method as pre-
sented here. A rough calculation has been made of the 
resistances of the leads involved in the capacitor-dis-
charge circuit, on the basis of transients of 10-7 seconds, 
with the result that the total resistance is estimated to 
be in the neighborhood of 0.05 ohm or less. 

CONCLUSION 

The method of measurement here discussed seems to 
be the simplest approach to the problem in practice. It 
should be noted that, when factors such as dielectric 
hysteresis and polarization are considered, the circuit 
which is an accurate equivalent of a capacitor at all fre-
quencies must have upwards of four branches, involving 
perhaps seven or more components of resistance and 
capacitance, and that any method of measurement 
which assumes simpler conditions should closely dupli-
cate the conditions under which the capacitor will be 
used. Furthermore, it is generally difficult to measure 
very low values of resistance with measurement circuits 
of much higher resistance, such as would be involved 
with usual electron-tube devices. There are, of course, 
circuit arrangements by which some time constant 
might be evaluated, but no practical way is seen of de-
vising the necessary low-impedance switching elec-
tronically. 
Admittedly, there are involved here some implicit as-

sumptions which may not be rigidly true. Variation of 
the load changes the discharge time, and probably 
thereby alters the path of current flow in the capacitor. 
Also, the internal losses in the dielectric may depend 
somewhat upon the discharge time. Nevertheless, the 
method closely parallels the use of the capacitor as an 
energy-storage device for low-impedance loads. 
While it is realized that with this measurement 

method the charging voltage of the capacitor is quite 
low, it appears that there is no reason to expect a change 
in series-resistance characteristics of the capacitor at 

higher voltages. 
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Experimental Ultra-High-Frequency 
Multiplex Broadcasting System* 

A. G. KANDOIANt, SENIOR MEMBER, ERE, AND A. M . LEVINEt, ASSOCIATE, IRE 

summary—A definite indication that the need for broadcast 
facilities in the near future will far exceed the available channels is 
recognized. A feasible expansion appears to be in the ultra-high-
frequency spectrum. 

To produce the maximum number of channels at ultra-high 
frequencies, a multiplex system of broadcasting has many advan-
tages: A large number of broadcast programs are transmitted at an 
assigned frequency from a single location and using only one 
transmitter and antenna system. Effective use is thus made of an 
optimum transmitting site, a considerable advantage at very- and 
ultra-high frequencies where line-of-sight limitation of transmission 
exists. 

An experimental eight-channel high-fidelity multiplex broad-
casting system has been developed and operated during the past 
year. Multiplex operation is achieved by time-sharing pulse-time 
modulation. The operating frequency is 930 Mc. 
The discussion includes a description and operating character-

istics of the major components, including modulator, transmitter-
antenna system, and receiver. 

I. INTRODUCTION 

VEN WITH the opening of the new FM broad-
cast band, there is definite indication that the 14/ 
need for broadcast facilities will, in the not-dis-

tant future, far exceed the available channels. To re-
lieve the situation, it seems safe to assume that further 
expansion of the broadcast spectrum will become neces-
sary. Such further expansion appears feasible only at 
ultra-high frequencies, or beyond. 
The development here reported was, therefore, di-

rected to the determination of how broadcasting could 
best be achieved at ultra-high frequencies. The actual 
frequency used was 930 Mc, within the 920 to 940-Mc 
range assigned by the Federal Communications Com-
mission for experimental broadcasting. The system 
developed, however, could be reproduced anywhere in 
the ultra- or even the super-high-frequency range. 
It should be emphasized that this development is not 

intended to replace either the present AM or FM 
broadcasting facilities, but rather to supplement both 
when there is demand for more channels. 

To produce the maximum number of useful broad-
cast channels at ultra-high frequencies, it appears more 
desirable and economical to broadcast in multiplex with 
a large number of channels per assigned frequency, 
rather than one frequency assignment per broadcast 
channel, as is conventional at lower frequencies. This, 
of course, does not reduce bandwidth requirements per 
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channel, but it does reduce or eliminate wasteful 
"guard" frequency separation between adjacent stations 
to avoid the damaging effects of possible carrier drift. 
In addition, there is a more potent and fundamental 
reason for choosing a multiplex form of broadcasting at 
ultra-high frequencies, rather than the conventional 
simplex system used at lower frequencies. This has to 
do with the radiation and propagation characteristics of 
these waves. 

At ultra-high frequencies, a relatively high antenna 
power gain (concentration of radiated energy in desired ' 
directions) is easily and economically achieved. Since 
propagation is essentially limited to line of sight, tall 
building tops and other elevated spots offer the best 
locations for transmitting antennas. In most localities, 
there are only one or two such effective transmitting 
sites, and each will accommodate about one trans-
mitter. In a multiplex broadcasting system, a substan-
tial number of transmissions share each optimum site. 
This advantage is even more pronounced from the re-
ceiving standpoint especially for television. 
For each transmitting station, there are a multitude 

of receiving sites. At ultra-high frequencies, antenna 
gain can be obtained cheaply, even for reception. A very 
small and simple array, a dish, or a horn will provide a 
large amount of power gain and directivity. When, be-
cause of a large number of transmitting sites, the pro-
grams are received from many directions, a single highly 
directive receiving antenna is not useable unless fitted 
with an expensive steering mechanism. With a multiplex 
broadcasting system, the same receiving-antenna orien-
tation not only will give optimum response on all chan-
nels but may be adjusted to reduce interfering signals 
and noise. These important factors provide substantial 
reasons for using a multiplex form of broadcasting in the 
ultra-high-frequency spectrum. 

A multiplex system, for broadcasting as well as for 
telephony and general communication applications, 
may take many forms. Amplitude modulation of several 
mutually interrelated subcarriers, finally modulating 
the ultra-high-frequency carrier, would be one possibil-
ity. Frequency modulation of subcarriers, which in turn 
modulate the final carrier frequency, might also be used. 
Pulse systems involving amplitude, time, width, etc, 
modulation also  are  important  possibilities.  Various  

combinations of the above might offer even greater ad-
vantages than any single type of modulation. 
In view of recent advances in pulse techniques and, 

particularly, since high-power pulse-type rf generators 
(magnetrons and some triodes) are available for most, 
or all, of the ultra-high-frequency band, a pulse system 
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)4 modulation with a time-sharing form of multiplexing 
s bras agreed on for the first development of this system.' 

II. PULSE-TIME-MODULATION MULTIPLEX 
SYSTEM 

To demonstrate as effectively as possible the versatil-
ty and advantages of the system, it was decided to mul-
iplex eight broadcast-quality channels. For each chan-
Itel, 24,000 pulses per second are used to sample each 
rogram. This rate corresponds approximately to three 
r.imes the highest af to be transmitted. In addition to the 
:hannel pulses, which are varied in timing to provide the 
iecessary modulation for each channel, a fixed marker 
3u1se is also transmitted at a 24-kc rate, one for each 
:rain of eight pulses corresponding to the eight channels. 
This marker pulse provides the necessary reference point 

demodulation at the receiver. 
Fig. 1 shows a block diagram of the experimental sys-

tem recently completed and demonstrated. Each of the 
!ight af signals is used to vary the timing of pulses ap-
ciroximately 0.5 microsecond wide. The resulting video-
frequency signal is then used to pulse an rf oscillator, 
in much the same manner as in radar applications. 
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Fig. 1—Block diagram of the multiplex 
broadcasting system. 

For reception, a conventional local oscillator and 
c mixer produce the if signal voltage; this is amplified and 
detected to provide the video-frequency signal, which 
is then used to select channels and demodulate each 
program. Details of the various components making up 

D. D. Greig, "Multiplex broadcasting," Elec. Commun., vol. 23, 
pp. 19-26; March, 1946. 

Fig. 2—Experimental multiplex broadcasting system, showing af 
control panel, pulse modulator, and monitor receiver. 

the complete system are given in the following sections. 
The transmitting station during all tests on this sys-

tem was located on the roof of 67 Broad Street, approxi-
mately 485 feet above ground in downtown New York 

City. 
Fig. 2 shows a view of the experimental transmitter 

equipment exclusive of the transmitter modulator and 
rf generator; these were located close to the antenna. 
Fig. 3 shows the experimental omnidirectional trans-
mitting antenna. 
Most of the receiving tests were made at the Nutley 

Laboratories, 11 miles away, where the receiving an-
tenna was located on a roof, approximately 25 feet 
above the surrounding terrain. Comparabla receiving 

I. 

Fig. 3—Omnidirectional eight-loop transmitting antenna for the ex-
perimental multiplex broadcasting system, located at 67 Broad 
St., New York, N. Y. 
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tests have also been made in the surrounding country-
side with portable equipment installed in a station 
wagon. 
Typical services carried simultaneously during vari-

ous tests and demonstrations included rebroadcasting of 
standard AM and FM programs and operation of stock 
ticker (Dow Jones), teletype (Mackay Radio), facsimile 
(New York Times), and photo transmission. The re-
ceiver, shown in Fig. 4, is quite conventional in appear-
ance. It differs in operation from more conventional 

Fig. 4—Master receiving console. 

receivers only in that no rf tuning is required. The chan-
nel selection is done entirely at video frequencies by tim-
ing circuits. 
Where more than one program is desired simultane-

ously, for example, in separate rooms of the same build-
ing, it is not necessary to duplicate the complete re-
ceiver but only a portion of the video-frequency system 
and an af circuit for each service. These latter, called 
"satellite" receivers, are quite simple in construction but 
incapable of operation in the absence of the main receiv-
ing unit. 

III. PULSE MODULATOR 

The pulse modulator consists of the following four 
main sections: af amplifier-limiter, pulse generator and 
delay line, pulse-time-modulation units, and finally a 
section for, mixing the eight channels and marker to 
form a complete train of time-division time-modulated 
pulses. 
Programs from the eight different sources are sup-

plied to the af amplifier-limiters for modulating pur-

poses. These amplifiers, which are gain controlled, have 
a response within 1 db from 30 to 10,000 cps. For full 
modulation ( +I microsecond), an input level of 0 db is 
required (1 mw in 600 ohms). The modulation excur-
sions must be limited, however, so that any channel does 
not overinodulate and cause cross talk on any other 
channel by moving so far in timing that it appears in a 
position that might be held by an adjacent-channel 
pulse. To prevent this overmodulation, limiters are 
placed across the af input-transformer secondary. These 
consist of germanium crystals with a fixed bias voltage. 
The af output is then used to modulate a sawtooth wave 
obtained in proper sequence and delay from the pulse 
generator. 
The pulse generator and delay line make up a single 

compact unit. The electron-coupled oscillator in this 
unit determines the base repetition rate of the pulse 
frequency per channel and is, therefore, designed for 
very stable operation. In this particular system, that 
rate is 24 kc. The sine-wave output is then shaped into a 
sawtooth having a 6-microsecond rise time, and this 
travels along the delay line from a cathode follower. 
This delay line is so designed that it will pass the saw-
tooth without deteriorating the slope and with mini-
mum attenuation. Taps at every 4.63 microseconds are 
connected to cathode followers. Each cathode follower 
is connected by a short piece of coaxial cable to the 
modulator input. This now supplies each channel modu-
lator with a wave form having proper delay, a linear rise 
time, and the required amplitude so that it may be op-
erated on to obtain, time modulation. 
This is done by a circuit called the channel modula-

tor.2 As shown in Fig. 5, this unit takes a slice of the in-
coming sawtooth wave and converts it to a square pulse. 
By changing the bias on this double clipper at an af rate, 
a width-modulated pulse is obtained. Differentiating 
and using the leading edge produces a time-modulated 
pulse to be further shaped and processed. The channel 

, et •OlLar 

"*.° • ".. .II:"  

Fig. 5—Block diagram of the modulation system, showing conversion 
of af channels to mixed train of time-modulated pulses. AL are 
amplifier limiters, and TM are time modulators. 

2 D. D. Grieg and A. M. Levine, "Pulse-modulated multiplex 
radio relay system —terminal equipment," Elec. Commun., vol. 23, 
pp. 159-178; June, 1946. 
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pulses are 0.5 microsecond wide at an amplitude 10 per 
tent above the base, and require 0.15 microsecond to 
)uild up to 0.9 or decay to 0.1 of maximum amplitude. 
These channel pulses are clipped so that any ampli-
:ude modulation is removed, and they are then elec-
:ronically mixed in such a manner that the pulse train 
s delivered from a cathode follower to a 70-ohm coaxial 
:able. Besides the channel pulses, a marker pulse is sup-
plied to the mixer. This marker consists of two pulses, 
.dentical in shape to the channel pulses, but spaced only 
1.3 microseconds apart. No other two pulses in the en-
tire train, at even the remotest positions of modulation, 
ever come this close together. This then gives an identi-
fying factor to the pulse train so that a ielector device is 
able to distinguish the program channels. To produce 
5uch a double pulse, a single pulse is generated in an 
identical manner to the channel pulses and passed down 
an open-circuited delay line. This line has a delay of 
3.65 microsecond, thus requiring 1.3 microseconds for 
the pulse to travel along the line, reflect at the open-
:ircuited end, and return to the starting point. The re-
5u1ting double pulse is mixed with the eight channel 
pulses, and the full train then goes to the transmitter 
modulator. 

IV. TRANSMITTER EQUIPMENT 

The transmitter proper, shown in Fig. 6, consists es-
sentially of two parts: the transmitter modulator and 
the rf oscillator, both mounted on a single 72-inch re-
lay rack. 

Fig. 6—Front and back view of the transmitter unit. 

The transmitter modulator must amplify the low-
ramplitude pulse train coming from the pulse mcdulator 
and deliver signals at approximately 300 volts over a 
50-ohm circuit to the grid of the oscillator. The output 
stage of the transmitter modulator employs two 807 
tubes in parallel as cathode followers. The design fol-
lows that of a conventional video-frequency amplifier 

with the same precautions for linear phase shift and flat 
frequency response of both the low and high end of the 
video-frequency spectrum. In this particular case, 3 Mc 
was chosen as the highest frequency and 400 cps as the 
point where the low-frequency response was down 3 db. 
Both of these points were chosen for reasons of cross 
talk and maintenance of pulse characteristics for a sig-
nal-to-noise improvements over AM of about 20 db. Be-
cause of the type of modulation, linearity of amplifica-
tion is unimportant and the tubes may be operated for 
maximum efficiency. 
In the experimental installation, it was convenient to 

locate the pulse-modulator unit (Fig. 2) several floors 
below the roof on which the transmitter and antenna 
were located. This necessitated a good resistive termi-
nation (accurate matching) of the cable carrying the 
pulse signals between the two units; any mismatch at 
this point would produce reflections that would travel 
back down the cable and cause objectionable cross talk. 
For the rf generator, both triodes and magnetrons 

were considered. More power was possible with availa-
ble magnetrons and, had the operating frequency been 
higher in the ultra-high-frequency range, a magnetron 
would have been chosen. However in the 1,000-Mc re-
gion, triode circuitry is simpler and more flexible for an 
initial experimental unit. A triode oscillator of the 
tuned-plate tuned-cathode variety using a type 2214B 
tube was, therefore, used. The circuit is shown sche-
matically in Fig. 7. An adjustable grid "bell," fitting 
coaxially over the cathode line, provides the necessary 
feedback. Both plate and grid modulation are feasible, 
though the latter is somewhat simpler. The experimental 
unit produced a peak output of 500 watts or more, with 
an average power output not exceeding SO watts. 
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Fig. 7—Transmitter oscillator schematic. 

An important consideration of transmitter design for 
this type of application is the question of frequency sta-
bility. An automatic-frequency-control system, to hold 
the center frequency stable with high precision, is feasi-
ble for both magnetron or triode oscillators. A crystal 

3 E. M. Deloraine and E. Labin, "Pulse time modulation," Eke. 
Commun., vol. 22, n. 2, pp. 91-98; 1944. 
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frequency-control system with a series of multipliers to 
the final operating frequency, or more simply a master-
oscillator power-amplifier combination, are also feasible 
through the 1,000-Mc region. In the present case, how-
ever, a frequency-stabilizing system did not appear to 
contribute sufficiently to the initial experimental tests 
to justify the additional equipment and complication. 
Tests indicated that the inherent frequency instabil-

ity, drift, etc., of the rf oscillator, described above, under 
all the various operating conditions did not exceed 
±0.4 Mc; this is quite tolerable since the total rf band-
width is nearly 6 Mc. For any final equipment design of 
a multiplex broadcasting system, a frequency-stabilizing 
circuit could be readily incorporated. 
In a pulse-time system of modulation, a very impor-

tant consideration is the uniformity of the starting time 
of the individual oscillations each time the oscillator is 
pulsed. Experiments show that, even when the pulses 
are very accurately timed, there is likely to be a con-
siderable random variation of this factor. The reason 
for this is, apparently, the fact that a random-noise sig-
nal of a certain minimum amplitude is necessary to ini-
tiate the rf oscillations when the dc pulse is applied to 
the tube. This random variation in timing of the pulses 
is only a small portion of 1 microsecond (which repre-
sents full modulation), but produces a noise signal that 
may be only 30 db below the full-modulation signal. By 
optimum adjustment of the oscillator feedback circuit, 
it is possible to minimize this source of noise. A more 
practical solution is to couple to the transmitter oscil-
lator cavity the output of a small continuous-wave rf 
oscillator of a type normally used for receiver local os-
cillators. This auxiliary oscillator—called the catalyzer 
oscillator—provides sufficient signal level to insure a 
starting time of oscillations substantially independent 
of any random-noise variation. Experimentally, it was 
determined that the catalyzer oscillator frequency could 
deviate considerably from the pulsed-oscillator fre-
quency without appreciable change in performance. 
In addition to the above, the transmitter has the usual 

monitoring equipment, including an echo-box-type cav-
ity for checking frequency and a reflectometer-detector 
to monitor rf power output as well as the standing-wave 
ratio on the output transmission line to the antenna. An 
rf detector coupled to this transmission line plus a pulse-
time-modulation demodulator allows complete over-all 
monitoring of the programs on the eight separate chan-
nels. 

V. TRANSMITTING ANTENNA 

As in the majority of broadcast applications, the ra-
diated transmitter power must be omnidirectional in the 
horizontal plane to give uniform coverage within the 
broadcast service area. Also, in line with conventional 
practice, horizontal polarization was chosen. The basic 
radiator that provides omnidirectional horizontally 
polarized radiation is the horizontal loop antenna, used 
in a large number of applications in the very-high-fre-

quency range, including aerial navigation and FM broad 
casting. 
To reinforce the radiation in the horizontal plane and 

reduce wasteful high- and low-angle radiation, a ver-
tical stack of eight square loops (shown in Fig. 3) is 
used. This compresses the vertical radiation pattern to 
approximately 9° between the half-power points, and 
thus provides a power gain of approximately 8 com-
pared to a half-wave dipole. Larger gain than this is 
feasible, and for a final design, a stack of 16 or more 
loops may be used. 
The transmission-line problem is quite important in 

the 1,000-Mc region. Most reliable are standardi.zed 
solid-dielectric cables. However their power-handling 
capacity is limited, and the amount of attenuation, if 
long lengths are to be used, is quite substantial. Availa-
ble air-dielectric lines do not have these limitations, but 
have disadvantages of their own, namely: discontinui-
ties due to beads and connectors. Furthermore, gassing 1. 
or air-drying equipment is necessary to keep moisture 
out for operation over any period of time. Waveguides 
would perhaps be practical for a final installation, but 
were considered to be too bulky for an initial experi-
mental setup. In the present case, only 30 feet of line 
was necessary and RG-17/U solid-dielectric cable was 
used. The attenuation is less than 1.5 db, which is quite 
tolerable. Solid-dielectric cable is also used for the feed-
ers within the antenna array. The antenna and trans-
mission-line system has given satisfactory operation un-
der all weather conditions encountered during summer 
and winter. 

VI. RECEIVING EQUIPMENT 

The receiving equipment installation at Nutley con-
sisted of antenna cable, one master receiver, and several 
satellite receivers to reproduce simultaneously at least 
four of the eight broadcast channels. 

Since in a multiplex broadcasting system all pro-
grams originate from the same transmitting site, it is 
evident that a highly directive receiving antenna ori-
ented along the direction of propagation may be used. 
This means not only a great increase in the signal 
strength received, but also a substantial decrease in in-
terfering signals. In the ultra-high-frequency range, a 
great deal of directivity may be obtained quite econom-
ically. In the present case, a 4-foot dish with a simple 
dipole giving an antenna power gain of approximately 
50 was used. A more compact, though less directive, 
horn antenna was used for portable reception in field 
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Fig. 8—Block diagram of the pulse-time-rno lulation 
receiver. 

•1•01.,,111 

‘04.40:174 .•  j 



1949 Kandoian and Levine: Experimental 

tests with a station wagon. Solid-dielectric RG-8/U ca-
ble connects the antenna to the master receiver. 
An over-all block diagram of the complete receiver is 

shown in Fig. 8. The superheterodyne circuit uses a 
2C40 local oscillator and a 1N28 crystal mixer with if 
output at 30 Mc. No tuning of any rf circuit is nec-
essary for channel selection, because this is done en-
tirely at video frequencies. A schematic of the local os-
cillator and mixer circuit is shown in Fig. 9. No rf 
amplification is used since, at these frequencies, the 
crystal-mixer input circuit provides a somewhat bet-
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Fig. 9—Schematic diagram of the local oscillator and mixer unit for 
receiver. 

ter over-all receiver noise-figure performance than 
would a tube-amplifier input circuit. However, this is 
only true if the if input circuit is properly designed. Fig. 
10 shows a schematic of the if preamplifier, which fol-
lows the mixer. 

// 
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I' 

Fig. 10—Schematic circuit of the low-noise if preamplifier unit. 

The preamplifier circuit has a noise figure of 2.5 db— 
that is, the actual circuit noise is only 2.5 db greater 
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than the ideal limit. This is achieved by the use of tri-
ode tubes and unusual design of the input network, as 
well as the assembly and adjustment of the mixer and 
preamplifier in a single unit. 
Referring to Fig. 10, the output from a high-mutual-

conductance triode 6J6 used as a cathode-follower, 
passes to the grid of a 6AK5 through a matching net-
work that is equivalent to a step-up transformer. The 
degeneration of the cathode follower allows increased 
input impedance, and permits the use of a triode while 
still providing power gain. A conventional pentode stage 
follows, amplifying the signal sufficiently to override the 
noise of following stages, and a cathode follower pro-
vides a low-impedance output circuit. 
Since the total noise contributed by the tubes is con-

siderably less than the input thermal noise, the design 
of the input circuit becomes a major factor. If the input 
impedance is adjusted to match the source, the resist-
ance noise of the input circuit is added to the equal re-
sistance noise of the source, doubling the noise and lim-
iting the noise factor to not less than 3 db. For the cath-
ode-follower circuit used, optimum noise occurs with a 
mismatch of about 2:1 between mixer and preamplifier. 
Due to the wide bandwidth, unequal primary and 

secondary Q's, and large coefficient of coupling required, 
it was found convenient to replace the conventional in-
put transformer by a two-section tapered filter, analo-
gous to a tapered transmission line. This permitted the 
use of simple elements of inductance and capacitance, 
eliminating mutual inductance. Assembly of the mixer 
and preamplifier as a single unit eliminated the usual 
connecting cable; this was found highly desirable in view 
Of the mismatch required at this point. Loading resistors 
are, of course, undesirable because of their thermal noise, 
and the loading in this case is provided almost entirely 
by the mixer, the amplifier input having an unloaded Q 

of nearly 50. 
Since a cathode follower may oscillate where the sign 

of the cathode load (reactance) is similar to that of the 
grid-cathode reactance and opposite to that of the grid-
ground reactance, it was necessary to select configura-
tions for the input and output networks satisfying cer-
tain added requirements of reactance versus frequency. 
It was also found that an inductance approximately 
resonating the grid-cathode capacitance of the 6J6 above 
the center of the frequency band (32 Mc), improved per-
formance by its effect on the loading reflected from the 
cathode circuit. 
Fig. 11 shows the experimental local oscillator, mixer, 

and if preamplifier unit. 
Tile main if unit is stagger-tuned, having a gain of 

about 75 db. Each stage is fixed-tuned, the coil wound 
on the basis of an average tube capacitance. No trouble 
was found in alignment, and change in tubes had neg-
ligible effect on band-pass characteristics. The if 
pre-amplifier operates directly into a 50-ohm resis-
tor so that there is no mistuning of any input cir-
cuit. There is a manual gain control in the first stage 
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Fig. 11—Experimental local-oscillator, mixer, and 
if preamplifier unit. 

but this, once adjusted, is left untouched. The out-
put of the last stage operates into a plate detector 
for added gain and one stage of video-frequency limiting 
follows this. A dual cathode follower then supplies a 
train of pulses to the video-frequency demodulator, 
which has 70 ohms impedance. 
Although most of the main if unit is conventional, a 

great deal of care must be exercised in the design and 
operation of the limiters for best signal-to-noise ratio. 
Some form of automatic volume control must be used to 
insure that the if stages themsleves do not limit improp-

erly. Unlike FM (Fig. 12(a)), pulse-time-modulation re-
quires "one-sided" limiting as shown in Fig. 12(b). 
Therefore, good avc action must take place. If this were 
not true and an if stage began limiting, the output sig-
nal-to-noise might become worse than the incoming sig-
nal-to-noise. This is shown in Figs. 12(c) and 12(d). 

(a) 

(b) 

) 

TA 
(d) 

I ACCEPTED 
SIGNAL _ 

-}SIGNAL 

ACCEPTED 

(e)  (1)  (g) 
Fig. 12 —Schematic of proper if limiting in the 

pulse-time-modulation system. 

Fig. 12(c) shows what the signal may look like when 
applied to an amplifier that limits, and at Fig. 12(d). can 
be seen what appears at the output. Proper pulse-time-
modulation limiting can no longer take place, as the 
AM signal-io-noise ratio has been degraded. In this 
particular if design, the type of avc was simple but effec-
tive. The last 3 stages of the strip preceding the detector 
contain "peak-riding" circuits in the grid with suffi-
ciently long time constants so that no demodulation 
takes place. The plate detector is so biased as to remove 
noise on the base line. The negative output pulse is cou-
pled to a video-frequency clipper, with dc restoring of 
the base line, so that top clipping of the pulse results 
(Figs. 12(e), 12(f), and 12(g)). Now the signal-to-noise 
improvement ratio of K(ATs/Py) can properly take 
place.' ATs is the pulse deviation from midposition in 
microseconds, 17 is the time of pulse rise in microsec-
onds, and K is a constant that includes the noise crest 
factor and ratio of pulse repetition rate to af band used. 
The only noise remaining is that which has been trans-
lated into time modulation. These limited time-modu-
lated pulses are then passed to the video-frequency 
demodulator or to the satellite receivers. 
Two types of pulse demodulators are employed, one 

using conventional components and another type using 
a special single-channel Cyclophon. Both sets use the 
double marker for obtaining a synchronizing pulse to 
identify the desired channel. The marker is separated 
by the same process as that used in the modulator, 
namely, by applying the train of pulses to an open-cir-
cuited delay line. Beeause only the marker pulses are 1.3 
microseconds apart, the first pulse after traversing the 
delay line is superimposed on the second pulse, produc-
ing a combined pulse larger than all others.' This marker 
pulse is selected by amplitude from the train of channel 
pulses and performs two functions, channel separation 
and channel demodulation. 
In the first type of receiver, a delay line with taps in 

the same time relation as that used at the transmitter, is 
employed to isolate each desired channel. The separated 
marker pulse, as shown in Fig. 13, is widened, shaped, 
and transmitted along the delay line. This marker pulse 
is then applied to the control grid of a pentode biased to 
cutoff, while at the same time the entire series of pulses 
is applied to a second control grid. The 6AS6 is ideal for 
this purpose. The tube is keyed on at the appropriate 
time by the deblocking marker pulse, and the channel 
pulse is converted to amplitude modulation by "riding" 
the sloped top of the shaped marker pulse. Following 
this tube, a filter removes the pulse-frequency compo-
nents and only af passes on to the speech amplifier. This 
method of demodulation proved simple and reliable, re-
quiring no adjustments after the receiver was aligned 

4 B. Trevor, D. E. Dow, and W. D. Houghton ; "Pulse time divi-
sion radio relay," RCA Rev., vol. 7, pp. 561-575; December, 1946. 

1 D: D. Grieg, J. J. Glauber, and S. Moskowitz, "The Cyclophon: 
a multipurpose commutator tube," PROC. I.R.E., vol. 35, pp. 1251-
1257; November, 1947. 
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Fig. 13—Operation of marker as channel separator 
and demodulator. 

with the transmitter. The harmonic distortion at 400 
cps for the over-all system using this receiver was 2.5 
per cent. The signal-to-noise ratio at 100-per cent modu-
lation was 55 db. 
A second method of channel separation and demodu-

lation is unique in that it employs a single-channel Cy-
clophon. This tube, shown in Fig. 14, is comparable in 
size to the metal 6L6. Use of this tube eliminates a great 
many circuit components, including the delay line, and 
saves much time in receiver alignment. Although the 
effectiveness of the tube depends largely on stable op-
erating voltages, little trouble has been experienced. 
The method of operation is straightforward. A sawtooth 
wave, generated by the marker pulse in a single triode, 
is applied to the two deflecting plates of this cathode-

Fig. 14—Single-channel Cyclophon compared with a 
6L6 metal receiving tube. 

ray-type tube and sweeps the beam across a plate at the 
end of the tube. At the same time, all the channel pulses 
are applied to the control grid of the Cyclophon, and the 
beam is on only while a pulse is present. The beam is so 
focused and positioned for the selected channel that the 
spot striking the end plate is half on and half off for zero 

modulation position. For all other channels, the beam is 
entirely away from the plate and produces no output. 
The plate current, flowing through the output load re-
sistance, is proportional to the position of the beam as 
determined by the timing of the pulse.5 Hence, the out-
put amplitude is proportional to the time modulation of 
the keying pulse. Channel selection takes place by 
merely shifting the centering voltage on the deflecting 
plates of this tube. Fig. 15 illustrates this process. 
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Fig. 15—Cyc1ophon demodulation process. 
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VII. CONCLUSIONS 

The equipment described above was developed and 
operated for over a year, during which frequent tests 
and demonstrations were made to show its performance 
and versatility. From this experience the following con-
clusions are possible: 
A. Multiplex broadcasting appears feasible anywhere 

within the ultra-high-frequency spectrum. 
B. Over-all performance equivalent to or better than 

that required in standard broadcasting can be obtained 
at many locations. More comparative propagation data 
at ultra-high-frequencies are necessary before more pre-

cise conclusions can be drawn. 
C. The inherent advantages of high-efficiency and 

high-gain antenna systems at ultra-high frequencies can 
be easily and economically realized in this system. 
D. Because of the antenna gain, the transmitter size 

and power may be considerably reduced in comparison 
with equipment for lower frequencies. 
E. Multiplex broadcasting receivers are little, if any, 

more complicated than standard AM or FM receivers of 
comparable quality. However, for any widespread use of 
multiplex broadcasting, the economics of the receiver is 
the major problem to be faced. The possible use of an 
inexpensive multiplexing attachment for a standard AM 
or FM receiver should be considered carefully. 
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Pulse Modulation* 
E. M. DELORAINEt, FELLOW, IRE 

Summary—The broad significance of pulse modulation is dealt 
with from its original concept through the various methods of attain-
ing it. Its application to time-division multichannel systems is con-
sidered. More recent developments in pulse-count-modulation sys-
tems, and also potential applications to switching problems, are de-
scribed. 

1. THE ORIGIN OF PULSE MODULATION 

-1 HE CLASSICAL CONCEPT of transmission of 
speech by electrical means involves converting 
the sound vibrations into currents, one char-

acteristic of which, amplitude or phase, is made to vary 
according to the sound intensity as a continuous curve 
versus time and an inverse operation at the receiving 
end. In the last few years, however, other methods have 
been used, in which the transmission of any speech 
channel occupies but a fraction of the time, the informa-
tion being transmitted by samples or current .pulses 
recurring at a suitable rate. These methods are known 
under the general name of "pulse modulation." 
The early publications on pulse modulation are found 

mostly in the form of patents.' A review of these indi-
cates that up to 1935 the thinking of the authors was 
very often in terms of improving the power efficiency of 
the transmission system, either at the transmitter or in 
the link. 
Since 1935, however, more and more consideration 

has been given to pulse modulation as a method of 
multiplexing a number of telephone channels. 
The accepted technique in multichannelling has been 

to take each individual telephone frequency band and 
translate it to successive positions in the spectrum of 
frequencies by means of modulators and filters, trans-
mit this information on a single path, and perform the 
inverse operation at the other end of the link. The band-
width utilized on the link increases, of course, in direct 
proportion to the number of channels. A typical layout 

* Decimal classification: 1(148.6. Original manuscript received 
by the Institute, September 27, 1948. Presented, 1948 IRE National 
Convention, New York, N. Y., March 24, 1948. 
t International Telephone and Telegraph Corp., New York, N. Y. 
' Among such patents can be cited: 

Name United States 
Patent Number Filing Date 

R. A. Heising 
R. D. Kell 
K. Posthumus and C. G. A. 
VonLindern 

A. M. Nilcolson 
R. M. Ranger 
A. S. Riggs 
R. E. Shelby 
D. G. C. Luck 
G. Bozzi (Italian Patent) 

1,655,543 
2,061,734 

2,161,087 
2,021,743 
1,873,786 
2,048,081 
2,171,150 
2,113,214 
348,656 

April 18, 1924 
September 29, 1934 

December 17, 1935 
June 13, 1930 
September 29, 1928 
April 29, 1933 
September 14, 1936 
October 29, 1936 
February 8, 1937 

of a multichannel transmission system by frequency 
division is shown in Fig. 1. 
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Fig. 1—Typical layout of a multiplex transmission system 
by frequency division. 

The technical literature on these subjects at this time 
is very abundant. These elements have reached a high 
degree of perfection and practicability. 
Terminal equipments were thus realized which were 

capable of reproducing the speech in any individual 
channel with high fidelity. The other parts of the trans-
mission system had to be improved accordingly, and 
rather severe requirements had to be placed on them 
as to limitation of nonlinear distortion to avoid cross-
talk between channels, stability of characteristics, and 
noise level. 

While fully acknowledging the remarkable success of 
the frequency-division transmission system, Reeves 
and others' took an interest in 1936 and the following 
years in the possible merits of multichannel systems 
based on the concept of time distribution, translating 
into the telephone art some of the well-established prac-
tices of multichannel telegraphy. The attractive feature 
of the idea was that such methods might prove espe-
cially useful where it is difficult or expensive to at-
tain the quality of characteristics required for reliable 
multichannel transmission on a frequency-division basis. 

2. APPLICATION OF PULSE MODULATION TO 
TIME MULTIPLEXING 

The basis of pulse-modulation time multiplexing is 
the fact that it is not necessary to transmit the complex 
wave form of a speech wave in its entirety. It is sufficient 
to take successive "samples" of the amplitude in the 
channel at separate time intervals and transmit this in-

' E. M. Deloraine and A. H. Reeves, United States Patent num-
ber 2,262,838, filed, November 8, 1938. 
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formation as a series of pulses carrying the information, 
as indicated in Fig. 2. If the number of samples per 

"NC 

I 
'mot 

it 
Fig. 2—Sampling of speech. 

second exceeds twice the highest frequency to be trans-
mitted in the voice band, the telephone channel can be 
correctly reproduced at the distant end. 
The bandwidth required in the transmission medium 

through which the pulses are propagated depends on 
the shape of these sampling pulses, and the method 
adopted for carrying the information on pulses. 
A number of incoming telephone channels can be 

sampled at time intervals that are displaced in the 
time scale just enough to avoid the superposition in 
time of any two pulses. The successive samples of tele-
phone channel number 1 will be followed by the succes-
sive samples of telephone channel number 2 and so on 
until the whole time interval between two samples of 
channel number 1 is completely filled, as shown in Fig. 3. 
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Fig. 3—Pulse-time multiplexing. 

It is clear, in consequence, that the number of chan-
nels that can be transmitted over a single link in-
creases as the individual samples are made shorter. If 
the time is used in the most efficient manner, the band-
width required for the transmission of n channels is 
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close to n times the bandwidth of an individual channel, 
as is the case for multichannel systems utilizing fre-
quency division. 

3. METHoDs OF PULSE MODULATION 

Pulse-Amplitude Modulation 

The samples of speech amplitude can be transmitted 
as such. This is pulse-amplitude modulation. This 
method is efficient in utilization of bandwidth. The re-
quirements on the link for nonlinear distortion are, 
however, less stringent than for the frequency-division 
method, since, at a given time, one channel only is 
present and crosstalk cannot be introduced in this man-
ner, though it can reappear in a different manner if the 
pulses are lengthened by the transmission link so as to 
overlap each other to a certain extent. The requirements 
as to link stability and low noise are not changed mate-
rially. 
It is the consideration of signal-to-noise-ratio im-

provement, particularly for radio links, that drew at-
tention to other possible methods of pulse modulation. 

Pulse- Width Modulation 

One of the first methods to be considered was pulse-
width modulation, which inherently requires more band-
width than pulse amplitude modulation, but provides a 
means to trade that increase in bandwidth for an im-
provement in the signal-to-noise ratio. Pulse-width 
modulation is not, however, economical or efficient in 
power insofar as the significant information is, in fact, 
the timing of the beginning and the end of individual 
pulses, and this led to the next method. 

Pulse-Time Modulation 

It was suggested that pulses of constant amplitude, 
form, and duration should be used, these pulses being 
displaced in time from a uniform spacing to an extent 
corresponding to the amplitude of the sample. This is 
more efficient than transmitting the beginning and end 
of pulses modulated in width, since the amplitude is 
translated in time displacement of one pulse, from a 
reference position which, however, is not transmitted 
except as a marker for all channels. This is usually 
referred to as pulse-position or pulse-time modulation.' 
As compared to pulse-amplitude modulation, the num-
ber of channels that can be transmitted over a given 
bandwidth is reduced. If we assume, for instance, that 
the individual pulse is time-modulated only to the ex-
tent of its own duration, the number of channels is 
divided by two. But a major advantage is that the link 
need not have linear amplitude characteristics. The re-
peaters operate as triggers, with the requirement, how-
ever, that they must trigger accurately in time. The 
possible variations of level in the link are compensated 

A. H. Reeves, French Patent 833,929, filed, June 18, 1937; and 
addition 49,159, filed, July 5, 1937; and United States Patent number 
2,266,401, filed, June 9, 1938. 



704  PROCEEDINGS OF THE I.R.E.- -Waves and Electrons Section June 

by the trigger action, since the output level of the re-
peaters is independent of the input level between wide 
limits. This method provides a means to trade band-
width for a signal-to-noise ratio comparable with that 
obtained with frequency modulation. Noise is intro-
duced in the system to the extent only that it will 
change the timing of the pulse, so that the influence of a 
given noise amplitude in the link decreases as the pulses 
become sharper and also as the time displacement due to 
modulation is increased. This method of improving the 
signal-to-noise ratio has been found desirable in ap-
plications to radio links, though it is paid for by a reduc-
tion in the number of channels for a given transmission 
bandwidth. 

4. PULSED FREQUENCY MODULATION 

Another pulse-modulation method for radio links in 
which the pulses remain constant in time position, as 
well as in amplitude and duration can be designated as 
pulsed frequency modulation. 
The information is transmitted by means of a change 

in the carrier frequency of each individual pulse, which 
is made to vary proportionally to the amplitude sample 
at the corresponding time. The frequency modulation 
brings in a signal-to-noise improvement, which involves 
additional requirements in bandwidth. The utilization 
of the total bandwidth improves, however, as the num-
ber of channels is increased, because the additional band 
required for frequency modulation and a given signal-
to-noise improvement becomes a smaller fraction of the 
bandwidth required for the correct transmission of the 
pulse shape. 

5. PULSE-COUNT (OR CODE) MODULATION 

The assimilation of telephone transmission to tele-
graph transmission becomes still closer in a method sug-
gested by Reeves.* Not only is the speech curve sam-
pled, but the amplitude samples are submitted to two 
successive transformations: quantization, and counting 
or coding. 
By quantization is meant the process by which the 

amplitude sample is not sent with its exact value but is 
approximated to one of a finite number of discrete levels, 
as shown in Fig. 4. It is clear that, when such a series of 
quantized pulses is sent into a low-pass filter cutting off 
at the maximum speech frequency which it is thought 
proper to reproduce, the result will show some distortion 
due to the effect of the difference between the quantized 
and exact amplitude samples. This distortion obviously 
will decrease when the number of quanta is increased 
for any given maximum amplitude. 
At the receiving end, a method which discriminates 

against amplitudes that do not correspond to a quanta 
is used. This is capable of eliminating forms of speech 

' A. H. Reeves, French Patent number 852,183, filed, October 3, 
1938; and United States Patent number 2,272,070, filed, November 
22, 1939. 
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Fig. 4 -Quantization of sampled speech amplitudes. 

impairment introduced in the transmission systems, if 
they can be distinguished from the quanta. 
While the advantages of speech quantization do not 

necessarily apply only to pulse modulation, it is of inter-
est to combine the two processes. However, a third step 
can be taken with advantage. 
Instead of transmitting the series of quantized ampli-

tudes directly over the line or through space, a third 
transformation is performed, which is counting or cod-
ing. The information, that it is really necessary to com-
municate is the number of quanta present in any par-
ticular amplitude sample; this can be achieved by the 
transmission of a group of pulses, n for instance, each 
one having s possible characteristics. The total number 
of distinguishable levels will be q=sn, and such a mech-
anism will thus allow the counting of q different levels. 
Thus, a group of five pulses of the on-or-off type can be 
used to count 2=32 quantized levels in a manner sim-
ilar to what is done in teleprinter signal transmission. 
In this instance, where s = 2, the system is a binary 
one. Other values for s can obviously be utilized, and 
ternary systems, for instance, have been considered par-
ticularly for wire transmission. 

The fundamental advantage of binary or ternary sys-
tems is that the demodulation process consists in merely 
acknowledging the presence or absence of a pulse of a 
definite type at a definite time position. In the case of 
the binary code, the number of errors will fall to an 
insignificant value provided the pulse amplitude re-
mains sufficiently larger than the noise rms amplitude. 
For instance, for a binary code and pure random noise 
a ratio of 18 db in rms signal-to-noise ratio will be 
sufficient to provide a signal-to-noise ratio in the order of 
70 db after demodulation. 

Because of the fact that noise in the demodulated sig-
nal originates in the random distribution of noise bursts 
above its rms value, the signal-to-noise improvement 
follows a very different law from that which it does in 
pulse-time modulation or frequency modulation. 
In all cases, the relation between demodulated and 

input signal-to-noise ratios can be determined theoreti-
cally with a sufficient simplicity in the case when the 
signal amplitude is noticeably larger than the noise rms 
value. Above that threshold, the two ratios vary in 
direct proportion for pulse-time modulation and fre-
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quency modulation. For pulse-count modulation, how-
ever, the proportionality holds between input signal-to-
noise in power ratio and demodulated signal-to-noise 
ratio in db.6 Thus, lowering the input power ratio by 
3 db brings the output ratio down to 35 db, and increas-
ing it by 3 db brings the output ratio up to 140 db. 
The effect of noise in the latter case thus becomes en-

tirely negligible. This advantage is paid for by the dis-
tortion that quantization brings in and the additional 
bandwidth that the counting process necessitates. If 
f is the maximum frequency that it is proposed to 
transmit by voice channel, and n is the number of pulses 
per group, then the bandwidth per channel should be 
somewhat larger than n times f. 

6. TIME VERSUS FREQUENCY TRANSLATION 
MULTIPLEXING 

The technique of modern telecommunication equip-
ments shows a definite trend toward systems that per-
mit of multiplexing a great number of telephone chan-
nels. These channels in turn can be used for telegraph 
or facsimile communication. Time multiplexing by 
means of pulse modulation is a solution that presents 
some interesting features. 
One common advantage belonging to all pulse meth-

ods is the comparative ease with which any particular 
channel can be dropped and reinserted at any repeating 
point. This necessitates a complicated and formidable 
array of modulating and filtering apparatus when fre-
quency division is utilized. However, in pulse transmis-
sion this may be accomplished simply by gating out 
every nth pulse or group of pulses following the marker 
signal. Each channel keeps its individuality throughout 
the link, whereas in frequency-division technique, the 
economic considerations lead to a definite grouping of 
! the channels. 

Pulse transmission eases up the requirement for 
I linearity in repeater equipments. This advantage is less 
i marked on cables where very linear amplifiers are avail-
able and where propagation characteristics can be kept 
r nearly constant and large signal-to-noise ratios main-
1 tamed even for transmission through a great number of 
1 repeaters. It is definitely favorable for radio transmis-
sion where such conditions are not encountered. In this 

i respect, pulse-count modulation would seem to be spe-
cially advantageous, since regenerative relays can be 

t used in this case, reshaping the pulses at any repeating 
i point. A very small signal increase is sufficient to provide 
1 for the required signal-to-noise ratio at the end of the 
1 chain. 

The more general aspect of the integration of radio-
relay links into networks needs also to be considered. t, Should microwave radio demonstrate its ability to 
carry a large vGlume of intercity communications eco-
nomically, then those transmission methods that are 

• 1
'A. G. Clavier, P. F. Painter, and W. Dite, "Signal-to-noise-ratio improvement in a PCM system," PROC. I.R.E., vol. 37, pp. 355-359; 

April, 1949. 
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best adapted to radio might be extended to certain other 
parts of the network if justified. 

7. SWITCHING ' 

One interesting feature of pulse transmission in this 
respect is the possibility of switching channels. A num-
ber n of incoming telephone channels, after going 
through a simultaneous time-sampling operation, can be 
multiplexed in any desired time sequence by the inser-
tion of suitable delays in the individual channels. Time 
scanning of the group could connect the individual in-
coming channels on outgoing terminals in an order de-
termined by the value of the individual channel delay. 
By changing the value of the time delay introduced in 
the individual channels, the channel could be effectively 
switched between incoming and outgoing terminals in 
any desired manner. A typical example of switching by 
time displacement is shown in Fig. 5. 
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Fig. 5—A typical example of switching by time displacement. 

If a multiplex pulse-transmission system is utilized, 
the switching operation also can be performed, but the 
individual pulse channels must first be isolated by a gat-
ing operation and passed through individual delay lines, 
and then reinserted in the multiplex system. At the re-
ceiving end, these channels would appear in an order 
that is determined by the value of the delays inserted. 
The delays, which determine interconnection of chan-

nels between the ends of the system, may be actual time 
delays or the equivalent. It is possible to conceive that 
the delay may be introduced by counting units of time 
after the arrival of the incoming channel pulses. Such a 
counting operation can be performed by gas tubes de-
signed for the purpose, the units of time being supplied 
by a common control element. 
Many other methods to attain the same results in this 

comparatively new field of switching pulse-modulated 
channels can be visualized, but it is very difficult, at the 
present time, to evaluate their relative merits. 
Pulse, being of the nature of telegraph technique, ob-

viously offers possibilities in the telegraph field; and as 
switching, as described above, is effected by means 
which are essentially of a telegraph nature, it can play 
its part too. 
If the use of the imagination is allowed, rather than 

established technical and economic facts, it is possible 
to visualize methods of transmission and switching us-
ing pulse modulation, which may permit a useful com-
bination of these two fields which have so far been sepa-
rate, with an ultimate gain in the complete network. 
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ACOUSTICS AND AUDIO FREQUENCIES 

534  1251 
Sound —E. G. Richardson. (Rep. Progr. 

Phys., vol. 9, pp. 228-253; 1942-1943. Bibliog-
raphy, pp. 253-255.) A general discussion, 
covering propagation in free media, ultrasonics, 
vibrating systems, acoustic impedance and 
properties of materials, speech and hearing, etc. 

534  1252 
Sound —E. G.  Richardson. (Rep. Progr. 

Phys., vol. 10, pp. 120-128; 1944-1945.) Dis-
cussion of auditorium acoustics, metallurgical 
applications of ultrasonics, musical scales, and 
tuning. See also 1251 above. 

534  1253 
Some Recent Developments in Applied 

Acoustics —R. G. Bolt and L. L. Beranek. 
(Atli del Congresso iniernazionale della Radio 
(Rome), pp. 225-251; September and October, 
1947. In English.) Adequate progress has al-
ready been made with the understanding of (a) 
the basic principles of many electrodcoustic in-
struments, (b) speech and hearing, though 
many physiological and psychological phe-
nomena are still unexplained, and (c) the con-
trol of sound by porous absorptive materials. 
Further work is needed on (a) the transient re-
sponse  of  loudspeakers  and  complicated 
coupled systems, (b) the study of all kinds of 
distortion, and (c) the design of studios for 
music. 

534.0018  1254 
Generation of Sonic and Ultrasonic Waves 

In Liquids for Industrial Purposes -Janovsky 
and Pohlman. (See 1442.) 

534.321.9:621.391.63  1255 
On the Modulation of Light at Radio Fre-

quencies by means of Ultrasonic Waves —A. 
Giacomini. (Aui del Congresso internazionale 

, della Radio (Rome), pp. 302-311; September 
and October, 1947. In Italian.) See also 1847 of 
1948. 
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stracts and References, covering those published 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. 

534.44  1256 
Electrical Methods of Sound Analysis—H. 

Koschel. (Fernmeldelech. Z., vol. 1, pp. 237-
244; December, 1948.) An outline of the follow-
ing methods: (a) Fourier analysis of oscillo-
grams, (b) use of octave band-filters with oscil-
lograph, (c) sonic-frequency spectrometer with 
27 filters in parallel, each covering  octave, 
(d) search-tone analysis, (e) analysis by means 
of an acoustic diffraction grating, (f) analysis 
with an optical raster, and (g) visible-speech 
methods. 

534.6  1257 
The Double Crystal Acoustic Interferom-

eter —NV. J. Fry. (Jour. Acous. Soc. Amer., 
vol  21, pp. 17-28; January, 1949.) A one-
dimensional theory of operation is discussed. 
This is sufficiently general to include both reso-
nance and off-resonance operation, and any 
amount of acoustic loading of the crystals. 

534.6:621.396.611.21  1258 
Low-Loss  Crystal  Systems —Fry.  (See 

1326.) 

534.756  1259 
Hearing: Part 1—The Cochlea as a Fre-

quency Analyzer —T. Gold and R. J. Pum-
phrey. 'Proc. Roy. Soc. B, vol. 135, pp. 462-
491; December 14, 1948.) Possible methods of 
sensory appreciation of sounds are briefly sur-
veyed. Information must, in general, be lost 
unless peripheral frequency analysis occurs 
under certain conditions which include propor-
tionality between the frequency and the selec-
tivity of the resonant elements. Experimental 
evidence is submitted which shows that this 
selectivity is very much higher than has been 
supposed and is roughly proportional to fre-
quency, and that only the Helmholtz resonance 
theory, suitably interpreted, is consistent with 
observation. Evidence of high cochlear damp-
ing is criticized. The ear appears to be a perfect 
frequency analyzer up to 1 kc; at higher fre-
quencies, it is imperfect because of the limited 
number of resonant elements and nerve cells 
available. Part 2: 1260 below. 

534.756  1260 
Hearing: Part 2—The Physical Basis of the 

Action of the Cochlea —T. Gold. (Proc. Roy. 
Soc. B, vol. 135, pp. 492-498; December 14, 
1948.) An attempt is made to explain observed 
results theoretically. The values of Q for a 
string immersed in water (to simulate the 
basilar membrane immersed in its liquid) are 
much lower than those obtained for the human 
ear. For this reason, the hypothesis that the 
cochlea behaves like a regenerative radio re-
ceiver Is proposed. Part 1: 1259 above. 

534.78  1261 
Speech Communication under Conditions 

of Deafness or Loud Noise —W. G. Radley 
(Jour. 1EE (London), part I, vol. 95, pp. 544-
545; December, 1948.) Discussion on 2690 of 
1948. 

534.78  1262 
Statistical Measurements of Vocal Intensity 

—G. Sacerdote. (Atli del Congresso interna-
zionak della Radio (Rome), pp. 389-401; Sep-
tember and October, 1947. In Italian.) 

534.782  1263 
On a Model of an Artificial Voice for Elec-

troacoustic Technique —P. Chavasse. (Aiti del 
Congress° inlernazionale della Radio (Rome), 
pp. 273-279; September and October, 1947. In 
French.) A sound source whose intensity is 
nearly uniform with frequency is provided by 
an emf from a neon tube suitably polarized, 
associated with an amplifier and a loudspeaker. 
Any desired quality of voice can be obtained by 
adding a system of filters. 

534.844/.845  1264 
The Absorption Coefficient of Resonators— 

G. G. Sacerdote. (Alta Frequenza, vol. 17, pp. 
217-219; October, 1948. In Italian, with Eng-
lish, French, and German summaries.) Curves 
show the reverberation times as a function of 
frequency for a room (a) without and (b) with a 
cellular lining consisting of tubular resonators. 
From these curves, the absorption coefficient of 
a partition formed of the resonators is derived 
for the frequency range 300 to 2,000 cps. 

534.844.1  1265 
The Practical Determination of the Rever-

beration Time of a Room with the Cathode-
Ray Osciliograph —A. Moles. (Radio Franc., 
pp. 4-8; February, 1949.) Reverberation curves 
can be photographed directly on slowly moving 
film (4 to 10 cm per second) without using the 
cro timebase, or on a stationary film, in which 
case, the necessary slow sweep is obtained by 
means of a rotary potentiometer of about 
5,00014 which is shunted across a 150-volt 
source and supplies a variable voltage to the 
deflecting plates. The potentiometer is driven 
by a small motor of the type used for car wind-
screen wipers. Typical oscillograms thus ob-
tained are given and the method of calculating 
the reverberation time, taking account of oscil-
logram irregularities, is explained in detail with 
numerical examples. 

534.86  1266 
Listeners' Sound-Level Preferences —T. 

Somerville and S. F. Brownlee& (BBC Quart., 
vol. 3, pp. 245-250; January, 1949.) A sound. 
level meter incorporates a weighting network 
which simulates the response of the ear. Mem-
bers of the public of varying ages, BBC engi-
neers and musicians were tested with this de-
vice; results obtained are shown graphically. 
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The preferred maximum sound level of the four 
types of program chosen for the tests appears 
to decrease as the age of the listener increases. 

534.861:621.396.621  1267 
The Acoustics of Broadcasting Receivers- - 

V. A. Govyadinov. (Radiotekhnika (Moscow), 
vol. 3, pp. 88-95; November and December, 
1948. In Russian.) 

621.395.61  1268 
A New Moving-Coll Microphone —H. J. 

Griese. (Fernmeldetech. Z., vol. 1, pp. 227-232; 
December, 1948.) Details of an instrument with 
a sensibly flat characteristic, up to 6 kc for 
sound incident normally on the diaphragm and 
up to 10 kc for lateral incidence. The directional 
diagram is spherical up to about 1,500 cps; for 
higher frequencies, it is slightly pear-sahped. 
Sensitivity is good and nonlinear distortion low. 

621.395.61/.62 : 621.315.612  1269 
Application of Activated Ceramics to Trans-

ducers —H. W. Koren. (Jour. Acous. Sot 
Amer., vol. 21, p. 62; January, 1949.) Summary 
of Acoustical Society of America paper. Tita-
nate ceramics can be made to have piezoelec-
tric properties suitable for application to trans-
ducers if (a) the Curie point is well above the 
working temperature, (b)  the material is 
polarized by means of an external voltage 
source within certain limits of potential gradi-
ent and time duration. Multilayer strips have 
been developed to provide the low mechanical 
impedance required in phonograph pickups, 
microphones, etc. 

621.395.625.6  1270 
Volume Compressors for Sound Recording 

— W. K. Grimwood. (Jour. Soc. Mot. Pic. 
Eng., vol. 52, pp. 49-76; January, 1949.) Dis-
cussion of the desirability of volume compres-
sion, compressor characteristics, classification, 
performance measurement, and the relative 
merits of various types. 

621.395.667  1271 
On Lower- and Upper-Register RC Equal-

izers  for  Audio  Frequencies— W.  Daudt. 
(Funk and Ton, vol. 3, pp. 33-42 and 86-92; 
January and February, 1949.) A general treat-
ment, with design formulas and curves, and de-
tailed discussion of three particular cases. A 
design is given for a resistance amplifier with 
correction at both ends of the af range. 

621.395.667  1272 
Simple Tone Control Circuit—E. J. James. 

(Wireless World, vol. 55, pp. 48-50; February, 
1949.) Adequate reduction or increase of bass 
or treble is obtained for normal requirements. 
Only resistors and capacitors are required. The 
complete circuit diagram for including the con-
trol in an amplifier is given. 

ANTENNAS AND TRANS MISSION LINES 

621.3.091:621.315.2  1273 
Attenuation in Air-Space Cables for Centi-

metre Waves— H. J. Wegener and 0. Zinke. 
(Frequenz, vol. 2, pp. 203-207; August, 1948.) 
Diagrams show directly the reduction of at-
tenuation, compared with that of a coaxial 
cable for TM and TE waves, a function of fre-
quency and cable diameter. From other dia-
grams, the optimum diameter for a given value 
of attenuation can be found for any wave-
length in the range 1 to 15 cm. For wave-
lengths of 2.5, 5, 7.5, and 10 cm, the dependence 
of attenuation on cable diameter is shown for 
all types of air-space cables. For wavelengths 
<2.5 cm the attenuation for Ha waves is less 
than for Hui waves. 

621.315.012:518.3  1274 
R. F. Transmission Line Nomographs— P. 

H. Smith. (Elecironics, vol. 22, pp. 112-117; 
February, 1949.) 10 abacs for calculating char-
acteristic impedance, high-frequency resistance, 
current-phase relationship, voltage gradient, 
SWR, etc. 

621.315.2+621.394/.395 
French  Telecommunication 

Mailley; Gastebols. (See 1492.) 

621.315.2+621.394/.395166  1276 
Construction of Cables and Loading Coils 

R. Belus. (Cables and Trans. (Paris), vol. 3, pp 
31-47; January, 1949. With English summary.) 
Developments in technique from 1924 to 1949. 

1275 
Networks 

621.315.2  1277 
The Laying of Long-Distance Cables —M. 

Trouble. (Cables and Trans. (Paris), vol. 3, pp. 
48-65; January, 1949. With English summary.) 
Historical review of French methods. 

621.315.212:621.392.5  1278 
Coaxial Cable with High Characteristic Im-

pedance —J. A. Hodelin. (Radio Franc., no. 2, 
pp. 23-24; February, 1949.) A formula is de-
rived for the impedance of a cable with a helix 
of small diameter for the central conductor. 
Calculated and measured values of impedance 
for such delay lines are in good agreement. See 
also 2009 of 1947 (Zimmermann). 

621.315.212:621.397.5  1279 
The London-Birmingham Television Cable: 

Part  1—General  System  and  Electrical 
Requirements —H. Stanesby and W. K. Wes-
ton. (P.O. Elec. Eng. Jour., vol. 41, part 4, pp. 
183-188; January, 1949.) The cable has two 
0.975-inch and four 0.375-inch coaxial tubes It 
is designed to transmit very-high-definition or 
color television, 405-line television and broad-
band telephony simultaneously. The large 
tubes may ultimately transmit frequencies up 
to 30 Mc or more with repeaters at 3 mile inter-
vals. 

621.392.2  1280 
Study of Reflections in Transmission Lines 

at U.H.P. —M. Bouix. (Onde Elec., vol. 29, pp. 
35-43; January, 1949.) The reflections caused 
by one, and next by two obstacles in the line are 
considered; an obstacle of a given length is 
equivalent to a unique concentrated obstacle. 
The case of many obstacles is then examined. 
In practice, the frequency is only known ap-
proximately, and, even in the case of magne-
tron oscillations, the frequency may jump or 
split into two. These differences from the nomi-
nal frequency produce phase variations of the 
waves reflected by obstacles, thus causing 
variations of the amount of the stationary 
waves. Assuming such phase variations to be 
distributed at random, the probability of good 
matching being obtained is considered. A prac-
tical matching method is described. 

621.392.2  1281 
Propagation  of  Plane  Electromagnetic 

Waves in a Multi-Layer Medium of Periodic 
Structure —M. L. Levin. (Zh. Tekh. Fiz., vol. 
18, pp. 1399-1404; November, 1948. In Rus-
sian.) The effect of equidistant dielectric 
spacers on the propagation of electromagnetic 
waves in cables and waveguides is usually con-
sidered in terms of the coefficient of reflection 
from a single spacer. This procedure is unsatis-
factory since the equidistant spacers form a 
periodic structure causing dispersion of the sig-
nal and attenuating certain frequency bands. 
Accordingly, a dispersion equation (11) is de-
rived, and analyzed in detail for the cases where 
the wavelength is (a) long, and (b) short in com-
parison with the distance between the spacers. 
Methods for determining the frequency bands 
attenuated are also indicated. 

621.392.21  1282 
Simplified Procedure for Computing Be-

havior of Multiconductor Lossless Transmis-
sion Lines —S. Frankel. (Elec. Commun. (Lon-
don), vol. 25, pp. 286-290; September, 1948.) 
Summary noted in 2443 of 1948. The wave 
equation for any lossless system of parallel con-
ductors is derived in terms of the characteristic 
impedance or admittance coefficients obtained 
directly from the partial capacitances of pairs 

of the conductors. Illustrative examples are dis-
cussed. 

621.392.26t  1283 
Theory of Symmetrical Waves in a Circular 

Waveguide with an Open End —L. A. Wein-
stein. (Zh. Tekh. Fsz., vol. 18, pp. 1543-1564; 
December, 1948. In Russian.) A mathematical 
analysis of the propagation of symmetrical elec-
tric and magnetic waves in a circular wave-
guide toward the open end. An integral equa-
tion (7) determining the current density in the 
wall of the waveguide is derived and methods 
for its solution are proposed. Coefficients of re-
flection of the waves from the open end are 
calculated and also the coefficients of transfor-
mation of the waves into waves of different 
modes. Huyghens' principle for calculating the 
diffraction field is discussed; formulas and 
graphs for determining the radiation field of the 
waveguide are derived. Approximate formulas 
of adequate accuracy involving simple calcula-
tions are also given. 

621.392.26t  1284 
A Note on Reflection from Dielectric Struc-

tures in Wave Guide —J. Shuoys. (Jour. A ppl. 
l'hys., vol. 19, p. 797; August, 1948.) A method 
of representing the effect of an obstacle in a 
waveguide by the equivalent capacitive loading 
on a transmission line, valid for obstacles of 
small cross section 

621.392.26t  1285 
The Calculation of the Critical Frequency of 

Waveguides with II or H Cross-Section. —L. N. 
Deryugin. (Radiotekhnika (Moscow), vol. 3, 
pp. 49-61; November and December, 1948. In 
Russian.) General formulas are derived linking 
the critical frequency of the Hu) wave with the 
cross-sectional dimensions of the waveguide. 
From these formulas, graphs are obtained for 
use in design work. Some limiting chses are 
considered separately. 

621.392.26t  1286 
• The Theory of Disk-Loaded Wave Guides 
— W. W. Hansen. (Atli del Congresso interna-
zionale della Radio (Rome), pp. 111-132; Sep-
tember and October, 1947. In English.) The 
phase velocity in a circular waveguide can be 
reduced to any desired value by introducing 
equally spaced baffles or disks. The group 
velocity can also be controlled, and the struc-
ture may be regarded as a band-pass filter. The 
characteristics of such structures are evaluated 
by various methods and shown graphically. 

621.392.26t :621.3.09  1287 
Theory of the Propagation of an E. M. Field 

along a Dielectric Waveguide of Circular Cross-
Section —M. Abele. (Aid del Congresso inter-
nazionale della Radio (Rome), pp. 3-13; Sep-
tember and October, 1947. In Italian.) If the 
waveguide is lossless, two distinct types of 
electromagnetic modescan beset up in which the 
longitudinal components El, Ho of the electric 
and magnetic field are both present, except in 
the case of waves of order zero. For all other 
orders, there is a fundamental mode which can 
he propagated longitudinally whatever the 
frequency. All other modes possess a cut-off fre-
quency, below which only transverse propaga-
tion Is possible. 

If the conductivity is small compared to the 
Product of the frequency and the permittivity 
of the dielectric, the attenuation tends, for 
increasing frequency, to a limit independent of 
the mode and of the diameter of the wave-
guide. 

621.392.261. :621.3.09  1288 
Rectangular  Waveguides  with  Several 

Dielectrics —M. Abele and C. M. Garelli. (Atti 
del Congresso internazien ale della Radio (Rome). 
pp. 14-29; September and October, 1947. In 
Italian.) The case of two dielectrics is here con-
sidered. Results can easily be extended to the 
general case, provided there is symmetry about 
a central plane. In a metallic waveguide, dielec-
trics can be chosen to obtain any desired field 
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configuration and in particular a plane wave 
within a given region. Transformers and filters 
can be constructed in this way. The radiation 
diagram of a waveguide open at one end can be 
much altered by the use of dielectrics, and di-
rectivity can be greatly increased. 

621.392.26f :621.317.3353t  1289 
Universal  Curves  for  Dielectric-Filled 

Wave Guides and Microwave Dielectric Meas-
urement Methods for Liquids —Surber. (See 
1433.) 

621.392.26t:621.392.52  1290 
Maximally-Flat  Filters in Waveguide — 

Mumford. (See 1320.) 

621.396.67  1291 
Microwave Beam-Shaping Antennas —L. 

J. Chu. (Atli del Congresso internazionale della 
Radio (Rome), Pp. 52-64; September and Oc-
tober, 1947. In English.) Optical ray principles 
are applied to line sources with cylindrical re-
flectors, line sources with lenses, and point 
sources with double-curvature reflectors to pro-
duce radiation diagrams of any desired shape. 
The cosecant diagram is especially considered. 

621.396.67:538.56.029.8  1292 
Microwave Optics Between Parallel Con-

ducting Sheets —H. B. DeVore and H. lams. 
(RCA Rev, vol. 9, pp. 721-732; December, 
1948.) Discussion of various microwave sys-
tems which focus in one plane only. These 
range from simple lens-like elements to more 
elaborate systems involving dielectric elements. 
They produce a fan-shaped beam of radiation 
which may be converted to a pencil beam by 
using cylindrical reflectors or lenses to focus in 
the perpendicular direction. A method of scan-
ning in this direction is described. 

621.396.67:621.396.93  1293 
An Investigation of Resonances and Asym-

metry in the Adcock Aerial Systems —A. Z. 
Fradin and V. A. Khatskelevich. (Radiotekh-
nika (Moscow), vol. 3, pp. 6-28; Novembn and 
December,  1948.  In Russsian.) A rigorous 
analysis is given of the resonance phenomena 
taking place in the H-type Adcock system 
(Fig. 1), in order to determine the type and 
magnitude of errors introduced into the system 
by asymmetry in various elements. The usual 
practice of identifying the frequency charac-
teristic of the system with that of its input im-
pedance appears in general to be incorrect. 

621.396.671  1294 
On the Radiation Resistance of a Radiator 

Surrounded by a Spherical Magneto-Dielectric 
Envelope —A. R. Vorpert. (Radiotekhnika (mos-
cow), vol. 3, pp. 29-48; November and Decem-
ber, 1948. In Russian.) It is often necessary to 
reduce the physical length of a linear vibrator 
without decreasing its radiation resistance. 
Methods for increasing the effective length of 
the vibrator have been considered by various 
authors. Pistorkors examined the effect of a 
dielectric envelope in the form of an infinitely 
long cylinder. Here a spherical envelope is con-
sidered, because this shape allows a rigorous 
solution (34) to be obtained, based on Max-
well's equations and the corresponding bound-
ary conditions. This solution involves only ele-
mentary functions. The effects of the permea-
bility and permittivity of the sphere and of its 
radius on the radiation resistance of the vibra-
tor are examined in detail. The physical inter-
pretation of the results is discussed; it can be 

(' extended to other shapes of envelope. 
621.396.671  1295 

Mutual Impedance of Two Centre-Driven 
Parallel Aerials —P. Starnecki and E. Fitch. 
(Wireless Eng. vol. 25, pp. 385-38); December, 
1948.) A formula and curves are given for sym-
metrically placed antennas with a sinusoidal 
current distribution. Measurements at fre-
quencies from 3 to 20 Mc, using vertical anten-
nas above a horizontal earth mat 400 feet in 
diameter, are in fair agreement wit Ii theory. 

621.396.671  1296 
Ring-Aerial Systems —H. Page. (Wireless 

Eng., vol. 25, p. 402; December, 1948.) Correc-
tion to 308 of March. 

621.396.671  1297 
The Radiation Patterns of Dielectric Rods 

—Experiment and Theory—R. B. NVatson and 
C. W. Horton. (Jour. Appi. Phys., vol. 19, pp. 
661-670; July, 1948.) The radiation from rods 
used as terminations to rectangular waveguides 
is discussed theoretically. Radiation patterns 
are computed from the fields due to equivalent 
magnetic and electric currents on the surfaces 
of the rods. Specific calculations are made for 
rods of cross section about 0.9 inchX0.25 inch 
and 3X to 10X long, in the TE0.1 mode. Theo-
retical and experimental patterns for polysty-
rene rods 3X to 6X long are in agreement. Dis-
crepancies for longer rods are discussed. 

621.396.679.4  1298 
A Method of Feeding Turnstile Antennas— 

R. E. Taylor. (Electronics, vol. 22, pp. 164, 
170; February, 1949.) To obtain correct phas-
ing, the dipoles are fed by separate coaxial 
feeders whose physical lengths are equal, but 
whose electrical lengths differ by X/4. This is 
achieved by using different dielectric materials 
in the feeders. The characteristics of the feeders 
for the antenna used in telemetering from V-2 
rockets (2536 and 3242 of 1947) are discussed. 

621.396.679.4:621.392.43  1299 
High-Frequency  Balancing  Devices — 

Meinke. (See 1314.) 

621.396.671  1300 
Radio Research Special Report No. 16: A 

Method of Determining the Polar Diagrams of 
Long Wire and Horizontal Rhombic Aerials 
]Book Notice1 — W. R. Piggott. H. M. Stationery 
Office, London, 1948. 9d. (Govt. Publ. (London), 
p. 14; December, 1948.) 

CIRCUITS AND CIRCUIT ELE MENTS 

621.3.015.3:621.396.622  1301 
Transient Processes in detecting an E. M.F. 

with a Linearly Increasing Amplitude —R. D. 
Leites. (Radiotekhnika (Moscow), vol. 3, pp. 
62-75; November and December, 1948. In 
Russian.) 

621.3.018.7:621.396.813  1302 
Trapezoidal Waveform with Minimal Dis-

tortion — W. Bader. (Frequenz, vol. 2, p. 208; 
August, 1948.) Comment on 2470 of 1948 (Pds-
ler), in which "distortion" should be substi-
tuted for "noise factor" in both title and text, 
and whose UDC number should be as above. 

621.3.018.7:621.396.813  1303 
A Representation of the Distortion Formula 

in Closed Form —M. Pasler. (Frequenz, vol. 2, 
pp. 208-210; August, 1948.) The so-called com-
pleteness  condition  (Parseval's  equation), 
which expresses the sum of the squares of the co-
efficients in the series development of an arbi-
trary function F(z) in the form of a definite in-
tegral, enables the usual expression for the dis-
tortion x to be put into a closed form. The gen-
eral formula is given and applied to the case 
where F(z) is represented by a Fourier series 
When F(z) has certain symmetrical properties, 
relatively simple formulas for x are obtained 
See also 2470 of 1948 and 1302 above. 

621.314.3t  1304 
Simplified Magnetic Amplifier —M. Mari-

nescu. (Wireless Eng., vol. 25, p. 402; Decem-
ber, 1948.) Comment on 315 of March (Bell). 
An alternative type of amplifier, giving balance 
of output current for zero signal input, propor-
tionality between output and input, and dis-
crimination in the response to inputs of differ-
ent polarity, is briefly discussed with illustra-
tive diagram. 

621.314.3t:623.82  1305 
Magnetic Amplifiers for Shipboard Appli-

cations —L. W. Buechler. (Elec. Eng., vol. 68, 

pp. 33-37; January, 1949.) Advantages include: 
ruggedness and reliability; no real limitation 
on power handled; no warming-up time; power 
can be taken direct from the 50-cps mains, al-
though speed of response increases with increas-
ing frequency; power gains of 1,000 to 10,000 
per stage are possible with response times of 
0.005 to 0.1 second; power gains up to 108 
can be obtained with response times of 1 to 
5 seconds. Design principles and relevant prop-
erties of magnetic materials are discussed. 

621.3184  1306 
Calculation of Q for Single-Layer Coils — 

F. Benz. (Elektrotech. and Maschinenb., vol. 66, 
pp. 7-12; January, 1949.) A formula is derived 
which gives results in good agreement *with 
measured values. The effects of self-capacitance 
and dielectric losses and the reduction of Q by 
magnetic screens are discussed. A simple em-
pirical formula is also given for the inductance 
of single-layer coils. 

621.319:679.5  1307 
Electrostatic  -"Magnets" —(Elec.  Times, 

vol. 114, p. 696; December 9, 1948.) Electrets, 
dielectric bodies which can retain an electric 
moment after an externally applied field has 
been removed, can be made from certain ce-
ramic or plastic materials. The plastics require 
an emf of 4 to 12 kv for satisfactory electrifica-
tion. Specimens tested after a year have not 
changed their electrical properties appreciably. 

621.319.4.011.5:519.272  1308 
The Theory of Extreme Values and Its Im-

plications in the Study of the Dielectric Strength 
of Paper Capacitors —B. Epstein and H. Brooks. 
(Jour. App!. Phys., vol. 19, pp. 544-550; June, 
1948.) Statistical theory of the distribution of 
extreme values is used to deduce the depend-
ence of paper-capacitor breakdown on capacitor 
size. 

621.362  1309 
Thermomagnetic Generator —L. Brillouin 

and H. P. Iskenderian. (Elec. Commun. (Lon-
don), vol. 25, pp. 300-311; September, 1948.) 
A mathematical analysis of an electric genera-
tor using a coil wound on a core of high permea-
bility through which a magnetic field is main-
tained by an external magnet. The core is 
heated above and cooled below the Curie point, 
and the resulting changes in flux induce elec-
tromotive forces in the coil. Expressions are de-
rived for the optimum power and efficiency of 
such a generator. 

621.385.012  1310 
The Correspondence between the Static 

Characteristics and the Dynamic Parameters 
of Electrical Negative-Resistance Devices — 
Cartianu. (See 1542.) 

621.385.012.8  1311 
Equivalent Circuit and Input Admittance of 

Retarding-Field Valves —A. Pinciroli and R. 
Ferrero. (Alto Frequenza, vol. 17, pp. 196-211; 
October,  1948.  In  Italian,  with  English, 
French, and German summaries.) Assuming 
transit-time effects and control-grid current 
can be neglected, an expression is derived lot 
the equivalent input admittance of a retarding-
field tube used as a negative-transconductance 
triode. For the case of a resistive output imped-
ance, the equivalent input capacitance and con-
ductance variations are plotted as functions of 
the ratio of output Impedance to the differen-
tial resistance of the tube, with the differential 
resistance as a parameter. Discussion of the 
case of two distinct output impedances shows 
that when these consist of resistances of suitable 
value, the input admittance can be made zero 
and, within certain frequency limits, independ-
ent of frequency. 

621.392  1312 
Relation between Amplitude and Phase in 

Electrical Networks —T. Murakaml and M. S. 
Corrington. (RCA Rev., vol. 9, pp. 602-631; 
December, 1948.) A simple graphical method is 
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presented for computing the phase curve from 
a given amplitude characteristic, and the at-
tenuation characteristic from a given phase 
curve in a minimum phase-shift network. A 
large number of universal curves are given, to 
simplify the application of the theory. 

621.392:517.43  1313 
History of the Operational Calculus as Used 

in Electric Circuit Analysis —T. J. Higgins. 
(Elec. Eng., vol. 68, pp. 42-44; January, 1949.) 
Bibliography, pp. 44-45.) 

621.392.43:621.396.679.4  1314 
High-Frequency Balancing Devices —H. H. 

Meinke. (Fernmetdetech. Z., vol. 1, pp. 193-199; 
November, 1948.) Description of various ar-
rangements for converting from an unsymmetri-
cal feeder, such as a coaxial cable, to the sym-
metrical type of feeder required for a dipole. 

621.392.5  1315 
Equivalent Circuits of Linear Active Four-

Terminal Networks —L. C. Peterson. (Bell 
Sys. Tech. Jour., vol. 27, pp. 593-622; October, 
1948.) The representation of a triode as a linear 
quadripole and the concept of "effective trans-
conductance" are examined. Electron transit-
time effects and circuit behavior were consid-
ered independently in earlier theories. The 
present paper develops a more general theory 
of active linear quadripoles, in which circuit 
and electron stream parameters are combined 
in a single equivalent-circuit representation. It 
is shown that the equations for current or volt-
age equilibrium may yield a number of alterna-
tive tee or pie networks, the passive elements 
of which represent faithfully any three of the 
four independent parameters. The method is 
applied to grounded-cathode, grounded-grid or 
grounded-anode triodes, and the complete sets 
of quadripole parameters are listed, together 
with approximate parameters and equivalent 
circuits for moderately low frequencies. 

621.392.5  1316 
Generalized  Quadripoles —R.  Malvano. 

(Alti del Con gresso iniernazionale della Radio 
(Rome), Pp. 141-159; September and October, 
1947. In Italian.) A general theory is developed 
for the case of axial symmetry, and applied to 
the study of filters and impedance transformers. 

621.392.52  1317 
New Methods of Filter Design by means of 

Frequency  Transformations —G.  Neovius. 
(Kungl. Tekn. Hogsk. Handl., Stockholm, no. 
3, 40 pp.; 1946. In English.) Frequency trans-
formations, discussed by Laurent (1339 of 
1938), replace the angular frequency by a func-
tion thereof, which has the dimensions of radi-
ans per second, and also multiply all impedances 
by a dimensionless function. Such transforma-
tions are further examined, and a tabular 
method of calculation is considered and applied 
to the following process of filter design: (a) the 
required attenuation curve of the filter in the 
real-frequency region is converted to the nega-
tive imaginary-frequency region and plotted on 
a logarithmic scale; (b) an approximation to the 
curve thus obtained is derived from the atten-
uation curves of all-pass filter sections; (c) at-
tenuation peaks are retransformed to the real-
frequency  region;  (d)  the  characteristic 
frequencies thus obtained are used for designing 
L-sections which can be connected in cascade 
to form the requisite filter. Numerical examples 
are given. 

621.392.52:517.53  1318 
Splitting of an Analytical Function into a 

Linear and a Nonlinear Part, and also a Meth-
od of Determining, for a Known Linear Com-
ponent, the Nonlinear Component and the 
Function as a Whole —Pleijel. (See 1422.) 

621.392.52:517.727  1319 
Application of sn Elliptic Functions to the 

Calculation of Filters —K. Steffenhagen. (Funk 
und Ton, vol. 3, pp. 44-47; January, 1949.) 

621.392.52: 621.392.26 t  1320 
Maximally-Flat Filters in Waveguide — 

W. W. Mumford. (Bell Sys. Tech. Jour., vol. 
27, pp. 684-713; October, 1948.) Good match 
within the pass band and efficient suppression 
outside it are achieved by giving the loss char-
acteristic the greatest possible number of zero 
derivatives at midband. The required loaded Qs 
of the resonant elements are given, and it is 
shown that sections of waveguide between ele-
ments reduce mutual coupling and allow the 
use of shunt reactances only. Loaded Qs are 
given for resonant cavities formed by various 
reactive obstacles. Up to 75 obstacles have been 
used in practice, giving good agreement with 
theory. 

621.392.6:512.831  1321 
Transmission Losses in 2n-Terminal Net-

works —V. Belevitch. (Jour. Appi. Phys., vol. 
19, pp. 636-638; July, 1948.) The efficiency ma-
trix is defined for such networks, and its appli-
cation to the solution of reactive and resistive, 
transformer-type, and general 2n-terminal net-
work problems is discussed. 

621.394/.3951.66+621.315.2  1322 
Construction of Cables and Loading Coils — 

Belus. (See 1276.) 

621.396.611.1:518.4  1323 
Graphical Solution of Oscillation Problems 

in:Circuits with Negative Resistance —A. Sab-
batini. (Atli del Con gresso internazionale della 
Radio (Romd), pp. 374-388; September and 
October, 1947. In Italian.) Discussion of vari-
ous circuits of the dynatron and arc types. Cur-
rent versus voltage curves are obtained by a ge-
ometrical construction; a method of deducing 
the wave form is given. 

621.396.611.1:621.3.015.3  1324 
The Occurrence of Needle Impulses and 

their Effect on the Transient Behaviour of 
Forced Oscillations —M.  Pasler.  (Frequenz, 
vol. 2, pp. 322-331; December, 1948.) 

621.396.611.1:621.317.6  1325 
Erratum: Response of Linear Resonant 

Systems to Excitation of a Frequency Varying 
Linearly with Time —G. Hok. (Jour. Appt. 
Phys., vol. 19, p. 623; July, 1948.) Correction 
to 671 of April. 

621.396.611.21:534.6  1326 
Low-Loss Crystal Systems —kV. J. Fry. 

(Jour. Acous. Soc. Amer., vol. 21, pp. 29-34; 
January, 1949.) Discussion of the effect of 
damping or resistive mechanical loads on the 
characteristics of a piezoelectric crystal system 
vibrating in either a longitudinal or a thickness 
mode. Results are applied to the double crystal 
acoustic interferometer (1257 above). 

621.396.611.3:517.942  1327 
On Linear Differential Equations with 

Slowly Variable Coefficients. Application to the 
Study of Nonlinear Coupling —Blanc. (See 
1423.) 

621.396.611.3:621.396.813  1328 
On the Reduction of Phase Distortion in 

Stages with Coupled Circuits —J. Laplume. 
(Comp:. Rend. Acad. Sci. (Paris), vol. 227, pp. 
1213-1215; December 8, 1948.) The case of two 
coupled resonant circuits tuned to the same 
frequency is analyzed in a manner analogous 
to that used for stagger-tuned circuits (681 of 
April). It is not found possible to annul the sec-
ond-degree term in the formula obtained for the 
phase distortion, but the third-degree term can 
be annulled by suitable choice of the coupling 
coefficient k. When both circuits have the same 
Q, k= 1/Q 0. The top of the output amplitude 
curve is rounded, in agreement with a general 
rule given previously (40 of February). 

621.396.611.4  1329 
The Radiation of Oscillations from a Cavity 

Resonator through an Aperture as an Analogue 
of the Tunnel Effect —P. E. Kraanushkin and 

E. R. Muster. (Zh. Tekh. Fig., vol. 18, pp. 1378-
1393; November, 1948. In Russian.) 

621.396.611.4  1330 
On Avoiding Low Frequencies in a Rectan-

gular Cavity Resonator used as Part of a Triode 
Generator —K. F. Niessen. (Atli del Congress° 
internazionale della Radio (Rome), pp. 312-
329; September and October, 1947. In Eng-
lish.) A mathematical analysis of optimum 
shapes and proportions for resonators built up 
from rectangular units to exclude resonances 
at frequencies below that desired. Other shapes 
where the cross section is made up of triangles 
are also discussed. 

621.396.611.4.029.64  1331 
Design of a Resonant Cavity for Frequency 

Reference in the 3 cm Range —R. R. Reed. 
(Atli del Con gresso internazionale della Radio 
(Rome), pp. 364-373; September and October, 
1947. In English.) Discussion of the design and 
performance of a temperature-compensated 
resonator, suitable for quantity production, 
having a frequency error of less than 1 Mc and 
a loaded Q of 2,000. 

621.396.615+ 621.396.645  1332 
Limits of Tube-Gain and Power Output at 

Extreme-High Frequencies —M. J. 0. Strutt. 
(Atli del Congress° internazionale della Radio 
(Rome), pp. 655-667; September and October, 
1947. In English.) Amplifier and oscillator 
stages without feedback are discussed. A for-
mula for the optimum gain is derived. The in 
portance of the "border" frequency at which 
this gain drops to unity is stressed; the gain 
formula is transformed in various ways accord-
ing to the type of reception tube to which it is 
applied. Grounded-cathode and grounded-grid 
stages are compared. The theory does not cover 
traveling-wave tubes, with which an, effective 
bandwidth of 800 Mc at 3.300 Mc has been suc-
cessfully amplified. Similitude rules for deter-
mining the frequency dependence of the power 
output of power tubes at uhf are tabulated and 
discussed. 

621.396.615  1333 
High-Stability Pilot Generator for the 3.5-

Mc/s and 7-Mc/s Bands —L. Liot. (Radio 
Franc., pp. 21-23; January, 1949.) An elec-
tron-coupled oscillator using a single EL39 
tube. The tuned-plate output circuit is isolated 
from the oscillator by connecting the suppres-
sor grid directly to earth. Both high- and low-
impedance outputs are provided. Performance 
figures for different load resistances are tabu-
lated. 

621.396.615:621.396.645  1334 
The Theory of the Oscillator using a Cath-

ode-Coupled Amplifier —G. A. Khavkin. (Zh. 
Tekh. Fiz., vol. 18, pp. 1416-1420; November, 
1948. In Russian.) 

621.396.615.17  1335 
Aperiodic Frequency Doubler for a Sinu-

soidal Electric Quantity —M. Nuovo. (A Iii del 
Congress° internazionale della Radio (Rome), 
pp. 330-335; September and October, 1947. In 
Italian.) Discussion of a doubler which uses a 
single tube with two control grids. The doubler 
can operate at all frequencies for which this 
tube can amplify. The output is practically free 
from unwanted harmonics. 

621.396.615.18  1336 
Quasi-Aperiodic Divider for Low Acoustic 

Frequencies —E. Gatti. (Asti del Congress° in-
ternazionale della Radio (Rome), pp. 297-301; 
September and October, 1947. In Italian.) A 
very stable divider has been used for over a 
year to reduce a standard frequency of 100 kc 
to 1,000 cps. Associated apparatus to extend 
the reduction to 50 cps is discussed. See also 
3687 of 1939 (Miller) and 1598 of 1948. 

621.396.615.18  1337 
Synchronous Frequency Division —P. G. 

Bordoni. (Au  del Congress° internazionale 
L. 
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dells Radio (Rome), pp. 252-272; September 
and October, 1947. In Italian.) By studying 
mechanical oscillatory systems whose parame-
ters vary periodically, analogous electrical cir-
cuits can be realized for frequency halving in 
which instability is impossible. Practical expe-
rience with two different circuits confirms theo-
retical predictions and shows that considerable 
voltage amplification and good wave form can 
be obtained together. Only one triode is needed 
for each stage of division. 

621.396.645  1338 
Note on the Sensitivity of an Amplifier 

Stage — W. Kleen. (Ann. Radialec., vol. 3, pp. 
299-301; October, 1948.) Calculation shows that 
the signal-to-noise ratio of a grounded-grid cir-
cuit is given by the same expression as for a 
grounded-cathode circuit. For a given tube, 
therefore, the optimum sensitivities of two such 
amplifier stages should be the same. 

621.396.645  1339 
The Quasistationary Wave Amplifier —W. 

Kleen. (Elektrotechnik (Berlin), vol. 2, pp. 341-
342; December, 1948.) A short discussion of 
distributed amplification, based on the account 
given by Ginzton et al. (3375 of 1948.) 

621.396.645  1340 
Study of Amplifiers for Square- Wave Sig-

nals —H. Gilloux. (Radio Franc., pp. 6-12; Jan-
uary, 1949.) Methods of producing square-
wave signals are briefly considered and the re-
sponse of an amplifier stage to such signals is 
discussed with particular reference to circuit 
time constants. Practical design details are 
given for RC-coupled and cathode-coupled cir-
cuits. Low-frequency and high-frequency com-
pensation methods are outlined and transform-
er coupling and the use of feedback are dis-
cussed. These design principles have been used 
for amplifiers with outputs of the order of 20 
and 50 watts respectively, both having only 
0.5 per cent distortion at full power and passing 
square-wave signals of frequencies from 25 to 
15,000 cps. 

621.396.645.029.3  1341 
A Miniature Audio-Frequency Amplifier — 

W. T. Duerdoth and J. Garlick. (P. 0. Elec. 
Eng. Jour., vol. 41, part 4, pp. 228-233; Janu-
ary, 1949.) Discussion of the design techniques 
required for a line amplifier occupying a space of 
2i X 2IX 4f inches. More than one feedback 
path is used. 

621.396.645.37  1342 
Group Transmission Time in Feedback Am-

plifiers —G. Schaffstein. (Frequenz, vol. 2, pp. 
291-295; November, 1948.) The variations of 
phase and group transmission time due to feed-
back are calculated. With pure positive or neg-
ative feedback, the phase difference between 
input and output voltages is constant. The 
phase variation is greatest when the feedback 
voltage is 90° out of phase with respect to the 
input voltage. Variations of the group transmis-
sion time occur for both positive and negative 
feedback and for 90° phase displacement be-
tween feedback and input voltages. For pure 
phase feedback, the transmission-time varia-
tion is proportional to k, the ratio of feedback 
and input voltages, but for 90° phase displace-
ment between feedback and input voltages the 
variation is proportional to kl. For a single-
stage amplifier, the gain and group transmis-
sion time vary in the same way. For a multi-
stage amplifier, the transmission-time variations 
for the same gain variation differ according to 
whether (a) each of then stages has its own feed-
back, or (b) feedback is applied between input 
and output. In the latter case, the variations 
are n times larger. Experiments with a 2-stage 
amplifier confirmed the theory. 

621.396.645.371  1343 
Linear  Power Amplifiers in American 

Broadcasting —W. H. Doherty. (Atli del Con-
gress° internazionale delta Radio (Rome), pp. 
280-291; September and October, 1947. In 

English.) Discussion of: (a) operating principles 
and practical adjustment of the Doherty am-
plifier, (b) the application of negative feedback 
to increase linearity, and (c) the advantages of 
this system, particularly for high-power broad-
casting transmitters. See also 378 of 1940 (Do-
herty and Towner). 

621.397.645  1344 
Stagger-Peaked Video Amplifiers —A. Eas-

ton. (Electronics, vol. 22, pp. 118-120; Febru-
ary, 1949.) The use of stagger tuning to obtain 
a desired amplitude versus frequency charac-
teristic was discussed in 2491 of 1948 (Well-
man). A similar general principle is here applied 
to video amplifiers. 

621.3.012:621.38.001.8  1345 
Handbook of Industrial Electronic Circuits 

[Book Reviewl —J. Markus and V. Zeluff. Mc-
Graw-Hill, London, 272 pp., 39s. (Wireless 
Eng., vol. 25, p. 400; December, 1948.) The 
book contains circuit diagrams, usually with 
typical component values and short explana-
tory notes. The subjects covered include af ca-
pacitance control, cathode-ray control, count-
ers, dc amplifiers, electronic switches, limiters, 
measurement, metal location, motor control, 
multivibrators, oscillators, photoelectric cir-
cuits, power supplies, stroboscopy, telemetry, 
temperature control, timing, ultrasonics, volt-
age regulation, and welding. Only American 
work is mentioned. 

GENERAL PHYSICS 

53.081+621.3.081  1346 
The Rationalized Giorgi System in the The-

ory of Electricity —P. Cornelius. (Tijdschr. ned. 
Radiogenoot., vol. 14, pp. 1-9; January, 1949. 
In Dutch, with English summary.) Reasons are 
advanced for the adoption of the Giorgi system 
with the absolute volt and ampere. It enables 
the relations between electrical quantities and 
mechanical forces to be expressed in a particu-
larly simple form. Maxwell's laws are presented 
in rationalized units. 

535.215.3  1347 
The Capacitor Method for Investigations of 

Photo-E. M.F. —S. M. Ryvkin. (Zh. Tekh. Fis., 
vol. 18, pp. 1521-1542; December, 1948. In 
Russian.) 

535.343.4:535.61-15  1348 
The Infra-Red Spectra of Atmospheric 

Gases other than Water Vapour —G. B. B. M. 
Sutherland and G. S. Callendar. (Rep. Progr. 
Phys., vol. 9, pp. 18-28; 1942 and 1943.) 

535.343.4:535.61-15:546.212  1349 
The Absorption of Water Vapour in the Far 

Infra-Red —T. G. Cowling. (Rep. Progr. Phys., 
vol. 9, pp. 29-41; 1942 and 1943.) 

536.3  1350 
The Efficiency of Radiation Shields —A. E. 

De Barr. (Rev. Sci. Instr., vol. 19, p. 922; De-
cember, 1948. Comment on 1022 of May (Gar-
rison and Lawson). 

537.122:538.3  1351 
General Properties of the Paraxial Elec-

tron-Optic Image —F. Borgnis. (Hels. Phys. 
Acts, vol. 21, pp. 461-479; December 20, 1948. 
In German.) Discussion, for fields of axial sym-
metry, based on the differential equation for an 
electron path near the axis. 

537.2  1352 
Potential and Field of a Plane Electrode 

with an Elliptical Hole —M. Cotte. (Comp!. 
Rend. Acad. Sci. (Paris), vol. 228, pp. 377-378; 
January 31, 1949.) Exact formulas are derived. 

537.311.62  1353 
Calculation of the Magnetic Skin Effect in 

Steel Sheets taking into account the Relation-
ship between Magnetic Permeability and Mag-
netic Field Intensity —S. D. Margolin. (Zh 
Tekh. Fis., vol. IS, pp. 1306-1316; October, 
1948. In Russian 

537.311.62  1354 
The Theory of the Anomalous Skin Effect 

in Metals —G. E. H. Reuter and E. H. Sond-
heimer. (Proc. Roy. Soc. A, vol. 195, pp. 336-
364; December 22, 1948.) The problem of 
high-frequency metallic conduction is reviewed 
and exact solutions are obtained which are 
valid at all frequencies and temperatures. For 
large values of the free path of the conduction 
electrons, the electric field is propagated 
through the metal as a "surface wave" which 
differs considerably from the classical ex-
ponential solution. For the temperature varia-
tion of the surface impedance in the micro-
wave range, Pippard's simplified theory is 
qualitatively correct. The frequency variation 
of the surface impedance at low temperatures 
is also discussed; relaxation effects are negli-
gible in the microwave range but become im-
portant in the infrared and eventually restore 
the validity of the classical theory. Theory 
predicts that the reflection coefficient of metals 
should pass through a minimum in the far 
infrared. See also 1014 of 1948 (Pippard). 

537.312.62  1355 
Superconductivity —K. Mendelssohn. (Rep. 

Progr. Phys., vol. 10, pp. 358-375; 1944 and 
1945. Bibliography, pp. 375-377.) A general 
review, with particular reference to Russian and 
German work. 

537.533: 530.145.6: 621.385.833  1356 
Field Emission of Electrons —R. 0. Jenkins. 

(Rep. Progr. Phys., vol. 9, pp.  177-197; 
1942 and 1943.) A survey of experimental 
work begins with that of Lilienfeld and in-
cludes the development of the field-emission 
electron microscope. The application of wave 
mechanics is discussed. 

538.22  1357 
Modern Theory of Magnetism: Part 2— 

S. V. Vonsovski. ( Uspekhi Fis. Nauk, vol. 36, 
no.1 pp. 30-82; 1948. In Russian.) Discussion of 
diamagnetic and paramagnetic materials and 
magnetic cooling. 

538.3  1358 
The Field of a Point Source of Current 

located on the Surface of the Earth above an 
Inclined Layer —I. P. Skal'skaya. (Zh. Tekh. 
Fiz., vol. 18, pp. 1242-1254; October, 1948. In 
Russian.) 

538.3  1359 
Classical Electrodynamics without Singu-

larities —H. McManus. (Proc. Roy. Soc. A, 
vol. 195, pp. 323-336; December 22, 1948.) 
It is possible to construct a theory of the 
electron with an extended charge distribution 
in a Lorenz invariant way by introducing a 
4-dimensional form function. Electromotive 
field quantities reduce to those given by the 
ordinary theory at distances large compared 
with the electron radius, but remain finite on 
the world line. See also 698 of 1948 (Eliezer). 

538.6:537.525  1360 
The Influence of a Transverse Magnetic 

Field on a Cylindrical Plasma —L. Beckman. 
(Proc.  Phys. Soc., vol. 61,  pp. 515-520; 
December I, 1948.) 

621.39.001.11  1361 
A Mathematical Theory of Communica-

tion —C. E. Shannon. (Bell Sys. Tech. Jour., 
vol. 27, pp. 379-423 and 623-656; July and 
October, 1948.) The methods of statistical 
mechanics are applied to determine rates for 
the efficient transmission of information in 
generalized coded forme. The properties of 
discrete and continuous sources and the effect 
of noise are considered. Entropy of the source 
and capacity of the channel are defined, and 
it Is shown that statistical matching of channel 
to source is required. By suitable choice of 
coding, errors in transmission may be made as 
small as desired, provided the rate does not 
exceed the channel capacity. For a continuous 
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source, the maximum rate is expressed in terms 
of a measure of required fidelity. 

621.396.822  1362 
The Energy of Electrical Fluctuations in 

Conductors —E. Va. Pumper. (Zh. Eksp. Teor. 
Fis., vol. 18, pp. 1112-1129; December, 1948. In 
Russian.) The limitations of Nyquist's formula 
(p. 1112) determining the thermal effect are 
discussed. Experiments were designed to de-
termine the distribution of probabilities of 
electrical fluctuations in conductors at fre-
quencies from 4 to 136 kc, and for the absolute 
measurement of fluctuational energy. The 
main conclusions reached are: (a) In many 
thin metallic and graphite conductors, the 
noise level exceeds the value calculated from the 
thermal effect theory; the discrepancy increases 
with the frequency. (b) Experiments with an 
electrolyte (a weak solution of KC1) and 
annealed resistances have shown that other 
variations,  besides those due to thermal 
effect, occur more rarely and disturb the dis-
tribution of probabilities. (c) Experiments 
with heated resistances have shown that ad-
ditional fluctuations can be eliminated by rapid 
annealing. (d) There are reasons to suppose 
that the excess of the fluctuation level over 
the theoretical value is due to emission of 
energy from the crystal lattice and is related 
to the process of crystallization. 

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENO MENA 

522.56:523.7  1363 
Physical Basis of Solar Research  and 

Technical Aids —V. von Keussler. (Z. Angew. 
Phys., vol. I, pp. 232-242; November, 1948.) 
A review, for the last 20 years, of research 
methods and apparatus for optical wave-
lengths. 72 references are included. 

523.53:551.510.535  1364 
The Exploratory Properties of Radio Waves 

and Their Application to the Detection of 
Meteor Trails —R. Naismith. (ASH del Con-
gress° internazionale della Radio (Rome), pp. 
160-1(,7; September and October, 1947. In 
English.) The transient echoes observed near 
the sporadic-E region are due to reflections 
from the ionization trails of meteors. There is 
a marked seasonal variation in the number of 
meteors recorded around noon. The response 
of the medium also has a seasonal variation. 
In temperate latitudes, sporadic-E ionization 
is mainly due to the fine dust of meteors. The 
atmosphere is continually being bombarded 
with meteoric dust particles, most of which are 
too small to produce visible meteor trails. 

523.53:621.396.9  1365 
The Theory of the Radio Detection of 

Meteors —Manning. (See 1392). 

523.72:523.854  1366 
The Radio Spectrum of the Sun and of the 

Milky Way —C. E. Kruger. (Atli del Congress° 
internazionale della Radio (Rome), pp. 133-
140; September and October, 1947. In Italian.) 
Discussion and theoretical interpretation of 
results obtained by various authors. See also 
1028 of 1945 (Reber) and 3270 of 1946 (Hey, 
Parsons, and Phillips). 

523.72+ 523.8541: 621.396.822  1367 
Radio Astronomy—C. R. Burrows. (Ekc-

Ironic:, vol. 22, pp. 75-79; February, 1949.) 
A general review of knowledge obtained from 
solar and galactic rf radiation measurements, 
and of possible future developments. 

523.72.029.62  1368 
Some  Characteristics  of  Solar  Radio 

Emissions —J. S. Hey, S. J. Parsons, and J. W. 
Phillips. (Mon. Not. R. Asir. Soc., vol. 108, 
no. 5, pp. 354-371; 1948.) Continuation of 
experimental investigations noted in 1825 of 
1946 (Hey) and 3508 of 1947 (Appleton and 
Hey). Discussion of the relation between 
solar radio emissions observed mainly at X.•,4.1 
meters between March, 1946 and September 

1947, and associated visual solar and geo-
physical phenomena. The most intense flares 
are the most likely to produce radio bursts; 
in general, the radio emission lags several 
minutes behind the visual or ultra-violet 
flare radiations. The heliographic distribution 
of coincidences between flares and bursts is 
considered and contrasted with the sharply 
beamed pattern of continuous radiation as-
sociated with sunspots. 

523.745:550.385/.386  1369 
Geomagnetic  Disturbances  and  Solar 

Activity—A. I. 01'. (Priroda, pp. 3-10; July, 
1948. In Russian.) Discussion of corpuscular 
solar radiation and its connection with dis-
turbances of the earth's magnetic field, with 
special reference to the solid angle of the 
radiation, the "M-regions" in. the sun which 
emit the radiation, observations of the ab-
sorption lines of ionized Ca in the solar spec-
trum during magnetic storms, and the two 
types of corpuscular radiation thought to 
cause the two classes of magnetic storms. 

523.746:550.38  1370 
Observational Aspects of the Sunspot-

Geomagnetic Storm  Relationships—H.  W. 
Newton. (Mon. Not. R. Asir. Soc., vol. 108, 
no. 5, p. 423; 1948.) Summary only. Using 
international magnetic character figures, the 
statistical rise of geomagnetic activity is in-
vestigated for the solar disk passage of four 
area groupings of sunspots, between 1914 and 
1944. For large sunspots, there is an increase 
of geomagnetic activity centered at about 2 
days after the central meridian passage of the 
sunspots. For smaller sunspots, groupings 
based on solar flare incidence are better cor-
related with geomagnetic activity than those 
based on area. 27-day recurrence tendencies 
of geomagnetic activity are not well defined 
except in the case of the smaller storms, es-
pecially those without associated sudden com-
mencements, sunspots, or solar flares. The 
statistical nonrecurrence of great magnetic 
storms is confirmed. 

523.746 "1941"  1371 
Mean Areas and Heliographic Latitudes of 

Sunspots in the Year I941 —( Mon. Not. R. 
Asir. Soc., vol. 108, no. 5, pp. 420-422; 1943.) 

523.746.5  1372 
Double Cycle of Solar Activity —A.  I. 

01'. (Priroda, pp. 39-41; August, 1948. In 
Russian.)  Additional  confirmation  of  the 
existence of the 22-year cycle of solar activity 
suggested by M. N. Gnevyshev and A. I. 
01'. (Astronornicheski Zhurnal, vol. 25, no. 1. 
1948. In Russian.) 

523.76  1373 
Solar Physics —A. Hunter. (Rep. Progr. 

Phys., vol. 9, pp. 101-112; 1942 and 1943.) 

538.12:521.15  1374 
Magnetic Field of Massive Rotating Bod-

ies—Vu. G. Pliner. (Priroda, pp. 16-24; July, 
1948. In Russian.) The implications of Black-
ett's theory (3112 of 1947) are discussed and 
the following three methods of its verification 
are considered in turn: (a) application Of the 
theory to stars, (b) extension of the theory 
to rotating bodies on the earth, and (c) ex-
tension of the theory to elementary particles 
such as Bohr's magnetron. The possibility is 
suggested that the magnetic field of the moon 
could be measured by means of rockets which 
would overcome the force of gravity of the 
earth and be attracted by the moon while 
sending radio messages back to the earth 
Experiments conducted by P. N. Lebedev in 
1909 are mentioned in connection with (1)). 

551.5:621.396  1375 
Applications of Radio in Modern Meteor-

ology —R. Bureau. (Atli del Congress° infer-
nasionale della Radio (Rome), pp. 683-695; 
September and October, 1947. In French.) 
Various radio techniques have combined to 

increase enormously the quality and quantity 
of information available for the forecaster. 

551.51:541.14  1376 
Photochemical Processes In an Oxygen. 

Nitrogen Atmosphere —C. H. Bamford. (Rep. 
Progr. Phys., vol. 9, pp. 75-89; 1942 and 1943. 
Bibliography, pp. 89-91.) 

551.51:541.14:546.21  1377 
The Photochemistry of Atmospheric Oxy-

gen —S. Chapman. (Rep. Progr. Phys., vol. 9, 
pp. 92-100; 1942 and 1943.) An outline of the 
attempts made to account for the existen.ce 
of ozone and atomic oxygen. The diurnal and 
seasonal changes in the ozone content of the 
atmosphere are discussed. 

551.510.5:537.56  1378 
Ionization Phenomena in the Earth's At-

mosphere —J.  Sayers.  (Rep.  Progr.  Phys., 
vol. 9, pp. 52-61; 1942 and 1943.) For the 
first 20 km above sea level the ionization 
balance is simple and measurements of con-
ductivity confirm the theoretical values. Tlw 
balance equations for free electrons and for 
ions in the ionosphere are developed. The 
effective recombination coefficients for the 
E and F regions are discussed and compared 
with values deduced from radio observations 

551.510.5:546.21  1379 
The Properties of Neutral and Ionized 

Atomic Oxygen and their Influence on the 
Upper Atmosphere —H. S. W. Massey and 
D. R. Bates. (Rep. Progr. Phys., vol. 9, pp. 
62-74; 1942 and 1943.) The energy levels of 
positive and negative ions and neutral atoms 
of oxygen are briefly considered and the 
probabilities of various ionization, recombina-
tion, and attachment processes are discussed. 
In the ionosphere, the observed recombination 
coefficients are too large to be accounted for 
by direct radiative recombination of electrons 
and ions; the presence of negative Ions must 
be assumed. 

551.510.535  1380 
The Present State of Investigations of the 

Ionosphere: Part 2—Va. L. Arpert. ( Uspekhi 
Fiz. Nauk, vol. 36, no. 1, pp. 1-29; 1948. In 
Russian.) The formation of ionized layers and 
the processes taking place in them are dis-
cussed. 

551.510.535  1381 
The Analysis of Ionospheric Reflections: 

Part 1—A.  II. de Voogt. (Thidschr. ned, 
Radlogennot., vol. 13, pp. 83-195; November, 
1948. In English. Corrections, ibid., vol. 14, 
January,  1949;  insert.)  Formulas for the 
complex refractive index and polarization are 
based  on  the  A ppleton-Hartree  formula; 
curves are given representing the results of 
careful calculations,  by tie mathematical 
bureau of the Dutch Post Office, of retractive 
index,  group  velocity,  attentuation,  and 
polarization for a frequency of 6 Mc, assuming 
conditions similar to those over the Nether-
lands. Experiments to verify these results will 
be described in part 2. 

551.510.535:525.624  1382 
The Lunar Atmospheric Tide at Twenty-

Seven Stations Widely Distributed over the 
Globe —S. Chapman and K. K. Tschu. (Proc. 
Roy. Soc. A, vol. 195, pp. 310-323; December 
22, 1948.) The tides were determined by the 
Chapman-Miller method from bi-hourly values 
of barometric pressure covering periods of 5 
years or more at each station. Results are dis-
cussed. 

551.510.535:621.317.79  1383 
Ionosphere Reflections Recorded Mechan-

ically by Means of a Repetition Frequency 
Converter —Stoffregen. (See 1438.) 

551.510.535:621.396.11  1384 
Regular  Ionosphere  Observations  over 

Mid-Germany —Dieminger. (See 1475.) 

1 
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551.510.535:621.396.11  1385 
Ionosphere Review: 1948 —T. W. Benning-

ton. (Wireless  World, vol. 55, pp. 56-60; 
February, 1949.) A survey of sunspot and 
short-wave propagation conditions for 1948, 
with forecast for 1949. 

551.593.9  1386 
The Spectrum of the Night Sky —R. W. B 

Pearse. (Rep. Progr. Phys., vol. 9, pp. 42-51; 
1942 and 1943.) 

551.593.9  1387 
Variations of the Colour of the Night Sky 

from March 1947 to May 1948 —R. Grand-
montagne and C. Delestrade. (Cornpi. Rend. 
Acad. Sci. (Paris), vol. 228, pp. 415-416; 
January 31, 1949.) Results obtained with a 
photoelectric recorder at the Haute-Provence 
observatory are tabulated and discussed. 

551.594  1388 
Electric Field Intensity Inside of Natural 

Clouds —R. Gunn. (Jour. Appl. Phys., vol. 
19, pp. 481-484; May, 1948.) Maximum inten-
sities measured by instruments carried on 
aircraft flying through the clouds were of the 
order of 3 kv per centimeter. This is much 
higher than previous values based on free-
balloon soundings. See also 2425 of 1947. 

551.594.21  1389 
Propagation of Atmospherics —II. Norin-

der. (Asti del Congresso internazionale della 
Radio (Rome), pp. 168-195; September and 
October,  1947.  In English.) Discussion of 
initial results of a projected long-term investi-
gation. Two mobile stations and a fixed station 
near Uppsala (Sweden) were almost in line, 
uith intervals of 27 and 37 km. Numerous 
oscillograms of the received electric field are 
shown; a striking feature is a change of polarity 
beyond a certain distance, which may partly 
be due to reflection from ionized layers at a 
great height in the thunderstorm. Simultaneous 
observations of atmospherics at two fixed 
stations 200 km apart are also discussed; the 
importance of direction finders at these stations 
is emphasized. See also 3907 of 1947 and back 
references. 

551.594.21:621.396.11  1390 
Guided Propagation of Radar in Thunder-

storm Conditions —Coons. (See 1478.) 

551.594.221  1391 
The Lightning Discharge -J. M. Meek and 

F. R. Perry. (Rep. Progr. Phys., vol. 10, pp. 
314-354; 1944 and 1945. Bibliography, pp. 
354-357.) The formation of thunderclouds 
and the mechanism of the lightinng discharge 

r- are discussed from the theoretical aspect and 
accounts of experiments using a Boys' camera 
are given. The technique of the measurement 
of the current and voltage of a discharge is 
considered generally. An electrometer to meas-
ure atmospheric voltage gradients is described 
and results obtained with it are given. Future 
work is discussed. 

LOCATION AND AIDS TO 
NAVIGATION 

621.396.9:523.53  1392 
The Theory of the Radio Detection of 

Meteors —L. A. Manning. (Jour. Appt. Phys., 
vol. 19, pp. 689-699; August, 1948.) Methods 
of observation for both bursts of signal strength 
and whistles caused by reflection of radio 
r waves from meteoric ionization are discussed. 
Meteor velocity and range can be accurately 
determined by combined burst and whistle 
observations. The possibility of determining 
the direction and position of a meteor path 
by observations at 3 receiving stations is 
examined. The percentage of meteors capable 
of producing bursts depends on the angle be-
tween the meteor path and the vertical and on 
the direction from which signals are received; 
various possible formulas for it are discussed. 

621.396.93  1393 
Recent Progress in Radio Direction Find-

ing —R. L. Smith-Rose. (Atli del Congresso 
internazionale della Radio (Rome), pp. 877-
901; September and October, 1947. In English.) 
A detailed survey of methods used in the 
frequency range 10 kc to 1,200 Mc. Antenna 
systems,  recent advances in instrumental 
technique and calibration, accuracy limitations, 
and the effect of the ionosphere on the ac-
curacy of bearings are discussed. Methods of 
direction-finding  transmission  include  the 
rotating-loop beacon, the equi-signal beacon 
and the Consol system. Future trends in 
high-frequency direction finders include the 
use of highly directional receiving systems for 
the reduction of site errors, more accurate 
transfer of angular data from the direction 
finder to the plotting center, and methods to 
enable the operator to assess the approximate 
bearing accuracy. 

621.396.93  1394 
Automatic Direction-Finder —J. R. Stein-

hoff. (Electronics, vol. 22, pp. 97-99; February, 
1949.) A light-weight and compact instrument 
having bearing accuracy within 1°. The ex-
ternally mounted loop assembly is stationary 
and hermetically sealed; it consists of 4 coils 
arranged as two pairs at right angles. A special 
switching system enables each coil voltage 
to be sampled in succession 50 times a second 
and transmitted to the corresponding coil of 
the indicating meter, which is calibrated in 
degrees. Block and circuit diagrams are in-
cluded. 

621.396.93  1395 
The Interconnection of Dead-Reckoning 

and Radar Data for Precision Navigation and 
Prediction —B. Chance. (Jour. Frank. Inst., 
vol. 242, pp. 355-372; November, 1946.) The 
importance of accurate dead-reckoning data 
for both ship and aircraft navigation is stressed. 
Methods of providing an index on a radar dis-
play which continuously indicates the dead-
reckoning position of an identifiable object 
are discussed. The solution of problems in-
volving the relative motion of two ships, wind 
velocity, or ground range in antenna navigation 
can thus be greatly simplified. See also 1396 
below. 

621.396.93  1396 
G.P.I.  (ground  position  indicator1 —An 

Automatic Navigational Computer — W. J. Tull 
and N. W. MacLean. (Jour. Frank. Inst., 
vol. 242, pp. 373-398; November, 1946.) A 
device indicating continuously the present 
position on the earth's surface of the ship or 
aircraft in which it is carried. Wind velocity 
and velocity relative to the ground are de-
termined from data provided by a true air-
speed meter and the radar and compass. The 
total distance traveled is presented numerically 
and the heading required in order that a 
particular course may be followed is also in-
dicated. The computing mechanism used is 
described in detail and its operation is ex-
plained. The main types of error due to the 
instruments which supply the GPI with data 
are discussed. Applications are considered. 
See also 1395 above. 

621.396.93:621.396.67  1397 
An Investigation of Resonances and Asym-

metry in the Adcock Aerial Systems —Fradin 
and IChatskelevich. (See 1293.) 

621.396.932  1398 
Radar for Tilbury-Gravesend Ferry —(En-

gineer (London), vol. 186, p. 595; December 10, 
1948.) Scanner unit 80 feet above ground; fre-
quency 9,425 to 9,525 Mc; output power 
30 kw; pulse width 0.2 microsecond and repeti-
tion rate 2,000 pulses per second; 2-way radio 
telephone communication between the radar 
operators and the masters of the ferries; PPI 
display with ranges of 0.8, 1.2, or 3 miles. 

621.396.933  1399 
Review of Recent Trends in Radio Aids to 

Air Navigation —H. Busignies, P. R. Adams, 
and R. I. Colin. (Atli del Congresso inter-
nazionale della Radio (Rome), pp. 696-716; 
September and October, 1947. In English.) 
A comprehensive account of basic principles 
and development work, with a brief description 
of various existing systems.  International 
recommendations are summarized. 

621.396.933  1400 
Aerial Radio Navigation in Wartime —Gui-

gonis. (Onde Elec., vol. 29, pp. 21-25; January, 
1949.) 

621.396.933  1401 
Decca Navigator System of Hyperbolic 

Navigation —P.  Giroud  and  L.  Couillard. 
(Onde Elec., vol. 29, pp. 5-20; January, 1949.) 
A detailed discussion of basic principles, 
method of operation, practical equipment, and 
applications. 

621.396.933.2  1402 
High-Stability Radio Distance- Measuring 

Equipment for .Aerial Navigation —H. Busig-
nies. (Elec. Commun. (London), vol. 25, pp. 
237-243; September, 1948.) A performance 
specification with brief technical description 
of a 51-channel interrogator-responder system. 
Challenging and responding frequencies, which 
are crystal controlled, are separated by 125.5 
Mc; both are in the antenna-navigation band 
of 960 to 1,215 Mc. Adjacent channels may be 
used by different beacons, and one beacon can 
deal with up to 50 aircraft. Distances up to 100 
nautical miles are indicated on a meter with 
an accuracy within + 0.2 mile or 1 per cent 
whichever is the greater. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

533.5  1403 
On High-Vacuum Technique —G. W. Oet-

jen. (Elektrotechnik (Berlin), vol. 2, pp. 333-340; 
December, 1948.) A review of modern methods 
and equipment, with particular reference to 
pumping rates, the different oils used in oil 
diffusion pumps, high-vacuum tubes, gauges, 
etc. 

535.37  1404 
The Relation between Efficiency and Ex-

citing Intensity for Zinc-Sulfide Phosphors — 
H. A. Klasens, W. Ramsden, and Chow Quan-
tie. (Jour. opt. sew. Amer., vol. 38, p. 649; 
July, 1948.) Corrections to 3422 of 1948. 

535.37:621.385.832  1405 
Silicate Phosphors for Cathode Ray Tubes 

—P. N. Campbell. (Jour. Soc. Chem. Ind. 
(London), vol. 66, pp. 191-194; June, 1947.) 
The object of the experimental work described 
was to produce a phosphor which would give 
a white screen suitable for television. A mix-
ture of powders to produce the correct color 
has been found but the brilliance is not yet 
satisfactory. Possible future developments are 
indicated. "Settling" is thought to be the most 
effective and economical method of preparing 
screens on a large scale. 

537.228.1  1406 
Recent Progress in Piezoelectric Tech-

nique —A. Tournier. (Atli del Congresso in-
ternazionale della Radio (Rome), pp. 485-518; 
September and October, 1947. In French.) 
An illustrated account of the production of 
quartz crystals from silica at the Laboratoire 
Central de Tel6communications. Crystalliza-
tion of other salts can be accelerated by rota-
tion of the crystal during formation and by 
addition of crystal impurities. Piezoelectric 
characteristics of rochelle salt and other crys-
tals are discussed in detail. Certain phosphates 
and arsenates of ammonium or potassium can 
be used to obtain directly a bandwidth of 4 
kc at a carrier frequency of 80 kc, but they 
have a large characteristic impedance and 
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temperature coefficient of frequency. See also 
2811 of 1948. 

538.13+538.221  1407 
The Magnetic After-Effect of Different 

Types of Silicon-Iron —H. Wilde and G. Bosse. 
(Frequenx, vol. 2, pp. 214-215; August, 1948.) 
The effect of temperature and of frequency on 
the complex permeability of three grades of 
material, containing respectively 4 per cent, 
3.5 per cent, and 2.5 per cent Si, is shown 
graphically. Curves are also given for the 
permeability for various ac fields. 

538.221  1408 
Some New Ferromagnetic Manganese Al-

loys —F. A. Flames and D. S. Eppelsheimer. 
(Nature (London), vol. 162, p. 968; December 
18, 1948.) The results of an investigation on 
three Cu-Mn-Ga alloys are given. Two speci-
mens were strongly magnetic when quenched 
from 750° C. X-ray diffraction data are tabu-
lated, but cannot as yet be satisfactorily inter-
preted. 

538.221:538.213  1409 
Ferro-Magnetics at Ultra-High-Frequen-

cies —M. J. 0. Strutt. (Atli del Congress° in-
ternazionale della Radio (Rome), pp. 448-459; 
September and October, 1947. Bibliography, 
PP. 459-462. In English.) It seems probable 
that in the range of very low frequencies (from 
zero to a few kc) the effective permeability 
declines from several thousand to several 
hundred for certain very pure ferromagnetic 
materials. Anomalies found by some experi-
menters near 3 Mc are believed to be spurious. 
At room temperatures, a marked decline from 
several hundred to about unity occurs in the 
frequency range 300 to 30,000 Mc; it is sug-
gested that the increased conductivity at low 
temperatures would have the same effect as a 
corresponding increase of frequency. Even 
slight differences in treatment of a well-defined 
material may result in large differences in 
measured permeability values; hence the entire 
range 0 to 30,000 Mc should be investigated in 
one laboratory. A theoretical explanation of 
the fall in permeability is given in terms of 
eddy-current effects. 

538.244  1410 
Magnetization in Perpendicularly Super-

posed Direct and Alternating Fields —F. J. 
Beck and J. M. Kelly. (Jour. Appt. Phys., 
vol. 19, pp. 551-562; June, 1948.) General 
investigation of the behavior of an iron speci-
men. Curves of the dynamic longitudinal 
magnetic induction versus transverse magnetic 
field intensity and transverse magnetic induc-
tion are included. 

621.315.59  1411 
Properties of Poorly Conducting Layers 

between Metals and Semiconductors—V. E. 
Lashkarev. (Zh. Tekh. Fiz., vol. 18, pp. 1347-
1355; November, 1948. In Russian.) 

621.315.59:621.314.63  1412 
Rectification at the Boundary of Two Semi-

conductors —A. V. Ioffe. (Zh. Tekh. Fix., vol. 
18, pp. 1498-1510; December, 1948. In Rus-
sian.) A detailed report upon an experimental 
investigation. For rectification, the two semi-
conductors in contact must have different 
types of conductivity and there must be a 
difference of contact potentials. The hole 
contact potential should be higher than the 
electron potential. The following processes 
are also of importance in rectification: (a) 
the formation of barrier layers of low conduc-
tivity, (b) variations in their thickness during 
the passage of the current, (c) increase in the 
conductivity of semiconductors under the in-
fluence of the electric field, and (d) transfer 
of charges through the boundaries of the semi-
conductors. 

621.315.612  1413 
New Ceramic Materials with Very High 

Dielectric  Constant  X  Miscued  and  H. 

‘Volf-Stawski.  (Atli del Congress° inferno-
sionale della Radio (Rome), pp. 336-363; 
September and October, 1947. In Italian.) 
The work of various authors is reviewed and 
an experimental investigation into the relation-
ship between dielectric constant and loss angle 
for materials containing titanates of Ba and 
Sr is described. Applications are discussed. 

621.315.612.011.5  1414 
Variation of the Dielectric Properties of 

Ceramic Materials with Magnesium-Ortho-
titanate Base and Its Representation by the 
Logarithmic Law of Mixtures —E. Albers-
Schoenberg and W. Soyck. (Ann. Radio;lec., 
vol. 3, pp. 290-292; October, 1948.) Results 
for materials containing titanates of Mg and 
Ca or Sr show the logarithmic law to hold for 
the dielectric constant, which increases from 
about 20 for 7 per cent of CaTiOi to 120 for 
85 per cent of CaTiO3, the corresponding 
temperature coefficients being — 10X 10' per 
°C and —1,600 X10-11  per °C. 

621.318.2  1415 
Permanent  Magnets —W.  E.  Burnand. 

Elec. Rev., (London)  vol. 144, pp. 63-67; 
January 14, 1949.) Discussion of economical 
methods of magnetization for magnets of 
awkward shapes. 

621.318.22  1416 
Materials for Permanent Magnets —S. Win-

tergerst. (Funk und Ton, vol. 3, pp. 48-50; 
January, 1949.) The composition and some 
magnetic and. physical properties of 12 alloys 
are tabulated and discussed. 

621.318.22  1417 
Magnetic Materials: a Review of Progress 

—F. Brailsford: D. A. Oliver and D. Hadfield: 
G. R. Polgreen. Jour. IEE (London). part I, 
vol. 95, pp. 522-543; December, 1948.) Part 1: 
Electrical sheet steels. Part 2: Permanent 
magnet materials. Part 3: Magnetic powder 
cores. 

621.775.7:538.221  1418 
Verification of Neel's Theory for the Coer-

cive Field of Finely Powdered Ferronickel 
Alloys —L. Weil. (Corn pt. Rend. Acad. Sci. 
(Paris), vol. 227, pp. 1347-1349; December 20, 
1948.) Measurements on alloys containing 50 
to 90 per cent Ni confirm that the mean coer-
cive field for agglomerated powders with little 
or no magnetic anisotropy is directly propor-
tional to the magnetization at saturation. See 
also 3151 and 3152 of 1947 (Neel). 

666.1.037.5  1419 
The Theory of Stresses in Two-Component 

Glass to Metal Tube Seals -1I. Rawson. (Jour. 
Sci. Instr., vol. 26, pp. 25-27; January, 1949.) 
Theory based on that of Lame is given, with 
curves showing the dependence of the principal 
stresses at the seal interface on the seal dimen-
sions. 

666.192.037.5  1420 
New Quartz-Metal Seal —E, II. Nelson. 

(Elec. Rev. (London), vol. 144, pp. 60-62; 
January 14, 1949.) The metal part of the seal 
consists of a Mo annulus of lenticular cross 
section soldered coaxially upon a Mo rod. The 
rod provides a large current-carrying capacity 
whilst the annulus gives a hermetic seal. 

679.5: 535.316/.317: 534.321.9  1421 
Ultrasonic Lenses of Plastic Materials — 

D. Sette. (Jour. Acous. Soc. Amer., vol. 21, 
p. 61; January, 1949.) Summary of Acoustical 
Society of America paper. Propagation velocity 
and attenuation of elastic waves have been 
measured  in  various  synthetic  materials; 
plexiglas appears to be the most suitable 
material for such lenses. 

MATHEMATICS 

517.53:621.392.52  1422 
Splitting of an Analytical Function into a 

Linear and a Nonlinear Part, and also a 

Method of Determining, for a Known Linear 
Component, the Nonlinear Component and the 
Function as a Whole —II.  Pleijel.  (Arch. 
Elek. (Obertragung), vol. 2, pp. 307-320; 
August and November, 1948.) Mathematical 
discussion. In many cases, the problem has a 
simple solution. Applications to the theory of 
filter networks are considered. 

517.942:621.396.611.3  1423 
On Linear Differential  Equations with 

Slowly Variable Coefficients. Application to the 
Study of Nonlinear Coupling —C. Blanc. (Bull. 
Tech. Suisse Romande, vol. 74, pp. 185-188 and 
209-213; July 17, and August 14, 1948.) For 
an equation with slowly variable coefficients 
and such that the integrals of the equation 
with the right-hand side replaced by zero tend 
sufficiently rapidly toward zero when the in-
dependent variable increases indefinitely, a 
solution is obtained involving a function which 
plays the part of a variable admittance. This 
result is applied to discussion of the main-
tenance of the oscillations of a pendulum by 
ac, and also to the case of two circuits coupled 
by the variable capacitance between two 
plates linked elastically. 

517.942.1:518.5  1424 
Electro-Integrator for the Solution of the 

General Linear Differential Equation with 
Constant Coefficients —N. V. liorofkov and 
G. K. Kuz'minok. (Bull. Acad. Sci. URSS, 
pp. 517-532; April, 1948. In Russian.) The 
device described solves systems of such differ-
ential equations with a speed determined only 
by the duration of the transient process in the 
circuit; any relevant dynamic conditions can 
be simulated. The integrator is based on a 
circuit proposed by L. I. Gutenmacher and 
consisting of a number of interconnected two-
terminal and four-terminal networks (tube 
amplifiers). The solution obtained is'shown on 
a cro or a loop (mechanical) oscillograph and 
can be photographed. The operation of the 
integrator is discussed in detail. A year's 
experience has proved its suitability for many 
kinds of research work. 

518.5  1425 
A Discussion on [general-purpose, auto-

matic, digital] Computing Machines--(Proc. 
Roy. Soc. A. vol. 195, pp. 265-287; December 
22, 1948.) The following papers were read: A 
Historical  Survey  of  Digitat  Computing 
Machines, by D. R. Hartree. General Prin-
ciples of the Design of All-Purpose Computing 
Machines, by M. II. A. Newman. The Design 
of a Practical High-Speed Computing Machine, 
the EDSAC, by M. V. Wilkes. A Cathode-Ray 
Tube Digit Store, by F. C. Williams. The 
Automatic Computing Engine at the National 
Physical Laboratory, by J. H. Wilkinson. 
Recent Computer Projects. by A. D. Booth. 
See also 1157 and 1493 of 1947, 464 and 3448 
of 1948, 759 of April and 1110 of May. 

517.432.1  1426 
Modern Operational Calculus, with Ap-

plications in Technical Mathematics [Book 
ReviewJ —N.  W.  McLachlan.  Macmillan. 
London, 1948, 218 pp., 21s. (Nature (London), 
vol. 162, p. 945; December 18, 1948.) Based 
on a transform simply related to that of 
Laplace. The book is intended for post-gradu-
ate engineers and technologists and is unusu-
ally rigorous. 

MEASURE MENTS AND TEST GEAR 

531.761 +621.317.361  1427 
Limits for the Comparison of Frequency and 

Time at Great Distances —M. Boella. (Atli 
del Congress° internazionale della Radio (Rome), 
pp. 213-224; September and October. 1947. In 
Italian.) A series of measurements on the 
stability of standard signals received from the 
Bureau of Standards confirms that irregular 
variations up to ±2 parts in 107 exist and are 
due to a propagation effect; their magnitude 
depends on the time of day. The afternoon is 
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the best time for precise comparisons at 15 
Mc, the maximum errors then observed are 2 
parts in 108. See also 1163 of May (Rawer) and 
back reference. 

531.761  1428 
High-Precision Comparison of Times —C. 

Egidi. (Atti del Con gresso internazionale della 
Radio (Rome), pp. 292-296; September and 
October, 1947. In Italian.) Discussion of ap-
paratus specially designed for comparing W WV 
with other standard signals. 

621.317.3  1429 
An Experimental Method for Determining 

the Fundamentals and Harmonics of Stationary 
Low-Frequency Electrical Quantities —F. Kop-
pelmann.  (Frequenz, vol.  2, pp. 296-303; 
November, 1948.) A moving-coil instrument 
is used with a mechanical rectifier (synchro-
nized with the supply voltage) and suitably 
connected resistors to obtain the integral curve 
of the quantity in question. The values of the 
fundamental and harmonics are then calcu-
lated from measurements of selected ordinates. 
The method is illustrated by results for a 
transformer core. 

621.317.324t  1430 
Production of a Uniform H.F. Field for 

Measurement Purposes —E. Roeschen. (Funk 
und Ton, vol. 3, pp. 18-32; January, 1949.) 
Sensitive methods of field-strength measure-
ment are based on measurements of mutual 
inductance. Curves are given showing the 
field strength for single circular coils and for 
combinations of pairs of coils. For a particular 
4-coil system, the deviations from uniformity 
of the field were <1 per cent. 

621.317.335.3t+621.317.374  1431 
Determination of Dielectric Quantities by 

Balance Methods —T. Gast and E. Alpers. 
(Z. Angew. Phys., vol. 1, pp. 228-232; Novem-
ber, 1948.) The basic principles of the methods 
are outlined and the apparatus used is de-
scribed. Typical results are given showing the 
dependence of the dielectric constant and loss 
factor of polyvinyl chloride on temperature 
and frequency. 

621.317.335.3t:546-145  1432 
On the Measurement of the Dielectric 

Constant of Solutions at High Frequencies — 
U.  (.4th i del Congress° inlernazionale 
della Radio (Rome), pp. 463-484; September 
and October, 1947. In Italian.) 

621.317.335.31.: 621.392.26t  1433 
Universal  Curves  for  Dielectric-Filled 

Wave  Guides  and  Microwave  Dielectric 
Measurement Methods for Liquids— W. H. 
Surber, Jr. (Jour. App!. Phys., vol. 19, pp. 
514-523; June, 1948.) A method is given for 
constructing a set of curves for the variation 
of waveguide parameters in terms of D, a 
dissipation factor of the dielectric filling analo-
gous to tan b for coaxial lines. An experimental 
method is described for measuring the dielec-
tric constant e of a high-loss liquid contained 
in a waveguide, from the variation of reflection 
coefficient with sample length. The constants 
of the medium can then be determined using 
e and 1) as primary independent 'parameters. 

621.317.335.3f:621.396.611.4  1434 
A Method for Measuring the Complex 

Dielectric Constant of Gases at Microwave 
Frequencies by Using a Resonant Cavity— 
C. K. Jen. (Jour. App!. Phys., vol. 19, pp. 
649-653; July, 1948.) For low-pressure gases 
at X-band frequencies (8,500 to 9,750 Mc). 
The real part of the dielectric constant of a 
gas affects the natural frequency of a resonant 
cavity containing it, while the imaginary part 
affects the amplitude and breadth of the cavity 
response curve. By rapid variation of the 
frequency through resonance, the real and 
imaginary parts can be conveniently and ac-
curately determined from cro measurements. 
Sample results are given. The method can also 

be used for the measurement of (a) the resonant 
dispersion and absorption of microwaves by 
gas molecules, and (b) the loaded and unloaded 
Q of a cavity. 

621.317.725:621.317.733  1435 
Analysis  of  Bridge-Type  Valve  Volt-

meters — P. Popper and G. White. (Wireless 
Eng., vol. 25, pp. 377-384; December, 1948.) 
Two arms of the bridge are formed by the 
tube and its associated resistors. The other 
two can be formed either by two resistors or 
by a similar tube and a resistor. These two 
types of bridge can be further subdivided ac-
cording as the tube resistor is placed in the 
plate or cathode circuit. The relative merits 
of these four types are compared from the 
points of view of sensitivity, stability, linearity, 
and the effect of choice of output meter upon 
performance. For a single-tube circuit (with 
positive biasing battery) the transfer of the 
resistor from the plate to the cathode lead 
improves stability and linearity, but with the 
two-tube circuit this is not the case. A graphical 
solution for nonlinear operation in the two-tube 
circuit is given. Optimum deflection sensitivity 
occurs when the meter resistance equals the 
output resistance of the circuit; this cannot be 
realized in practice when plate resistors are 
used in double-tube circuits. 

621.317.727  1436 
An A.C. Potentiometer —J. M. Vanderleck. 

(Elec. Eng., vol. 67, pp. 173-181; February, 
1948.) Description of an instrument of the 
Gall type for general measurements. Simplicity 
of operation rather than absolute accuracy was 
the primary consideration. 

621.317.761:621.396.611.4  1437 
Electrical Measurements on Transmission 

Cavity Resonators at 3 cm Wavelength —M. S. 
Wheeler. (Atli del Con gresso internazionale 
della Radio (Rome), pp. 520-525; September 
and October, 1947. In English.) Energy from 
a 3-cm FM oscillator is applied, through a 
variable attenuator and the cavity under test, 
to a rectifier crystal which provides, after 
amplification, the voltage for the vertical 
deflection of a cro beam. A small part of the 
oscillator energy is transmitted through a high 
impedance to another crystal, to which a 
standard frequency is also applied. The dif-
ference-frequency voltage intensifies the trace 
on the cathode-ray screen whenever the 
difference frequency falls within the pass band 
of the Z-axis amplifier. The horizontal sweep 
is derived from the oscillator modulating 
voltage, so that a response versus frequency 
curve is produced with bright spots super-
imposed and spaced equally on either side of 
the reference frequency. Accuracy of measure-
ment of the resonance frequency is estimated 
as within 1 part in 150,000. 

621.317.79:551.510.535  1438 
Ionosphere Reflections Recorded Mechan-

ically by Means of a Repetition Frequency 
Converter —W. Stoffregen. (Jour. A m. Phys., 
vol. 19, pp. 487-490; May, 1948.) The high 
repetition frequency (50 cps) of received iono-
spheric echoes is converted to a much lower 
frequency (0.2 to 0.5 cps) by a stroboscopic 
technique. Mechanical recording of echoes 
having a delay of some milliseconds, using a 
pulse width of 20 to 100 microseconds is thus 
facilitated. See also 789 of April. 

621.319.4(083.74)  1439 
Standards for  Low  Values  of  Direct 

Capacitance -C. Moon and C. M. Sparks. 
(Jour. Res. Nat. Bur. Stand., vol. 41, pp. 497-
507; November, 1948.) Discussion of the design 
and measurement of capacitors from 0.001 
pF to 5 pF. Capacitors above 0.1 pF are of 
normal guard-ring type, but below this value 
a guard-well construction is used. 

621.38/.39.001.4  1440 
Transients in Mechanical Systems —J. T. 

Muller. ( Bell Sys  7 rch. Jour , vol. 27,  pp. 

657-683; October, 1948.) High-impact shock 
tests for electronic apparatus are analyzed by 
the Laplace transform for various types of 
impact pulse. Curves for the transient dis-
placement and the maximum amplitude of the 
ensuing harmonic motion are given. 

621.397.62.001.4  1441 
Airline TV Receiver Installation Tests — 

W. S. Smoot. (Communications, vol. 29, pp. 
8-9, 34; January, 1949.) A 12' direct-viewing 
receiver was used, with alternative antennas 
above and below the aircraft. Power was sup-
plied by means of an inverter. Performance on 
a run from Washington to Norfolk, Virginia, 
is discussed. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

534.001.82  1442 
Generation of Sonic and Ultrasonic Waves 

in Liquids for Industrial Purposes —W. Janov-
sky and R. Pohlman. (Z. Angew. Phys., 
vol. 1, pp. 222-228; November, 1948.) A 
special type of high-frequency whistle is de-
scribed which gives frequencies from 4 to 32 
kc and is very effective for the production of 
emulsions. The operating cost of emulsification 
by means of the whistle is about 0.003 of that 
when magnetostriction oscillators are used. 

539.16.08  1443 
Further Experiments with an Adjustable 

Geiger-Miiller Counter —A. G. Fenton and 
E. NV. Fuller. (Proc. Phys. Soc., vol. 62, pp. 
32-40; January 1, 1949.) Discussion of the 
effect of various counter variables on the 
occurrence of multiple pulses, and of the 
performance of the counter as an ionization 
chamber at operating potentials below the 
Geiger region. For earlier work see 2578 of 
1948 (Chaudhri and Fenton). 

539.16.08  1444 
Recent  Research  on  [Geiger-Milner] 

Counter Tubes —J. D. Craggs. (Rep. Progr. 
Phys., vol. 9, pp. 137-155; 1942 and 1943. 
Bibliography, pp. 155-157.) The work done on 
the mechanism of counters since about 1938 is 
reviewed. The main sections deal with propor-
tional and nonproportional counters and their 
absolute efficiency. Their application to the 
counting of visible photons,  X-rays, and 
neutrons is discussed. Directional, discriminat-
ing, and other special types are briefly de-
scribed. 

539.16.08  1445 
Two Methods of Measurement of Dead 

Time in Geiger-Miiller Counters —J. L. Put-
man and E. II. Cooke-Yarborough. (Jour. 
Sci. Instr., vol. 25, pp. 409-411; December, 
1948.) 

539.16.08:621.383  1446 
Performance of 931-A Type Multiplier in a 

Scintillation Counter—G. A. Morton and J. A. 
Mitchell. (RCA Rev., vol. 9, pp. 632-642; 
December, 1948.) The scintillation type of 
nuclear radiation detector uses such a multi-
plier to convert into an electrical pulse the 
light flash produced by a suitable phosphor 
crystal when it absorbs a nuclear particle. 
The main properties investigated are the 
number and distribution of spurious pulses 
generated by the multiplier in darkness and 
the pulse performance when very few photo-
electrons contribute to the pulse. 

620.179.16  1447 
Supersonic Flaw Detectors —D. C. Erd-

man. (Elec. Eng., vol. 67, pp. 181-185; Febru-
ary, 1948.) Echo techniques and apparatus. 

621.38.001.8:621.3.012  1448 
Handbook of Industrial Electronic Circuits 

[Book Review] -Markus and Zeluff. (See 1345.) 

621.38.001.8:621.9  1449 
The Application of Electronics to Machine 

Tools —( Machinery (London), vol.  73,  pp. 
663-668; November 11, 1948.) Discussion of 
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devices shown at the recent Machine Tools 
Exhibition at Olympia. In most cases, the 
number of electronic devices used has been 
kept to a minimum,and the circuit arrange-
ments are designed for long life and ease of 
maintenance. Service requirements have stimu-
lated the production of rugged, shock-proof, 
and moisture-proof components. Devices for 
obtaining stepless speed control, especially for 
small machines, were a prominent feature. 

621.38.001.8:623.95  1450 
Developments on Magnetic and Acoustic 

Mines at the Admiralty Mining Establish-
ment —A. J. Baggott and C. H. Fawcett. 
(Jour. 1EE (London), part I, vol. 95, pp. 
550-551; December, 1948.) Discussion on 790 
of 1948. 

621.384.62t  1451 
The Choice of Operating Mode for Standing 

Wave Type Linear Accelerators for Electrons — 
E. J. Lawton. (Jour. Appt. Phys., vol. 19, 
pp. 534-539; June, 1948.) 

621.384.62t  1452 
Experimental Results on Standing Wave 

Type Linear Accelerators for Electrons —E, J. 
Lawton and W. C. Hahn. (Jour. App. Phys., 
vol. 19, pp. 642-648; July, 1948.) 

621.385.833  1453 
Chromatic Aberration and Resolving Power 

in Electron Microscopy —E. G. Ramberg and 
J. Hillier. (Jour. Appl. Phys., vol. 19, pp. 678-
682; July, 1948.) 

621.385.833  1454 
Electron Microscopy —L. Marton. (Rep. 

Progr. Phys., vol. 10, pp. 204-248; 1944 and 
1945. Bibliography, pp. 248-252.) Magnetic 
lenses are discussed in some detail and formulas 
for focal length, magnification, chromatic and 
spherical aberration, and optimum aperture 
are given together with graphs showing their 
variation. Some experimental justification is 
given, and the superiority of magnetic over 
electrostatic lenses is shown. The theory of re-
solving power is not so well understood but 
there is experimental evidence for assuming a 
limit to resolution of about 20 A for bright-field 
observation. For dark-field observation, the 
limit is somewhat larger. General descriptions 
are given of the main types of electron micro-
scopes and allied instruments, and, in particu-
lar, of a microanalyzer and a microtome; the 
operational techniques involved are discussed. 

621.385.833  1455 
The Refractive Index in Electron Optics and 

the Principles of Dynamics — W. Ehrenberg 
and R. E. Siday. (Proc. Phys. Soc., vol. 62, 
pp. 8-21; January 1, 1949.) A relation between 
the ray direction and the wave normal is ob-
tained, and an expression for the optical path 
difference is given in terms of the magnetic 
flux enclosed. The results are applied to the 
differential equations  for trajectories,  the 
focusing properties of an axially symmetrical 
field and the interference pattern due to two 
converging bundles of rays enclosing a mag-
netic flux. 

621.385.833  1456 
Electron Lenses of Hyperbolic Field Struc-

ture: Part 2—R. Rtidenberg. (Jour. Frank. 
Inst., vol. 246, pp. 377-408; November. 1948.) 
If the lens voltage is increased above the in-
cident electron voltage, the beam is at first 
blocked. A further increase converts the lens 
into a curved mirror, the focal properties of 
which are analyzed.  Boundary conditions 
which may be rigorously or approximately 
satisfied in actual designs are discussed, and 
the effects of lateral apertures and windows 
are considered in detail. Expressions are de-
rived for various defects which are small and 
depend on only a few parameters of the lens 
field. The case of electron cylinder lenses is also 
considered. Part 1:813 of April. 

621.385.833  1457 
Electron  Lens  Corrected  for  Spherical 

Aberration —P. Hubert. (Comp:. Rend. Acad. 
Sci. (Paris), vol. 228, pp. 233-235; January 17, 
1949.) The method of correction proposed 
consists in sending the electron beam through 
a narrow metal cylinder in order to use the 
attraction of the charges induced on the walls. 
Numerical calculations show that, with such a 
system, the resolving power is greatly im-
proved. The method may have important ap-
plications in the case of the proton microscope. 

621.385.833  1458 
Electron Lens with Curvilinear Axis —P. 

Hubert. (Comp:. Rend. Acad. Sci. (Paris), 
vol. 228 pp. 302-304; January 24, 1949.) A 
magnetic lens with circular axis has been used 
by Svartholm and Siegbahn in the construction 
of a 13-ray spectrograph (1868 of 1947). It is 
possible to construct a lens whose magnetic 
field does not possess rotational symmetry. 
The theory of such a system is given and the 
practical advantages are enumerated. 

621.385.833: 537.533: 530.145.6  1459 
Field Emission of Electrons —Jenkins. (See 

1356.) 

621.385.833.032.29  1460 
On a New Electron Gun for High-Voltage 

Tubes —M. Bricka and H.  Bruck.  (Ann. 
Radioilec., vol. 3, pp. 339-343; October, 1948.) 
Detailed description of a gun used on C.S.F. 
electron microscopes and diffraction analyzers. 
At 45 kv it gives a current density ten times 
that of the ordinary type of gun and has an 
efficiency of about 20 per cent. The high-volt-
age current is about 40 microamperes. 

534.321.9.001.8:620.179.16  1461 
Ultrasonic Material Testing and Other 

Applications [Book Noticel —B.I.O.S.  Final 
Report No. 1679, Item No. 9 H. M. Stationery 
Office, London, 68 pp. plus reprints in German 
from various German journals. Many different 
workers had obtained suggestive results in-
dicating the possibility of industrial applica-
tion of ultrasonics to emulsification, precipita-
tion, preparation of fine grain alloys, etc., but 
there was little evidence of actual use on an 
industrial scale. A magnetostriction technique 
was successfully used for both vertical and 
horizontal echo soundings. An ultrasonic glass 
delay line was also used in the Rehbock radar 
test set. Success in techniques for testing 
materials is claimed, though insufficient in-
formation is available as to the amount of 
material so tested. See also B.I.O.S. Final 
Reports Nos. 724 and 1504. 

PROPAGATION OF WAVES 

538.566  1462 
On Formulae for the Principle of Huyghens 

for Electromagnetic Waves —F. Croze and E. 
Durand. (Corn/n. Rend. Acad. Sci. (Paris), 
vol. 228, pp. 236-239; January 17, 1949.) 
Formulas have been given by L. de Broglie 
(3083 of 1944) which are equivalent to those of 
Kottler but in which the elements of a surface 
wave have only superficial densities of current 
and electric and magnetic charges. Application 
of these formulas to the determination of the 
electric field in a secondary wave emanating 
from an element of a surface wave le5ds to 
formulas established by Love, Larmor, and 
Bromwich, so that de Broglie's formulas 
should be regarded as the correct expression 
of the principle of Huyghens, taken in its usual 
sense, for electromagnetic waves. 

538.566  1463 
On the Expression of the Principle of 

Huyghens for Electromagnetic  Waves —F. 
Croze and P. Boillet. (Compt. Rend. Acad. 
Sci. (Paris), vol. 228, pp. 305-307; January 
24, 1949.) The formulas of Love, Larmor, and 
Bromwich for electromagnetic waves are de-
rived directly from the classical formulas for 
the fields produced by electric and magnetic 
doublets. See also 1462 above (Croze and 
Durand). 

538.566  1464 
Generalized Magneto-Ionic Theory —N. C. 

Gerson and S. L. Seaton. (Jour. Frank. Inst., 
vol. 246, pp. 483-494; December, 1948.) A 
vector equation relating the polarization of a 
homogeneous isotropic medium to the ex-
ternally impressed magnetic field is derived 
for the case of a medium penetrated by an 
electromagnetic wave. The equation involves 
the fourth degree of the refractive index and is 
a generalization of that obtained by Booker 
(422 of 1939) for a 2-dimensional case. 

538.566:551.510.535  1465 
On the Polarization in the Ionosphere —J. 

Malsch. (Arch. Elek. (Obertragung), vol. 2, pp. 
231-237; June and July, 1948.) Evidence from 
various sources is discussed which suggests 
that the so-called Lorentz term is not ap-
plicable in ionospheric propagation. 

538.566.2  1466 
Propagation of Electromagnetic Perturba-

tions in an Atmospheric Waveguide —T. Kahan 
and G. Eckart. (Comp:. Rend. Acad. Sci., 
(Paris), vol. 228, pp. 235-236; January 17, 
1949.) An outline of the physical phenomena 
in an ideal plane atmospheric duct bounded 
by a perfectly conducting earth and a parallel 
plane at a height h where the index of refraction 
has a discontinuity. Mathematical theory will 
be published elsewhere. For low values of h, 
the field F of the dipole source at distance r 
varies as I /r3, but above a limiting value of 
h/X, FcI liVr and the energy is propagated in 
cylindrical waves of the TE type. 

538.566.2  1467 
Representation of the Radiation in an At-

mospheric Duct by a Series of Virtual Sources 
—T. Kahan and G. Eckart. (Comm. Rend. 
Acad. Sci. (Paris), vol. 228, pp. 304-305; 
January 24, 1949.) Near the origin, the field in 
the duct can be derived by superposing, on the 
field of a dipole of double strength, the fields 
due to successive images of this dipole with 
respect to (a) the plane forming the upper 
boundary of the duct, and (b) the earth. This 
representation is valid up to a distance such 
that the ray from the first virtual image 
makes an angle with the horizontal at least 
equal to the angle of total reflection at the 
boundary layer. At greater distances, the field 
strength follows either the 1/ra or the 1/ Vr 
law (see 1466 above). 

621.396.1  •  1468 
Diversity  Reception  in  U.S. W.  Radio 

Links  G. Barzilai and G. Latmiral. (Wireless 
Eng., vol. 25, pp. 390-395; December, 1948.) 
The proper disposition of the receiving an-
tennas is considered theoretically, taking ac-
count of the way in which they are connected 
to the receiver. Results are applied to a prac-
tical case. 

621.396.11  1469 
Coastal Refraction —T, L. Eckersley. (Atli 

del Con gresso internazionale della Radio (Rome), 
pp. 97-110; September and October, 1947. 
In English.) The fact that the velocity of 
electromagnetic waves over land is less than 
their velocity over sea is inconsistent with 
Zenneck's surface-wave theory, but this theory 
is not considered relevant. The result can be 
obtained from pure diffraction theory. The 
difference in velocity (and, therefore, coastal 
refraction) is only significant at wavelengths 
between 15 and 1,500 meters. 

621.396.11  1470 
The Future of Wave Propagation Research 

—S. B. Smith and K. W. Tremellen. (Atti 
del Con gresso internazionale della Radio (Rome), 
pp. 196-210; September and October, 1947.1n 
English.) A survey of present knowledge and 
possible future developments for (a) atmos-
pherics and extraterrestrial radiations, (b) 
vhf propagation (above 30 Mc) and superre-
fraction, (c) high-frequency propagation (3 
to 30 Mc), (d) medium-frequency ground-wave 
propagation  and  ionospheric  transmission 
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paths (0.15 to 3 Mc), (e) low-frequency propa-
gation (10 to 150 kc)• 

621.396.11  1471 
General Remarks on the Theory of Wave 

Propagation -H. Bremmer. (Atli del Con gresso 
internazionale della Radio (Rome), pp. 30-42; 
September and October, 1947. In English.) 
Discussion of the effects of earth curvature, 
refraction and diffraction, and the relevance of 
both ray theory and mode theory. 

621.396.11  1472 
Mechanisms of Propagation -C. R. Bur-

rows. (Atli del Con gresco internazionale della 
Radio (Rome), pp. 43-51; September and 
October, 1947. In English.) Discussion of re-
fraction,  diffraction,  and  ionospheric  and 
guided tropospheric propagation. 

621.396.11  1473 
Studies in Propagation -T. L. Eckersley. 

(Aid del Con gresso internazionale della Radio 
(Rome), pp. 78-96; September and October, 
1947. In English.) A critical survey. The 
properties of the ionosphere are discussed with 
reference to the problems of scatter clouds in 
the E layer, abnormal-E, and abnormal-F. 
Propagation over land and sea paths is dis-
cussed in some detail for ))* 10 meters. The 
importance of the phase-integral method is 
stressed. 

621.395.11:551.510.535  1474 
A Note on the Phase Difference between 

Two Waves Reflected from the Ionosphere -
J. M. Kelso. (Jour. App!. Phys., vol. 19, pp. 
590-591; June, 1948.) Two relations given 
without proof by Appleton and Beynon (2895 
of 1947) are discussed and shown to have wide 
validity. 

621.396.11:551.510.535  1475 
Regular  Ionosphere  Observations  over 

Mid-Germany - W.  Dieminger.  (Fernmelde-
tech. Z , vol. 1, pp. 222-224; November, 1948.) 
Diagrams show the diurnal variations of the 
monthly mean values of limiting frequency for 
the normal and abnormal E layers and for the 
F2-layer ordinary component from January to 
October, 1948. Disturbances which occurred 
(luring October are briefly discussed. 

621.396.11:551.510.535  1476 
The Verification of Magneto-Ionic Theory 

from the Gyrointeraction of Radio Waves in 
the Ionosphere -M. Cutolo. (Atli del Con-
gresso internazionale della Radio (Rome), pp. 
65-77; September and  October,  1947.  In 
Italian.) Experimental results confirm V. A. 
Bailey's theory of gyrointeraction. The fact of 
gyrointeraction shows that there is an iono-
spheric resonance frequency in the sense indi-

r- cated by Nicholls and Shelleng. A nocturnal 
variation was observed in the gyromagnetic 
frequency. The experimental methods dis-
cussed can be used to study the distribution 

i of the earth's magnetic field in the ionosphere. 
! See also 513 of 1947 (Cutolo, Carlevaro, and 
Ghergi) and 2055 of 1948. 

621.396.11:551.510.535  1477 
Measurement of the Parasitic Modulation 

in Gyrointeraction Phenomena -M. Cutolo 
and R. Ferrero. (Alta Frequenza, vol. 17, p130. 
212-216; October, 1948. In Italian, with Eng-
lish, French, and German summaries.) An ac-
count of measurements on transmission paths 
between Turin and Taranto, Augusta and 
Palermo, with the Vatican transmitter as the 
interfering element. Curves show the variation 
of the parasitic modulation as a function of 

r (a) the modulation frequency of the interfering 
station, and (b) time. 

621.396.11:551.594.21  1478 
Guided Propagation of Radar in Thunder-

storm Conditions -R D. Coons. (Bull. Amer. 
Met. Soc., vol. 28, pp. 324-329; September, 
1947.) Discussion of the behavior of radar 
echoes during thunderstorm conditions.  A 
series of photographs of a PPI presentation 
shows the passage of storm clouds, and the 

abnormal range of ground echoes resulting 
from guided propagation caused by stratifica-
tion of water vapor in the rain areas under the 
cloud. 

621.396.11:621.396.619.13:621.396.65  1479 
The Possibility of Transatlantic Transmis-

sion by Means of Frequency Modulation- - 
Arguimbau and Granlund. (See 1506.) 

621.396.81:621.397.5  1480 
Field Test of Ultra-High-Frequency Tele-

vision in the Washington Area -G. H. Brown 
(RCA Rev., vol. 9, pp. 565-584; December, 
1948.) A survey of the field strength of the 
signals from a broadcast transmitter operating 
in the 500-Mc band is described. The measure-
ments were made at points along eight radial 
lines and also in about 50 homes with typical 
home receivers. From the results, the power 
required for satisfactory coverage was de-
termined. Measurements in the homes were 
also made of the signal voltage for the existing 
67.25-Mc television service and for transmis-
sions on 505.25 Mc. Performances of various 
types of receiving antennas are compared. See 
also 3224 of 1948 (Brown, Epstein, and Peter-
son). 

621.396.812.029.64  1481 
A Method of Determining the Angle of 

Arrival -A. W. Straiton, W. E. Gordon, and 
A. H. LaGrone. (Jour. App!. Phys., vol. 19, 
pp. 524-533; June, 1948.) The angles of arrival 
of the direct and reflected rays are determined 
by measuring the phase difference for two 
points at different heightsand the field strength 
at each point. Values obtained for 3-cm radia-
tion over a 27-mile path are consistent with 
those calculated by ray theory, taking account 
of the refractive-index distribution deduced 
from meteorological measurements. See also 
1182 of 1947 (Sharpless) and 1183 of 1947 
(Crawford and Sharpless). 

RECEPTION 

621.396.1  1482 
Diversity  Reception  in  U.S. W.  Radio 

Links -Barzilai and Latmiral. (See 1468.) 

621.396.621  1483 
On the Use of a Superregenerator in the 

Nonlinear Mode for the Reception of F. M. 
Signals -G.  B.  0I'derogge.  (Radiolekhnika 
(Moscow), vol. 3, pp. 76-87; November and 
December, 1948. In Russian.) 

621.396.621:534.861  1484 
The Acoustics of Broadcasting Receivers - 

Govyadinov. (See 1267.) 

621.396.621:621.3.015.3  1485 
Transient Response of an F. M. Receiver - 

M. K. Zinn. (Bell Sys. Tech. Jour., vol. 27, 
pp. 714-731; October, 1948.) The frequency 
detector is represented by two resonant im-
pedances with low-frequency outputs in op-
position. Mathematical treatment permits the 
calculation of the output voltage for rapid 
variation of the instantaneous frequency. Very 
large impulsive variations, resulting in abrupt 
changes of phase, such as may be produced by 
ignition interference, are analyzed and curves 
of output voltage are obtained. The method is 
also used to analyze the reception of a simple 
sinusoidal  modulation;  the  signal-to-noise 
ratio is deduced for severe impulsive inter-
ference. 

621.396.82:621.397.5  1486 
The Effect of Aircraft on the Reception of 

Transmissions in the 45-Mc/s Band -R. A. 
Rowden and G. I. Ross. (BBC Quart., vol. 
3, pp. 251-256; January, 1949.) Reflection of 
radio waves from aircraft can have a disturbing 
effect upon vhf reception. Tests with random 
aircraft indicate that interference is serious 
only when the aircraft is within 6 miles of the 
receiver or within 3 miles of the line Joining 
the transmitter and receiver. The fluctuations 
in field strength of horizontally polarized 
transmissions are three or four times as great 
as those with vertically polarized transmissions. 

Experiments with co-operating aircraft gave 
similar results. 

621.396.822  1487 
Report on the Present Limits of V.H.F., 

U.H.F. and S.H.F. Reception -M. J. 0. Strutt. 
(Alti del Con gresso internazionale della Radio 
(Rome), pp. 412-442; September and October, 
1947. Bibliography, pp. 442-447. In English.) 
A review of various causes of unwanted rf 
noise, for frequencies between 30 and 30,000 
Mc with discussion of (a) the admissible sig-
nal-to-noise ratio for various types of trans-
mission and the present definition of noise 
figure, (b) thermal external noise, the antenna 
being regarded as enclosed in a space of dimen-
sions large compared to X, and in thermal 
equilibrium at the temperature of that space, 
(c) atmospheric and man-made noise, including 
the propagation of atmospherics, (d) iono-
spheric and extraterrestrial noise, with special 
reference to the temperature, location, and 
frequency bands of the various sources, (e) 
thermal fluctuations in resistive elements of a 
network, (f) tube and crystal noise, (g) low-
noise circuits and Methods of noise reduction, 
and (h) actual noise levels obtainable at the 
various frequencies. 

621.396.822  1488 
Noise in Linear Networks -E. J. Schremp. 

(Atti del Con gresso internazionale della Radio 
(Rome), pp. 402-411; September and October, 
1947. In English.) A mathematical analysis of 
the possible alternative representations of a 
passive or active linear network containing 
bilateral or nonbilateral elements. The results 
are applied mainly to thermal noise and various 
forms of shot noise in multi-electrode tubes. 

621.396.822  1489 
Thermal Noise Output in A. M. Receivers -

M. V. Callendar. (Wireless Eng., vol. 25, pp. 
395-399; December, 1948.) Formulas given 
by Burgess for noise and signal outputs from 
rectifiers are examined, and criteria for the 
variation of signal-to-noise ratio with pre-
detector bandwidth and signal input to the 
detector are shown graphically. Practical con-
clusions are given for television sound, teleph-
ony, and telegraphy receivers. See also 534 
of 1948 (Thomas and Burgess). 

STATIONS AND CO M MUNICATION 
SYSTE MS 

621.39.001.11  1490 
A Mathematical Theory of Communica-

tion -Shannon. (See 1361.) 

621.391.63:534.321.9  1491 
On the Modulation of Light at Radio Fre-

quencies by means of Ultrasonic Waves -
Giacomini. (See 1255.) 

621.394/.395+621.315.2  1492 
French  Telecommunication  Networks -

.). Mailley; J. Gastebois. (Cates and Trans., 
(Paris), vol. 3, pp. 8-30; January, 1949. With 
English summary.) Developments from 1924 
to 1949 of carrier-current, overhead, under-
ground, and underwater cables are discussed 
and present-day local and long-distance teleg-
raphy and telephony systems are described. 

621.394/.3951.724  1493 
Repeater-Station  Equipment -J.  Mal6-

zieux and R. Sueur. (Cables and Trans. (Paris), 
vol. 3, pp. 66-82; January, 1949. With English 
summary.) Review of developments since 1924, 
with special reference to standardization and 
carrier-current systems. 

621.394/.3951.74  1494 
Maintenance of the Network of Long-

Distance Underground Lines -R. Croze; A 
Chavigner. (Cates and Trans. (Paris), vol. 3, 
pp. 106-133; January, 1949. With English 
summary.) 

621.394/.3951.74  1495 
Electro- Mechanical  Installations  of the 

Amplification Centres of the (French] Long-
Distance Cable Network -A. Romanet. (Cdbles 
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and Trans. (Paris), vol. 3, pp. 83-95; January, 
1949. With English summary.) A general de-
scription of the power supplies normally re-
quired at an amplification center, the operating 
conditions, and the evolution of suitable 
equipment,  including  batteries,  rectifiers, 
voltage regulators, and generators. 

621.394/.3951.74  1496 
The Future of the French Telecommunica-

tion Network —P. Marzin. (Cables and Trans. 
(Paris), vol. 3, pp. 134-136; January, 1949. 
With English summary.) 

621.395.44  1497 
Carrier-Current  Systems  on  Overhead 

Lines —R. Sueur. (Cables and Trans. (Paris), 
vol. 3, pp. 96-105; January,  1949. With 
English summary.) A short account of various 
single- and multi-channel systems developed in 
France. 

621.396  1498 
Recent Developments in Radio Communi-

cation in Great Britain —M. Faulkner. (Atli 
del Congress° internazionale della Radio (Rome), 
pp. 752-787; September and October, 1947. 
In English.) A general account of some de-
velopments in the radio and allied services of 
the British Post Office. Details are given of 
point-to-point radio systems, alterations at 
pre-war stations, and post-war developments. 
A proposed radio-telephone terminal in N. W. 
London is to have initially at least 48 terminal 
equipments. The extension of single-sideband 
operation to long-distance point-to-point radio-
telephone links is planned; the main features of 
the equipment are described. Results of labora-
tory tests with a fading machine (2299 of 1948) 
on the effect of propagation conditions are dis-
cussed and illustrated graphically. The relaying 
of television signals by balanced, coaxial, and 
unloaded telephone cables is considered and 
details are given of a special universal equalizer 
for quick reliable testing of video circuits. 
Plans are outlined for the extension of (a) 
outside broadcast networks'in London, and 
(b) long coaxial-cable routes for transmission 
from the program source to distant service 
areas. The proposed method of relaying tele-
vision signals by radio from London to Birming-
ham is described. 

621.396.1:061.3  1499 
International Telecommunication Conven-

tion, Atlantic City,  1947 —P.  E.  Erikson. 
(Elec. Commun. (London), vol. 25, pp. 232-
236; September, 1948.) Discussion of important 
changes or additions to the Madrid Convention 
of 1932. For other accounts see 1748, 1749, and 
2357 of 1948. 

621.396.3.029.56.58  1500 
Multi-Channel  Radio-Telegraph  System 

for High-Frequency Circuits —T. E. Jacobi. 
(RCA Rev., vol. 9, pp. 704-720; December, 
1948.) Sub-carrier channels using FM in con-
junction with single-sideband operation and 
space-diversity reception appeared from field 
tests to be the best of several systems tried; 
error rates of 0.02 to 0.14 per cent were ob-
tained on a transcontinental circuit. Double-
sideband circuits had high error rates during 
periods of selective fading; these could be re-
duced to the above values by using exalted-
carrier  receivers.  Single-sideband  systems 
make better use of the frequency band avail-
able and use the transmitter power more 
efficiently. Under present conditions of high-
frequency congestion, reduction of bandwidth 
and increase of message capacity must be re-
garded as of paramount importance. 

621.396.324  1501 
Teleprinting over Radio Circuits —H. C. A. 

van Duuren. (Atli del Con gresso internazionale 
della Radio (Rome), pp. 902-914; September 
and October, 1947. In English.) Description of 
a reliable telegraph circuit between Amster-
dam and Batavia. Each letter is transmitted on 
a 7-unit code. When a fault is detected, the 
Printer stops, a signal is given on the return 

path, and the transmitter is stepped back to 
the beginning of the faulty letter. 

621.396.41:621.396.619.16  1502 
Multiplex Radiotelephony Link between 

the Mainland and Corsica —P. Rivere. (A nn. 
Radioelec., vol. 3, p. 338; October, 1948.) Cor-
rections to 3508 of 1948. 

621.396.5  1503 
Radio for Telephone Service in America — 

H. I. Romnes. (Au i del Congress° internazionale 
della Radio (Rome), pp. 851-876; September 
and October, 1947. In English.) An account 
of methods used by the Bell System. A descrip-
tion of overseas radio telephone includes a 
world map of the direct and principal inter-
connecting services, existing and planned. Serv-
ice to ships, a general mobile service, a 
domestic point-to-point system using the 30 
to 300-Mc band, and a microwave relay system 
between New York and Boston are also dis-
cussed. 

621.396.619.11/.13  1504 
A. M. and Narrow-Band F. M. in U.H.F. 

Communications: Parts 1 and 2--E. Toth. 
(Electronics, vol. 22, pp. 84-91 and 102-108; 
February and March, 1949.) A comparison 
based on a long-term study undertaken at the 
U. S. Naval Research Laboratory, dealing with 
typical conditions for mobile Navy communica-
tions. Advantages of AM include: (a) better 
weak-signal performance, (b) relative freedom 
from co-channel and adjacent-channel inter-
ference, (c) lower susceptibility to multipath 
propagation 'difficulties, (d) AM occupies a 
narrower frequency range, especially at low 
carrier frequencies, (e) ease of equipment 
alignment, (f) tolerance of severe detuning, and 
(g) circuit simplicity. FM has advantages for 
geographically fixed communication and broad-
cast systems, particularly for high-fidelity 
reproduction of speech and music. In general, 
FM permits the use of a smaller transmitter 
and requires less power for a given carrier-
output  rating.  Transmitter modulation is 
difficult for FM crystal-controlled systems. 

621.396.619.11/.13  1505 
Reduction by Limiters of Amplitude Modu-

lation in an Amplitude- and Frequency-Modu-
lated Wave —A. G. Clavier, P. F. Panter, and 
W. Dite. (Elec. Commun., vol. 25, pp. 291-299; 
September, 1948.) The limiting action of ideal 
and imperfect limiters is analyzed mathe-
matically by the use of the Fourier transform. 
Curves are given, for various applied carrier 
voltages, showing the reduction of AM by 
theoretical limiters having static characteristics 
represented by known mathematical functions. 
See also 3110 of 1944 (Bennett). 

621.396.619.13: 621.396.65: 621.396.11  1506 
The Possibility of Transatlantic Transmis-

sion by Means of Frequency Modulation — 
L. B. Arguimbau and J. Granlund. (Atli 
del Congresso internazionale della Radio (Rome), 
pp. 671-679; September and October, 1947. In 
English.) An analysis of the problem of multi-
path interference to FM telephonic communi-
cation. An experimental circuit is described in 
which a source using FM is fed to the receiver 
through two paths, one a simple attenuator 
and the other a f-ms supersonic delay line. 
Preliminary tests appear promising. 

621.3 96.65:621.396.41  1507 
Multiplex U.H.F. Radiotelephone Links — 

H. Chireix. (A tti del Congresso internazionale 
della Radio (Rome), pp. 717-745; September 
and October, 1947. In French.) Methods of 
calculating signal-to-noise ratio, fully dis-
cussed in 2902 of 1947, are summarized. For 
systems using simple carrier-current FM, high 
signal-to-noise ratio can be obtained for a 
large number of channels. Overmodulation 
effects are much less serious than for AM. The 
pass band is relatively narrow. These advan-
tages are offset by high cost, which is greatly 
reduced if two coaxial cables equipped for 
carrier current are available. Double carrier-
current FM is a system particularly suitable 

at cm X; reflex klystrons are used whose fre-
quency can, at present, be varied by as much 
as ± 7 Mc at 3,000 Mc; the disadvantage of 
low power output is likely to be rectified soon. 
Pulse-time  modulation  systems  have  the 
advantage of requiring simple apparatus which 
can be easily installed. The main disadvantages 
are that signal-to-noise considerations tend 
to limit their use to multiplex links with only a 
small number of channels, crosstalk may be 
very objectionable and the pass band required 
is appreciably wider than for the FM systems 
considered. See also 2307 of 1946. 

621.396.65(45)  1508 
Experimental  U.S. W.  Multiplex  Radio-

telephone Link between Milan and Rome — 
F. Vecchiacchi. (Au i del Con gresso inferno-
zionale della Radio (Rome),  pp. 915-927; 
September and October, 1947. In Italian.) 
The total direct distance is 475 km; two inter-
mediate mountain relay stations are used, so 
that this is split up into optical paths of 160, 
260, and 70 km. Frequencies are between 150 
and 220 Mc, with horizontal polarization. 
There are 7 channels. Performance has been 
continuously satisfactory; crosstalk is com-
pletely absent. See also 3750 of 1946. 

621.396.931  1509 
Railroad  Radio — W.  D.  Hailes.  (Elec. 

Eng., vol. 68, pp. 1-7; January, 1949.) Descrip-
tion of two systems and the associated equip-
ment: (a) a narrowband FM system inductively 
coupled to telegraph wires near the track; 
frequency is between 70 and 200 kc, input 
power 270 watts, output 30 to 40 watts, range 
about 30 miles train-to-station or 15 to 20 
miles between trains; (b) a 4-channel FM 
space radiation system; input power is 425 
watts, radiated power 50 watts, bandwidth 1.2 
Mc; range depends upon terrain but is usually 
less than for system (a). The advantages and 
uses of both systems are discussed. 

621.396.932.029.63  1510 
An Early Application of Decimetre Waves 

to Communication between Ships —E. C. S. 
'Megaw and \V. E. Willshaw (Au i del Con gresso 
internazionale della Radio (Rome), pp. 790-
828; September and October, 1947. In English.) 
Experimental work in the development, for the 
Admiralty, of equipment to provide reliable 
all-round communication at distances up to 
3 miles. The stabilized transmitter used a 4-
segment magnetron and provided frequencies 
of 515, 530, 635, and 650 Mc. by means of 
plug-in resonators. Modulation was effected by 
af interruption of thecarrier, with marking and 
spacing frequencies of 1,000 cps and 3,200 
cps respectively. The oscillatory circuit of the 
superregenerative receiver consisted of a short 
length of parallel-strip line; this was tuned by 
a symmetrical capacitor, on the stator plates 
of which an acorn triode was mounted. The 
frequency range 415 to 705 Mc was covered in 
8 steps, selected by changing the position of a 
preset capacitor bridge. The antenna, of 
constant impedance 70 fl, comprised a X/4 
radiator with a X/4 compensating reactance 
transformer. Details are given of equipment 
performance during trials in 1939 and of 
measurements made to determine diffraction 
losses produced by masts and superstructure. 
A much simplified model was built in 1940 to 
provide a single communication  channel. 

621.396.933  1511 
Aircraft Radio Communication Set A.R.I. 

5272 —E. C. Fielding. (Elec. Commun., vol. 
25, pp. 244-255; September, 1948.) Description 
of an AM transmitter-receiver originally de-
signed for naval aircraft. Any of 4 prede-
termined crystal-controlled spot frequencies 
in the range 115 to 140 Mc can be selected by 
a switch; channel-changing only takes 3 
seconds. The transmitter output is 3.5 watts 
and the range is 100 miles to ground or 200 
miles to another aircraft. The set can be used 
under extreme tropical or arctic conditions 

621.396.97(73)  1512 
F. M. Broadcasting in the United States— 
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E. M. Ostlund and G. S. Wright. (Atti del 
Congresso internazionale della Radio (Rome), 1 pp. 829-850; September and October, 1947. In 
English.) Results of tests in the broadcast 
band 88 to 105 Mc on FM and AM receivers 
show that the former have better signal-to-
noise ratio and freedom from interference. 
FM transmitters, methods of modulation, and 
and transmitting antenna systems are dis-
cussed. A brief account of networks in opera-
tion in the United States includes a contour ra-
diation pattern for a typical station. The ad-
vantages of using FM at vhf are summarized. 

SUBSIDIARY APPARATUS 

621.316.7.078:016  1513 
List of Russian Articles on Questions of 

Automatic Regulation and Following Systems 
for the  Period  1917-1947 —(A viomatika  i 
Telemekhanika, vol. 9, pp. 397-411; September 
and October, 1948. In Russian.) 

778.53  1514 
Motion Picture Photography at Ten Million 

Frames per Second —B. O'Brien and G. Milne. 
Jour. Soc. Mot. Pic. Eng., vol. 52, pp. 30-40; 
J,inuary, 1949.) The area to be photographed 
is transformed by a stationary multiple-lens 
and slit optical system into a number of narrow 
rectangles placed end to end across the moving 
film. The negative so formed is afterwards 
projected back through a similar optical system 
to reform a set of normal images for printing. 
The equipment is described in detail and il-
lustrated, and examples of records are shown. 

TELEVISION AND PHDTOTELEGRAPHY 
621.397.26  1515 
The [British] Post Office Phototelegraph 

Service to Europe —A. Wilcock. (P.O. Elec. 
Eng. Jour., vol. 41, part 4, pp. 189-192; 
January, 1949.) The picture to be transmitted 
is scanned by light which is reflected on to a 
photo cell whose output is used to provide a 
single-sideband AM transmission at 1,300 cps. 
Synchronization and phasing signals are also 
transmitted. Both transmitter and receiver are 
driven by phonic motor from the output of 
oscillators with tuning-fork control. At the 
receiver, the fork frequency is synchronized 
manually with that at the transmitter; the 
receiver drum is automatically started in phase 
with the transmitter drum. The received pic-
ture signal is demodulated in a metal bridge 
rectifier and converted into a light trace by a 
Duddell oscillograph  recording on  photo-
graphic paper or film. 

621.397.331.2:621.397.5  1516 
Electro-Optical  Characteristics of Tele-

vision  Systems:  Part  4—Correlation  and 
Evaluation of Electro-Optical Characteristics 

r- of Imaging Systems —O. H. Schade (RCA Rev., 
vol. 9 pp. 653-686; December, 1948.) Con-
tinuation of 540 of March. 

) 621.397.5  1517 
Recent Progress in Television —V.  K. 

Zworykin. (A iii del Congresso internazionale 
della Radio (Rome), pp. 928-946; September 
and October, 1947. In English.) 

621.315.212:621.397.5  1518 
The London-Birmingham Television Cable: 

Part 1—General System and Electrical Re-
quirements —Stanesby and Weston. (See 1279.) 

621.397.5:621.396.81  1519 
B.B.C. Television Map —( Wireless World, 

vol. 55, pp. 55, 74; February, 1949.) Field-
strength contours for the Alexandra Palace 
45-Mc video transmitter. 

[
621.397.5:621.396.81  1520 
Field Test of Ultra-High-Frequency Tele-

vision in the Washington Area —Brown. (See 
1480.) 

621.397.5:621.396.813  1521 IDelay Distortion in Television Transmis-
sion and its Measurement —S. H. Padel. 
(BBC Quart., vol. 3, pp. 235-244; January, 
1949.) Delay distortion can be estimated from 
the phase versus frequency characteristic or 
from modulation phase shift. The methods are 

described in detail. Block diagrams of measur-
ing apparatus are given, and the degree of 
improvement made possible by delay equalizers 
is discussed. 

621.397.5:621.396.82  1522 
The Effect of Aircraft on the Reception of 

Transmissions in the 45-Mc/s Band —Rowden 
and Ross. (See 1486.) 

621.397.5:791.45  1523 
Television in the Cinema —A. G. D. West. 

(Wireless World, vol. 55, pp. 42-44; February, 
1949.) A discussion of distribution methods, 
based on a paper read at the International 
Television Convention at Ziirich (867 of April). 
A long-term proposal involves a very-high-
definition system (900 to 1,200 lines) which will 
link up cinemas all over Britain and provide a 
variety of television programs. An experi-
mental large-screen television service is also 
being developed with the existing 405-line 
definition; various programs can be relayed 
over 480-Mc radio links to selected London 
cinemas. See also 240 of February. 

621.397.5(083.74)  1524 
Comments on Standardisation of European 

Television Services —B. J. Edwards. (Atli del 
Congresso internazionale della Radio (Rome), 
pp. 746-751; September and October, 1947. In 
English.) A frame scan frequency of 50 cps, 
a standard interlacing index, and 405 lines per 
frame are advocated; detailed reasons are 
given. Various technical improvements are 
also suggested. 

621.397.5(44)  1525 
French Work on Television —R. Barthe-

lemy. (Atli del Congresso internazionale della 
Radio (Rome), pp. 680-682; September and 
October, 1947. In French.) 

621.397.62  1526 
Motorola Television Receiver —Model VT. 

71 —(Radio  Franc.,  pp.  10-13; February, 
1949.) Discussion of general characteristics and 
special features, together with a detailed cir-
cuit diagram. 

621.397.62  1527 
Superheterodyne Television Unit: Part 1— 

(Wireless World, vol. 55, pp. 61-65; February, 
1949.) Circuit and construction of a long-range 
sound and vision receiver. Single-sideband 
operation and rejector circuits are used to 
secure adequate sound-channel rejection. It is 
expected that only minor modifications will be 
necessary for reception of the future BBC 
Birmingham transmissions. The unit can be 
used with an external audio amplifier and may 
replace the straight receiver described pre-
viously (1186 of 1948 and back references). 
To be continued. 

621.397.645  1528 
Stagger-Peaked Video Amplifiers —Easton. 

(See 1344.) 

TRANSMISSION 
621.396.61  1529 

Description of a 1-kW Medium- Wave 
Broadcasting Transmitter —P. Paris and J. 
Polonsky. (Ann. Radioilec., vol. 3, pp. 293-
298; October, 1948.) The feedback principles 
previously described (3377 of 1948) are applied 
in a transmitter for the range 272.5 to 750 kc; 
it can be used with or without crystal control 
and can form the driving unit of a high-power 
transmitter. Performance curves are given. 

621.396.61.029.62  1530 
The "Little Slugger" —P. S. Rand. (QST, 

vol. 33, pp. 11-17, 122; February, 1949.) 
Constructional and operating details of a low-
power crystal-controlled 10-meter transmitter 
using narrow-band FM. Adequate filtering 
prevents television interference. The unit may 
be used as a narrow-band FM exciter for an 
AM transmitter of higher power. 

621.397.61.029.63  1531 
Developmental Television Transmitter for 

500 900 Mc/s —R. R. Law, W. B. Whalley, 
and R. P. Stone. (RCA Rev., vol. 9, pp. 643-
652; December, 1948.) The development of 

tubes and circuits for a wide-band transmitter 
giving a peak output power of 1 kw is described. 
For video modulation, a pair of uhf pulse 
triodes are used for cathode modulation of the 
push-pull rf amplifier. A feature of the output 
tubes is the tungsten-wire grid which has 
negligible emission because of its excellent 
cooling properties. 

621.396.615.141.2  1532 
The Turbator, a Single-Cavity Magnetron 

—Lticli. (See 1556.) 

621.396.619:621.396.5  1533 
Systems of Modulation for Radio-Tele-

phone Transmitters —R. Vaudetti. (Aili del 
Congresso internazionale della Radio (Rome), 
p. 519; September and October, 1947. In 
Italian.) Summary only. In the first system, 
the modulation transformer is replaced by 
two inductances, each with two windings, act-
ing as autotransformers. In the second, ap-
plicable where the final stage has tubes in 
parallel, the tubes of the modulated stage are 
arranged in series with those of the modu-
lator stage; load matching is thus improved. 

VACUU M TUBES AND THER MIONICS 

621.383  1534 
The Physical Characteristics of Silver 

Sulphide Photocells —V. E. Kosenko and E. G. 
Miselyuk. (Zh. Tekh. Fig., vol. 18, pp. 1369-
1377; November, 1948. In Russian.) 

621.383  1535 
The Structure and the Peculiarities in the 

Operation of Silver Sulphide Photocells—I. R. 
Potapenko. (Zh. Tekh. Fig., vol. 18, pp. 1356-
1368; November, 1948. In Russian.) 

621.383  1536 
The Frequency Characteristics of Lead 

Sulphide Photocells —B. T. Kolomiets. (Zh. 
Tekh. Fig., vol. 18, pp. 1456-1457; November, 
1948. In Ruasian.) 

621.383  1537 
Comparison of Lead-Sulfide Photoconduc-

tive Cells with Photoemissive Tubes —N. 
Anderson and S. Pakswer. (Jour. Soc. Mot. 
Pic. Eng., vol. 52, pp. 41-48; January, 1949.) 
A comparison of the electrical characteristics 
and a discussion of the modifications required 
in present practice in the motion-picture in-
dustry to obtain optimum performance. 

621.385  1538 
Electron Tube Development and its Place 

in the Progress of Radio Art —I. E. Mouromt-
seff. (Atli del Congresso internazionale della 
Radio (Rome), pp. 544-577; September and 
October, 1947. In English.) A general review 
of the main developments during the author's 
lifetime, with discussion of (a) water-cooled 
tubes, (b) sealing, (c) high-frequency and 
uhf tubes, (d) the split-anode magnetron, (e) 
normal and reflex klystrons, (f) tubes for pulse 
operation, (g) multi-cavity magnetrons, (h) 
the resnatron, and (i) the traveling-wave tube. 

621.385  1539 
Use of Optical Polish in Valve Construction 

—A. Danzin and E. Despois. (Ann. Radioilec., 
vol. 3, pp. 280-289; October, 1948.) The condi-
tions which must be satisfied for an airtight 
joint between two surfaces are discussed, ex-
perimental work is described and applications 
to the construction of both demountable and 
ordinary tubes are illustrated. 

621.385  1540 
Analysis of a Simpip Model of a Two-Beam 

Growing- Wave Tube —L. S. Nergaard. (RCA 
Rev., vol. 9, pp. 585-601; December, 1948.) 
The gain and bandwidth of a mathematical 
model of a tube in which a growing wave is 
produced by the interaction of two electron 
beams is Investigated. The model consists 
of two admixed beams, infinite in extent, and 
uniform except in the common direction of 
their velocities. The gain per unit length of the 
model Is found to depend on the operating 
frequency, the current densities and the 
velocities of the two beams. With a tube having 
an Interaction space 30 cm long, a gain of 120 
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(lb at 3,000 Mc, with a bandwidth of 860 Mc, 
should be practicable. 

621.385:621.316.726.078  1541 
The Transitrol, an Experimental Auto-

matic-Frequency-Control Tube —J. Kurshan. 
(RCA Rev., vol. 9, pp. 687-703; December, 
1948.) The transitrol combines the function 
of local oscillator and reactance device into a 
single unit particularly suitable for the vhf 
band. Experiments with commercial tubes 
which led up to its design are discussed; its 
operation is analyzed. Its uses in FM receivers 
and as a FM transmitter are considered. See 
also 1235 of May. 

621.385.012  1542 
The Correspondence between the Static 

Characteristics and the Dynamic Parameters 
of Electrical Negative-Resistance Devices — 
G. Cartianu. (Onde Elec., vol. 29, pp. 44-50; 
January, 1949.) Certain types of static charac-
teristic can only correspond to certain dynamic 
parameters and hence to certain conditions of 
stability. Thus a device with a dynatron type 
of characteristic behaves as an inductance, 
while one with a characteristic of the arc type 
behaves as a capacitance. General rules are 
given for determining, from the features of the 
static characteristic, whether a particular de-
vice is of the inductance or the capacitance 
type. 

621.385.029.63/.64  1543 
Transverse  Fields  in  Traveling-Wave 

Tubes- J. R. Pierce. (Bell Sys. Tech. Jour., 
vol. 27, pp. 732-746; October, 1948.) A mathe-
matical treatment of the problem of weak focus-
ing fields. Traveling-wave tubes will have gain 
even if the rf field at the mean position of the 
electron stream is purely transverse. The addi-
tion of a longitudinal magnetic focusing field 
reduces the gain due to transverse fields and 
increases the electron velocity for optimum 
gain. See also 2284 of 1947.  • 

621.396.615.141.2+621.385.029.63/.64  1544 
On the Properties of Valves using a Con-

stant Magnetic Field: Part 3--J. Brossart and 
0. Doehler. (Ann. Radioilec., vol. .3, pp. 328-
338; October, 1948.) A new type of tube is 
described, the traveling-wave tube with mag-
netic field. Two possible designs are considered, 
in each of which the cathode is a short cylinder 
with a gap, the anode a delay line of zigazg 
type surrounding the cathode, and a uniform 
magnetic field is applied in the direction of the 
axis. A high-frequency signal is applied to one 
end of the anode line and is picked up near 
the other end by a collector plate which also 
serves as a screen between input and output. 
The gain of such a tube is calculated, neglecting 
space-charge effects. The new tube has con-
siderable advantages compared with the normal 
traveling-wave tube. The gain is much greater 
and electron currents of the order of 1 ampere 
can be used, compared with 10 to 20 milli-
amperes for the normal type of tube. The 
efficiency is also greater and there are only two 
systems of forced oscillations, while the normal 
tube has three. Parts 1 and 2, 261 of February. 
To be continued. 

621.385.029.64:621.397.6  1545 
On the Help which some Recent Ideas 

concerning U.R.F. Valves can eve in Tele-
vision —R. Warnecke and P. Guenard. (Ann. 
Radioilec., vol. 3, pp. 259-280; October, 1948. 
Erratum, vol. 4, p. 92; January, 1949.) Full 
paper. Summary noted in 904 of April. 

621.385.032.213  1546 
Spectral Emissivity and Electron Emission 

Constants of Thoria Cathodes —T. E. Hanley. 
(Jour. Appl. Phys., vol. 19, pp. 583-589; June, 
1948.) The relation between true and bright-
ness temperatures for cataphoretically depos-
ited thoria cathodes is obtained and the con-
stants of the Richardson equations are found 
from electron emission studies. 

621.385.032.213:621.314.57  1547 
Hot-Cathode Gas-Filled Rectifying Valves 

— R. Suart. (Radio Franc., no. 1, pp. 17-20; 
January, 1949.) The characteristics of such 
tubes are discussed and two tubes with xenon 

filling (Types XV.550 and  VX.7400)  are 
described. These have mean rectified anode 
currents of 0.35 and 1.25 amperes respectively 
and a maximum inverse voltage of 10,000 volts. 

621.385.032.216  1548 
Poisoning Effects in Oxide-Cathode Valves 

—G. H. Metson. (P.O. Elec. Eng. Jour., vol. 
41, part 4, pp. 204-205; January, 1949.) 
Poisoning effects due to electron bombardment 
of the control grid of a tube occur at energies 
of the bombarding electrons corresponding to 
the heats of formation of compounds (oxide, 
chloride, and sulphate) contained in normal, 
cathode paste and apt to be evaporated from 
the cathode and deposited on the grids of a 
tube during manufacture. It is suggested that 
this poisoning occurs throughout the normal 
life of a tube and is reversible, the cathode 
reactivating by expulsion of gas when the 
supply of primary poisoning compounds on the 
grids is exhausted. In addition, there appears 
to be an allied, but irreversible, effect due to 
progressive failure of minute areas of the 
cathode to reactivate. 

621.385.032.216  1549 
Note on the Ionic Conductivity of Oxide-

Coated Cathodes —S. Wagener. (Proc. Phys. 
Soc., vol. 61, pp. 521-525; December 1, 1948.) 

621.385.83.032.29  1550 
Design of an Electron Gun, taking Account 

of the Space Charge of the Beam —H. Huber. 
(Ann. Radioilec., vol. 4, pp. 26-32; January, 
1949.) Relations between gun dimensions and 
electrical pacameters are given for an electron 
beam with high current density and minimum 
dispersion. Experiments with the gun supplying 
the beam for a helix-type traveling-wave tube 
confirm the theory. The gun gives a current of 
14 ma at 1,400 volts and after traversing the 
28-cm length of the helix, the beam current re-
duction is only 3 per cent. 

621.385.832  1551 
Cathode-Ray Tube with Cylindrical Screen 

—A. Pinciroli. (Atli del Congresso interna-
zionale della Radio (Rome), pp. 605-629; Sep-
tember and October, 1947. In Italian.) The 
essential parts are (a) an electron gun, (b) 
an arrangement of electrodes for providing a 
rotating electric field, (c) two trumpet-shaped 
electrodes between which the beam is de-
flected at right angles to the tube axis, (d) a 
cylindrical focusing lens, and (e) two deflecting 
electrodes to which a voltage proportional to 
the quantity under observation is applied. The 
advantages over a cathode-ray tube using 
normal cartesian or polar co-ordinates are: 
(a) extension of the axis of time, which is 
determined by means of two sinusoidal voltages 
of lower frequency than that of the quantity 
under observation, (b) two distinct electron 
beams can be used, and (c) there is no interac-
tion between deflection electrodes and those 
which are used to determine the time axis. 

621.396.615.14  1552 
The Resnatron —G. E. Sheppard. (Au i del 

Congress° internazionale della Radio (Rome), 
pp. 643-654; September and October, 1947. In 
English.) A detailed description of the design 
and operating principles, with diagrams. The 
advantages over conventional tubes for high-
power use at uhf are stressed.  • 

621.396.615.141.2  1553 
Rising-Sun Magnetrons with Large Num-

bers of Cavities —A. V. Hollenberg, N. Kroll, 
and S. Millman. (Jour. Appl. Phys., vol. 19, 
pp. 624-635; July, 1948.) Disturbance from 
unwanted modes and the critical nature of 
anode and cathode dimensions prevented 
satisfactory operation with more than 26 open-
end cavity-type vane resonators. Stable pie 
mode operation of pulsed magnetrons having 
up to 38 cavities was achieved for X  1.25 
cm by the use of closed-end resonators. In-
creasing the number of resonators should 
enable existing magnetron techniques to be 
extended to millimeter wavelengths, and the 
rf power obtainable for X 1 cm to be in-
creased. 

621.396.615.141.2  1554 
The Cavity Magnetron —I. T 

(Atti del Congresso internazionale della Radio 
(Rome), pp. 630-642; September and October, 
1947. In English.) A review of the experimental 
development, carried out during the war, at 
Birmingham University; it includes design and 
method of construction, design of the high-
frequency output circuit, and an outline of the 
underlying theory. 

621.396.615.141.2  1555 
A Magnetron Resonator System- -E. C. 

Okreas. (Au i del Congresso internazionale della 
Radio (Rome), pp. 578-600; September and 
October, 1948. In English.) A mathematical 
investigation of the normal modes of the sym-
metrical multi-sectional or vane-type magne-
tron. Graphs and equations enable the modes 
to be determined from anode-block dimensions. 
The relationship between the wavelengths for 
strapped and unstrapped resonator systems is 
investigated. Tables are given for designing 
reduced-scale prototypes for use on other 
wavelengths and voltages. 

621.396.615.141.2  1556 
The Turbator, a Single-Cavity Magne-

tron —F. Liidi. (Atli del Congresso inferno-
zionale della  Radio (Rome),  pp. 529-543; 
September and October, 1947. In German.) 
See also 1660 of 1943. 

621.396.615.141.2: [537.291 +538.691  1557 
Motion of an Electron in a Cavity Magne-

tron —M. Panetti. (Atli del Congresso infer-
nazionale della Radio (Rome), pp. 601-605; 
September and October, 1947. In Italian.) 
The resonance wavelengths for the different 
modes are first calculated by Abele's method 
(3823 of 1947). The electron trajectory is re-
garded as differing by a small amount from the 
cycloidal orbit due to uniform electromagnetic 
and electrostatic fields; equations of motion 
are given applicable when certain simplifying 
conditions are satisfied. 

621.396.615.142  1558 
On the Efficiency of Velocity-Modulation 

Valves —P. Guenard, R. Warnecke, and C. 
'Fauve. (Ann. Radioilec., vol. 3, pp. 302-327; 
October, 1948. Erratum, ibid., vol. 4, p. 92; 
January, 1949.) The factors which tend to re-
duce efficiency are discussed. Methods of cor-
recting imperfections of the form of the elec-
tron packets in the 2-cavity type of tube are 
considered; efficiency can thus be considerably 
improved. The 3-cavity tube appears to be the 
most suitable for obtaining high-power output 
with good efficiency. Calculation shows that an 
efficiency of the order of 45 per cent is to be 
expected for wavelengths of 10 to 20 cm. 

621.396.615.142.2: [537.291+538.691  1559 
Electron Optics of H.F. Valves —D. Charles. 

(Ann. Radioilec., vol. 4, pp. 33-47; January, 
1949.) A description of the electrolyte-tank 
method of determining electron trajectories is 
illustrated by results obtained for a reflex 
klystron. Details are also given of a simple 
method which makes use of a resistance grid. 
For systems of cylindrical symmetry, the re-
sistances are all equal; for revolution symmetry, 
the resistances are graded. Results obtained are 
sufficiently accurate for practical design. An 
analytical method is described which enables 
corrections for space-charge effects to be 
applied. 

621.396.822  1560 
Noise in Linear Networks —Schremp. (See 

1488.) 

MISCELLANEOUS 

022.3 : 621.38.001.8  1561 
The Patent Office Library and Electronics — 

R. Neumann. (Electronic Eng. (London), vol. 
21, pp. 52-57; February. 1949.) A general de-
scription, with special reference to electronic 
subjects and the indexing system. 

621.396  1562 
Elektrische Wellen 'Book Reviewl— W. 0 

Schumann. C. Hauser Verlag, Munchen, 340 
pp. (Wireless Eng., vol. 25, p. 370; November, 
1948.) Based on a course of lectures at Munich 
University. The treatment is detailed and well 
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New washing machine cuts TV tube costs... 
with the help of Inco Alloys 

THE SALVAGING of defectively coated 
television tube envelopes has been a prob-

lem . . . with an important bearing on final costs. 

Tube coatings are burned on at 450 °C. The method 
of removing coatings, at present, is to etch them off 

with ammonium bifluoride or hydrofluoric acid. 

Attempts to mechanize the "washing" or etching 

process ran into this difficulty . . . most metals suitable 

for machine construction were unable to withstand the 
corrosive attacks of the etchant solutions. 

lnco's Corrosion Engineering Section helps 

Now the Better Built Machinery Co. of New York 
City has designed a production machine to clean out new 

tube envelopes and also salvage defective ones. The 
problem of a material to resist action of the violently 
corrosive etching fluids was referred to International 

Nickel, where corrosion problems have been analyzed 
for over 40 years. Inco's Corrosion Engineering Section 
recommended: Monel* for spray chamber liners and 

tube holders; Ni-Resist* #2 castings for conveyors. 

Result? The new Better Built tube washing machine 
. . . first of its kind . . . is now at work in the Allan B. 
Dumont Laboratories. And with tube envelope cleaning 
and reclaiming on a production basis, tube costs are 

expected to be significantly lowered. 

If you have metal problems, talk them over with 
Inco. One of the versatile Inco Nickel Alloys may be 

• the solution you are seeking. 

THE INTER N ATI O NAL NICKEL CO MPA NY, INC. 

67 Wall Street, New Yoth 5, N. Y. 

How the Better Built 
Tube Washer Operates 

New tube envelopes and those with defec-
tive coatings are loaded onto the Monel 
tube holders. A conveyor, made of Ni-
Resist #2 castings,carries the tubes through 
a Monel-lined spray chamber where etch-
ant solutions "wash" away the unwanted 
coatings. 
Final cleaning of the tubes is accom-

plishd with a hot caustic wash, followed 
by several pre-rinses and a final rinse in 
distilled water. 

The washing machine is 30 ft. long, 41/2 
ft. wide, and 6 ft. high. It follows the gen-
eral design of standard Better Built ma-
chines used for washing glass containers 
and laboratory ware. 

For further information about Better 
Built machines, write directly to: 

BETTER BUILT MACHINE COMPANY 
73 East 130th St., New York, N. Y. 

EMBHM  Of SIRVICI 

NICKEL  ALLOYS 
MO M' • "V' MONEL • "II  MONtt • "KR  MOREL 

NICKEL • " 0" • NICKEL • "I" ' NICKEL • M AR' 
•ltvg. t'. S. Put. 01T. 
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Type "G" Needle 

74e 9(tai 
CERAMIC CARTRIDGE 

_eat% CHANGEABLE NEEDLE 

LIGHT WEIGHT 

LO W PRESSURE 

HERE'S THE FIRST major engineering stride in 
phonograph pickup cartridges employing ceramic 
elements since Astatic first pioneered in this type 
unit last year. It's Astatic's tiny new gem -the 
"GC" - the first cartridge of its kind with replace-
able needle. Takes the special new Astatic "Type 
G" needle - with either one or three-mil tip radius, 
precious metal or sapphire -which slips from its 
rubber chuck with a quarter turn sideways. Resist-
ance of the ceramic element to high temperatures 
and humidity is not the only additional advantage 
of this new development. Output has been 
increased over that of any ceramic cartridge pre-
viously available. Its light weight and low mini-
mum needle pressure make it ideal for a great 
variety of modern applications. Details of per-
formance appear in the accompanying table. 

Model , Cartridge 
T)pe 

Mini mu m 

Needle 
Pressure 

Output 
Voltage 

Frequency 
Range 
( c.p.s. 

Needle 

pe 
Application 

GC  Ceramic  6 gr.  0.5*  50-10,000  (1 mil tip 

radius) 

G-78 
GC-78  Ceramic  12 qr.  0.651'  50-10,000  (3 mil tip 

radius) 

•Colurnbia #281 Test Record  tAudio-tone Test Record 

33-1 3 and 

45 RP M Records 

Standard 78 

RPM Records 

Write for 

additional information 

34A 

THE 
4 1 X ti e, 

CORPORATION 
C O N N E A U T.  O HI O 

,,,,,  'O porto 0.01,..0 

HALT 'MORE 

'Development of a Large Metal Kinescope for 
Television," by H. P. Steler, Radio Corporation of 
America; March 22, 1949. 

BUFFALO-NIAGARA 

"Electrical Problems in Stratovision," by A. A. 
Nimms, Westinghouse Electric Company; February 
17, 1949. 

"Some Recent Developments and Applications 
of Germanium Crystals," by S. T. Martin, Sylvania 

Electric Products Company; March 16. 1949. 

CEDAR RAPIDS 

"Some Aspects of Annular Circuits,  by D. 

Priest, Eitel- McCullough. Inc.; March 15. 1949. 
"Current Problems in Frequency Allocation," 

by G. F. Leydorf, Radio Station WJR; April 13. 
1949. 

CINCINNATI 

New Seeds for the Fields of Engineering." by 
G. Wenot, Science Illustrated; March 23, 1949. 

COLUMBUS 

"Recent Developments in Sound Recording," 
by T. Lynch, Electronic Engineering Brush De-

velopment Company; February 9, 1949. 
"Television Demonstration." by J. A. Hatch-

la ell,  Engineering  RCA  Service  Organization; 
March 23. 1949. 

CONNECTICUT VALLEY 

"The Radio Engineer Looks at Industrial Elec-
tronics." by E. D. Cook, General Electric Company; 
March 24, 1949. 

DALLAS-FORT W ORTH 

"High Frequency -Applications in Aircraft. 

by D. T. Doherty, Student. Southern Methodist 
University; March 21. 1949. 

"Electrical Techniques in Geophysics." by 

J. W. Roby, Student, Southern Methodist Univer-
sity; March 21, 1949. 

"Amplifying the Brain Waves," by H. J. Spur. 

lock, Student, Southern Methodist University; 
March 21, 1949.  • 

"A Photoelectric Brightness Meter," by J. 
Fleck, Student. Southern Methodist University; 
March 21, 1949. 

DAYTON 

"Related Frontier Problems in Electronics and 
Aerodynamics." by S. Ramo, Hughes Aircraft Com-

pany; April 14. 1949. 

DENVER 

"Geiger Counters and Uranium Exploration," 

by P. M. Labile, Consulting Engineer; April  8, 
1949. 

DES M OINES-AMES 

"Television Networks -Coaxial and  Micro-
wave," by F. E. Baird, Northwestern Bell Tele-

phone Company; March 16, 1949. 
"A Report on the Annual Convention." by 

C. F. Quentin. Cowles Broadcasting Company' 
March 16, 1949. 

Election of Officers; March 16. 1949. 

DETROIT 

"Engineering Aspects of the Transistor." hs 
J. A. Morton. Bell Telephone Laboratories; March 
22, 1949. 

FORT W AYI's•IE 

"The Development and Application of Rail-
road Communication," by A. A. Curry, Farnsworth 
Television and Radio Company; March 28. 1949. 

(Continued on page 36.4) 
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10 CENTIMETER 
WAVEGUIDE  DIREC• 
TIONAL COUPLER. 27 
db. Navy type CABV-
47AAN.  with  4 In, 
slotted  section  as 
shown   $42.50 

SQ. FLANGE to rd choke 
adapter.  18  In.  long 
OA  154  in.  x 3 In. 
guide, type "N" output 
and  sampling  probe 
 $32.00 

"S"  BAND  CRYSTAL 
MOUNT.  gold  plated. 
with 2 type "N" con-
nectors  $12.50 

PICKUP LOOP. Tspe "N" Output  $2.75 
TR BOX Pick-up Loop  $1.25 
PO WER SPLITTER: 726 Klystron Input. dual "N" 
output   $5.00 

MAGNETRON TO WAVEGUIDE coupler with 72I-A 
diu,ser casitv. gold Oated  $27.50 

10 CM WAVEGUIDE SWITCHING UNIT, witches 1 
Input to any of 3 outputs. Standard Ws" x 3" guide 
with square flanges. Complete with 115 van or do 
arranged  switching  motor,  Mfg.  Raytheon.  CRP 
24AAS. New and complete  $150.00 

10 CM END-FIRE ARRAY POLYRODS ....$1.75 ea. 
"S" BAND Mixer Assembly, with crystal mount. pick • 
up Mop. M A W out put  $3.00 

72I-A  TR  CAVITY  WITH  TUBE.  Complete with 
tuning plungers   $12.50 

10 CM. McNALLY CAVITY Type SO  $3.50 
WAVEGUIDE SECTION. MC 445A, rt, angle bend. 
1554" ft. OA. 8" slotted section  $21.00 

10 CM OSC. PICKUP LOOP, with male Homedell 
output   $2.00 
10 CM DIPOLE WITH REFLECTOR In Write ball. 
with op, "N" or Slarry fitting  $4.50 

10 CM  FEEDBACK  DIPOLE ANTENNA. In Incite 
t. r no. with paranoia 7." Rigid Coax input $8.00 

71" RIGID COAX -5,8" I.C. 
RIGHT ANGLE BEND, with flexible coax output pick-

 $8.00 
Stlg lootR IGHT ANGLE bend, with pressurizing nipple 

 $3.00 
RIGID COAX to flex coax connector  $3.50 
STUB•SUPPORTED  RIGID  COAX, gold plated 5' 
lengt lig. Per troth  $5.00 

RT. ANGLES for above  $2.50 
RT. ANGLE BEND 15" L OA  $3.50 
FLEXIBLE SECTION. 15" L. Male to female  $4.25 
MAGNETRON COUPLING to Vs" tied coax, with TR 
pickup loop gold plated  $7.50 

ROTATING JOINT -P 0 SCR584  .. 535.00 
DIPOLE ASSY -P 0 SCR584   $25.00 
FLEX COAX SECT, Approx 30 ft  $16.50 

'JD" RIGID COAX -'/,s" I.C. 
RIGID COAX. Bead Supported  $1.20 

SHORT RIGHT ANGLE BEND  $2.50 
Rotating Joint, with deck mounting  $15.00 
RIGID COAX clott ed section C17-60/AP  $5.00 

MICROWAVE ANTENNAS 
APS-I5 Antennas. New .  .. .  $99.50 
AN  MPG. I Antenna.  Rotory feed type high speed 
scanner antenna assembly. including horn parabolic 
reflector. Less Internal mechanisms. 10 deg, sector 
scan. Approx. I2'L x 4' W x 3'H. Unused. (Gov't 
Cost -54500.00)    $250.00 

APS.4 3 cm. antenna. Complete. 14',  dish. Cutler 
feed dipole directional coupler, all standard I" x '," 
waveguide  Drive motor and gear mechanisms for 
horizontal and vetical scan. New, complete  $65.00 

AN TPS3.  Parabolic dish type reflector approx.  10' 
dlam.  Extremely lightweight construction. New. In 
3 carrying cases  $89.50 

RELAY SYSTEM  PARABOLIC  REFLECTORS: an. 
pros, range: 2000 to 6000 mc. Dimensions: 
3 rectangle, new   $85.00 

TOY -JAM" RADAR ROTATING ANTENNA  10 cm. 
30 deg. beam. 115 v.a.c. drive. New   $100.00 

SO-13 ANTENNA. 24" dish with feedback dipole 360 
deg, rotation, complete with drive motor and selsvn. 
New  $128.00 
Used      $45.00 

DBM ANTENNA. Dual, back-to-back parabolas with 
dipoles.  Freq.  coverage  1,000-4,500 me.  No  drive 
mechanism   $65.00 

ASI25 APR Cone type receiving antenna. 1080 to 3208 
megacycles.  Now   $4.50 

130- 600 MC. CONE type antenna, complete with 25' 
sectional steel mast, guys, cables, carrying case. etc. 
New  $49.50 

ASO 3 cm. antenna, used. ex. cond   $49.50 

RADAR SETS 
RC  145  1F F SET. Consists of BC  1267 xmtr-revr, 
remote antenna controller and Indicator 1-221. power 
supply RA 105-A. 1 kw. pulse oscillator operates on 
154-186 mo. Operates from 117 r.. 60 cy. New 

$190.00 
SN RADAR-GE. low power. 5 and 25 miles ranges. 
Uses 01_446 as pulsed oscillator. 5" "A" scope. "S" 
band.  Extremely compact, ideal for demonstration 
and laboratory work. II5V 60 C operation. Used. 
Excel. cond.  $600.00 

SE 10 CM SURFACE SEARCH RADAR. W E 20.000 
to 80,000 yds. range  250 KW. pct. power Input to 
706 magnetron, Thyratron modulator, variable pulse 
rate.  Complete  set  including  spare  parts,  tubes, 
waveguide and fittings. Send for price and additional 
information. 

R85TPL-1 RADAR RCVFL Sperry  $85.00 

l'Ecey uda eN4#deetei 
MICROWAVE PLUMBING 

O F)  St 441 

1.25 CENTIMETER 
"K" BAND FEEDBACK TO PARABOLA HORN, wlth 
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  15.00 
ADAPTER. ril cover to so. cover  $5.00 
MITRED ELBO W and 9 sections choke to cover. 54.50 
WAVE GUIDE is  x 's  per ft.   $1.00 
K BAND CIRCULAR  FLANGES   50$ 

St **V * ** 05  4. -I.  4. vs-  tf.   * *** ***** 

PULSE EQUIPMENT 
MODULATOR 

UNIT BC 1203-B 
Provides 200-4.000 
PPS. Sweeptime: 100 
to 2.500 microsen In 
4 steps,  fixed mod. 
pulse.  suppression 
pulse, sliding modu-
lating pulse, blanking 
voltage, marker pulse 
sweep voltages, calibration voltages. AL voltages. Op-
erates 115 vac. 50-60 cy. Provides various types of 
voltage pulse outputs for the modulation of a signal 
generator Ruch as General Radio $80411 or 2804C used 
in depot bench testing of Seit 695. SCR 595. and SCR 
535. New as shown  $17.5.00 
MIT. MOD. 3 HARD TUBE PULSER: Output Pules 
Power: 144 K W 112 KV at 12 amp). Duty Ratio: .001 
max. Pulse duration: 5. 1.0. 2.0 mIcroseo. Input 
voltage: 115 v. 400 to 2400 cps. Uses 1-715-B. 1421- 
It, 3-'72's. 1-'73, New  1110.06 

APQ-I3 PULSE MODULATOR. Pulse Width  5 to 1.1 
Micro See. Rep. rate 624 to 1348 PP& FIL TAR. out 
3.5 K W. Energy 0.018 Joules  $49.00 

TP3.3 PULSE MODULATOR. Pk. power 50 amp. 24 
KV (1200 K W WO: pulse rate 200 PPS. 1.5 microns,: 
pulse line Impedance 50 ohms. Circuit -series chart-
ing verdon of DC Resonance type. Uses two 705-A's as 
rectifiers. 115 v, 400 cycle input. New with all tubes 
 $49.50 

APS-10 MODULATOR  DECK. Complete, less ton.. 
 $ 

APS•I0 bow voltage power supply, leas tubes  51785.."  50 

PULSE NET WORKS 

15A -1-400-50: 15 KV, -A" CKT.  I microsec.. 400 
PPS. 50 ohms imp .  ...  $42.50 

G.E. 26E3-5-2000.50P2T.  "E" circuit. 3 sections. 
.5 microsecond. 2000 PPS. 50 ohms impedance .56.50 

G.E. 13E (3-.84.810: 8-2.24.405) 50P4T: SKY,. "'I" 
CKT Dual Unit: Unit 1, 3 Sections. .84 hficrosec. 
810 PPS. 50 ohms Imp.: Unit 2, 8 Sections. 2.14 
lificrosec, 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 

7.5E3-3-200-6PT. 7.5 KV, "E" Circuit, 3 microsec. 
200 PPS. 67 ohms imp., 3 sections  $12.541 

DELAY LINES 
D-168184: .5 mIcrosec. up to 2000 PPS. 1800 ohm 
term   $4.00 

0•170499:  .25/.50/.75'.  microsee.  9 KV.  50  ohms 
imp.  110.53 

D- 165997:  mierosee.   $7.50 

PULSE TRANSFORMERS 

0.E.K.-2745  $39.50 
G.E.K.-2744-A. 11.5 KV High Voltage, 3.2 KV Low 
Voltage @ 200 KW otter. (270 KW max.) I micro-
sec. or is microse. A 660 PPS  $39.50 

W.E. 7.13166173 III-Volt input transformer W.E. Im-
pedance ratio 50 ohms to 900 ohma Freq. range: 10 
ice to 2 me. 2 sections parallel connected, potted In 
oil  136.00 

W.E. KS 9800 Input transformer. Winding ratio be-
tween terminals 3-5 and 1-2 la 1.1:1, and between 
terminals 6-7 and 1-2 is 2:1. Frequency range: 380-
520 c.ps. Permalloy core  $8.00 

G.E. 1K2731 Repetition Rate: 635 PPS. Pet, Imp: 50 
Ohms. Sec. Imp: 450 Ohms. Pulse Width: 1 Microsee. 
Pitt. Input: 9.5 KV PK, Sec. Output: 22 KV PK. 
Peak Output: 800 K W. Millar 2.75 Amp. ....$64.50 

W.E. 10169271 Hi Volt Input pulse Transformer $27.50 
G.E. K2450A Will receive 13KV. 4 micro-second pulse 
on pet., secondary delivers 14KV. Peak power out 
100K W GE  $45.00 

G.E. 1142748A Pulse Input, line to magnetron  $311.00 
29750 Utah Pulse or Blocking Oscillator XF7int Freq. 
limits  790-810  cy-3  windings  turns  ratio  1:1:1 
Dimensions 1 13/16 x 1 1/8 x 19/32"  $1.1111 

MISCELLANEOUS 
DEHYDRATING UNIT. 60 lb. capacity. 115 v. 60 cy. 
operation. 2' x 22" x 15". New and complete $425.00 

FI29 SPP-2, COAX WAVETRAP  $12.50 

Ir r.--P01 U 11%1 I IC A T I 13 IV 

Nits 

3 CENTIMETER PLUMBING 
(STD. I"  x .,"  GUIDE,  UNLESS OTHER WISE 

SPECIFIED) 

TRANSITION: 1 x 1/2  to lz  x  , 14 in. L $8.00 
"X"  BAND  PREAMPLIFIER, consisting of 2-723 
A B Meal oseillator-brueon feeding wavesulde and 
TR ATR Duplexer sect, In a 60 me IF amp $67.50 

Random Lengths waves& 6" to 18" Ist. ...$1.10 Ft. 
WAVEGUIDE RUN. 11/4 " x t's" guide, consisting of 
4 ft. section with Rt, angle bend on one end 2" 45 
deg. bend other end  $8.00 

WAVEGUIDE RUN. 11/4 " x 1/2 " guide. consisting of 
4 ft. long.   $10.00 

DUMMY LOAD. Ti 332 VP  $22.50 
"X" BAND PRESSURIZING gauge section w/15-11s 
gauge & Pre...tart/Mg Nitinle   $18.50 

45 DEG. TWIST 6" Long  $10.00 
12  SECTION 45 deg twist 90 deg. bend  $6.00 
II  STRAIGHT WAVEGUIDE section choke to cover 
Speelal louts, l'onsfruetinui. silver plated  $4.50 

15 DEG BEND 10" choke to cover  $4.50 

I5  FT.  SECTIONS  choke  to  cover.  Sliver I 
Plated  $14.50 

18"  FLEXIBLE SECTION  $17.50 
"F" and "H" PLANE BENDS  $12.50 
BULKHEAD  FEED THRU   $15.00 
"X" BAND WAVEGUIDE 154" a IS," OD 1/16" 
wail Aluminum  Per Foot  .75 

WAVEGUIDE 1" a 1/2 " I.D  Pea Foot $1.50 
TR CAVITY For 724-A TR Tube  $3.50 
3" FLEX SECT, mi, flange to Lire Flarut Adapt. $7.50 
724 TR TUBE t41 TR-11  $2.50 
SWR MEAS, SECTION. 4" L with 2 type "N" out-
put probes MTD full wave apart. Bell size guide. 
Sliver plated  $10.00 

ROTARY JOINT with slotted section and type "N" 
output pickup   $17.50 

WAVEGUIDE SECTION. 12" long choke to cover 45 
deg. twist 11 2'," radius. 90 deg. bend  $4.50 

SLUG  TUNER ATTENUATOR,  W.E.  guide.  gold 
Plated  $6.50 

TR/ATR DUPLEXER Sect w/Irls flange  $2-00  
TWIST 90 deg. 5" e(loko to Cover w/press nipple $6.50 
WAVEGUIDE SECTIONS 2,4 ft. long other plated milli 
choke flange  $5.75 

WAVEGUIDE 90 deg. bend "E" Plane, 18" Lif $4.00 
ROTARY JOINT choke to choke  $17.50 
ROTARY JOINT choke to choke ulth deck mount-
ing   $17.50 

S. t..1.1119E WAVEGUIDE g"I.g, cover to choke $3.50 
DUPLEXER SECTIONS FOR  11324   $10.00 
CIRCULAR CHOKE FLANGES solid brass  $.55 
SQ. FLANGES FLAT BRASS  ea. 2.55 
APS-10 TR/ATR DUPLEXER section with additional 
IRIS  Flange   $10.00 

FLEXIBLE WAVEGUIDE   14.00/FT. 
723 A B  Kiystrow Mount shielded on X Band Gulde 
with Rough Attenuator Output  $75.00 ea. 

MICROWAVE GENERATORS 
AN/APS-15A "X" Band compl. RF bead and modu• 
lator. incl. 725-A magnetron and magnet, two 723A/B 
klYstrons (local one & beacon). 1B24 TR, revr-ampl. 
duplexer. TIT supply, blower, pulse xtmr. Peak Pwr. 
Out: 45 K W apx. Input: 115, 400 cy. Modulator 
pulse duration .5 to 2 micro-sec. apx. 13 KV Pk 
Pulse. Compl, with all tubes incl. 715-11. 829B. RKR 
73. two 72's. Compl. Pkg.. new  $210.00 

APS-I5B. Complete pkg, as above, less modulator 
$150.00 

"S" BAND AN/APS-2. Complete RF head and modu• 
lator, ineludIng magnetron and magnet. 417-A mixer. 
TR. receiver, duplexer, blower. etc.  and complete 
outset.. With tubes, used, fair conditi m  $75.00 

10 CM. RF Package. Coneleta of: SO Xintr.-receiver 
using 2127 magnetron oscillator. 250 K W peak Input. 
707 receiver-mixer. rotating yolk PPI for above $150.00 

Modulator-motor-alternator unit for above  $ 75.00 
Receiver-rectifler power unit for above  $ 25.00 
Rotating  Ant,  with  parabolic  reflector  for  above. 
New   $ 75.00 

THERM ISTORS 
0-167332 (tune)  . 5.95 
0-170396 (bead)  ...$.95 
0.167613 (button)  5.95 
13•166228 (button)  .5.95 
0-164699  for  MTG,  In 
"X" band Guide $2.50 

0•167018 (tube)  ...$.95 

COAX PLUGS 
831  $35 
83IAP  $  35 
83IHP  $  15 
UG 2I/U  $  85 
UG 86 U  $ 5 
UG 254/U  $  75 

VAR ISTORS 
D170225  $1.25 
D-167176  $  95 
D-168687  $  95 
D-171812  $  95 
D-171528   1.95 
D-168549  $  95 
D-162482  $3.00 
1,163298  $1.25 
1)-99428   $2.041 
1)151871A   $2.85 
1)171121  $  95 
3A(12-43)   $1.50 
D167020   $3.00 

MAGNETRON MAGNETS 
GAUSS POLE DIAN. 

5200  21/32 in. 
4850  % tn. 
1860 
0I61392  11  In. 

• biles Number. 

SPACING  PRICE 

% In. 
% In. 
1% in. 
1 5/16 in. 

$17.50 
$12.50 
$14.50 
$12.50 

SEND FOR FLYER OF 400 CYCLES EQUIP., 
RADAR,  MICRO WAVE,  MAGNETRONS, ETC. 

CABLE ADDRESS: COMSU PO 
PHO NE DIGBY 91 .- 4 12. 4 

131 LIBERTY ST.Dierr,I 
111 F ral   PI M  111%Fm1  W E W -YO R K. 7, IV 

C.E.C. MONEY BACK GUARANTEE,S 3 muoi.osoLA 
PO.B. N.Y.C. Stio nsomoutoo CIIICK,INIVI SNIPIIINGCNAII6ESSPIT f OD 
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Sha cross 
INDUSTRIAL RESEARCH 
and DEVELOPMENT 
Today's complex and critical circuits frequently 
dictate a need for the design, development and 
production of highly specialized components, sub-
assemblies or instruments which usually fall out-
side the realm of standard production. 
Shallcross now makes available a. group of de-

velopment engineers who bring to bear a highly 
technical and practical approach on such problems. 
Electronic, electrical, instrument, mechanical 

and chemical engineers make up this group. They 
in turn are backed by a broad experience in over-
coming similar problems as well as by a wide 
variety of the necessary tools and equipment. 
Recent assignments by leading manufacturers, 

public utilities and military agencies have re-
sulted in highly unique and satisfactory products 
readily adapted to production requirements. 
Among these can be found the following 

specialties: 

Rotary Switches 

Potted and Thermally 
Controlled R-C Networks 

Precise Decades and Networks 
for Computer Devices 

Calibrating Instruments for 
Strain Gauge Bridges 

High Resistance Standards 

Critical Coil Assemblies 

Hermetically Sealed Chokes 

Potted Wheatstone Bridge Networks 

Hi-Voltage Measuring Equipment 

The Shallcross Research Department invites you 
to submit your engineering requirement for re-
view by this Engineering Service Group. 

SH ALLC ROSS  MF G.  CO. 
Engineers • Designers • Manufacturers 

Dept. PR-69  COLLINGDALE, PENNA. 

stc-T‘Otil VEripsics, 

• 
(Continued front paw. 344) 

INYOKERN 

"Radio the Hard Way." by G. R. Sams, United 

States Navy; March 30. 1949. 

"Summaries of IRE National Convention," by 
F. M. Ashbrook and T. Parkin, United States 
Navy; March 30. 1949. 

KANSAS CITY 

"The Baldwin Electronic Organ," by J. F. 

Jordan. Baldwin Company; January 12. 1949. 

"Stratovision," by A. Nims, Westinghouse 
Electric Corporation; January 25, 1949. 

"Oscillographs and their Application to Indus-

try and Research," by A. Rich, Dumont Labora-
tories; February 15, 1949. 

"Technical and Operational Aspects of the 

VHF Omni-Range," by F. L. Moseley, Collins 
Radio Company; March 15, 1949. 

Los ANGELES 

"Electronic Applications in Seismic Prospect-
ing." by M. L. Swan. United Geophysical Com-
pany; March IS, 1949. 

LOUISVILLE 

"The Operation of a Modern Television Sta-

tion." by W. E. Hudson. Radio Station WAVE; 
April 11, 1949. 

MONTREAL 

"Creative Technology." by M. J. Kelly. Bell' 
Telephone Laboratories; February 24. 1949. 

"An Experimental Design of a Simple FM Re-

ceiver." by T. L. Taylor. Student. McGill Univer-
sity; March 9, 1949. 

"Link-Coupled Tank Circuits," by R. Tennet, 
Student Laval University; March 9. 1949. 

"Varistors in Negative Feedback Amplifiers," 
by G. W. Holbrook, Queens University; March 9. 
1949. 

"An Adjustable Frequency Stroboscope Suita-
ble for Taking Multiple Exposure Photographs," by 

H. M. Sullivan. Carleton College; March 9. 1949. 
"A Radiating Pattern Cotnputor and Phase-

Modulating Tube," by L. Pigeon. Student, Univer-
sity of Montreal; March 9, 1949. 

"Acoustic  Measurements  of .Broadcasting 

Studios," by R. E. Santo, Canadian Broadcasting 
Company; March 23. 1949. 

"Television Site Survey Measurements," by 
J. E. Hayes, Canadian Broadcasting Corporation:. 
March 23. 1949. 

"The Selection of Magnetic Core Materials." 
by H. F. Porter. Magnetic Metals Company; April. 
6, 1949. 

NEW MEXICO 

"Telemetering on Power Transmission Lines." 
by V. B. Willey. Vi'estinghouse Electric Company; 
March 25, 1949. 

OTTAWA 

"Acoustic Measurement of Broadcast Studios." 
by R. E. Santo. Canadian Broadcasting Corpora-
tion; March 17, 1949. 

"Television Site Survey Measurements." by 
J. E. Hayes, Canadian Broadcasting Corporatio, 
March 17. 1949. 

"Some Developments in Direction Finding and 

the Speed of Radio Waves," by R. L. Smith-Rose 
Department of Scientific and Industrial Reward 
March 31. 1949.  - 

PHILADELPHIA 

"Magnetic Amplifiers." by E. Weber. Brook 
lyn Polytechnic Institute; April 7. 1949. 

PORTLAND' 

"The Radio Engineer Looks at Industrial' 
Electronics," by E. D. Cook. General Electric Com-
pany; February 15, 1949. 

(Continued on page 384) 
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COMpanSons 
indicate this is the world's 

finest recorder of its type 

'----_;_-_,,'""11111111111111111111111111111111111,111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111W 

LI NEW PRESTO LI 
Portable Tape Recorder 900-P 

.-1511111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111!1!11111111111111111111111111111111111111111111111111111111111i111111111111111111111E. 

Complete in two easily portable cases— 
one containing the recorder, the other 
the amplifyine equipment. 

RECORDING CORPORATION 
Paramus, New Jersey 

MANY OUTSTANDING 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 control 
in recording amplifier. 

• Weston type 30 V. U. meter with illuminated dial 
to indicate recording level, playback output level, 
bias current and erase current. 

• 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. 

Write today to be put on our mailing list for "The 
Presto Recorder," new house organ of practical ideas 
for anyone in the recording and broadcasting field. 

Mailing Address P. 0, Box 500, Hackensack, N. J. 

In Canada WALTER P DOWNS, ltd., Dominion Square Building, Montreal 

W ORLD'S I„.iler,1  I\I i.ICTURER OF INST/INT/INEOUS SOUND RECORDIA G LurivitENT .IND DISCS 
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bWEBSTER ELECTRIC 

e a-  e rl d e 

• 

• 

CR YST AL  CARTRI D GES 

that meet the require ments for 

NEEOLE, 3 NIL pi 

NEEDLE STOP 

33 1/3, 45 and 78 RPM Records 

The model F-16 is an all-purpose crystal cartridge employing two sep-
arate needles to permit playing both tine-cut and standard records ... 
with a single tone arm and three-speed turntable. The cartridge can 
be rotated 180° in the arm to bring the proper needle into playing 
position. The model F-16 is a quality cartridge with ideal response 
haracteristic s 

LOCATING Er LOCP,NG 550150 
TAR POP 3 OIL PT NEEDLE 

NEEOLE STOP 

K u m. Soil. PT 

SPECIFIC ATI O NS 

APPLICATION:33 1/4  RPM,45 
RPM and 78 RPM. 

TRACKIN G PRESSURE. 
7 grams for all speeds. 

CONSTRUCTION: Stamped 
aluminum half-shells. 

FRONT BRACKET:  Extends 
through front of pick-up 
arm to permit rotating 
cartridge 180. ° 

The Model A-1 crystal cartridge is newly developed 
. . . miniature in size and ideally adapted for tone 
arms of modern styling and function. It mounts 
either a 1-mil or 3-mil point stylus or both, making 
it applicable to all types of recordings in use today. 
Tracking pressure is only 7 grams . . . meeting the 
requirements of 33 14 and 45 RPM as well as the 
standard 78 RPM records. Adaptor brackets sup-
plied for mounting in arms originally designed for 
standard cartridges. 

WEBSTER 131;1.1 ELECTRIC 
RACINE Llit"  WISCONSIN 

l/ePl  13 E. 40th Street, New York (lb). N. Y Cable Address  rrAyr   

"ARIAS - P4•• York ClIr 

" Wh•r• Quality Ii a R•sponsibIlity and Fair D•aling 
on Obligation" 

38% 

STYLE: Osmium-tipped, re-

placeable. 1-mil point for 
33 1/2  and 45 RPM, 3-mil 
point for standard 78RPM. 

TER MINALS: Pin type, 
grounded or ungrounded 

OUTPUT: 8 volt for 33 1/2  
and 45 RPM, 1.2 volts for 
standard 78 RPM. 

SPECIFIC ATI O N S. 

APPLICATION: 33 1/2 , 45 and 78 

RPM recordings. 

CONSTRUCTION: Bakelite 

housing. 

TERMINALS: Pin type. 

STYLI:  Osmium- or Sapphire-

tipped. 

TRACKING PRESSURE: 7 grams. 

OUTPUT: 1 volt at 1000 cps 

(Continued from Nue 364) 

PRINCETON 

"Television Receiver with 16-Inch Metal Kine-
scope," by E. L. Clark, Radio Corporation of 
America; April 14, 1949. 

ROCHESTER 

'The Block Signal System for Airways Tiaffic 
Control,' by H. C. Kendall. General Railway Signal 
Company; March 24. 1949. 

SALT LAKE 

"Measurements at Ultra-High Frequencies, 
by W. R. Hewlett. Hewlett-Packard Company; 
March 21, 1949. 

SAN ANTONIO 

"Impedance  Matching  with  Transmission 
Lines and Waveguides," by F. E. Brooks, Jr., Uni-
versity of Texas; March 21, 1949. 

SAN FRANCISCO 

"Power Systems Communication." by R. H. 
Miller, Pacific Gas and Electric Company; March 
14, 1949. 

TORONTO 

"Acoustic  Measurements  of  Broadcasting 
Studios," by It. E. Santo, Canadian Broadcasting 
Corporation; March 21, 1949. 

"Television Site Survey Measurements," by 
J. E. Hayes, Canadian Broadcasting Corporation; 
March 21, 1949. 

"CBL—CJBC Transmitters." by J. C. Punch-
ard. Northern Electric Company, Ltd.; April 11, 
1949. 

TWIN CITIES 

"The Mechanism of Electronic Digital Com-
puters," by A. A. Cohen. Engineering Research 
Associates. Inc.; March 1, 1949. 

WASHINGTON 

"Electronic Arithmetic," by C. N. Hoyler. RCA 
Laboratories; April IL 1949. 

SUBSECTIONS 

LANCASTER 

".5 Record Changer and Record of Compli-
mentary Design." by A. D. Burt and H. I. Reiskind. 
RCA Victor Division; April 6. 1949. 

Election of Officers; April 6, 1949. 

LONG ISLAND 

"Intercarrier Sound Television Receiver Cir-
cuits." by S. \V. Seeley. Radio Corporation of 
America; February 16, 1949. 

NORTHERN NEW JERSEY 

'Nuclear Energy." by K. K. Darrow, Bell Tele-
phone Laboratories; March 23. 1949. 

'The Ampex Magnetic Tape Recorder,' by 
W. 0. Summerlin. Audio and Video Products C,,, 
',oration; March 23. 1949. 

STUDENT 
BRANCH 

MEETINGS 

UNIVERSITY OP ALBERTA., IRE BRASCII 

"The Value of Education in Engineering." 1,, 
R. M. Hardy. Dean of Faculty of Engineering. to 
versity of Alberta; March IS. 1949. 

(Continued orI page 404) 
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This is the new CRL Vertical Integrator Network 
used by Admiral, variations of which are avail-
able on special order. Circuit diagram of -net-
work- used in new Admiral TV sets is shown 
below. 

How Admiral is using CRL's new 

"P. E. C." Vertical Integrator Network to 

help build more and finer 

television sets 

Arrow leads to CRL's new Vertical Integra-
tor Network—used by Admiral engineers 
to save space, reduce assembling time of 
new TV models. 

(harsh courtesy of Admiral Corp. 

*Centrolab's "Printed Electronic Circuit" 
— Industry's newest method for improving 
design and manufacturing efficiency! 

W HEREVER Centralab's revolutionary Printed Electronic Circuits 
are used, you are sure to find speeded production . . . quality 

products. Just look at Admiral Corporation's fine new television re-
ceivers. A series of Admiral's video sets makes use of CRL's Vertical 
Integrator Network —a tiny, compact plate containing both capaci-
tors and resistors. It saves production time . . . reduces sixteen sol-
dered connections to three. Simplifies wiring operations for faster 
assembly. What's more, the Network helps produce better TV re-
ceivers . . . practically eliminates loose or broken connections. 
Integral Ceramic Conaruction: Each Printed Electronic Circuit 

is an integral assembly of Hi-Kap capacitors and resistors closely 
bonded to a steatite ceramic plate and mutually connected by means 
of metallic silver paths "printed" on the base plate. 
For complete information about the Network as well as other CRL 

Printed Electronic Circuits, see your nearest Centralab representative, 
or write direct. 

LOOK TO C e alo, IN 19491 
Division of GLOBE-UNION INC., Milwaukee 
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900-2100 Megacycles 

for research and for 

production testing 

•  900-2100 megacycles, single band 

•  Continuous coverage with single-dial 
control directly calibrated 

•  Directly calibrated attenuator, 0 to -120 dbm 

•  CW or AM pulse modulation 

•  Extensive pulse circuitry 

Write for details 

Dependable Electronic Equipment Since 1928 

STUDENT 

BRA NC H 

MEETINGS 

(Continued from page 35A) 

UNIVERSITY OF CALIFORNIA SOCIETY OF ELECTRICAL 

ENGINEERS, IRE-AIEE BRANCH 

"Silicones and their Application to Transform-
ers," by M. L. Manning, Kuhlman Electric Com-
pany; March 2, 1949. 

CASE INSTITUTE: OF TECHNOLOGY, IRE BRANCH 

"Television." by E. M. George, W XEL (TV); 
Lir a 1, 1949. 

"Synthetic l'iezoelectric Crystals," by Mr. 
Artist, Brush Development Company; Mardi IS, 
1949. 

MITIA UNIVERSITY, IRE-AIEE BRANCH 

Rectifiers." by Mr. lAibeIldteiII, 
Selenium Rectifier Division of Radio Receptor Cor-
poration; March 25, 1949. 

I NIVERSITY OF DAY WN, IRE BRANCH 

"Television Receivers," by W. Horst, Student, 
March I, 1949. 

"Colored Television," by D. Moore, Student; 
March ri. 1949. 

"Telephony:" by 13. O'Brien. Student; March 
15. 1949. 

"Strowger System," by J. Quinlisk, Student; 
March 22. 1949. 

"Telephone Trouble Shooting," by E. Johnson, 
Student; March 29, 1949. 

UNIN'ERSIry OF DETROIT, IRE-AIEE BRANCH 

"FM versus AM," by E. Clark, Radio Station 
‘VJLB, R. MacDonald, Radio Station %%UR. C. 
V1'esser. Radio Station W WJ, C. Kocher, Radio 
Station W XYZ. L. West, Radio Station W DET. 
J. F. Steadley, Radio Station WLDM and C. Dook, 
Radio Station NVTDR; January 6, 1949. 

"Technical  Problems in  the  Broadcasting 

Studio," by A. Friedenthal, Radio Station WJR; 
March 9. 1949. 

"Industrial Applications of Television," by J. 

Good.  Diamond  Power  Specialties  Conipany; 
March 29, 1949. 

UNIVERSITY OF FLORIDA, 1RE-AIEE BRANCH 

"The Development of the Scientific Method in 
Physics." by S. Dushman, General Electric Com-
pany; March 23, 1949. 

GEORGE WASHINGTON UNIVERSITY, IRE BRANCH 
"Telemetering." by W. J. Mayo- Wells, John 

Hopkins University; March 2. 1949. 

STATE UNIVERSITY OF IOWA, IRE BRANCH 

"Symmetrical Components," by C. Lodge, 
Graduate Assistant; March 16. 1949. 

LAFAYETTE (•OLLEGE, IRE-AIEE BRANCH 
"Difficulties of Long-Range Television Re-

,iition," by D. Berk, Student; March 10. 1949. 

"Series Computers." by D. Seib, Student; 
March 10, 1949. 

"Wire Recorder." by J. Wright, Student; 
March 10. 1949. 

UNIVERSITY OF MAINE, IRE BRANCII 

"New Type of FM Detector." by P. Howell-
Miculty staff; March 17. 1949. 

"Nockel-Cadmium Batteries," by N. B. Ham-
lin, Student; March 17. 1949. 

"Illumination -Development of Lamps and 
their Applications." by R. G. Slauer. Sylvan, 
Electric Products Company; April 14. 1949. 

Election of Officers; April 14. 1949. 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 

IRE-A IEE 13gANcti 

"Electric Power Systems," by G. Orrok, Boston 
Edison Company; March 23. 1949. 

(Continued on page 41A) 
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STUDENT 

BRANCH 

MEETINGS 

(Continued from page 40A) 

"Industrial Research," by M. J. Kelley. Bell 
Telephone Laboratories; April 6. 1949. 

UNIVERSITY OF MICHIGAN. IRE-AIEE BRANCH 

"Engineering Opportunities." by J. R. North. 
Commonwealth and Southern Corporation; March 
23. 1949. 

Election of Officers; March 23. 1949. 

MISSOURI SCHOOL OF MINES, IRE-AIEE BRANCH 

'Investigation of a Uniformly-Inductively 
Loaded Antenna." by E. L. Hughes, Student; 
March 23. 1949. 

"Application of Tensor Analysis to Synchro-
nous Machines," by P. F. Schaefer,S tudent ; March 
23, 1949. 

UNIVERSITY OF NEBRASKA, IRE- MEE BRANCH 

"Power Production from Nuclear Chain Reac-
tion." by T. Jorgensen. University of Nebraska; 
April 6. 1949. 

NEWARK COLLEGE OF ENGINEERING, IRE BRANCH 

"Psycho-Acoustics." by D. C. Spitz. Student; 
March 25. 1949. 

UNIVERSITY OF NEW MEXICO, IRE BRANCH. 

"Antennas at Optimum Frequencies." by T. C. 
Church and B. J. Bittner, Sandia Base Laboraton; 
February 17. 1949. 

CITY COLLEGE OF NEW YORK, IRE BRANCH 

"Television Receiver Problems," by B. M. 
Cole. North American Philips Company, Inc.; 
March 29, 1949. 

NEW YORK UNIVERSITY. IRE BRANCH 

"Radar Systems," by R. Shetzline, Bell Tele-
phone Laboratories; April 6. 1949. 

UNIVERSITY OF NORTH DAKOTA, 
IRE-Al EE BRANCII 

Election of Officers; February 16. 1949. 
"Personnel Work," by C. E. Scott. University 

of North Dakota; March 16. 1949. 

UNIVERSITY OF NOIRE DAME, 
IRE-AIEE BRANCH 

"Electronics in the Electric Utility Field." by 
E. F. Kenefake, General Electric Company; Febru-
ary 23. 1949. 

*Patent Law." by E. Knoblock, Patent At-

torney; March 25, 1949. 

PRATT INSTITUTE, IRE BRANCH 

"Infinite Q Filters." by W. Heacock, Student; 

February 24, 1949. 
"Wave Theory of Matter," by 0. Shuart, Stu-

dent; March 10. 1949. 

Sr. LOUIS UNIVERSITY, IRE BRANCH 

"What is Expected of the Graduate Engineer in 
Industry," by W. Bennettsen. Emerson Electric 
Manufacturing Company; March 10. 1949. 

Election of Officers; March 24, 1949. 
"Illinois State Police Communications," by W. 

Friedrich, Student; March 31, 1949. 

SYRACUSE UNIVERSITY. IRE-Al EE BRANCH 

"Expansion in the Power Field," by Mr. Pratt, 
New York Central Power Company; March 9, 1949. 

"Electronics in the Utility Field." by E. W. 
Kenefake, General Electric Company; March 30, 

1949. 
Election of Officers; March 30. 1949. 

UNIVERSITY OF TENNESSEE, IRE BRANCH 

"Recent Developments in Electrical Engineer-. 
ing," by P. C. Cromwell. University of Tennessee, 
February 22, 1949. 

(Continued on page 42A) 
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2 new stars in the field 

4 

For 

TELEVISION 

RECEIVERS 

*  * 

Specify COSMALITE 
Cosmalite Coil Forms give exceptional performance at a 

definite saving in cost to you. 

Punched, threaded, notched and grooved to meet 

individual specifications. 

Ask us about the many various 

punching dies we have available. 

Inquiries given quick action and 

specialized attention. 

4CLEVELAND CONTAINER6 
6201 BARBERTON AVE.  CLEVELAND 2, OHI O 

PLANTS AND SALES OFFICES ai Plymouth,Wj.., Chicago, Doaoli, Ogdensburg. N Y ,Jamesburg.N.J. 
ABRASIVE DIVISION oh Cleveland, Ohio 

CANADIAN PLANT: The Cleveland Container, Canada, Ltd ,Prestell,Onlarle 

CANADA 
METROPOLITAN 
NEW YORK 

NEW ENGLAND  E. P. PACK AND ASSOCIATES, 968 FARMINGTON AVE 
WEST HARTFORD, CON N. 

REPRESENTATIVES 
wt... I BARRON, EIGHTH LINE, RR 'I, OAK VILLE, ONTARIO 

R. T. MURRAY, 614 CENTRAL AVE., EAST ORANGE, N 

your 

•Reg. U. S. Pat. Off. 

4111") 
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e 
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Just Published! 
the only book 

that covers the 

entire field of recording 

ELEMENTS OF-
SOUND RECORDING 
By John G. Frayne, Supervisor of Development 
Engineering; and Halley Wolfe, Development 
Engineer, both of Electrical Research Products 

Division, Western Electric Company. 

HERE is a comprehensive, practical 
reference volume on basic sound 

problems for the designer, operating en-
gineer or technician. 

The authors discuss in detail those subjects that 
belong to the restricted field of sound recording 
and reproduction, and which are not discussed 
in books devoted to the allied fields of electronics, 
radio engineering, etc. However, since those inter-
ested in studying sound recording have widely 
different kinds of training and experience, some 
closely related subjects such as electromechanical 
analogies, acoustics, vacuum tubes, and audio 
amplifiers are discussed. 

The book includes — 
A large number of numerical examples to 
make the design procedure perfectly clear to 
the reader. 

More than 480 diagrams and photographs 
illustrating every step of the text material. 

Contents: 
Nature  of  Sound,  Sound  Waves  and  their 
Perception. Electrical, Acoustical, and Mechani-
cal Circuits. Microphones and Their Uses. Vacuum 
Tubes. Audio Amplifiers. Network Theory. At. 
tenuators.  Filters.  Equalizers. Compression and 
Limiting. Recording Systems. Electrical Measure-

ments. Principles of Disk Recording. Disk Records 
and Their Processing. Fundamental Principles of 

Variable-Density Recording.  The Light  Valve. 
Variable-Intensity Modulators. Principles of Van. 
able-Area Recording. Variable-Area Modulators. 
Noise-Reduction  Methods. Intermodulation Test 
Methods. Flutter and Its Measurement. Film and 
Disk Drive Mechanisms. Motor Drive Systems. Film 
Laboratory Processes. Re-recording, 35-mm Motion. 

Picture Recording Systems. 16-mm Sound Film 
Systems. Magnetic Recording. Loudspeaker Ss s 
tems. Acoustics of Stages and Theatres. Stereo-
phonic Recording. 

May 1949 
686 pages 
483 illus. 
$8.50 

10-DAY 

EXAMINATION 

JOHN WILEY 8. SONS, INC. 

440 Fourth Ave., New York 16, N.Y. 

Please send me, on 10 days' approval, a copy 
of  Frasne  and  Wolfe's  ELEMENTS  OF 
SOUND RECORDING. If I decide to keep 
the book. I will remit $8.50 plus postage; 
otherwise I will return the book postpaid. 

Name   

Address   

City  Zone  State   

(Offer not valid outside U.S.)  IRE.6-49 

Student Branch Meetings  

(Continued from Page 4IA) 

THE UNIVERSITY ON TEXAS, 
IRE-AIEE BitAtqat 

'Installation of a 138 Kv Cable,' by J. Foley, 
City Public Service Board of San Antonio; February 
7, 1949. 

'Mobile Telephone System in Austin,' by M. 
Bassford, W. Graves, and R. Via, Soul Western Bell 
l'elephone Company; February 21, 1949. 

'Presentation of Student Papers—A IEE Tech-
nical Paper Contest,' by C. C. Young, L. F. Bell, 
K. H. Powers, D. W. Spence, G. B. Wright, E. D. 
I.ovelady, and Herman Willi, Students; March 7, 
1949. 

"Impedance Matching in Wave Guides." by 
F. E. Brooks. The University of Texas; March 21, 
1949. 

UTAH STATE AGRICULTURAL CC/I-LEGE, 
IRE Bitmccu 

'Teletype," by F. Gunnell, Bell Telephone 
System; March 30. 1949. 

WORCESTER POLYTECHNIC INSTITUTE, 
IRE-AIEE BRANCH 

Election of Officers; March 22, 1949. 

The following transfers and admissions 
were approved and will be effective as of 
June 1, 1949: 

Transfer to Senior Member 

Barclay, J. N., 2915 Red River St.. Austin 22, Tex. 
Clewell, D. H., Magnolia Petroleum Co., Box 900, 

Dallas, Tex. 
Dobosy, J. F.. 31748 Lake Rd., Avon Lake, Ohio 

Gambel, E. H., Curtiss-Wright Corp., 4300 F. 
Fifth Ave.. Columbus 16, Ohio 

Grimwood. F. 0., 1325 N. Sixth St.. Quincy, III. 
Hershfield, S., 5 Glenwood Rd.. Essex, Baltimore 21 

Md. 
Kean, W. F.. 114 Nortligate Rd., Riverside. Ill. 
Muchmore. R. B.. 571  Oxford Ave.. Hawthorne, 

Calif. 
Parker, B. E.. 338 S. 12 St., Quincy, Ill. 
Pasek, D. M.. 255-04 West End Dr., Great Neck. 

L. I., N. Y. 

Peake, H. J., 715 S. Washington St.. Alexandria. 
Va. 

Watts, H. M., Radiation Laboratory. The Johns 
Hopkins University, Baltimore 2. Md 
(Effective Deceniber 1, 1948 

Admission to Senior Member 
Bischoff, A. F. H., 44 Hyde Blvd.. Ballston Sp., 

N. Y. 
Corrington, M. S.. 12 E. Cottage Ave., Haddonfield 

N. J. 
Murphy, 0. J., 410 Central Park West, New York 

25. N. Y. 
Townsend, F. H., 21 Park Lane, Histon, Cainbc 

England 
Young. F. C., 100 Carlson Rd.. Rochester 3 N. Y. 

Transfer to Member 

Buehler, F. A., 665 W. Warren Ave., Detroit 1, 
Mich. 

Carlstrom, T. H.. Sylvania Electric Products, Inc.. 
Emporium,. Pa. 

Davidson, H. H. A., 1376 Esquimalt Rd.. Esqui-
malt, B. C., Canada 

Gliose, A., Government Engineering College. Jul,-
bulpore, India 

Hillyer, C.. 54-60 Lafayette St., New York 13, 
N. Y. 

O'Donnell, J. A., 63 Wyneva St., Philadelphia 44, 
Pa. 
(Continued on page 43A) 

• PRECISION 
• VARIABLE 
• RESISTORS 
Features common to all T I.0 
Potentiometers 

• Precious Metal Contacts 
• Two Rotor Take-Off Brushes 
• Adjustable Stop-3600 Rotation 
• Dustproof Construction 
• Low Temperature Coefficient 

Type RV3 
• Resistance Range: 100 to 200,000 ohms 
• Electrical Rotation: 3150 4- 30 
• Dimensions: 3" Diameter, 1 13/16" Deep 
• Power Rating: 9 watts 
• Price: Total Resistance + 5%  $6.00 

Total Resistance ÷ I %  $8.00 

Type RV3-5 
• Resistance Range: 100 to 50,000 ohms 
• Electrical Rotation: 3150 4- 30 
• Dimensions: 3" Diameter, I 5,16" deep 
• Power Rating: 5 watts 
• Price: Total Resistance 4- 5%   56.00 

Total Resistance -1- 1%   $8.00 

V 

SPECIAL TREATMENT: Write today for bulletin, 
on other T.I.C. products: Z•Angle Meter • 
R. F. Z-Anple Meter . . . R-F Power Oscillator 
. . . Transiatory Variable Resistors.. illIrde Wir 
Resistance Boxes . . . Phase Angle  

TECHNOLOGY INSTRU MENT 
COR P OR ATI O N 

1058 Mom Street, 
Waltham 54, Mass. 

ENGINEERING  REPRESENTATIVES 
Chicago, 111.—STate 2-7444; Cambridge, Mass.— 
ELiot 4-1751; Canaan, Conn.—Canaan 649; Rochester, 
N.Y.—Charlotte 3193-1; Dallas, Ten.—Logan 6-5097 

OLIE 
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(Continued from page 42.4) 

Oszy. A. J., 149-56 Elm Ave.. Flushing. L. I., N. Y. 
Robertson. A. S.. 10 W. 48 St.. New York 19. N. Y. 
Schwab. C. B.. 508 -19 St.. N. W.. Massillon. Ohio 
Shrock. J. B., Sandia Base Branch, Albuquerque. 

N. M. 
Striplin. J. E., 2713 W. 154 St., Gardena, Calif. 
Tilly, V. F.. 31195 Merriman Pl., Inkster. R.F.D. 3, 

Mich. 
Vane. A. B., 128 Blackburn Ave.. Palo Alto, Calif. 
Vought, N. F.. 7455 -64 Lane, Glendale, L. I., 

N. Y. 
Walchli, H. E.. 144 Waddell Circle, Oak Ridge. 

Tenn. 
Webster, N. D., 515 Blackwood, N. Sacramento. 

Calif. 
Weedman, W. F., 2712 Second St.. S. E., Washing-

ton 20, D. C. 
Wheeler, W. R.. 8330 Kew Gardens Rd., Kew Gar-

dens, N. V. 

Admission to Member 
Bibbero, R. J., 773 Potomac Ave.. Buffalo 9, N. Y. 
Biberman, L. M.. 103 Mitscher Rd.. China Lake. 

Calif. 
Bright. F. W.. 630 Randolph St., Dayton 8, Ohio 
Carman, W. H.. Station KOAT, Box 1419. Albu-

qui Nue. N. M. 
Cotton, A. F. R.. 2145 California St., N. W., Wash-

ingtcn 8. D. C. 
Dibos, It. A., 732 Charles St.. Glenside. Pa. 
Doane, H. J.. 1851 AACS Liaison Unit, R.C.A.F.. 

Station, Edmonton. Ala.. Canada 
Ewing. D. L.. 309B Fowler. China Lake, Calif. 
McCluskey, V.. 5 W. 63 St., New York 23. N. Y. 
Nelson. C. V.. Ipswich Rd.. East Boxford, Mass. 
Purinton. R. M.. 127 St.& Archer Ave.. Lemont, III. 
Rohrer, R. E., 1339 Wisconsin Ave., N. W., Wash-

ington 7. D. C. 
Scott. H. G.. Box 35. Glebe. N.S.W., Australia 
Yewell, P. G.. Box 102. West Medway. Mass. 

The following admissions to Associate 
were approved and were effective as of 
May 1, 1949: 
Altmann, S., 264 W. 22 St., New York IL N. 1 
Amick. R. H.. 20070 Shiawassee. Detroit 19. Mich 
Angus, D. G.. 117 E. Colorado St.. Pasadena. Calif 
Argall. G. J.. 1527 W. Rosemont Ave.. Chicago 26, 

Benson. G. G.. 3915 N. State St., Jackson, Miss.  1 
Berry. R. E.. General Electric Co.. Owensboro, Ky. 
Bhargava, A. N.. .30 Civil Lines. Roorkee, U.P.. 

India 
Borgelt, E. H., 742 Greenlawn Ave.. Dayton 3, Obit, 
Brooks. J., 1222 D St., N. W., Washington, D. C. 

Campt.ell. D. H., 2216} Ewing sr.. Log Angeles 26, 
Cal f 

Chambers. A., 2 Main St.. Passaic, N. J. 

Close, E. F.. 2153 W. LeMoyne, Chicago 22. Ill. 
Codey, M. T.. 119 E. 42 St.. Covington. Ky. 
Creighton, C. C., Sixth Radar Calibration Detach-

ment, APO 942, do Postmaster, Seattle. 
Wash. 

Cunetta. J. M., 314 Linden Blvd., Brooklyn 26, 
N. V. 

Dawson. A. W., 234 Charles St.. Painted Post, N. Y. 
Dolde, L. A., 9036 Cedros Ave., Van Nuys. Calif. 
Elfving, A. L., Research Institute of National De-

fense, Stockholm 61, Sweden 
Fairchild, F. E., 446 W. 38 St., New York IS, N. V. 
Fishman. S., 315 Chicago Ave.. Dayton. Ohio 
Fogg, G. E., Hotel Warner. Emporium, Pa. 

Fonte, G., The Clough-Brengle Co.. 6014 Broadway. 
Chicago 40, III.  • 

Fujimoto, IC. K.. 4147 Drexel Blvd., Chicago IS, Ill 
Greathouse. D. E.. 710 Poplar St.. Waukegan, Ill 
Hagman, H. B.. Commercial Engineering Depart 

ment, Sylvania Electric Products, Inc.. 
Emporium. Pa. 

Herrman. R. F., 41 W. 82 St.. New York 24, N. V. 
Holpuch, D. J.. 3625 Arthur Ave., Brookfield, Ill. 

(Continued on page 44A) 

NO 
R. F. ATTENUATION 

NET WORK 
W • • FOR YOUR W ORK 

To meet the increasing needs for accurate, dependable 
instruments to attenuate UHF, The Daven Company 
now offers RF attenuation boxes. These units are not-
ably compact, provide a wide range of attenuation and 
are moderately priced. 

P.F ATTENUATION N X 
MP .1"4,1.44. 

MIMI 4.0 IL 
ICE SAVES COMPANY 

OMNI. s.oi 

— SPECIFICATIONS — 
CIRCUIT: Pi network. 

STANDARD IMPEDANCES: 50 and 73 ohms. Other impedances on request. 

NO. OF STEPS: 8 (push-button). 

RESISTOR ACCURACY: ± 2% at D.C. 
• IMPEDANCE ACCURACY: Terminal impedance of loss network essentially flat from 0-225 MC. 
RECEPTACLES: Army-Navy Type UG-58/U will be supplied on standard units. Other re-

ceptacles may be obtained, if required. 
CABLE PLUGS: These will be supplied at a slight additional cost, if required. 

TYPES IMPEDANCE LOSS 

RFA•650-50 

RFA-651-50 

RFA-650-73 

RFA-651-73 

50 '..) 

50 il 

73 II 

73 ti 

ti 

1,2,3.4,10,20,20,20 db steps(80 db total 
in 1 db steps) 

2,4,6,8,20,20,20,20 db steps( 100 db total 
in steps of 2 db) 

1,2,3,4,10,20,20,20 ob steps(80 db total 
in steps of 1 db) 

2,4,6,8,20,20,20,20 db steps(100 db total 
in steps of 2 db) 

— APPLICATIONS — 

•  In signal and sweep generators. 
• In field strength measuring equipment. 
• Nucleonic and atomic research. 
• Television receiver testing. 
• Wide-band amplifiers. 
• Pulse amplifiers. 
• Any application where attenuation of UHF 

For additional information wrIte to Dept. 1E-8 

THE DAVEN CO. 
191 Central Avenue  Newark, N.J. 

is required. 
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the first book 
to apply the theory 
of transmission lines 
to Power, Telephony 

and Ultrahigh Frequencies 

ELECTRICAL 

TRANSMISSION 

of POWER and SIGNALS 
By ED WARD W. KIMBARK 

Professor of Electrical Engineering 
Northwestern University 

H ERE is a rigorous, authoritative 
presentation of the basic theory of 
transmission lines, with applications 
to three fields —power, telephony, and 
ultrahigh  frequencies.  The  author 
gives the basic theory in three main 
parts: 

(1) Transmission-line 
parameters 

(2) Steady-state phenomena 
(3) Transient phenomena 

Rationalized MKS units are used 
throughout the book in the basic 
derivations. 

The book contains many other im-
portant features . . . 

• MANY TABLES AND CURVES that 
increase the reference value of the 
book. 

• A CHAPTER ON TRANSMISSION 
LINE TRANSIENTS describing ap-
plications to the protection of high-
voltage  power  transmission  lines 
against lightning and to the forma-
tion of pulses for a radar transmitter. 

• Information on the CALCULATION 
OF INDUCTANCE AND  CAPACI-
TANCE OF TRANSMISSION LINES. 

• Better transition to the treatment 
of the steady-state theory of smooth 
transmission lines from the chapters 
on transmission-line distributed pa-
rameters,  by  SETTING  UP  AND 
SOLVING THE DIFFERENTIAL 
EQUATIONS. 

• The steady-state long-line equations 
EXPRESSED  IN  TERMS  OF  EX-
PONENTIAL FUNCTIONS rathei than 
hyperbolic  func-
tions. The hyper. 
bolic form is pre-
sented  later  in 
the book. 

May 1949 

462 pages 

$6.00 

EXAMINE FOR 10 DAYS r =IP M I =IR Mil =II M N = El  MI =  

ON APPROVAL COUPON 
▪ JOHN WILEY  SONS, INC. 
11 440 Fourth Ave., New York 16, N.Y. 
IPlease send me. on 10 days' examination. a copy I 
of Klmbark's ELECTRICAL TRANSMISSION 014* IPOWER AND SIGNALS. If I decide to keep the II 
book, I will remit $6.00 plus postage; otherwise, • II will return the hook postpaid. 

▪ Name   

▪ Address   

Icar  gone  State   

IEmployed by   
(Offer not valid outside U.S.) 

sm  ismi miiIm ms mola MIR M a = ■ 

m v,AS VRS,Hip 

((ontinued from Page 43A) 

llorrigan, J. S., 245 Audubon Pk., Dayton 7. Ohio 
lerardi, G. S., John Wiley & Sons, 440 Fourth Ave., 

New York, N. Y. 
Jackson, T. T., Department of Electrical Engineer-

ing, Pennsylvania State College. Slat, 
College, Pa. 

Johnson, H. B., 4426 Park Ave., Kansas City. Mo. 
Kafka, N., 610 S. 23 Ave., Bellwood, III. 
Ktibitz, E. H., 5141 S. Mayfield Ave., Chicago Mt 

I at iasse, S. G., 1068 Newby St., Glendale 1, Calif. 

Larsson. N. H., Research Institute of National De-
fense, Stockholm, Sweden 

LaRue, R. S., Physics Department, The University 
of Connecticut, Storrs, Conn. 

I.audenslager, R. L., University of Connecticut, 
Storrs, Conn, 

Lee, J. P., 1013 Bergenline Ave., Union City, N. J. 
Lovick, R. C., 303 Oaklawn Dr., Rochester 12. 

N. Y. 

Maginniss, F. J.. Central Station Engineering Divi-
sion. General Electric Co., Schenectady. 
N. Y. 

Maltren, A. A.. 5602-187 St., Flushing, N. V. 
Marshall, K. C., 151 Strand Lane, Radcliffe. Lanca-

shire. England  • 
Martin, G. E., 4655 Felton, San Diego 4, Calif. 
McCoy, 0. Z., 515 Aberdeen Ave.. Dayton 9. Ohio 
McKee, D. M., 218 Wabash Ave., Lansdowne. Pa. 

McKinley, J. G., tVest Pennsylvania Power Co.. 
Box 1736. Pittsburgh 30. Pa. 

Morrison, G. B., 3749 N. Nottingham Ave.. Chicago 
34, III. 

Murphy, E. J., 960 E. Tioga St.. Philadelphia 34, 
Pa. 

Nolen. J. F., 1909-37 St., N W., Washington 7. 
DI C. 

Pate, W. R., Cottage (i58, Crooked Lake, Angola. 
Ind. 

Peterson, A. E., Jr., 30-M Garden Terrace, North 
Arlington, N. J. 

Regan, C. R.. c/o Navigational Aids, Electrot 
Test, Patuxent River, Md. 

Schlehlein, G. J.. 3005 W. Capitol Dr., Milwaiik, 
10, Wis. 

Schwalhe, M. 1., Nichols Veterans Hospital, Low - 
ville 2. Ky. 

Sinnott, J., 4313 Ninth Ave., Brooklyn 32, N. V 

Snyder, H., Box 753, Marietta College, Marietta 
Ohio 

Soltesz, E. S., 350 Gavin St., San Diego 2. Calif. 
Spicer, W., 136 Hastings St., Brookville, Pa. 

Stimmel, R. G., 725 Patterson Rd., Dayton 9, Olii.. 
Thatcher, R., 1728 S. Mansfield Ave., Los Angel, 

35, Calif. 
Tomberg, S.. 97 Patterson Village Dr.. Dayton 9 

Ohio 
Trutko, J. M., 8.33 Leonard St., Akron 2, Ohio 
Votocek, J., 2511 S. Harding Ave., Chicago 23. I I I 
Wamboldt, H., 601 Meyer Ave.. Dayton 3. Ohio 
Wang, M. T., 2620 Garfield St., N. W., AA'ashingtoo 

8, D. C. 

1Vellinglioff, J. C., 3725 N. Wilton Ave., Chicago 441. 

Weiger, H. 0., 4814 N. Lowell Ave.. Chicago 30. III. 
Wikland, T., Research Institute of National 1).•-. 

fense. Stockholm. Sweden 
Williams, E., 10 Vivian St., Bexley, Sydney, 

N.SAV., Australia 
Wilson, W. D., 54 Wendell Ave.. Pittsfield. Mass, 

Zito, A. J., 2220 Fish Ave., New York o7. N. V. 

The following transfers to the Associate 
grade were approved to be effective as of 
March 1, 1949: 

Bayley. R. M., 6046 Roy St., Los Angeles 42, Calif. 
Berger, M., 3733 Laurel Ave., Brooklyn 24. N. V. 
De Agazio, E., Jr.. 31 Belmont Pk.. Everett 49, 

Mass. 

Geppert, D. V., E. B. 207, University of Arkansas. 
Fayetteville, Ark. 
(Continued or: page 45A) 

FOR 

PUBLIC ADDRESS 

SYSTEMS 

MI C R O P H O NE S 

1 

A M PLIFIE R S 

1 

LO U D  SPE A K E R S 

SERIES  "P" SERIES 

"On SERVE 

Available at jobbers everywhere or write 
PA Plug Catalog. Address Dept. F-377. 

SI NCE 

ClIEVAE 

1915 

CANNON 
ElECTRIC 

3209 HUMBOLDT ST., LOS ANGELES 31, CALIF. 

In Canada — CA NN ON ELECTRIC CO., LTD., TORONTO 
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Giles, J. W., 40 Richlee Dr., R.F.D. 1, Camillus, 
N. Y. 

Janislawski, A. G., c/o Tung-Sol Lamp Works, Inc., 
Dept. 170, Weatherly. Pa. 

Knicicel, E. R., Electronics Office. Naval Shipyard 

,  Boston. I Mass. 
'  Krueger, R. E.. Box 1663. Los Alamos. N. M. 

Laskin, H. J., 395 Belmont Ave.. Brooklyn 7. N. Y. 
Lawler, J. A., Jr.. 268 Bowman Ave., Merion Sta-

tion, Pa. 
Miller, N. D.. Box 95, Epworth. Iowa 
Miller. P. G., 322 W. Cervantes St., Pensacola, Fla 
Mitchell, A. V., Rm. 2100,32 Sixth Ave., New York 

13. N. Y. 
Pomon, J. D., 4536 N. Magnolia, Chicago 40, Ill. 
Popenoe, P., Jr., 2503 N. Marengo Ave., Altadena 

Calif. 
Profumo, V. J., 336 Bidwell Rd., Mineola, L. I., 

N. Y. 
Robinson, M. P., Jr., 30 Hawthorne St., Watertown 

72, Mass. 
Rosett, E. S., 35 Brookdale Ave., New Rochelle 

N. Y. 
Russell, J. A.. III, Winoka Village, Apt. 22D, 

Huntington Station, L. I., N. Y. 
Shea. E. T., 1516 Darby Rd., Havertown, Pa. 

Smit. J., Rua Capt. Salo Mao, S. Paula. Brazil 
Stribling. J. L.. Jr.. 915 N. Jefferson. San Angelo 

Tex. 
Walker, R. C., Box 414, Bucknell University. Lewis 

burg. Pa. 

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 26A) 

Utility TV Amplifier 
A new utili t% video amplifier, model 

4TV17A1, for two-channel general-pur-
pose use as a line or monitoring amplifier 
and as a line amplifier and supers nc 
mixer, has been announced by General 
Electric Co., Transmitter Div., Electronic, 
Park, Syracuse, N. V. 

The 4TV17A1 is useful in raising re-
mote programs as low as 1.2 volts up to the 
standard 2.0 volts for transmission. Either 
of the two channels can be used with a 75-
ohm matched input, or with high imped-
ance bridging the input for monitoring a 
line. 
Low-frequency response on the unit 

will pass 25 % negative 60-cps square wave 
with over-all tilt of 2% or less on a single 
channel, and 1% or less with both chan-
nels used in parallel. High-frequency re-
sponse is flat within ±0.6 db to 7 mega-
cycles. 

Power input is 115 volts, 50 to 60 cps. 
The amplifier is designed for vertical rack 
-mounting and is sr high by 19' wide by 
7' deep. 

(Continued on page 46.4) 
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• ROBI NS ON C7l.u249 W2 M4 

A Great New Advance 
in Vibration and 
Shock Protection 

For Land, Sea, and Airborne Instruments 

and Electronic Equipment 

VIBRASHOCK 
Mounting Systems 
incorporating 

TRAPS MARK  rubber or springs 

U  

m
• •  lc ... a new, tre  s iiie stainlessnt cushionsteel  E 

New standards of performance, 
durability, and load-tolerance are 
made possible by this major devel-
opment in shock and vibration isola-
tion systems. Based on the Robinson 
Vibrashock principle, already consid-
ered outstanding in the field, this Sys-
tem is cushioned with "MET-L-FLEX" 
—a new, all steel resilient material 
developed for Robinson Mounts. 

Met-L-Flex is unaffected by tem-
perature. It will not corrode or de-
teriorate. The cushions are inherently 
damped, regardless of altitude. 

Vibration isolation specifications 

are exceeded by these Mounting Sys-
tems even under conditions of 35% 
overload or underload. And because 
Met-L-Flex offers increasing resist-
ance as load is applied, the System 
provides a high degree of shock 

absorption. 

Vibrashock Mounting Systems with 
Met-L-Flex are available in standard 
Form Factors and designs for special 
applications. See how completely 
they can answer your vibration con-

trol problems. 

Write today for detc.iled literature and performance curves! 

11111 Consider These Remarkable Advantages of 
Vibrashock Mounting Systems Using "MET-L-FLEX" 

1. DUAL-PURPOSE — Non-linear load 
deflection characteristics provide 
effective shock protection as well as 
vibration isolation. 

2. UNAFFECTED BY TEMPERATURE — 
Performance is uniform under tem-
perature extremes. 

3. DRIFT RESISTANT — Less subject to 
permanent set. 

4. INHERENTLY DA MPED — Cushion 
structure provides high damping 
action, independent of altitude. 

5. LOAD-TOLERANT — Performance 
maintained under wide range of 
loading. 

6. DURABLE — Not subject to aging, or 
deterioration in presence of oil or 
moisture. 

ROBINSON AVIATION, INC. 

54 Industrial Avenue, Teterboro, N.J. 
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JUST PUBLISHED! News—New Products 

Complete, practical 
data on 

MAGNETIC 
RECORDING 

All  about  the 
theory, types, and 
makes  of record-
ers, their applica-
tions and perform-
ance  measurement 
I. Short History 
of Magnetic 
Recording 

2. Acoustic 
Factors 

3. Magnetism 
4. Theory of 
Magnetic 
Recording 

5. Gomporents of 
a Magnetic Re. 
cording System 

6. Magnetic 
Recording 
Equipment 

7. Applications of 
Magnetic 
Recording 

8. instrumenta-
tion and Mag. 
netic Recording 
Measurements 

9. The Magnetic 
Phonograph 

10, Helpful 
Glossary of 
Magnetic 
Recording 
Terms 

By S. J. Begun 

Chief Engineer, The 
Brush Development Co. 

242 pages, 6 x 9, 130 
illus., $5.00 

Here at last is the "low 
down" on one of the fastest 
growing electronic develop-
ments in all of its design, 
engineering and experimental 
phases. MAGNETIC RECORD-
ING acquaints you with every 
detail of modern equipment, 
brings you the latest informa-
tion on applications ranging 
from home entertainment to 
movies, broadcasting, profes-
sional and amateur radio and 
special uses such as military 
speech scrambling. 

It Pays to Study In 
New Devolepools! 

Acoustic and magnetic fac-
tors are carefully explained. 
A-C and D-C biasing methods, 
distortion factors, reproduc-
ing heads, drive mechanisms 
and  the various  recording 
media and methods ot record-
ing, reproducing, and erasing 
are discussed in detail. Par-
ticularly valuable are a com-
plete outline of recording 
devices and how they are 
used; a helpful study of in-
struments for determining re-
cording performance; and a 
clear discussion of magnetic 
versus other recording me-
thods. More than 130 dia-
grams and illustrations make 
things easily understandable. 
Use coupon for 10 days' free 
trial. 

Practical engineering data on 

FREQUENCY MODULATION 
FUNDAMENTALS —APPARATUS 

SERVICING 

by NATHAN MARCHAND 
Formerly Lecturer in E.E., Colum-
bia University; Senior Engineer, 
Federal Telecommunications 

Laboratory 
409 pages, 6 x 9. over 300 

Illustrations 
Price $5.00 

This new book offers a compre-
hensive treatment of the problems 
involved in FM engineering and 
servicing. The entire range of F-M subjects is covered, 
including basic principles, band width, interference, 
frequency modulation methods, amplitude limiters, 
transmitters, FM circuits, test equipment, servicing 
and many others. A complete section is devoted to 
mobile FM equipment I-1 receivers, transceivers and 
relay equipment. 

10 DAYS' TRIAL 
Dept. IR 69, Murray Hill Rooks Inc., 

232 Madison Avenue. New York 16, N.Y. 
Send me books checked below for 10 days' ex-
amination on approval. In 10 days, I will either 
pay for the books plus a few cents postage or 
return them postpaid. (Postage paid on cash 
orders; same return privilege. Books sent on 
approval in U. S. only.) 

0 Begun MAGNETIC RECORDING, $5.00 
(Outside U.S. $5.50 postpaid) 

0 Marchand  FREQUENCY  MODULATION, 
$5.00 (Outside U.S. $5.50 postpaid) 

Name   

Add rem   

City Zone. State   
------------

THE 

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

(Continued from page 43A) 

AS  EXHIBITED  AT 

M GI VI P""  

0 1.0-1  

RADIO ENGINEERING SHOW 

Beginning with this issue, the News 
and New Products column will.describe as 
many as possible of the components and 
completed units which were labeled with 
"SPOTLIGHT THE NEW" posters at the 
1949 IRE National Convention in New 
York City, on March 7-10. 
One idea, which was used by two well-

known manufacturers in this industry, was 
the immersion of equipment in large water-
filled containers with gold fish swimming in 
them to demonstrate the quality and per-
formance of these products in the most 
adverse conditions of humidity. 
The Commercial Sales Div., De Jur-

Amsco Corp.,. 45-01  Northern  Blvd., 
Long Island City 1, L. I., N. Y., employed 
this idea to exhibit their sealed meters, 
models 112 and 120. Six meters, each 
housing a photoelectric cell, were sub-
merged in the bowl of water. They were so 
arranged that, when a beans of light di-
rected on them was broken, the arrow in 
each would fluctuate according to the 
change in light intensity. The fish would 
break these beams as they swam through 
the water, causing a constant oscillation 
of the meter arrows. This protracted sub-
mersion and continued performance indi-
cated that these meters were sealed and 
water tight. 

For further information on these meters 
and the complete line of De Jur precision 
instruments, meters, potentiometers, and 
rheostats in a range from 10 to 1,000000 
ohms, contact the Commercial Sales Div. 

The other firm to make use of this 
novel type of demonstration was the 
General Electric Co., Electronics Dept., 
Electronics Park, Syracuse, N. Y. 
To check maximum humidity effect on 

a standard model record player, pick-up 
cartridge, and loudspeaker, GE engineers 
placed them in a tank of water with no 
harmful effects. 
Later is was decided that this test 

could be used as a demonstration at tIte 
IRE Convention. Gold fish, and a small 
loudspeaker which acted as a microphone, 
were added. The small speaker picked up 
the sound of music being played and re-
leased it through an external speaker, 
showing that the complete link went 
through the water, and two speakers, as 
well as the cartridge, actually functioned 
while emersed. 
The fish displayed no ill effects from 

this perpetual serenade, but avoided the 
immediate area of the speaker, probably 
due to the increase in vibration. 

(Continued on Page 47A) 

ANNOUNCING A NEW 8" SPEAKER 
WM A NEW HARD-HIIIING RA M 

L A NSI N G SI GN JI M AT U RE 

NICE11 
OO 

T O 12, 0 0 0 C. P. S. 

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 
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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 16A) 

A New Alpha Counter 
A new  methane-flow  proportional 

counter, Model D45, has been designed to 
count alpha particles in the presence of 
high beta activity with 50% geometry 
and low coincidence losses, by Nuclear 
Instrument & Chemical Corp., 223 West 
Erie St., Chicago 10, Ill. 

When the D45 is.used with a high-gain 
linear amplifier and a "fast" scaler, it is 
possible to count alpha particles in the 
presence of a beta activity of 5X10' dis-
integrations per minute. 
The counter chamber has a polished 

cylindrical cathode. The anode is 0.002" 
tungsten wire mounted between glass insu-
lators. The sample holder is designed for 
standard l' diameter samples, with provi-
sions for raising the sample up into the 
counting volume for improved geometry. 

Recent Catalogs 

• • • A new catalog, No. 49, describing the 
complete line of resistors, controls, and re-
sistance devices manufactured by Claro-
stat Mfg. Co., Inc., Washington St., Dover, 
N. H., is ready for distribution. 

• • • A new 4-page folder in color illus-
trates and describes various tube-testor 
models by Hickok Electrical Instrument 
Co., 10541 Dupont, Cleveland 8, Ohio. 

• • • A 4-page circular, entitled "Switches 
by Daven," with general information on 
switches used in broadcast, communica-
tions, and industrial fields, and in labora-

• tory tests, is issued by the Daven Co., 191 
Central Ave., Newark, N. J. 

• • • A new 4-page condensed catalog, 
which may be used as a brief guide for 
high-speed electronic counters, scalers, 
counter chronographs, and special ekc-
tronic  frequency-measuring computing 
equipment is offered by the Potter Instru-
ment Co., Inc., 136-56 Roosevelt Ave., 
Flushing, L. 1., N. Y. 

(Continued on page 484 

4 
TRANSFORMERS 

TO MEET UNUSUAL 
SPECIFICATIONS 

The manufacture of "tailor-made", one-
of-a-kind transformers, and small runs of 
custom-made specialty units, are important 
features of NYT service. A staff of engi-
neering and production experts will trans-
late your most exacting specifications into 
the components you require. 

Above: Special DC power 
supply unit, input 115 volts 
60 cycles—output 2500 volts 
filtered DC at 5 MA. 

• 
Right: A high quality 
speaker line auto trans-
former, used in multiple 
speaker installations to ad-
just volume and impedance 
for each individual speaker. 

The transformers illustrated show 
only three of the many which have 
been developed or manufactured by 
New York Transformer Company 
for special applications in radio, 
television and electronics. No matter 
how unusual your specifications, 
NYT will build transformers to 

Left: A three 
phase high volt-
age plate trans-
former, weighing 
over 300 pounds. 
Rectifier output 
is 11 KVA DC 
(7000 volts at 
1.5 amps). 

meet them! Special facilities also 
include the manufacture of hermet-
ically sealed units to meet current 
JAN T-27 and other government 
specifications; and specially treated, 
lightweight, uncased units for air-
borne equipment. 

Let us know about your specifications and 
development problems. NYT experts and 

engineers are at your service. 

NE W YORK 
TRANSFORMER CO., INC. 

ALPHA, NE W JERSEY 
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• Accurate, uniform 

and smooth ... 

• Also available in 

Molybdenum and 

other metals ... 

Write for details and 

List of Products 

SIGMUND COHN CORP. 

44 GOLD ST.  NE W YORK 

SI NCE I 90 1 

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 474) 

Multichannel Switch 
The development of a new multichan-

nel switch, driven by a 60-cps synchronous 
motor, has been announced by the Applied 
Science Corp. of Princeton, Princeton, 

N. J. The use of a synchronous motor &-
sures constant sampling rates and almost-. 
the convenient use of an ac line voltage 
source who  frequency is automaticalls 
synchronized with the sampling operation. 
The 4-pole model shown is 2" X3" X4" in 
physical size and has 30 contacts per pole. 
The wiper is one of the shorting type fin-
flexibility of use. Standard models has 
sampling rates of 720, 360, 240, 180, or 90 
rpm. 

These switches facilitate investigation 
of a large number of separate quantities or 
of a single quantity tinder a number of 
different conditions. In addition to tele-
metering applications, they may be used 
for the display of characteristic curves and 
multichannel voltage comparison. Elec-
trical operations may be synchronized with 
mechanical motion by appropriate attach-
ment of switch rotor. 

Rf Power and SWR Meter 

An rf power and SWR meter, a ii.1 
range of 50 to 500 Mc., has been de,iL;net1 
and developed by M. C. Jones Elec-
tronics Co., 96 N. Main St., Bristol, Conn. I 

The manufacturer claims that this 
the first frequency-insensitive direction.1 
coupler to be produced by the industry. 
This model, M M400, is one of a seri( 

of wide-frequency-range instruments 
measuring rf power and standing-was . 
ratio on 51.5-ohm coaxial transmi..i..., 
line. 

TWO NEW 
CTC TERMINALS 

PROMISE IMPROVED WIRING 

New Combination Ter minal 

In 3 Sizes Has Variety of Uses 

With a screw on top and a terminal lug 
on the bottom, this combination simplifies 
top and bottom wiring. Remove the screw 
and you can mount components directly to 
the screw end. Or, you can adapt this ter-
minal to provide removable link connec-
tions at the screw end. Terminal is plated 
with bright alloy for corrosion resistance 
and ease of soldering. Mounting shank is 
heavily knurled for secure mounting into 
terminal boards. 

X1 942X 

2, 

X1942Y 

New Cera mic Stand-Off 

The body of this stand-off is made of 
JAN-1-10-grade L-5 ceramic, silicone im-
pregnated. This gives you a component 
with highly improved resistance to mois-
ture and fungi, as well as higher dielectric 
properties. X Type has a 6-32 thread 
screw stud; Y Type has a rivet stud. 
These and other Guaranteed Components 

are described at length in the new CTC 
#300 Catalog. Write for it today. 

IMP 

Turret 

%reline' 
Board 

Split 

Double•Eed 
Lugs Swage' 

Cresione ai Ylairelatel 
(iireaielfficer/ 

Cr.m/rollen/4 

CA MBRIDGE THER MIONIC CORP. 
436 Concord Ave., Cambridge 38, Mass. 

48A 

(Continued on page 494) 
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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 484) 

These instruments are designed for 
laboratory measurements and for m6nitor-
ing both transmitter and antenna per-
formance. 
A single meter reads incident power, 

reflected power, net power to load, and 
SWR of the load. A selector switch con-
nects the meter to read any of these quan-
tities. 
The MN1400 series  "NlicroMatch" 

may be used with 11' or r air line, and 
with RG-17/U and RG-8/U coaxial cable. 
Full-scale power ranges of 400, 1,200, and 
4,000 watts are available. 

Electrical Mismatch in TV 
Receiver Installations 

Diminished 
An aid in the elimination of electrical 

mismatch existing between antenna and 
receiver in nearly all television receiver in-
stallations is made possible by a device de-
scribed as "Telematch," according to its 
manufacturer,  Standard  Transformer 
Corp., 3580 Elston Ave., Chicago 18, III. 

Correction of line mismatch enables the 
full broadcast signal picked up by the an-
tenna to be delivered, with minimum loss, 
to the receiver for improved reception. 
This often permits satisfactory reception 
with an inexpensive indoor antenna. 
The "Telematch" has no tubes, and is 

installed by attaching two cable lugs to the 
receiver antenna input terminals. 
Literature will be mailed on request. 

Recent Calalogs 
• • • Engineering Bulletin 4, describing 
the complete line of audio attenuators, 
fixed pads, special attenuator networks, 
and other communications equipment 
components, will be sent by Shallcross 
Mfg. Co., 520 Pusey Ave,. Collingdale, Pa. 
to interested manufacturers on request. 

(Continued on page 564) 
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Adaptability is a prime advantage you gain by using 
S.S. White flexible shafts to couple variable elements to their 

control knobs or dials. 

The example above shows why. The flexible shaft coupling 
permits you to position both the condenser and its control 
knob independently of each other. Likewise, the flexible shaft 
that transmits the movement of the tuning control shaft 
through a worm gear to the indicating dial makes it possible 

to place the dial where desired. 

This adaptability of parts provided by S.S.White flexible 
shafts greatly simplifies the problem of satisfying such 

design requirements as circuit efficiency, easy assembly, 

wiring and servicing. 

S.S.White remote control flexible shafts come in a wide 
range of sizes and characteristics and can be supplied in any 

required length. Specially designed for remote control, they 
are positive, sensitive and jump-free in operation. 

GET  DETAILS  IN  THIS  FLEXIBLE  SHAFT  HANDBOOK 

You can get a free copy of this informative 260-page book 
on flexible shaft application and ..lertion by writing to us 
on your business letterhead and  inning your position. 

S.S.WHITE 
THE S S. WHITE DENTAL MFG. CO. INDUSTRIAL DIVISION 

DEPT. G 10 EAST 4051. ST., NEW YORK EC 
M ANI. SPI• OS  • SUM MIT SNISIT TOOLS  • AllOCIAST 

saw" CUTTING AND oesi000no m ots  •  SINCSALOOSMVIA 111/11111111111 

TOOLDID gas man  • PLASTIC snamnitt  • CO M MA, PLASIICI 1•041111 0 

Otte oil Astenice4 AAA4 Ta444101141 Sexy/ra w 
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The continued expansion of the 

NATIONAL UNION RESEARCH DIVISION 

has created many fine positions for men interested in 

VACUUM TUBE RESEARCH 

Our laboratories are devoted entirely to research and development 

work on vacuum tubes. These include cathode ray, microwave, receiv-

ing, radial beam, subminiatures, and various special tube types. We 

are in a pbsition to offer an interesting job, a stable future, and ideal 

working conditions to men who are qualified. Men with vacuum tube 

or similar experience and with degrees in Physics or Engineering 

are needed at the present time. Recent graduates without experience 

but with degrees in Physics or Electrical Engineering, as well as 

tube or circuit technicians, are invited to apply. 

Before you decide on, your future connection, be sure to look into 

the opportunities National Union has to offer. 

Send resume to:  Divisional Personnel Manager 

National Union Research Division 

350 Scotland Road 

Orange, New Jersey 

Radio and Radar Development 
and Design Engineers 
Openings for experienced men at 

HAZELTINE ELECTRONICS 
CORPORATION 

Little Neck, LI., N.Y. 

Please furnish complete resume of experience with salary expected to: 
Director of Engineering Personnel 

(All inquiries treated confidentially) 

ENGINEERS - ELECTRONIC 

Senior and Junior, outstanding opportunity, progressive company. 

Forward complete resumes giving education, experience and salary 
requirements to 

Perannnel Department 

:111.3.PAII. INC. 

452 Swann Avenue 

Alexandria, Virginia 

50A 

The following positions of interest to 
I.R.E. members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No.... 

The Institute reserves the right to refuse any 
announcement without giving a reason for 
the refusal. 

PROCEEDINGS of the I.R.E. 
East 79th St., New York 21, N.Y. 

ENGINEERS 
Location, Phoenix, Arizona. Excellent 

working conditions. Housing available. 
Motorola, Inc. announces a Research 
Laboratory devoted to armed service con-
tract and company research in micro-
wave, mobile communications, supervisory 
control, telemetering, miniaturization, and 
aviation electronics. Only fully qualified 
experienced inventors, engineers and sci-
entists should apply. Send detailed state-
ment of education and experience to 
Motorola Inc., D. E. Noble, 4545 Augusta 
Blvd., Chicago 51, Ill. 

SENIOR AND JUNIOR ENGINEERS 
Senior and junior engineers needed with 

experience on SCR-548 radar or similar 
equipment. Location about 50 miles from 
Los Angeles. Electronic Engineering Co., 
2008 W. 7th Street, Los Angeles 5, Calif. 

ELECTRONICS ENGINEER 
Radio and industrial electronics in-

instructor for two year technical college-
Extension Division of Georgia Institute 
of Technology, Atlanta, Georgia. Write 
The Technical Inqitute, Chamblee, Geor-
gia. 

ENGINEERS 
Men needed immediately for permanent 

positions on an experimental, develop-
ment, and production program of complex 
electronic and electro-mechanical equip-
ment. Work covers computers, servos, 
amplifiers, instrumentation, small.mechan-
isms in aircraft simulation  for complex 
training equipment. Applicants must have 
college degree, equivalent experience or 
both. Apply Personnel Mgr. Link Avia-
tion, BiniIliamptoll, N.Y. 

ELECTRO-ACOUSTIC ENGINEER 
An attractive opportunity for an ex-

perienced engineer with thorough electro-
acoustic training (transducers) in a small, 
sound rapidly growing concern. Perma-
nent position with future opportunity as 
a research director. Write giving full de-
tails to Box 563. 

RESEARCH SCIENTISTS 
Experienced research scientists with ad-

vanced degrees and experience in physics, 
aerodynamics, electronics, optics, mathe-
matics, chemistry, metallurgy, or meteor-
ology to perform supervisory research 
and act as permanent consulting group to 
engineering laboratories. Excellent op-
portunity for men with right qualifica- • 
tions. Salary $8,000414,000 bracket. Write 
Box 564. 

DEVELOPMENT ENGINEER 
Newly formed and rapidly expanding 

aeronautical instrument company located 
in New York Metropolitan area is seek-
ing an instrument development engineer 

(Continued on page 51.4) 
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Elect/taw? Ea9igeeir4 
BENDIX RADIO DIVISION 

Baltimore, Maryland 

manufacturer of 

RADIO AND RADAR EQUIPMENT 

requires: 

PROJECT ENGINEERS 

Five or more years experience in 
the design and development, for 
production, of major components 
in radio and radar equipment. 

ASSISTANT PROJECT ENGINEERS 

Two or more years experience in 
the development, for production, 
of components in radio and radar 
equipment. Capable of designing 
components under supervision of 
project engineer. 

Well equipped laboratories in 
modern radio plant ... Excellent 
opportunity ... advancement on 
individual merit. 

Baltimore Has Adequate Housing 

Arrangements will be made to 
contact personally all applicants 
who submit satisfactory resumes. 
Send resume to Mr. John Siena: 

BENDIX RADIO DIVISION 
BENDIX AVIATION CORPORATION 

Baltimore 4, Maryland 

MI W W W W W W W MI MI PP 

WANTED: 
CAREER MEN 

IN ELECTRONICS 

at 

RCA VICTOR 

Camden, New Jersey 

• Unlimited laboratory resources and 
facilities are waiting for top-flight men 
ready to assume responsibilities in han-
dling and administering advanced proj-
ects in virtually every phase of electronics 
—infra-red, ultrasonic, audio and acoustic 
equipment; television receivers, anten-
nas, radar, mobile communications; avi-
ation communications and navigational 
aids in our Engineering Products and 
Home Instruments Departments at Cam-
den, New Jersey. 

These Openings Represent a perma-
nent expansion in RCA Victor design 
and development activities at Camden, 
providing careers for men of high calibre 
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: 

ARNOLD K. WEBER, 

Personnel Manager, Camden Plant 
Box 133, RCA Victor Division 

Radio Corporation of America 
Camden, New Jersey 

/1111 AI AI /II /ft AI /1111  Alh 
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(Continued from page 504) 

who is an electronics and servomechanism 
specialist to become Chief Engineer. 
Background must be well balanced in 
all phases of aeronautical instrument busi-
ness, including laboratory and shop prac-
tice from first hand experience. Interest-
ing salary and bonus. Box 565. 

LABORATORY TECHNICIAN 

Excellent opportunity for experienced 
electronics laboratory technician having 
experience in aircraft instruments and 
allied fields. Location Metropolitan New 
York. Experience and ability in all phases 
of laboratory testing and shop work de-
sired. Salary commensurate with ability. 
Box 566. 

COMMUNICATIONS ENGINEERS 
Graduate  communication  engineers, 

Canadians citizens, interested in audio, 
radio and video frequency systems en-
gineering. Salaries up to $350.00 per 
month depending on qualifications. Loca-
tion, Montreal, Canada. Box 567. 

TELEVISION ENGINEERS 

Due to wide expansion in television pro-
gram of long established radio and tele-
vision manufacturing company, positions 
are now available for engineers with 3 or 
more years television experience. Excel-
lent working conditions in modern, well-
equipped laboratory. Company located in 
northwest portion of New York State. 
Housing no serious problem. Salaries 
commensurate with ability. Box 568. 

SCIENTISTS AND ENGINEERS 

Wanted  for interesting and profes-
sionally challenging research and ad-
vanced development in the fields of 
microwaves, radar, gyroscopes, servo-
mechanisms, instrumentation, computers 
and general electronics.  Scientific or 
engineering degrees or extensive techni-
cal experience required. Salary com-
mensurate with experience and ability. 
Direct inquiries to Mgr., Engineering 
Personnel, Bell Aircraft Corp. P.O. Box 
1, Buffalo 5, N.Y. 

ENGINEERS 

An  unusual  opportunity  exists for 
qualified engineers to participate in the 
growth of the industrial television field. 
Experience in video, pulse, electronic dis-
play and circuit techniques with good edu-
cational background required. Openings 
range from Junior to Project Engineers. 
Write to: Leonard Mautner, Vice-Presi-
dent, Television Equipment Corp., 238 
William •St., New York 7, N.Y. 

RADIO ENGINEERS 
Outstanding opportunity with progres-

sive, rapidly growing company for radio 
engineers experienced in high frequency 
work. An interesting, attractive future 
assured, but requirements of jobs must be 
paralleled by necessary skill. If you have 
a background of high frequency work, 
tell us about yourself in resume giving 
education, experience and salary require-
ments. Plant located in New Jersey within 
commuting distance of New York City. 
Box 569. 

(Continued on Page 524) 

WANTED 
PHYSICISTS 
ENGINEERS 
Engineering laboratory of precision 

Instrument manufacturer has interest-

ing opportunities for graduate engi-

neers with research, design and/or 
development experience on radio com-

munication systems, Servomechanisms 

(closed loop), electronic & mechanical 

aeronautical  navigation  instruments 

and ultra-high frequency & microwave 

technique. 

WRITE FULL DETAILS 

TO 

EMPLOYMENT SECTION 

SPERRY 
GYROSCOPE 

COMPANY 

DIVISION OF SPERRY CORP. 
Marcus Ave. & Lakeville Rd. 

Lake Success, L.I. 

TEC 
ENGINEERS 
TELEVISION EQUIPMENT COR-

PORATION offers an unusual op-

portunity for qualified engineers 

to participate in the growth of the 

rapidly  expanding  Industrial 

Television field. 

Experience in video, pulse, elec-

tronic display and circuit tech-

niques  with  good educational 

background  required.  Several 

positions are available ranging 
from junior to project engineers. 

Compensation is  commensurate 

with ability. Opportunity to par-

ticipate in company profit sharing 

plan. 

Apply by letter to Leonard Maut-

ner, Vico President: 

TELEVISION EQUIPMENT 

CORPORATION 
238 William Street 

New York 7. N.Y. 
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BUD Has Them For You! 
When it comes to sheet metal equipment . . . 
BUD has your housing problem solved. 

We, at BUD RADIO, INC., make 337 differ-
ent sheet metal products and 290 of them are 
available for immediate delivery, at this time. 
That means that 86' ; of the cabinets, chassis, 
utility boxes, carrying cases, etc., are wait-
ing to be shipped to satisfy your needs. 

Don't wait until too late .. . get into the posi-
tion of being able to satisfy your NEEDS 
now! Check your requirements, now, and 
order your needs in the sheet metal line. 

See the complete BUD miniature sheet metal 
housing line for the right answer to your 
problems on small cabinet ware. 

Remember that when comparisons are made 
on the basis of QUALITY, UTILITY 
AVAILABILITY  AND  PRICE:  BUD 

leads all the rest. W E ARE PLEASED TO 

QUOTE ON YOUR REQUIREMENTS 
FOR SPECIAL SHEET METAL HOUS-
INGS. 

Br  THE BEST ... BUY BUD 

Ir'rite for Catalog 

O MNI'S  M SS  TEST StADs 

E•C  THESE ARE SO ME OF THE 1270 ITE MS 

AVAILA BL E FR O M B u D RA DI O, INC. 

BUD DeLuxe Cabinet Racks 

BUD Steel Chassis Bases 

BUD Sloping panel 
Amplifier Foundations 

BUD Metal Utility Cabinets 

RESEARCH OPPORTUNITIES AT WESTING-
HOUSE IN TELEVISION 

Physicists and electronic engineers needed for an extensive 
project at the Westinghouse Research Laboratories in Pittsburgh. 
Excellent opportunities for specialists in electron-optical devices, 
optics, systems and circuits. 

For application write Manager, Technical Employment Westing-
house Electric Corp., 306 Fourth Ave., Pittsburgh, Pa. 

• 

52A 
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DEVELOPMENT ENGINEER 
DESIGN ENGINEER 

Development Engineer with at least 5 
years experience in developing electronic 
equipment in the 100 to 1,000 megacycle 
range. 
Design Engineer with at least 5 years 

experience with electro-mechanical design 
problems where space and difficult service 
conditions are important. Ideal laboratory 
conditions. 5 day week, paid vacation, paid 
medical and surgical policy, paid hos-
pitalization policy and paid life insurance. 
Located in New Jersey. Box 570. 

DESIGN ENGINEER 
Design Engineer on RA'. Transmission 

lines and fittings. Some experience also 
on microwave critlipinctit. tinx 571. 

*  * *  * 

Positions Wanted 
By Armed Forces 

Veterans 

In order to give a reasonably equal op-
portunity to all applicants, and to avoid 
overcrowding of the corresponding col-
umn,  the  following rules have been 
adopted: 
The Institute publishes free of charge 

notices of positions wanted by I.R.E. 
members who are now in the Service or 
have received an honorable discharge. 
Such notices should not have more than 
five lines. They may be inserted only after 
a lapse of one month or more following a 
previous insertion and the maximum num-
ber of insertions is three per year. The 
Institute necessarily reserves the- right to 
decline any announcement without assign-
ment of reason. 

RADIO PHYSICIST 
B.Sc. May 1949, radio physics option 

of honor mathematics and physics, Uni-
versity of Western Ontario. 3 years radar 
in Canadian Navy. Age 27, married. De-
sires development, research or interesting 
position with good future. Box 243 W. 

ELECTRONIC ENGINEER 
B.S.E.E. June 1949, 1 niversity of Cin-

cinnati, age 30. Experience 2% years co-op 
in development and test components, video 
and I.F. amplifiers, servo-mechanisms, in-
strument  landing  systems.  Working 
knowledge of machine tools and machine 
shop practice. Desires position in research 
or development. Member of Eta Kappa 
Nu. Box 244 W. 

ENGINEER 

B.A.,Sc., E.E., April 1949, U.B.C.; age 
27, married; appreciable experience as 
technician in F.M. and microwave radio 
relay, audio, mobile and harbour control 
F.M. with some design and development. 
Desires development or research engineer-
ing. Preference microwave. D. Nuttall, 
2870 W. 13, Vancouver, B.C., Canada. 

(Continued on page 53A) 
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REGULATED Positions Wanted 
(Continued front page 524) 

PO WER SUPPLIES 

DESIGNED for  use  in  in-
dustry, school and laboratory these power 
supplies are ruggedly constructed and con-
servatively rated for long and dependable 
service.  Attractively  styled  and  priced. 
these  units have found  wide acceptance. 
They are also available in complete kit form 
!or maximum economy. The following char-
acteristics apply to the models listed below: 

CHARACTERISTICS 

INPUT: 105-125V/50-60cp5/100 watts. 
OUTPUT: Variable from 200 to 325VDC @ 
100ma. regulated, 6.3VAC CT @ 3A unregu-
lated. 

REGULATION: Less than 1% no load to full 
load. Less than 1% for line voltage variation 
105 to 125 volts. 

NOISE AND RIPPLE OUTPUT: Less than 10 
M V M s for above ratings. 

TUBE COMPLEMENT: 5V4G, VR.105, 6SH7, 
2-6Y6G. 

DC OUTPUT CONNECTIONS: Either positive 
or cegative may be grounded. 

BENCH MODEL 25 

0000 0000 
00,11 0 0 0 a d 

414 (•%,!! 

4 g*Rd eir.  

COMPACT AND LIGHT WEIGHT. Function-
ally designed for maximum convenience In op-
eration. Six sturdy, insulated, "5-way" output 
terminal posts. Grey finish. 14" wide. 6" deep. 
8" high. Weight 17 pounds 

Model 25. Factory assembled and wired  539.95 

Model 25K  Complete kit  .  529.95 
1,.1  "!. 

RACK MOUNTING MODEL 28 

COMPACT UNIT FOR STANDARD RACK 
MOUNTING. Rear lied.P M terminal board. Panel 
10"  x 5,4".  Black wrinkle finish Wes! op-
tional). Depth behind panel VA". Weight 10 
pounds 

Model 28. Factory assembled and wired  $34.95 
Model 28K.  Complete kit   S.' '15 

lf.o.b. Corona, N.Y.) 

BASIC REGULATED POWER SUPP r CII moon 

Basic kit of parts for Incor; 
ment comprises eased  Pov,c, 
filter choke,  oil-filled capacitors.  Rockets.  re 
skim's, tubes and schematic diagram. 

BASIC KIT 31K  $14.95 
(f.o.b. Corona, N.Y.) 

LAMBDA 
ELECTRONICS  CORP. 

103-02  NORTHERN BLVD 

LI.1  "I  CO RONA  NE W YORK 

ENGINEER 

Interested in television and its industrial 
application. Columbia University 1949, 
M.S. in I.E. City College 1948, B.S. in 
E.E. Engineer in training, State of New 
York. Prefers position in New York area. 
Ilnx 245W. 

ELECTRONIC ENGINEER 

B.E.E., February 1949, Cornell Univer-
sity. Age 24. Air Corps electronics officer, 
training at M.I.T., Harvard, Yale. Ex-
perience in electronics and power work. 
Interested in industrial electronics field. 
Box 246W. 

JUNIOR ENGINEER 

Graduate R.C.A. Institutes; age 30; 
married. 3 years electrical engineering 
major in electronics, continuing studies 
for B.E.E. at night. Desires work as Jun-
ior Engineer in design and development 
of communication equipment under Senior 
Engineer. 4 years radio servicing ex-
perience preceding 37/2 years U. S. Army 
radio servicing. 1st class Radiotelephone, 
2nd class Radiotelegraph, and Class B 
amateur F.C.C. Licenses. Box 247W. 

ELECTRONIC ENGINEER 

B.S. in E.E. 1948 University of Illinois. 
Experience with reputable firm in circuit 
design. Desires position anywhere in the 
U.S. Box 248 W. 

(Continued oil page 544) 

ASSISTANT 
CHIEF 
ENGINEER 
Radio-Television 

Excellent opportunity for an 

administrative engineer with 

engineering degree and at 

least 10 years' commercial 

design experience in radio re-

ceiver, television field. Must 

have sense of responsibility. 

Write, stating age, education, 

experience, salary expected, 

to Freed Radio Corporation, 

200 Hudson Street, New 

York 13, N.Y. 

In only 

•F 

--

4 4 clik: 

1 SECOND! 
COMPLETE 

AUDIO WAVEFORM ANALYSIS 
with the 

AP-1 PANORAMIC 
SONIC ANALYZER 

Oscillograph of wave-
form to be analyzed Panoramic  Sonic 

Analysis of the same 
wave 

Provides the very utmost in speed, sim-

plicity and directness of complex waveform 

analysis. In only one second the AP-1 auto-

matically separates and measures the fre-
quency and amplitude of wave components 

between 40 and 20,000 cps. Optimum fre-

quency resolution is maintained throughout 

the entire frequency range. Measures com-
ponents down to 0.1%. 

• Direct Reading 

• Logarithmic Frequency Scale 
• Linear and Two Decade Log 

Voltage Scales 

• Input voltage range 10,000,000:1 

AP-1 is THE answer for practical investi-

gations of waveforms which vary in a ran-

dom manner or while operating or design 

constants are changed. If your problem is 

measurement of harmonics, high frequency 

vibration, noise, intermodulation, acoustics 

or other sonic phenomena, investigate the 

overall advantages offered by AP-1. 

Write NO W for complete speci-

fications,  price  and  delivery. 
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Small, but important features of design 
and construction make Acme Electric Trans-
formers better performers. For example, 
cores are riveted as well as bolted, and 
varnish impregnated to positively elimi-
nate any "hum or buzz." Acme Electric en-
gineers can design a Power Transformer, 

ACME ELECTRIC CORPORATION  • 

000 '  

0 0 '  

0 0e->  
oli tir,  
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Filter Reactor, Vertical Sweep Output 
Transformer, to your exact requirement, 
from standard parts and assemblies to 
provide better performance for your se t. 
The 500 V. A. Acme Electric Television 

Power transformer, may be the solution to 
your problem of better set performance. 

446 Water St., Cuba, N.Y., U.S.A. 

4adticticto, Costs 

•  — ON CONTACT PINS, TERMINALS, 

JACKS, SLEEVES AND INSERTS 
•   

Many of these small metal parts used today o are Bead Chain Multi-Swage Products. 

This advanced method of producing small 
solid or tubular metal parts is outstandingly 

efficient and economical for parts of about 

'"or less diameter and up to 1 ' t" length. 
Tolerances are accurately maintained. Large 

quantity production is usually a factor to 
justify fitting-up costs. 

We are set-up to supply many standard items, 
and our Engineering Department is ready to 

cooperate in application of this process to 

special needs. Send for catalog. 

ob 0 0 00 0 ,0 0 0 0 0 0 0 0 0 0 0 0 0 04 

00° 

THE BEAD CHAIN MANUFACTURING CO. 

60 Mountain Grove St., Bridgeport, Conn. 

Positions Wanted  
(Continued front page 53/1) 

ELECTRONIC ENGINEER 

I3.S.E.E. June 1949, Polytechnic Insti-
tute of Brooklyn. Single. 2 years experi-
ence as Navy electronic technician. Mem-
ber Tau Beta Pi, Eta Kappa Nu. Desires 
position in electronic field; metropolitan 
area preferred. Box 265 W. 

FIELD SALES ENGINEER 

B.S.L.E. communications major. 5 years 
experience in microwave, radar, and gen-
eral communication equipment. Also some 
aircraft and electronic control experience. 
Finest references. Box 266 W. 

COMMUNICATIONS ENGINEER 

13.S.E.E. June 1949, University of Min-
nesota, communications major. Age 25. 
Married, no children. 2 years experience 
GCA and other radar, 2 years airline radio 
and telephone work. Desires position with 
future in TV or electronics. Box 267 W. 

ELECTRONIC ENGINEER 

Development or research in electronic 
control, instruments, or power preferred 
by ambitious veteran. Age 23. Married. 
M.S.E.E. June 1949. Tau Beta Pi, Sigma 
l'i Sigma member. 2 years varied indus-
trial experience. Private pilot's license. 
Box 268 W. 

TELEVISION ENGINEER 

Graduated American Television Insti-
tute of Technology with B.S.T.E. Age 22. 
Single. Desires position in design and de-
velopment work in vicinity of Boston, 
Mass. Box 269 W. 

ENGINEER 

June 1949 honor graduate of leading 
midwest engineering college  B.S.E.E. 
Harvard-M.I.T. radar course. 3 years ex-
perience as research and development offi-
cer. MOS 7050. Experience with electronic 
bombing computers and telephone subs. 
equipment. Tau Beta Pi, Eta Kmma Nu— 
President, Student AIEE. Prefer connec-
tion with quality conscious firm in south-
west U.S.A. Box 270 W. 

ELECTRONIC ENGINEER 

Ex-flying officer. Industrial engineering 
and electronic engineering background. 
Both research and development and manu-
facturing experience on airborne radar, 
television and guidance systems. Schools— 
NCE, University of Dayton. Harvard, Co-
lumbia and M.I.T. Box 271 W. 

TELEVISION ENGINEER 

Graduated American Television Insti-
tute of Technology January 1949 with 
B.S.T.E. Age 23. 1st Class FCC license. 2 
years Army radio operator mechanic. De-
sires position as development or TV sta-
tion engineer. Thorough understanding of 
RCA and Dumont TV equipment. Box 
272 W. 

ADMINISTRATIVE OR EXECUTIVE  • 

Retired Naval officer. M.S. Radio En-
gineering; Harvard 1928. Varied experi-
ence in charge reorganizing and operating 

(Continued on page 55,1) 
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Positions Wanted  

(Continued from page 54A) 

major units Naval Communication Sys-
tem, radio procurement, electronics plan-
ning, radio stations maintenance, etc. De-
sires position as administrator or execu-
tive in communications, radio, or elec-
tronics, anywhere in U. S. Available im-
mediately. Box 273W. 

JUNIOR ENGINEER 

B.S. Radio Engineer, Chicago Tech-
nical College; Member Sigma Phi Delta, 
March 1949. Age 23; single. Navy ex-
perience Electrical Maintenance Techni-
cian. Desires position with a good oppor-
tunity. Box 274W. 

ENGI NEER 

M.S.E.E., June 1949, California Insti-
tute of Technology; age 23; married. 
Two years Navy radio technician. Sum-
mer work in small motor design. Member 
Tau Beta Pi. Desires work in control or 
telemetering. Box 275W. 

ELECTRONIC ENGINEER 

B.E.E., New York University 1948, 
electronics major. One year GE test ex-
perience. GE advanced course in engi-
neering.  Interested -electronic  control 
equipment, servo-mechanisms; computers. 
New York Metropolitan area. Box 276W. 

ENGINEER 

BEE., June 1949. Cooper Union. Age 
28. Married. Three years electrical test-
ing and inspection experience including 
supervision. Three years Army Signal 
Corps as radio serviceman. Desires posi-
tion with future. Box 277 W. 

EXECUTIVE ASSISTANT 

Business administration plus engineer-
ing training. M.B.A., University of Chi-
cago; B.S.E.E., B.S. (math.), Univer-
sity of Michigan. Eta Kappa Nu. Single. 
Age 26. Signal Corps technician; 1 year 
research, production quality control ex-
perience. Desires job in medium size con-
cern. Resume upon request. Box 278W. 

ENGINEER 

B.S.E.E., September 1949, University 
of Florida. Age 30. Married. Two years 
Navy radio-radar technician and school. 
One year Chief Engineer 250 watt radio 
station. Motor and power transformer 
experience. Interested sales or construc-
tion. Will travel anywhere. Box 279W. 

SALES ENGINEER OR EXECUTIVE 
ASSISTANT 

Former assistant to Vice President of 
a world-wide export organization invites 
inquiries from firms having need for ad-
dition to sales engineering staff or assist-
ant to top executive. Young, energetic, 
widely traveled with a solid background 
of research design and supervision in all 
phases of electrical and electronic equip-
ment. Capable of handling sales, engi-
neering, production and personnel. Box 
2R1 W. 

Coll on Berkeley's 

engineering and man-

ufacturing facilities 

for your specialized 

applications. 

g 

COUNTING UNITS FOR COUNTING, TIMING, 

FREQUENCY MEASUREMENT APPLICATIONS 

The New 

DECI MAL COUNTING UNIT 
is a scale-of-ten, high speed counting component 
with unlimited possibilities in counting, scaling 
and timing applications. Compact construction— 
reliable circuit—direct numerical indication. Ready 
for plug-in operation. Convenient power and 
pulse input requirements. 

Write for Bulletin DCU-116 for full specifications 

SIXTH AND NEVIN AVENUES • RICHMOND, CALIFORNIA 

FIVI SIGNAL 

GENERATOR 
MODEL 20243 

FREQUENCY RANGE 

54 to 216 MEGACYCLES 

The model 202-B is specifically designed 

to meet the needs of televition and FM 

engineers working in the frequency range 

from 54-216 mc. Following are some of the 

outstanding features of this instrument: 

RF RANGES — 54-108, 108-216 mc.  0.5 % ac-
curacy. Also covers 0.1 inc. to 25 mc. with 
accessory 203-B Univerier. 

VERNIER DIAL — 24:1 gear ratio with main fre-
quency dial. 

FREQUENCY DEVIATION RANGES — 0-24 Er., 
0-80 k  0-240 Mc. 

AMPLITUDE MODULATION — Continuously vari-
able 0-50 %; calibrated at 30 % and 50 % 
points. 

MODULATING OSCILLATOR —Eight internal mod-
ulating frequencies from 50 cycles to 15 tic. 
Available for FM or AM. 

RF OUTPUT VOLTAGE — 0.2 volt to 0.1 micro-
volt. Output impedance 26.5 ohms. 

FM DISTORTION —Less than 2% at 75 Mc deviation 

SPURIOUS RF OUTPUT —All spurious RF voltages 
30 db or more below fundamental. 

Write for Catalog F 

BOONTO  (iADIO 
eta BOONTON • N•J• U.S.A. 

DESIGNERS AND MANUFACTURERS OF 

THE 0 MITER  • 0% CHECKER 

FRIOUINCY  MODULATED  SIGNAL  GENERATOR 

BIAT  FIDEOUENCY GENERATOR 

AND OTHER DIRECT READING INSTRUMENTS 

(Continued on page 56A) 
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Positions Wanted 

Ma  200 MC BAND WIDTH AMPLIFIERS 
MODEL 200A 

WIDE BAND 
CHAIN  AMPLIFIER 

w lITT7 

Impedance —200 ohms. Gain —10 db. Band width —100 KC to 200 MC. 
Response — ' 1 db. Standing Wave Ratio — Less than 1 db. 

Using a chain of six 6AK5 tubes the single stage Model 200A uses delay line coupling in the 
grid and plate circuits. Due to its low impedance existing coaxial cables can be used. Due to 
its wide band width it is invaluable as an aperiodic preamplifier for signal generators, sweep 
generators, vacuum tube voltmeters and other laboratory equipment. 

MODEL 202 

WIDE BAND 

CHAIN  AMPLIFIER News—New Products 

(( mitinsted from page 554) 

JUNIOR ENGINEER—PHYSICIST 

Five and one-half years of ph)  
electrical engineering and electronics in 
Fordham, University of Rochester, Har-
vard, M.I.T. Three years Naval electron-
ics officer; li.S. in physics, June 1949. Age 
25; married ; one child. Desires employ-
ment in electronic engineering, sales or 
development, anywhere, preferably west 
coast. flux 280 W. 

Band width —100 KC to 200 MC. Gain — 20 db. Response —  1.5 db. 
Impedance -200 ohms. Standing wave ratio — Less than 1.5 db. 

The dual stage, Model 202 has substantially linear phase shift owing to mutual inductance 
coupling in the delay lines. With its wide pass band and very short rise time this amplifier 
offers unique advantages in the study of pulse and transient w.ave forms in nuclear research, 
oscillography and television testing. 

SKL SPENCER KENNEDY LABORATORIES, INC. 
186 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS. 

Pioneer irt Radio Engineering Insiruelion Since 01'; CAPITOL RADIO ENGINEERING INSTITUTE 
tecrediled Technical In.:Idol, 

X1-1 WATT 

FULL SIZE 

ADVANCED HOME STUDY AND 
RESIDENCE COURSES IN 

PRACTICAL RA010-ELECTR0NICS 
AND TELEVISION ENGINEERING 

Request your free home study or resi 
dence school catalog by writing to' 

REGISTRAR 
16th and PARK ROAD N.W. 
WASHINGTON 10. D.C. 

Approved for Veteran Training 

"NOBLELOY" METAL FILM 
PRECISION RESISTORS 
* GENUINE METAL FILM 
* NOT CARBON 
* NOTHING TO BURN 

Write for  * CLOSE TOLERANCES 1/2%, I% 
further details  * REASONABLE PRICES 

The "NOBLELOY" X Type Resistors has proven itself over a period of 5 years 
in thousands of critical electronic circuits. Values and tolerances, 1'2 ohm to 30 
megohms 1%; 12 ohm to 200,000 ohms, V2%. sizes, 1/2 to 5 watt. 

CONTINENTAL CARBON, INC. CLEVELAND 11, OHIO 

ELECTRONICS ENGINEER 

Guided  missile  electronics  engineer. 
Currently engaged in production engineer-
ing of guided missiles. Three years ex-
perience in development of guidance and 
control equipment. Four years radar de-
velopment experience for Army. Grad-
uate engineer with postgraduate school. 
Box 2g2 W. 

These manufacturers have Invited PROCEEDINGS 
readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation 
,  from page 49.4 

Radiotelephone Equipment 
Operates on Minimum 

Power 

Completion of the first production run 
of their new mobile radiotelephone equip-
ment for the 152- to 162-Mc communica-
tion land, has been reported by Kaar Engi-
neering Co., Middlefield Rd., Palo Alto, 
Calif. 

The manufacturer claims that this 
new equipment features lower standby 
battery drain than previously has been 
possible %% ith equipment of this type. The 
transmitter consumes no power from the 
battery during standby periods; the re-
ceiver uses but 4 amps. In combination, 
the equipment consumes a total of just 4 
amps during standby operation, yet per-
mits full performance. 
This feature means that radiotelephone 

systems can now be used in many installa-
tions from which they have heretofore been 
barred because of. the bulky power supply 
required. 
The Kaar equipment used is the FM-

47X receiver and FM-177X 15-watt, or 
FM 179X 50-watt transmitter. 
Literature describing the,equipment in 

detail may be obtained by writing to the 
manufacturer. 

(Continued on Page 57AI 
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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. 

willnued fr.ms page 56.-i) 

Electronic Variable Speed 
Motor Control 

A system for the stepless speed control 
of fractional hp motors has been developed 
by Servo-Tek Products Co., Inc. 4 Godwin 
Ave., Paterson 1, N. J. 

A simplified circuit is used which makes 
possible an economical electronic control 
system without sacrificing desirable oper-
ating features. Operating from a 110- or 
220-volt 50-60 cps" ac power source, th, 
power unit utilizes full-wave gaseous reel ' 
fication to supply the armature and th, 
field of the ball bearing dc motor. The 
amount of voltage supplied to the arma-
ture is controlled by an electrical "brain" 
which reacts to change the applied voltage 
to correct for the slightest change in motor 
load, or by the operator. 
The control unit, which may be remote, 

permits the use of any speed from 20 to 
1,800 rpm standard. 
Reversing control units are available, 

which incorporate features to achieve full 
speed reversals within 1 second. 

Rectangular Co-ordinate 
Recorder 

A new instrument, the All. ' pc 37 
Rectangular Co-ordinate Recording 
tern, which provides, in Cartesian co-
ordinates, an inked plot voltage, or of the 
logarithm of voltage, as a function of the 

ANNOUNCING! 

NE W SLIDE WIRE 

RESISTANCE BOXES! 
Technology Instrument Corporation's newly developed 

Type 110 Slide Wire Resistance Boxes represent a big step 
forward in the design of specialized instruments for stu-
dent and general laboratory use. A combination of high 
accuracy, wide resistance range and convenient size, the Type 
110 is suitable for use at audio and super-sonic frequencies. 
Its compactness combined with its low cost make it pos-

sible to provide more of these important instruments for 
college and industrial laboratories. Yet it is suitable for use 
in most cases where a more elaborate decade box is used. 
The Type 110 Slide Wire Resistance Boxes consist of a 

precision non-inductive decade resistor and a continuously 
adjustable slide wire resistor which provide a useful, direct-
reading resistance range ratio of 1000 to 1. Two models are 
now available: Type 110-A, with a range of 0-11,000 ohms; 
and Type 110-B, with a range of 0-110,000 ohms. Send 
a trial order today —or if you prefer, ask for detailed in-
formation. 

SPECIFICATIONS 

Artmaey —Decade resistance cards adjusted to 

within 0.1 % of nominal values. Slide wire resistors 

direct-reading to within 1% of m axi mu m  resist-
ance. 
Temperature Co-efficient—Slide wire and decade 

resistors have temperature co-efficient of less than 

0.00002 part per degree C. at room temperature. 

Mounting—Cast aluminum cabinet, aluminum 
panel. All resistance elements and switches com-

pletely enclosed. Dimensions: 4" wide, 135/8" long. 

VA" high. Net weight, 4 lbs. 

PRICES 
Type 110-A: 0-11,000 ohms, 2 dials 

Type 110-B: 0-110,000 ohms, 2 dials   

  $42.50 

$45.00 

rp TECHNOLOGY INSTRUMENT CORP. 
n 1058 MAIN STREET, WALTHAM 54, MASS 

Chicago. 111.—STate 2-7444 

displacement angle of a measure element, 
has beers developed by Airborne Instru-
ments Laboratory, Inc., 160 Old Country 
Road, Mineola, L. I., N. Y. 

(Continued on toile 58.4) 
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ENGINEERING REPRESENTATIVES 
Cambridge. Mass.—ELiot 4-1751  Canaan. Conn.—Canaan 649 

Rochester, N.Y.—Charlotte 3l 93-J  Dallas. Tex.—Logan 6-5097 

PAUNEY #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. 

N EY 
PREVIOUS 
METALS 

inn 

ElEl'IR WAI l'ONEACIS 

RN POTENTIOMETERS, 

SI II' RINGS, RELAYS 

ANII SttuI IIIi4 

NEY-ORO *28 
SLIP RING BRUSHES 

NEY-ORO #28 is .1 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. 

or /de/Phone (HARTFORD 2-4271) our Reward, Department 
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TWO N EW  I News-New Products 

TWIN PO WER SUPPLIES 

MODEL 610.F 
• Precise Electronic Regulation. 
• 2 Independent Sources of Power. 
• 0-325 V.D.C. at 0-60 Milliamperes. Con-
tinuously Adjustable. 

• 0-325 V.D.C. at 0-120 Mils if the 2 Source. 
are Combined. 

• Both D.C. Output; Metered for Voltage or 
Current. 

• 6.3 and 12.6 V.A.C. Outputs Provided. 
• A.C. Ripple Less than 10 Millivolts. 

MODEL 1 210 
• Precise Electronic Regulation. 
• 2 Independent Sources of Pone, 
• 0-500 V.D.C. at 0-150 Milliamperes. Con-
tinuously Adjustable. 

• 0-500 V.D.C. at 0-300 Mlle If the 2 S   
are Combined. 

• Both D.C. Outputs Metered for Voltage or 
Current. 

• 6.3 or 12.6 V.A.0 Outputs Provided 
• Al. Ripple Less Than 10 Millivolts. 

Furst Twin Power Supplies double the usefulness of a iiingle unit at consider-
able saying in apace and cost. Write for complete specifications on these and 
other Furst Twin Power Supply Model,. 

FURST ELECTRONICS 
14 S. Jefferson St., Chicago 6, III. 

0,4 
i rt. spaced a rliculated 
R.F. CABLES 

THE LOWEST EVER 
CAPACITANCE OR 
ATTENUATI ON 

We ore specially organised 
to handle direct enquiries 
from overseas and can give 

IMMEDIATE DELIVERIES FOR U.S.A. 

Billed in Dollars. Settlement by your 
check. Transaction as simple as any local 
buy. 

TRANSRADIO LTD 
CONTPACT ORS  TO  H. M.  COVE RN ME N T 

13 8A CROM WELL ROAD•LONDON 5W7 ENGLAND 
Ced11.1' T WIRAD. ign.Pg/e. 
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Theta manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 57/1) 

Usable chart width is 10', correspond-
ing to a voltage range of 10,000 to I, or 80 
db. Both pen and paper feed are servo-
controlled, with chronograph paper feed 
optional. Maximum pen speed is 40' per 
second, equivalent to 320 db per second. At 
full scale expansion, the maximum paper 
feed rate is 10' per second. 
The system finds application whenever 

it is desired to record voltage as a function 
of time or an angle. It can be used for re-
cording light intensities, sound pressures, 
and heat levels at writing rates higher 
than formerly available. As originally de-
signed to plot logarithmically the field-
strength pattern of narrow-beam radar an-
tennas, the system consists of a selective 
amplifier, pen and paper servo amplifiers, 
a power supply, and the recorder. The sys-
tem operates from 115 volts, 60 cps power 
supply, and can be supplied in either 
portable carrying cases, or in standard rack 
and panel construction. 

Di-Fan Antenna for TV 
and FM 

The new type 710 Di-Fan is a broad-
band receiving antenna tuned to receive all 
television and FM channels, according to 
the manufacturer, Andrew Corp., 421 
Seventh Ave., New York I, N. Y. 

The horizontal directivity pattern of 
the Di-Fan in TV channels 2 through 6 and 
in the FM band is a figure eight, broad-
side to the major axis of the antenna. In 
the high-frequency TV channels 7 through 
13, the forward gain is decreased some-
what while the angle of acceptance is en-
larged. 
It is claimed that the antenna main-

tains the standard 300-ohm impedance 
over the TV spectrum; provides ghost-free 
reception from every TV station within 
range; and shows little mismatch loss over 
a wide range of frequencies. The fan ele-
ments are constructed of high-strength 
aluminum alloy with supports of plated 
steel. 
For complete information contact J. F. 

White at Andrew. 

(Continued on page 594) 
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IN KLESS 

RECTILI NE A R 

Direct Writing 

RECORDERS 

— with 
extremely high 

torque movement 
(200,000 dyne cms), rug-
gedly built and producing 
clear, permanent records. 

Sanborn Direct Writing Recorders offer these advantages, plus performance characteristics 
(see table below) that make them outstandingly 
useful in a wide variety of industrial recording 
applications. 
Whenever a phenomenon or action lends it-

self to transformation to an electrical quantity. 
and whether the variation is steady or of a pulse 
type, these Recorders (with associated amplifiers) 
can be used for immediate, direct, continuous 
registration. 
Typical applications, actual and potential, in-

clude: temperature changes, automotive noise 
and vibration, varied output of strain gages and 
bridges, lightning and earthquake recording. 
pressure variations, audio frequency response, 
and many others. 
Recording paper (Sanborn Permapaper) is heat 

sensitive — eliminating ink — yet clear and perma-
nem. Trace is rectilinear — no curvature, no nega-
tive time intervals — yet with totally negligible 
tangent error. 
Sanborn Recorders are available in self-con-

tained, portable recording outfits, complete with 
cases and controls, or in component form for 
integration with existing equipment. Associated 
amplifiers are also available. 

TABLE OF CONSTANTS 
Sensitivity  10 ma I cm. 
Coil resistance  . . . 3,000 ohms, center topped for 
push-pull operation. 

Critical damping resistance   500 ohms. 
Undamped fundamental frequency . . 45 cycles sec. 
Stylus heater requires from external source . 1.25 volts, 
3.5 amps, AC or DC. 

Maximum undistorted deflection  . 2 5 cm. each way 
from center. 

Marker requires from external source  1.25 volts, at 
1.5 amps, AC or DC. 

Paper speed • 
Chart ruling 

•441.,....1 a•ns ....,, 

— ... .... ..<1... V.. . 

..  14.......4.••••••;, 

'  7•".....4 1. 0.1$ 
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Sanborn ConiPanY 
CA MBRI D GE 39, MASSACHUSEIIS 

  25 mmisoc. 
mm intervals. 
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News New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
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(Continued from page 384) 

A Microwave Dielectrometer 
A microwave dielectrometer is now 

available for measuring the dielectric con-
stant and loss of a wide variety of ma-
terials at nominal frequencies of 1,000, 
3,000 and 9,000 Mc from Central Research 
Laboratories, Inc., Red Wing, Minn. 

The instrument consists of a slotted 
waveguide,  precision  traveling  probe, 
modulated klystron oscillators, probe out -

put amplifier, and associated power sup-
plies and equipment. 
The sample to be measured is inserted 

ahead of a short-circuiting plug and the 
effect of this arrangement on the standing-
wave pattern in the guide provides data fo, 
calculating the dielectric constant and los, 
of the material. 
At 1,000 and 3,000 Mc, the wave guid, 

is used as a coaxial line operating in tht 
TEM mode, and at 9,000 Mc either as a 
circular pipe operating in the TEll mode 
or as a coaxial line operating in the TEs,) 
mode. Solids are measured directly in the 
wave guide in the form of cylindrical 
samples I" in diameter and about  to 2 
long with a r hole coaxial with the outer 
surface except when the guide is operated 
as a circular pipe at 9000 Mc. 

Recent Catalogs 

• • • Publication of the new Stant:or 
( a talog has been announced by Standard 
Transformer Corp., 3580 Elston Ave., 
Chicago 18, Ill. This information will 
cover electrical and physical specifications, 
including list prices, of snore than 400 
items. Listings of transmitting and recti-
fier tubes, driver-m odulator combinations, 
matched power supplies, output trans-
former-tube combinations, and detailed 
dimensional drawings of all Stancor trans-
former mounting styles are included. 
Requests for copies should be directed to 
G. C. Knoblock, Advertising Manager. 

(Continued on page 60/1) 

Sewed4e2.-25.000! 
a.ie4e/te4: None! 

Anchor Plastics' sleeve* and mounting 
ring* for 16" metal TV tubes — 
TESTED and PROVED in SERVICE!!! 
•PAT5.  PENDING 

u". 

NCHO 

5. 

N , 

'CS  COVI. 
Custom extruders of all thermoplastics. 

"Always 
easy mounting, 
perfect tube 

alignment, lower assembly 
cost with the Anchor sleeve 
and mounting ringl" soy 

large, TV set manufacturers. 
They'll do the same for youl 
Your inquiry will receive 

prompt attention. 
Write or calls 

Sleeve  4 I. 

Mounting ring 

Cross section of 
assembly 

ANCHOR PLASTICS CO., Inc. 
533-541 (anal St., New York 13, N. Y. 

Telephone: Olgby 9-1242 

aat 

JOHNSON! 147-800 SERIES 

WITH DETACHABLE SOCKETS 

This popular series permits bulb installation 
from front—or from rear by means of a 
detachable spring bracket. Jewel is 1" dia-
meter in friction type holder with polished 
chrome bezel. Available in red, green, 
amber, blue, opal or clear with miniature 
screw socket, candelabra screw socket or 
miniature bayonet socket. Choice of faceted 
or smooth jewel. All fit 1" hole. 
JOHNSON carries in stock a complete 

line of standard light assemblies to meet 
every ordinary need. Special assemblies, to 
meet your most exacting requirements, can 
also be furnished in production quantities 

on special order. Your inquiries 
are invited. 

• JOHNSON 
E. F. JOHNSON CO.  WASECA, MINN. 
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WHAT ARE YOUR CRYSTAL NEEDS? 
No matter how specialized —or stand-

ardized —they may be, James Knights Co. 
is fully equipped to satisfy them quickly 

and economically. 

To effect greater savings for you on 
short runs, a special production system has 
been established. 

We are also equipped to quickly build 
"Stabilized" crystals to meet every ordi-
nary need —precision built by the most 
modern methods and equipment. 

For quality —speed —economy, contact 
the James Knights Co. You'll be glad you 
did! 

"STABILIZED" CRYSTALS 

To Meet Every Need 

A WATCH TIMER 
MANUFACTURER 
wanted a crystal for 
use in timing stand-
ards. The James 
Knights Company de-
signed a special unit 
and  has  delivered 
thousands of satisfac-
tory crystals. 

New James Knights Co. Catalog 

On Request. 

74 JAMES KNIGHTS 

Crifil3 VG1110 

News New Products 
These manufacturers have invited PROCEEDINGS 
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(Continued from page .594) 

Above-Chassis-Mounted 
Vertical Power Resistor 
Described as the Standee, a new type 

vertical power resistor for above-cha•sis 
mounting, is announced by Clarostat Mfg. 
Co., Inc., Washington St. Dover, N II. 

Basically, the Standee comprises .1 
wire-winding on fibre-glass core, bent in 
hairpin form with mica separator between 
the legs, placed in a ceramic tube filled 
with cold-setting inorganic cement and 
provided with  bottom  terminals and 
mounting bracket. The lugs are locked into 
the. tube wall, in addition to being sealed 
in cement. The Standee can be mounted 
above the chassis with a large hole to clear 
the terminals, and a small hole to take a 
self-tapping screw or rivet for the mounting 
bracket. By having this power resistor 
mounted above the chassis, the problem of 
, heat dissipation is avoided. 

Standees are available in the standard 
19/32" diameter, but in heights of 11', 2", 
24', and 3", with respective power rating, 
of 10, 15, 20, and 25 watts. Nlaxinutin re-
sistance values are 6,000, 9,000, 12,000 
and 15,000 ohms, respectively. Standees 
are finished in the characteristic Green. 
ohm green, and stamped with ohmage, 
brand name, and type number. 

NOTICE 

Information for our News and 

New Products section is wattnlv 

welcomed. News releases should 

be addressed to Industry Research 

Division, Proceedings of I.R.E., 

Room 707, 303 West 42nd St., New 

York 18, N.Y. Photographs, and 

electrotypes if not over 2" wide, 

are helpful. Stories should pertain 

to products of interest specifically 

to radio engineers. 

n0a 

STANDARD SIGNAL GENERATOR 
Frequency range: 75 kc. to 

MODEL 
30 mc. Output 0.1 microvolt 
to 2.2 volts.  658  

STANDARD SIGNAL GENERATOR 
Frequency range: 2 mc. to 

MODEL 
400 mc. Output 0.1 microvolt 
to 0.1 volt.  80 

SQUARE WAVE GENERATOR 
5 to 100,000 cycles. Recom-
mended for AM, FM and tele-
vision testing. 

MODEL 

59 

MEGACYCLE METER 

MANUFACTURERS OF 

Standard Signal Generators 
Pulse Generatois 

FM Signal Generators 

Square Wave Generators 
acuum Tube Voltmeters 

UHF Radio Noise & Field 
Strength Meters 

Capacity Bridges 

Megohm Meters 

Phase Sequence Indicators 

television and FM Test  , 
Equipment 

MODEL 

71 

A versatile grid-dip 
oscillator covering 
the frequency range 

of 2.2 mc. to 400 mc. 

• 

CIRCULARS 

ON REQUEST 

EASUREMENTS CORPORATION 
BOONTON. Q NEW JERSEY 

I I  / I I  11/.  I  E 



The Institute of Radio Engineers 

YEARBO OK 1948 

1949 Edition 

It Publishes 

• I R E Members List 
alphabetically and 
geographically 

• Biographies of Fel-
lows 

• Constitution of I R E 
and Secretary's Re-

port 

It Lists: 
• Supply Firms serv-
ing the Radio-and-
Electronic Industry 

It Indexes: 
• Engineering Prod-
ucts with helpful ad-
vertising 

Use it for its many 
services 

The Institute of 
Radio Engineers 

1 East 79th St. 
New York 21, N.Y. 

Fits Your 

Production To A "T" 
KEnvon "T's" — high quality, uniform 
transformers, are your best bet for development, 
production and experimental work. For over 20 
years, the KENYON "K" has been a sign of skill-
ful engineering, progressive, design and sound 
construction. 

Now —reduce inventory problems, improve 
deliveries, maintain your quality —specify 
KENYON "T's," the finest transformer line for 
all high quality equipment applications. 

New Catalog Edition! Write Today! 

Kcnvon new modified edition tells the com-
plete story about specific ratings on all transform-
ers. Our standard line saves you time and expense. 

Send for your copy of our 
latest catalog edition now! 

TRANSFORMER CO., Inc. KENyoN 840 BARRY STREET • NEW YORK 59, N. Y. 

MOLDED 

S ` S a l utt  R E SI S T O R S 

ARE USED IN THIS HIGH-SPEED 
GEIGER-MULLER COUNTER 
They're used in the quenching circuit. 
EI-Tronics, Inc., Philadelphia, Pa. the 
manufacturer  says —" We  have been 
using and will continue to use S.S. White 
Resistors since we find them extremely 
satisfactory and most compact of all 
types available." 

S.S.WHITE RESISTORS 
are of particular interest to all 
who need resistors with inherent 
low noise level and good stabil-
ity in rill climates. 

HIGH VALUE RANGE 
10 to 10,000,000 MEGOHMS 

STANDARD RANGE 
1000 OHMS TO 
9 MEGOHMS 

WRITE FOR BULLETIN 4505 

It will give you full details 
about S.S. White Resistors in-
cluding construction, charac-
tersistics, dimensions, etc. A 
copy, with Price List, will be 
mailed at your request. 

Photo courtesy 01 
EI.Tronics, Inc. 
Philadelphia, Pa. 

S.S.WHITE INDUSTRIAL ' 
DIVISION 

, 

THE 5.5. WHITE DENTAL MFG. CO. 
GR, 10 EAST 40th ST., NEW YORK 16, N. 

FLEXIBLE SHAFTS AND ACCESSORIES 
MOLDED PLASTICS PRODUCTS—MOLDED RESISTORS 

One oi 1ortvel.e44 AIAA 9114044g efeteisfrdeed 

PROCI:kl ,ING.S (E. 1 /1E I.R.E.  June, 1919 
(,IA 



PROTELGRAV 

ANSLEY • EMERSON 

FADA • FISHER • PILOT 

SCOTT • BRUNS WICK 

STE WART- WARNER 

INTERNATIONAL 

TELEVISI ON 

/ 

life-size more life-like 
television 

For co mplete information 

write direct to: 

North American Philips Co., Inc 
100 East 42nd Street 

New York 17, New York 

NOTE THIS NAME 
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• PRECISION PRODUCED 

• PERFORMANCE PROVED 

SUPER ELECTRIC PRODUCTS CORP. 
Pacing Electronic Progress With Ingenuity 

1057 Summit Ave.. Jersey City 7, N. J. 

TEST EQUIPMENT 
cA1N0(,A ORP ORA FI ON 

Announces 

ITS MODEL 708 

SPECTRUM 
ANALYZER 
FOR X BAND 

FQUIVALLNI  10 RAD LAB 

MODEL 105 

IN PERFORMANCE 

And also 

MODEL 705 

WOBBULATOR 
SIGNAL GENERATOR 
2 TO 500 M.C. 

EQUIVALENT TO RAD LAB 

MODEL 738 

FOR INFORMATION WRITE 

CANOGA CORP OR ATI ON 
P.O  BOX 361 

VAN NUYS, CALIFORNIA 

Urgently Need 

R. F. Plumbing parts, elevation 
and azimuth rotary joints, choke 
coupling, dipole antenna and 
wobbler assemblies which were 
used on SCR-615B. 

Electronic Engineering Co. 
of California 

2008 West 7th Street 

Los Angeles 5, California 

Found 
at the 

Radio Engineering Show 
March 7-10, New York 
A small camera. 
Send description to 

J. Robert Marcett 
IRE 

303 West 42nd Street 

New York 18, New York 
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PROFESSIORAL CARDS 
PAUL ROSENBERG ASSOCIATES 

Consulting Physicist., 
Main office: Woolworth Building. 

New York 7. N.Y. 
Cable Address  Telephone 
PHYSICIST  WOrth 2-1939 

Laboratory: 21 Park Place, New York 7, N.Y. 

TECHNICAL 
MATERIEL CORPORATION 
COMMUNICATIONS CONSULTANTS 

RADIOTELETYPE - FREQUENCY SHIFT 
INK SLIP RECORDING - TELETYPE NETWORKS 

453 West 47th Street, New York Pt N.Y. 

W. J. BROWN 
Consulting Engineer 

INDUSTRIAL ELECTRONICS 
RADIO AND TELEVISION 

25 years active electronic development 
experience 

P.O. Box 5106, Cleveland, Ohio 
Telephone & Telegrams Yellowstone 7771 

Office: 501 Marshall Building 

EDWARD J. CONTENT 
Acoustical Consultant 

Functional Studio-Theater Design 
FM — Telexixion — AM 
Audio Sy•tems Engineering 

Roxbury Road  Stamford 3-7459 
Stamford, Conn. 

CROSBY LABORATORIES 
Murray G. Crosby & Staff 

Specializing-in FM, Communications & TV 
Offices, Laboratory & Model Shop at: 

126 Old Country Rd.  Mineola, N.Y. 
Garden City 7-0284 

Richard B. Schulz 
ELECTRO-SEARCH 
Radio-Interference Reduction; 

Development of 
Interference-Free Equipment, 
Filters, Shielded Rooms 
515 W. Wyoming Ave., 
Philadelphia 40, Pa. 
GLadstone 5-5353 

WILLIAM L. FOSS, INC. 

927 15th St., N.W.  REpublic 3883 

WASHINGTON, D.C. 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box J, Upper Montclair, N.J. 
Offs. & Lab.: Great Notch, N.J. 
Phone: Little Falls 4-1000 

Established 1926 

HERMAN LEWIS GORDON 
Registered Patent Attorney 

Patent Investigations and Opinions 

Warner Building  100 Normandy Drive 
Washington 4, D.C.  Silver Spring, Md. 
National 2497  Shepherd 2433 

Samuel Gubin, Electronics 
G. F. Knowles. Mech. Eng. 

SPECTRUM ENGINEERS, Inc. 
Electronic & Mechanical Designer. 

540 North 63rd Street 
Philadelphia 31. Pa. 
Gilead, 2-2333; 2-3135 
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Supersensitive electron tube, developed by RCA, makes possible 
more accurate measurement of minute vibrations. 

Cali a oase//y mak a eoard doe/I2ce P 

Surprising though it seems, a fly— 
when it lands on a board—causes 
distinct vibrations. They can be 
detected by a remarkable new 
RCA electron tube. 

Slimmer than a cigarette, and only 
half as long, RCA's tube picks up vi-
brations with a pin-sized shaft —and 
these vibrations may then be con-
verted to visible or audible signals. 
More important, the new tube can 
be used to make measurements of 
the degree of vibration. 

Scientists predict mans' practical 
uses for this electronic transducer. 
Airplane designers can hitch it to 
engines or whirling propellers and 
locate vibrations which might lead 
to trouble. Oil men can use it to 
measure the sound waves with 
which they scout for oil. 

And your smooth-running automo-
bile of the future may be an even 
better car when the facts gathered by 
RCA's new tube are put to work. 

Another RCA "first": 
This, the first electronic trans-
ducer, is only one research achieve-
ment pioneered at RCA Labora-
tories. Such leadership in science 
and engineering adds value 
beyond price to any product or 
service of RCA and RCA Victor. 
Examples of the newest developments in 

radio, television and electronics can be 
seen at RCA Exhibition • Ilall, 36 West 
49th Si., N. 1. Admission is free. Radio Cor-
poration of America, Radio City, N. Y. 20. 

R A WO C O R P O RA TF OIV 07c A M E R,CA 
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a power house 

nothing in the field 

can touch 

the CORNELL-DUBILIER 

BLACK CUB 

1. "LEAD WELD"  CONNECTIONS! 

Sturdy welded joints between wire 

leads and foil of capacitor section. 

Permanent connections! No intermit-

'ents1 No open circuit defects! 

2. 

3. 

4. 

BAKELITE CASE! Capacitor element 

molded  in high  quality Bakelite 

provides maximum protection under 

most severe service conditions. 

"POLYKANE"I MPREGNATION1 

Polymerized resin impregnant pro-

vides excellent electrical properties 

and cannot leak through case of 

any temperature. 

HIGH TEMPERATURE OPERATION! 

Excellent electrical properties main-

tained after long service at temper-

atures up to 100 ° C. 

5. 

6. 

7. 

s. 

BAKELITE MOULDED PAPER TUBULAR 

A midget-sized gargantua ... a powerhouse 
of a capacitor that's armored to 
take all the stress and strain, vibration, 
humidity and extremes of temperature 
that comes its way. If the paper tubulars 
you're now using lack any of these 
8 strong points, you're being short-changed. 
Switch to C-D BLACK CUBS as other 
leading manufacturers have done! 

EXCELLENT MOISTURE SEAL! Will 

withstand long storage and service 

under extremes of humidity with 

minimum effect on electrical per-

formance or appearance of tubular. 

STURDY  CONSTRUCTION! With-

stands extremes of handling, solder-

ing temperature, vibration and shock 

without damage to case material, 

moisture seal, circuit connections or 

electrical performance. 

HIGH INSULATION RESISTANCE! 

Resistance exceeds 10,000 megohms 

per unit at 25 ° C. 

ALU MINU M FOIL ELECTRODES! 

Provides best electrical properties 

and maximum service life at high 

temperature. 

C-D CAPACITORS-BEST BY FIELD TEST 

Write, wire or phone for samples 
and further information on the type 
MBT Black Cub Tubulars. Catalog 
on request. Cornell-Dubilier Electric 
Corporation, Dept. M69, South 
Plainfield, N. J. Other plants in New 
Bedford, Brookline and Worcester, 
Mass.; Providence, R. I.; Indianapolis, 
Ind.; and subsidiary, The Radiart 
Corporation, Cleveland, Ohio. 

1909 



Type 130I-A tow-Distortion Osc;Ilotor 

Here's Your "PROOF-OF-PERFORMANCE" 
AS ANNOUNCED by the Federal Communications Com-
mission,* effective August 1, 1949 all a-m and f-m broadcast 
stations will be required to make proof-of-performance 
checks of over-all noise and distortion of the complete 
station at least once a year. 

Many stations already make these measurements at fre-
quent intervals as routine operating maintenance to insure 
the continuous high-quality service the modern transmitter 
system is capable of supplying. 
General Radio instruments for these measurements have 

been available for some time, and are in regular use by the 
leading stations where this equipment has given accurate, 
convenient-to-use and trouble-free service. 
The G-R Type 1932-A Distortion and Noise Meter meets 

all of the F.C.C.'s requirements for measurements of this type 
for both a-m and f-m services; the Type 1301-A Low-Distor-
tion Oscillator is the ideal companion unit for use with the 
Type I932-A. Both of these instruments are relay-rack 
mounted and can be supplied in panel finishes to match most 
existing installations. 

TYPE 1932-A DISTORTION & NOISE METER 

For measurements of sine-wave voltages, distortion and noise 
throughout the audio range. Over-all pass-hand of the volt-
meter circuit extends to 45,000 cycles, thus including all 

'F.C.C. Rules and Regulations, Sections 3.254 and 3.46, as 
amended 

noise and distortion products contained in this range; 
particularly the 3rd harmonic of a 15,000-cycle test is in-
cluded. 

This instrument is continuously adjustable and can be set 
to any frequency quickly since it has only one main tuning 
control plus a small trimmer. With it measurements can be 
made on a-f distortion in radio transmitters, line amplifiers, 
speech amplifiers, speech input equipment to lines; noise 
and hum levels of a-f amplifiers, wire lines to the transmitter, 
remote pick-up lines and other station equipment. 

Full-scale deflections on the large meter read distortions of 
0.3, 1, 3, 10 or 30 per cent; range for carrier noise measure-
ments extends to 80 db below 100% modulation, or 80 db 
below an a-f signal of zero dbm level. The a-f range is 50 to 
15,000 cycles, fundamental, for distortion measurements 
and 30 to 45,000 cycles for noise and hum. 

Type 1932-A Distortion and Noise Meter: $575.00 

TYPE 1301-A LOW-DISTORTION OSCILLATOR 

Especially designed for rapid measurements, this highly-
stable oscillator has exceptionally low distortion. By means 
of push buttons, 27 fixed frequencies between 20 and 15,000 
cycles may be selected in logarithmic steps. Any frequency 
between steps can be obtained by plugging in external re-
sistors. The distortion over the entire range will not exceed 
the following percentages: with 5,000-ohm output, 0.1 % 
from 40 to 7,500 cycles; 0.15 % at other frequencies. With 
600-ohm output 0.1 % from 4010 7,500 cycles; 0.25 % from 
20 to 40 cycles and 0.15 % above 7,500 cycles. 

The oscillator is calibrated to within ±(1 1/2% -I- 0.1 cycle); 
the calibration is not affected by changes in load or plate 
supply voltage; drift is less than 0.02 % per hour after a few 
minutes operation. The operation of the oscillator is unaf-
fected by ordinary climatic changes. 
Type 1301-A Low Distortion Oscillator: 

.941191111111111119111M1111911111111•111111. 

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 

$395.00 


