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AMPEREX u e 
for COMMUNICATIONS and 
INDUSTRIAL Applications 

High Frequency. High Power • Proven Life 

FOR HIGH FREQUENCY OPERATION to 150 Mc. 

FOR GREATER EFFICIENCY 
High Pervience • Thoriated Filaments • 
Low Filament Inductance • Specially Coated Grids • 

Low Grid Lead Inductance 

ESPECIALLY IN GROUNDED GRID CIRCUITS— 
Minimized Filament-Plate Capacitance 

FOR ECONOMY 
Low Initial Cost • Low Operating Cost 

TYPE 
501-R/5759 

Write for 
descriptive 
data sheets A.• [.eviE7e 

:JOUR 

TYPE 
502-R/5761 

11111 111111 
MI NN MI NE MO NM UN NM NM MN MN NM NM MN UN EM I 

Typical Power Output (Kw.) 
Frequency (Mc.)   100  • 
Efficiency   75%. 

Types 
492/5757 and 492-R/5758 
(water cooled)  (air cooled) 

Filament — Thoriated Tungsten 
Voltage   5.0 II 
Current (Amps.)   110 

Amplification Factor   28 

Maximum Ratings — 
Class "C" Telegraphy 

Plate Voltage  7500 
Plate Current (Amps.)   2 
Plate Dissipation (Kw.)   5 

8.5 I 

Inter-electrode Capacitances (mmf) 
Grid-Plate   21 
Grid-Filament   I 30  11 
Plate-Filament   0.6 • 

Eli  M I N M N M  MEI I n M I M I 

Detailed characteristic sheets araitable on request 

re-tube with 
AMPEREX 

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

In Canada and Newfoundland: Rogers Majestic Limited 
11-19 Brentcliffe Road, leaside, Toronto, Ontario, Canada 



The mistaken young man 
who quit the patent office . 

Back in the 1880's, a young man quit the 

patent office. It was a perfectly good job 

except for one thing: There wasn't any 

future in it. You could, as he explained, 

walk through the place and see for your-

self that just about every possible thing 

had been invented. 
He was, of course, just as wrong then 

as he would be today almost seventy years 

later. In a world where nothing is impos. 

PI O N E E R S IN 

sible and many things are still unknown, 

progress is limited largely by lack of 

imagination. 
In electronics alone, a " normal" quarter 

of a century's development has been 

crowded into the past half dozen years. 

And patent requirements of this single in-

dustry probably equal the total work of 

the patent office when this mistaken 

young fellow resigned. 

 spRAGuE SPRAGUE ELECTRIC complinv 
North Ada ms  Massachusetts 

ELE CT RI C  A N D  ELE CT R O NI C DE VEL O P M E N T 

Sprague Telecaps*, the first truly practical phe• 
notic molded paper tubulars, introduced a new 

era in trouble-free small capacitor performance, 

whether under "normal" or •xceptionally dif-

ficult operating or "shelf" conditions. 

T.U. registered 

Revolutionary new dry electrolytic capacitors to 

match television's exacting needs ore another 

Sprague pioneering development. Conserva-
tively rated up to 450 volts at 85°C., these 

long life electrolytic' are outstandingly stable. 

Sprague Subminiature Paper Capacitors, 

hermetically sealed in metal cases with 
glass-to-metal solder-seal terminals, are 

designed to be as good as, and often 

better than, larger units. 
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Wood preservation 

holds down telephone costs 

Poles are a substantial part of the plant 
that serves your telephone; making them 
last longer keeps down repairs and re-
newals that are part of telephone costs. 
So Bell Laboratories have long been ac-
tive in the attack on wood-destroying 
fungi, the worst enemies of telephone 
poles. 

Better, cleaner creosotes and other 
preservatives have been developed in 
co-operation with the wood-preserving in-
dustry. Research is now being carried 
out on greensalt—a new, clean, odorless 

preservative. Even the products of atomic 
energy research have been pressed into 
service—radioactive isotopes are used to 
measure penetration of fluids into wood. 

Treated poles last from three to five 
times as long as untreated poles. This 
has saved enough timber during the last 
quarter century to equal a forest of 
25,000,000 trees. More than that, wood 
preservation has enabled the use of 
cheaper, quickly growing timber instead 
of the scarcer varieties. 

This and other savings in pole-line 

costs, such as stronger wires which need 
fewer poles, are some of the reasons why 
America's high-quality telephone service 
can be given at so reasonable a cost. It 
is one of today's best bargains. 

BELL TELEPHONE 
LABORATORIES 

Exploring and Inventing. Devising and Perfecting, for Continued 

Improvements and Economies in Telephone Service. 



ZERO TO 
500 VOLTS 
AT 

hp) Model 712A 

200 MA  HIGH REGULATION POWER SUPPLY '250 
I. elle • 

SPECIFICATIONS 

OUTPUT VOLTAGES: 
DC. High voltage 0-500 volts (without 

switching) 200 tno. maaimurn load 

DC Bios voltage 0.150 volts, 5 ma mat, 

mum load. 
AC. Unregulated 6 3 volts at 10 amps 

moairnurn load. 

REGULATION: 
H V  Better than 1/2 % from no load to full 
load. 20 to 500 volts, or for line voltage. 

105 to 125 volts 
Bias. Better than 1% from no load to full 
load at maximum output voltage Regu 

lotion at any other voltage depends on 

setting of voltage control. Internal irn 

pedant° may be as high as 25.000 ohms. 

METERS: 
Current Meter  0 200 ma. (High voltage 

only.) 
Voltmeter  2 ranges — 0 500 and 0.150 
volts. Meter range moy be switched to 
facilitate reading of high voltage out-

put. 0-150 volt range may be switched 

to read bias output voltage. 

HUM  less than B my. 

TERMINALS: 
Either positive or negative high voltage 

terminal may be grounded. Positive ter-
minal of bias supply is permanently 
connected to negative high voltage ter-

minal. 

INPUT PO WER: 
Approxi mately  400 watts  maximum at 

105-125 volts, 50/60 cycles. 

OVERLOAD PROTECTION, 
Load and line separately fused. Fuses 
available on front panel. 

MOUNTING: 
Relay Rock Panel. Finish, -hp  • grey. De-
tachable end pieces with hinged han-

dles for table use, $5.00 per pair. 

SIZE  10 1/2  - z 19 , 13 - deep. Weight 60 lbs. 
Shipping weight 135 lbs. 

PRICE: $250.00 f.o.b. Palo Alto, California. 

Data Sublet-, to Change Without Notice, 

Continuously variable plate 
and bias voltages. 

High stability, 
1/2 % regulation. 

For  production work or 
industrial use, the new -bp- Model 
"I 2A is one of the most economi-
cal. convenient and broadly useful 
power supplies you can buy. It pro-
vides continuously variable regu-
lated plate and bias direct current. 
as well as a 10 ampere. 6.3 volt 
alternating current for filament 
supply. It is a particularly useful 
power source for small transmitters. 
constant frequency oscillators, tem-
porary set-ups or -breadboard- Lay-
outs. In nearly every application. 

20s, 

General purpose ac filament 
voltage. 

OSeparate voltage and 
current meters. 

the instrument's ease of operation 
and ability to meet many different 
power requirements saves valuable 
engineering time 

CONSERVATIVE RATING 

The design of -bp- Model 7I2A is 
such that tubes operate well below 
manufacturer's rating. even under 
conditions of low output voltage 
and high current. Transformers are 
conservatively rated and only oil-
filled condensers are employed to 
insure long, trouble-free service even 
under extreme operating conditions. 

f r rails and demon‘tratioa. see sour focal Neu lett-Pat-Lard 

represepttatese or wrote direct to the factory. 

HE WLETT-PACKARD CO MPANY 
20570 Pogo Mill Rood  • Polo Alto, California 

Export: FRAZAR & HANSEN, Ltd, 301 Clay Street, Son Francisco, 

Calif , U S. A O ffietess New York. N.Y. and Los Angeles, California 

kbaorptEqrq inst r u men t sA C 1)  A  

Attenuators 

Electronic Tachometers 
Microwave Power Meters 

Tunable Bolometer Mounts 

Slotted Lines 
Standing Wave Indicators 

Lon Pass Filters 

—hp— PRODUCTS. 

VHF and UHF Signal Generators 

Voltage Dividers, Multipliers and Shunts 
Electronic Frequency Meters 

FM and TV Broadcast Monitors 

Regulated Power Supplies 
Audio Frequency Oscillators 

Audio Signal Generator 

Vacuum Tube Voltmeters 

Frequency Standards 
Square Ware Generators 

Ware Analyzers 

Distortion Analyzers 
AmpliAers 
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STA AR  g%4%* 

14kC 6'10 0 00161 
DEVELOPED BY STODDART 
FOR THE ARMED FORCES. 

AVAILABLE COMMERCIALLY. 

VHF ! 

15 MC 
to 

400 MC 

= El 

Com mercial equivalent  of  1S•587  U. 
Sensitivity  as two•terminal  voltmeter,  (95  ohms  balanced)  2 microvolts 15-125 MC;  5 microvolts 88.400 MC.  field 
intensity measurements using calibrated dipole.  Frequency 

range includes FM and TV Bands. 

H 

150 KC 
to 

25 MC 
NM  2.0A 

Commercial equivalent of AN PRM-1. 
Self•contained batteries.  A.C. supply optional. Sensitivity os 
two•terminal voltmeter,  1 microvolt. Field intensity with ! 2 
meter rod antenna,  2 microvolts•per-meter; rotatable loop 

supplied.  Includes standard broodcost bond, radio range. 

W WV, and communicotions frequencies. 

Since 1944 Stoddart RI-F1' instruments have established the 

standard for superior qu ality and unexcelled performance. 
These instruments fully comply with test equipment require-
ments of such radio interference specifications as JAN-I.225, 
ASA C63.2, 16E4(SHIPS), AN-I-24a, AN-I-42, AN-I-27o, AN.I-40 
and others. Many of these specifications were written or re-
vised  to the  standords of performance  demonstrated  in 

Stoddart equipment. 

ETERS 

VLF! 

14 KC 
to 

250 KC 

Commercial equivoleni of AN'UVA 6 A new achievement in sensitivity!  Field intensity measure. 
ments,  1 microvolt•per•meter using rod;  10 microvolts-PC 
meter using shielded directive loop.  As two•terminal volt-

meter.  1 microvolt. 

*Radio Interference 

STODDART AIRCRAFT RADIO CO. 
• 

6644 SANTA MONICA BLVD., HOLLYWOOD 38, CALIF. 

Hillside 9294 

UHF ! 

375 MC 
to 

1000 MC 

Commercial equivalent of AN URM.17. 
Sensitivity as two•terminal voltmeter, (50-ohm coaxial input) 
10 microvolts.  Field intensity measurements using calibrated 

dipole  frequency range includes Citizens Bond and UHF 

color TV Band. 

The rugged and reliable instruments illustrated above serve 
equally well in field or labora tory. Individually calibrated 
for consistent results using internal standard of reference. 
Meter scales marked in microvolts and DB above one microvolt. 
Function selector enables measurement of sinusoidal or complex 
waveforms,  giving  average,  peak or  quasi-peak  volues. 
Accessories provide means for mcasuring either conducted 
or rodiated r.f. voltages. Graphic recorder available. 

and Field Intensity. 

Precision Attenuation for UHF ! 

••• 
TlessethaAnt1.2 VSWR to 3000 MC. 

,•   

0, 10, 20, 30, 40, 50 DB. 
Accuracy + .5 DB. 

Patents applied for. 
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Eagineering 

Laboratory 
ar. mrr 

I 

C01001111111S 
capacitors 

Trimmers • Choke Coils 
Wire Wound Resistors I 

BETTER 4 WAYS 

V  PRECISION 

V  UNIFOR MITY 

V  DEPENDABILIII 

V  MINIAIURII.A.IION 

HuvOL 

• The engineering laboratory is the alert guardian 
of Hi-Q quality. No component can be put into 
production until it has proven that it meets Hi-O'S 
exacting standards to the complete satisfaction of 

these technicians. It is their further responsibility 
to see that standards are rigidly maintained during 
production runs. In addition,  engineers are 
always available to work with your engineers in the 
development of components to meet your specific 
needs. Feel free to call on them whenever and as 

often as you see fit. 
Don't miss the brand new Hi-Q Datalog. If you 

haven't received your copy, write to-day. 

JOBBERS  ADDRESS  740 Bellevili ,.  P. i  Mn 

Eeecotecai Reetzteuteee  
F R AN KLINVILL E, N. Y. 

SALES OFFICES: New York, Philadelphia,  PLANTS: Fronklinville, N.Y., Jessup, Pa., 

Detroit, Chicago, Los Angeles  Myrtle Beach, S. C. 

EXPORT ADDRESS  41 E. 42nd St., New York 17, N. Y., U. S. A. 
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MALLORY 

VIBRATORS 

Mallory Vibrators and Vibrapack 

power supplies are based on 
exclusive design and manufac-

turing methods that assure long, 

trouble-free service. Send the 

details of your application. Get 

Mallory's recommendation on 

the Vibrator or Vibrapack power 

supply best suited to your needs. 

Vibrators 

Mallory Vibrapacks* 

Replace Costly 

Power Supply System 

Effect Tremendous Savings! 
In one typical case, a simple and inexpensive circuit modifica-
tion, developed by Mallory, made it possible for a manufacturer 
of mobile radio receivers to substitute Vibrapacks for a costly 
and less efficient power supply system. The conversion saved 
this Mallory customer $40,000 in the first year! In addition, 
thousands of dollars are being saved in maintenance costs. 
Servicing the old system required hours of labor . . . the new 
one requires only occasional replacement of the vibrator. 

When you buy Mallory vibrator equipment you benefit by a 
winning combination of dependability, economical perform-
ance and creative engineering. 

That's value beyond the purchase! 

And whether your problem is electronic or metallurgical, 
what Mallory has done for others can be done for you! 

and Vibrapack Power Supplies 

MALLORY 
P. R. MALLORY & co., Inc. 

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

SERVING INDUSTRY WITH 

Capacitors  Contacts 

Controls  Resistors 

Rectifiers  Vibrators 

Special  Power 
Switches  Supplies 

Resistance Welding Materials 

'Broc•  Mt. Oft 

6A 
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1.. Of Proven Performance in 
pr the Radio and Television 1,  fields. 
I , 

Excellent for Motors, 
Relays, Transmitters, 
Fans, Controls, Switches, 
Bobbins, and many 
others. 

QUALITY . . . Plus ADAPTABILITY 

CLEVELAN D 
COSMALITE* AND CLEVELITE* SPIRALLY LAMIN-

ATED PAPER BASE PHENOLIC TUBES 

Cosmalite is known for its many years of high quality per-
formance. Clevelite is the new improved tubing designed 

to meet more exacting specifications. 

"Cleveland" has an enviable record of service and de-
pendability. Your orders receive prompt attention. De-
liveries are made in time for your production schedules. 

For the best . . . "Call Cleveland." Samples on request. 

4CLEVELAHD CONTAINER6 
6201 BARBERTON AVE.  CLEVELAND 2, OHIO 

PLANTS AND SALES OFFICES ol Plymouth, W.ss Ch.sogo, Devroar. Ogdensburg, NY ..lomesbusg,N.J. 

ABRASIVE DIVISION ol Cles,elond Oh, 

CANADIAN PLANT  The Clerelond Comooner,Conodo, Ltd , Pressoti, Ontario 

REPRESENTATIVES 

CANADA  W M 7 BARRON, EIGHTH LINE, RR • I. OAKVILLE. ONTARIO 

METROPOLITAN 
NE W YORK  R T MURRAY, (Ad CE NTRAL AVE . EAST ORANGE, N 

NE W ENGLAND  E P PACK AND ASSOCIATES. 968 FARMINGTON AVE. 

WEST HARTFORD, CONN 

'Trade Marks 
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/Vow Available( 
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?OVA COOS* 

COMPLETE LINE OF CORES 

TO MEET YOUR NEEDS 

* Furnished in four standard 
permeabilities - -125, 60, 26 
and 14. 

* Available in a wide range of 
sizes to obtain nominal in-
ductances as high as 281 
mh 1000 turns. 

* These toroidal cores are given 
various types of enamel and 
varnish finishes, some of 
which permit winding with 
heavy Formex insulated wire 
without supplementary insu-
lation over the core. 

• • 
• 

• 
• 
• 

HIGH Q TOROIDS for use in 

Loading Coils, Filters, Broadband 

Carrier Systems and Networks — 

for frequencies up to 200 K C 

For high Q in a small volume, characterized by low eddy current 
and hysteresis losses, ARNOLD Moly Permalloy Powder Toroidal 
Cores are commercially available to meet high standards of phy sical 
and electrical requirements. They provide constant permeability 
over a wide range of flux density. The 125 Mu cores are recom. 
mended for use up to 15 kc, 60 Mu at 10 to 50 kc, 26 Mu at 30 to 75 kc, 
and 14 Mu at 50 to 200 kc. Many of these cores may be furnished 
stabilized to provide constant permeability (±0.1 %) over a specific 
temperature range. 

Lresnufortured eirldrr lirensing arrangements with Western Electric 

vompumpwwwipmr. 
ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 

_J 
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EL-MENCO CAPACITOR - CM-15 

CM 15 MINIATURE CAPACITOR 

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

2 — 420 mmf. cap. at 500v DC w 
2 — 525 mmf. cap. at 300v DC w 
Temp. Co-efficient  50 parts per million 
per degree C for most capacity values. 
6-dot color coded. 

M OLDED MICA 

This small-sized, high-capacity fixed mica condenser 
meets and beats strict Army-Navy standards. Like all 
El-Menco capacitors, the CM-15 must pass severe 
tests before leaving the factory. It is tested for dielec-
tric strength at double working voltage; for insulation 
resistance and capacity value. You can always depend 
on the tiny CM-15 to give positive product perform-
ance under the most critical climate and operating 
conditions. 

MANUFACTURERS WHO MAINTAIN 

REPUTATIONS for high-quality 

electrical equipment, demand 

and get high-quality 

El-Menco capacitors. 

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

onc 
CAPACIT O RS 

Write Oa ionr 
firm letterheadjor 
Catalog and Samples 

MIC A TRI M MER 

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

ARCO ELECTRONICS, I NC. 1 35 Liberty St., New York, N. Y.- Sole Agent for Jobbers and Distributors in U.S. and Canada 

PkUCLEDINGS OF 111L JILL.  May, 12'a 



ELECTRONICS 

DELAY LINES —By THE FOOT 

where 
timing 

is 

NE W! MIDGET, HIGH-TEMPERATURE 

PULSE-FORMING NET WORKS 

Here's a new, extremely compact and lightweight capaci-
tor pulse-forming network that will operate at tempera-
tures up to 120° C! With a volume of 6 cubic inches, its 
just about one third the size of a conventional network 
with the same rating (6E2-.5-2000-50-P2T). 
The life expectancy of this 6-kv unit ranges from 3.5 

hours at 80° C ambient to 1 hour at 110°. A second 
new network twice this size has a life of about 330 hours 
at 100° C-9 hours at 120° C. If you want more data 
on these new units, write Capacitor Sales Division, General 
Electric Company, Pittsfield, Mass. 

GENERAL 

These G-E delay lines provide a means for delaying 
signals with a band-width up to 2-megacycles for any 
time interval from .25 to 10.00 microseconds. They are 
available in bulk form in lengths up to 100 feet —delay 
equals approximately 1/2  microsecond per foot. Charac-
teristic impedances of 1100 and 400 ohms per foot are 
available. Since the line is very flexible, it may be bent 
into 4-inch diameter coils. 

Ordering line in bulk form makes it possible for you 
to cut it to the exact length required for your particular 
application. For complete ratings and specifications, see 
Bulletin GEC-459. 

ELECTRIC 
W A 
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MORE COMPACT RECTIFIER STACKS 

If your requirements call for compact 
selenium  stacks  for  operation  in 
cramped quarters, these new, higher-
voltage G-E selenium cells may be your 
answer. Their 18-volt d-c output means 
you can design stacks which are about 

25 % smaller than possible with 12-
volt cells. The improved aging char-
acteristics of these cells is made pos-
sible by a new G-E evaporation process 
which deposits selenium on aluminum 
with greater uniformity. Stacks are 
available with rated outputs of 18 to 
126 d-c volts at 0.15 to 1.20 amperes 
with inputs of 23 to 180 a-c volts. See 

Bulletin GEA-5280. 

TIME METERS—TO CHECK TUBE LIFE 

G-E time meters, with dependable 
Telechron* motor drive, are especially 
useful in recording the operating time 
of radio transmitters or other elec-
tronic devices so that tubes may be re-
placed before they fail. They record 
operating time in hours, tenths of 
hours, or minutes, and are supplied 
for 11-, 115-, 230-, or 460-volt opera-
tion. The case is of molded textolite 
to harmonize with other G-E 3%-inch 
instruments mounted on the same 
panel. You'll find more description 
along with dimensions and pricing 
information in Bulletin GEC-472. 

*Lig. U.S. Per. O. 

TIMELY HIGHLIGHTS 
ON GE COMPONENTS 

NEW! WATER FLOW INTERLOCK 

This new G-E flow interlock provides 
sure protection against overheating in 
water-cooled  components  such  as 
tubes, transformers, and dynamotors. 
Its function is to open the electrical 
circuit when water flow is lower than 
a preset minimum and close it when 
flow is above this point. 
Adjustment can be made to actuate 

the electrical contact for any flow be-
tween 1 gallon per minute and 4 gal-
lons per minute. The cut-in, cut-out 
differential of the unit is 0.2 gpm. The 
electrical circuit is rated at 10 amperes 
at 125 volts a-c, 5 amperes at 250 volts 
a-c and 3 amperes at 460 volts a-c. 
Maximum water-line pressure rating is 
125 pounds per square inch. The unit 
is bronze with standard M-inch fittings 
and is easy to install and adjust. For 
further description see Bulletin GEC-

411. 

r 4. O MNI OREM 

NtVil BATTERY-OPERATED VTVM 

This new G-E battery-operated elec-
tronic voltmeter combines the porta-
bility of an ordinary low-sensitivity 
multimeter with the high sensitivity 
and versatility of a line-voltage-oper-
ated vacuum-tube voltmeter. 
Its weight is only 4 pounds (with 

batteries), its size -3"x6"x8", but it 
measures a-c and d-c voltage in 7 ranges 
from 0-1 to 0-1000 volts, d-c current 
in 4 ranges from 0-1 to 0-1000 milli-
amperes, resistance in 5 ranges from 
100 ohms to 10 megohms, mid-scale 

value. 
D-c input impedance is 11 megohms 

on all ranges. A-c input impedance is 
0.5 megohm shunted with 20 mmf on 
all ranges. Frequency response is flat 
within 5 per cent up to 15,000 cycles 
on all up to and including the 0-100-
volt range. More data in Bulletin 
GEC-622. 

General Electric Company, Section B667-5 

Apparatus Department 
Schenectady 5, N. Y. 

Please send me the following bulletins: 

(Indicate: R7j /or reference only; X' for planning an immediate project) 

GEA-5280 

CI GEC-411 
Ei GEC-459 

Selenium rectifiers 

Flow interlock 

Delay lines 

NA ME   

CO MPANY    

ADDRESS 

CITY 

o GEC-472 Time meters 

El GEC-622 Electronic voltmeter 

..... • • . 

STATE ....................... .........•...... 
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WOW-TV-land is a Big Market 
Served through a Truscon Radio Tower 

1111(0111 

57 Mail 

ARAI & 

OU0101 Nan 

Radio Station W O W-TV Omaha, 
Nebraska, serves a market of 
764,400 people with total retail 
sales of nearly a billion dollars. 

No other station covers the area 
comprising the rich, urban and 

rural market known as W O W-TV-
Land. For this exclusive and effective coverage, 
W O W-TV uses a Truscon Self-Supporting Radio 
Tower 392 feet high, with an RCA double antenna 
for FM and TV giving an overall height of 500 ft. 

avcrae/r 
/41;1 1111TOWER OF STRENGTH 

vmpor7 TRUSCON 

ir apo 500 FT 
HIGH r 

bt.u"1 1 1.471 q4  OVERALL 
g 

• The characteristics of terrain and meteorological 
conditions which are individual with WOW-Land 
received special consideration when Truscon radio engi-
neers designed this handsome tower. Truscon offers a 
world-wide background of experience to call upon in 
fitting Radio Towers to specific needs. Whether your own 
plans call for new or enlarged AM, FM or TV trans-
mission, Truscon will assume all responsibility for tower 
design and erection ... tall or small ... guyed or self-
supporting ... tapered or uniform in cross-section. Your 
phone call or letter to our home office in Youngstown. 
Ohio—or to any convenient Truscon District Service 
Office—will rate immediate, interested attention ... and 
action. There is no obligation on your part, of course. 

TRUSC ON STEEL CO MPANY 
YOUNGSTO WN 1, OHIO 

Subsidiary of Republic Steel Corporation 

TRUSCON 1112/ 
SELF-SUPPORTING 

TOWERS AND UNIFORM 
CROSS SECTION GUYED 

TRUSCON COPPER MESH GROUND SCREEN 

12.x 
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dock 

BUT it's simpler 
to design the Atai ra 
radio around 
the bate! 

EVEREADY 

•$ CO Itaiq.  

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

NATIONAL CARBON DIVISION 
UNION CARBIDE AND CARBON CORPORATION 

30 East 42nd Street, New York 17, N. Y. 

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

There's no black magic about "Eveready" brand radio 
batteries. They are specified by many leading radio designers 
because they provide the utmost in performance. 
and can be readily obtained by the users when replacements 

are necessary. 
Design your portable receivers around "Eveready" radio 

batteries! These powerful, long-lasting batteries come 
in a complete range of sizes to fit virtually any design you 

may have in mind. Call on our Battery Engineering 

Department for complete details. 

LIVE 
NINE 

"Eveready" No. 950 "A" batteries 
and the No. 467 "IS" battery make 
an ideal combination for small 
portable receivers. 

EvEREADY 
T R A DE- M A RK 

RADI O  BATTE RIES 

PROCEEDINGS OF THE I.R.E.  May, 1950 
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It is Our Privilege 

to serve the Leaders 

THIS FREE BOOK — fully illustrated, with performance charts and application 
data — will help any radio engineer or electronics manufacturer to step up 
quality, while saving real money. Kindly address your request to Dept. 16. 

ANTARAI PRODUCTS 

G:
 ENERAL 2ILNILINE & FILM CORPORATION 

444 MADIS ON AVE NUE 

NE W YORK 22, N. Y. 

G A & F. Carbonyl 
14. 
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r ------ -Manufacturers of 

CARBONYL IRON PO WDER CORES 
( THE CORE IS THE HEART OF THE CIRCUIT ) 

Aladdin Radio Industries, Inc. 
Chicago, Illinois 

Henry L. Crowley & Company, Inc. 

West Orange, New Jersey 

Delco Radio Division 
General Motors Corporation 

Kokomo, Indiana 

Lenkurt Electric Co., Inc. 
San Carlos, California 

Magnetic Core Corporation 
Ossining, New York 

National Moldit? Company 

Hillside, New Jersey 

Powdered Metal Products Corporation 
of America 

Franklin Park, Illinois 

Pyroferric Company 
New York, New York 

Radio Cores, Inc. 
Oak Lawn, Illinois 

RCA Victor Division 
Radio Corporation of America 

Camden, New Jersey 

Speer Resistor Corporation 

St. Marys, Pennsylvania 

Stackpole Carbon Company 
St. Marys, Pennsylvania 

Iron Powders... 
ME MBER 

NE M POIVDE0 
ASSOCIATION 

PROCEEDINGS OF THE I.R.E.  May, /950 
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SYLVANIA'S continuous  researc h 

means better electronic tubes. For 

example, with the special research 
tool shown at the right the 

minute stretch or "creep" of filament 

wires is studied under the same 

conditions of temperature, vacuum 

and pressure found in electronic 

tubes. Using this instrument, 

Sylvania engineers have un-

covered many new facts about 

filamentary alloys. From 

studies such as this Sylvania 
is able to give you better 

tubes of longer life and 
higher quality. 

This Teetotal "ereep"Iurna  tv • 1 
better products. 
Sylvaniee ingenuity  ce is a in res earch t Pis c ee:aatZPSifti7; • ..r., it 

Better Tubes 

through Research in 

filamentary wire 

SYLV NIA 
ELECFRIC 

RADIO TUBES TELEVISION PICTURE TUBES, ELECTRONIC PRODUCTS ELECTRONIC TEST EQUIPMENT FLUORESCENT LAMPS, FIXTURES SIGN TUBING WIRING DEVICES. LIGHT BULBS, PHOTOLAMPS TELEVISION SEES 

PROCEEDINGS OF THE I.R.E.  May, 1950 
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COMPONENTS FOR EVERY APPLICATION 

LINEAR STANDARD 
High Fidelity Ideal 

COMMERCIAL GRADE 
Industrial Dependability 

VARIABLE INDUCTOR 
Adjust like a Trimmer 

PULSE TRANSFORMERS 
For all Services 

VERTICAL SHELLS 
Husky .  Inexpensive 

HIPERM ALLOY 
High Fidelity . . . Compact 

SPECIAL SERIES 
Quality for the "Ham" 

TOROID HIGH 0 COILS 
Accuracy . . Stability 

HERMETIC COMPONENTS 
Ceramic Terminals 

tt. 

t-i\k 
REPLACEMENT 

Universal Mounting 

ULTRA COMPACT 
Portable . . . High Fidelity 

POWER COMPONENTS 
Rugged . . . Dependable 

TOROID FILTERS 
Any type to 300KC 

HERMETIC COMPONENT 
Glass Terminals 

STEP-DOWN 

heed Y-

SUB OUNCER 
Weight 1/3 ounce 

OUNCER 
Wide Ranye . . . 1 ounce 

VARITRAN 
Voltage Adjustors 

MU-CORE FILTERS 
I Any type 1/2  — 10,000 cyc 

GRADE 3 JAN 
Components 

LINE ADJUSTORS 
Up to 2500W ... Stock  match any line voltage 

MODULATION UNITS 
One watt to 100K W 

EQUALIZERS 
Broadcast & Sound 

CABLE TYPE 
For mike cable line 

CHANNEL FRAME 
Simple ... Low cost 

EXPORT DIVISION: 13 EAST 40111 Snit , 

• 

13, N. Y. 

CA KES:" 



ANNOUNCING 

GENERAL CHARACTERISTICS 

ELECTRICAL 
Cathode: Coated Unipotential 

Heater Voltage  -  -  6.3 volts 
Heater Current  -  -  1.0 amperes 

Amplification Factor (Average)  -  -  100 
Direct Interelectrode Capacitances (Average) 

Grid-Plate  -  1.95 ;Add. 
Grid-Cathode  -  -  -  6.50 aufd. 
Plate-Cathode  -  -  -  0.035 mad. 

Transconductance 
(l b=  70 ma., Eb,.. 600 v.) (Average) 22.000 umhos 

RADIO FREQUENCY POWER AMPLIFIER 
Class-C FM Telephony or Telegraphy 
(key-down conditions, 1 tube) 

Maximum Ratings 

D-C Plate Voltage -  1000 Max. Volts 
D-C Cathode Current  -  125 Max. Ma. 
D-C Grid Voltage -  —150 Max. Volts 
Peek Positive R-F Grid Voltage  30 Max. Volts 
Peak Negative R•F Grid Voltage  — 400 Max. Volts 
Plate Dissipation  -  -  100 Max. Watts 
Grid Dissipation  -  2 Max. Watts 

EIMAC TUBE TYPE 

2C39A* 
PLANAR CONSTRUCTION 

HIGH-MU TRIODE 

The new Eimac 2C39A triode is the culmination of over 
five years of research and application engineering. It is 

the outgrowth of earlier types 2C38 and 2C39. 

Its high performance standards make it- the standout 

triode for VHF and UHF CW service, pulse service and 
aircraft navigational systems. 

As a power amplifier, oscillator, or frequency...multiplier, 

this small high-mu triode exhibits excellent character-

istics from low frequencies to above 2500 megacycles. 

Let us send you complete data and application notes 
on the new Eimac 2C39A triode . . . then consider the 
advantages it offers in the design of compact, moder-
ate power-output equipment. 

*Conforms with newly issued JAN specifications. 

EI TEL- Mc C U LL O U G H,  IN C. 

Sa n  Br u n o,  Cali f o r ni a 
Export Agents: Frazer & Hansen, 301 Clay St., San Francisco, California 

Another Engineering Achievement by Eimac 

251 
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...and hundreds of molded 
iron powder, metal, carbon 
and graphite products. 

Fired and Variable Resistors 
Iron Cores • Alnico II Perma-
nent Magnets ... 

SS-26 Smote-pole, 
single-throw 

I 

SS-26-1 
Single-pole, 
double-throw 

to modernize your product and 

to enhance its "saleability" 

NEW! 
Two slide switches rated 

1 ampere at 125 volts DC 

3 amperes 

at 125 volts AC 

These sturdy little switches are 

ideal for appliances, toys and 

electrical equipment requiring 

3-ampere switch contact car-

rying capacity. Both are Un-

derwriters approved. Write 

for SS-26 Switch Bulletin. 

mp, 

LINE OR SLIDE ACTION 
Dozens of Contact Arrangements 

Inexpensive types are available for practically any switching 
requirement and at prices that will please you. Samples to speci-
fications on request to quantity users. Write for Stackpole Switch 
Bulletin RC7C. 

ELECTRONIC COMPONENTS DIVISION, 

STACKPOLE CARBON CO.  St. Marys, Pa. 

PROCEEDINGS OP 111E IRE.  A14,y, 



%Inhibit LIFE TESTS .114#14144e 

CONSISTENT PICTURE TUBE PERFORMANCE 
Each Sheldon "Telegenic" Picture Tube is subjected 

to 23 specific quality-control tests and inspections before 

shipment. As a "guardian" over all tube production, 
a percentage of Sheldon Picture Tubes are picked at 
random from each "run." They are put on life-test in 

thespecially-designed 
equipment shown 
above. Each tube is 
operated under iden-
tical electrical and 

%Aldan 
NATURAL IMAGE 

SOFT GLOW 

Victum: 

mechanical conditions. The resulting, automatically-
recorded data is another aid to Sheldon engineers in 

maintaining the consistently outstanding quality of 
Sheldon Telegenic Picture Tubes. 

That is why, when you specify Sheldon, you get the 
BEST in television picture tubes. 

Write for Sheldon's new "General Charactertistics 
and Dimensions" Wall Chart on its complete line of 24 
picture tubes . . . crystal face, velour black, round, rec-
tangular, all-glass and glass-metal types. 

SHELDON ELECTRIC CO. 
Division of Allied Electric Product, It,c 

68-98 Colt Street, Irvington 11, N. J. 

Branch Offlo, & Won hou,  CHICAGO 7 ILL  426 S. Clinton St.  LOS ANGELES 26, CAL., 1755 Glendale Blvd 

SHELDON TELEVISI ON PICTURE TUBES  •  CATHODE RAY TUBES  •  FLUORESCENT STARTERS AND LAMPHOLDERS  • SHELDON REFLECTOR d INFRA-RED LAMPS 
PHOTOFLOOD & PHOTOSPOT LA MPS  • SPRING ACTION PLUGS  •  TAP MASTER  EXTENSION CORD SETS a CUBE TAPS  • RECTIFIER BULBS 

VISIT SHELDON'S BOOTH NO. 201 & DISPLAY ROOM NO. 632, PARTS DISTRIBUTOR SHOW, MAY 22-25, STEVENS HOTEL, CHICAGO . 

PROCEEDINGS OF THE I.R.E. 
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Manufacturer, of 

Hermetically Sealed 

Meter, Since 1944 

with new marion 
raggedized instru ments 
The new Marion Ruggedized meters (Hermetically Sealed) now give you an 

exceptionally accurate and sensitive means for electrical measurement and 

indication — under extreme conditions of Shock, Vibration, Mechanical Stress, 

Strain, Weather Conditions and Climate. This whole new family of Ruggedized 

Panel instruments gives you new freedom of application. You can use them 

where you have never before dared use "delicate instruments." What's more, 

they meet the dimensional requirements of JAN 1-6 and are completely 

interchangeable with existing standard JAN 21/2 " and 31/2 " types 

When you need ruggedized meters for rugged applications; 

when you need special meters for special applications; when 

you need better meters for any application . . . call on Marion 

— the name that means the most in meters. 

Send for your free copy of our booklet on the New Marion 

Ruggedized Instruments today. Marion Electrical Instrument 

Company, 407 Canal Street, Manchester, New Hampshire. 

M ARI O N  MEANS THE M OST  IN  METERS 

Canadian RePresenlidive: Astral Electric Company, 44 Danforth Road, Toronto, Ontario, Canada 

Export Diarion: 458 Broadway, New York 13, U.S.A., Cable' MOFRIANEX 

m arion m eters 
Copr.  1950 Marion Electrical Instrument Co. 
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New-type glass for RCA television picture tubes filters unwanted light, to give sharper, clearer images. 

Wayward 4,%7L i cks-cii:okied_ fop- Isciffeo- leIve visioor 

Now television pictures gain still greater 
contrast and definition—through re-
search originally initiated by scientists 
at RCA Laboratories. 

Their discovery: That wandering light 
waves inside a picture tube—and even more 
important, inside the glass itself—may cause 
halation and blur an image's edges. But, by 
introducing light-absorbing materials into 
the glass, the wayward flashes are disci-
plined, and absorbed, so that only the light 
waves which actually make pictures can 
reach your eyes! 

Glass companies, following this research, de-
veloped a new type of faceplate glass for RCA 
. . Filterglass. Minute amounts of chemicals 
are added while the glass is being made, and 
give it, when the picture tube is inactive, a 
neutral gray tone. In action, images are sharper, 
clearer—with more brilliant contrast between 
light and dark areas. Reflected room light i. 
also reduced. 

*  *  * 

See the latest in radio, television, and electronic., 
at RCA Exhibition Hall, 36 W. 49th St., N. Y. 
Admission is free. Radio Corporation of America, 
RCA Building, Radio City, N. 1'. 

Filtct  L1LA:plates give you more 
brilliant pictures on today's RCA 
Victor television receivers. 

APALPFO C O R P O RA770111 01. .4.110E RFC'di 

/'t/or/a/ Leader i> ;n o —  7a/et/is/on 
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APPLIES TO 

RAYTHEON 
SUBMINIATURE TUBES 

RAYTHEON, and only Raytheon, SUBMINIATURES 
can sing that song loud and clear, as hundreds of users have 
already found out to their great satisfaction and profit. Com-
pare them with their larger tube counterparts rating by 
rating - performance for performance. 
Quality control, unequalled precision methods and experi-

ence in the making of long life tubes account for the fact that 

RAYTHEON 

MANUFACTURING 

CO MPANY 
&S WI M, flail SI MON 

tars IS. MessecheTARN 

&MINIATURE W e n 
ITIMANIUM 01 0015 
owd 11110015 

lACHATI ON COUNT!, TUBES 
RUGGED. LONG W I TLISIS 

Chammlemsmo al 6445 

Ime••, UHF Om.leow, 64..som at $00 Mt 

Ned.. amemetamt re *me ltell 0413 

Tr.44.  me 

Dareme..me. el 5/116 

Imemlat oc. 6•15 

RAYTHEON Subminiatures do the job of the bigger tubes 

just as well if not better. 
RAYTHEON Subminiature Tubes simplify your design and 

production problems - increase product convenience and 
salability - are readily available from stock. 
Here are a few of the many types: 

Thlo chorf giros yew et • glo m. Oho chorociodollos of eeeeeee M oth. Itoyth••n Sobrolnlefve• Tri ms 

Morol 

Cond., 

Mee 

relies 

5000 

3000 

1. , Me.  

111•918 C•1110011 TYPO% 

CA1/02 C•605C11 

CO 5703 , Cl606Cl 

Cl5704 iCO6061111 

C.153744/0411 K 8 

00711,1 

4 01129 

PILAIMINT Ti nt 

, AIM  $M.14•4  - 

(017161  14 m• 114.....•11maaemlam 
l• - 2410 11 •••• 

Irma, I.,. Ir•emme. 

50....<1•4 P•mie•• PI 

Peme•• 

Itme•, 010 Omilemar lee r•min 

Itaml•, OW Owes.. law 1•11.2 or.• 

IV Fame.. 

C1157111  Rig.. mate , ...I.< 

90110.04 1111.3411A10111 

CO1703 

C(5757 

OE • • 

•••••••••• NM* -1.11• 0601 

VeMe•• 1111 11491 .7 

Nemo . 

0.400 

0.400 

0.1 11 

0.400 

0.400 

0300.0 400 

111.41. 
Mem. 

. s 

.5 

.0 

Or Mows. 

aeim  Me 

6.1  300 

63  300 

6.1  ISO 

6.3  200 

6.3  200 

4.3  150 

0 300.0 400  1 S  1.75 

0.295.0,400  1.5  1.20 

0.100.0.400 

0.3 190.0.390 

0.765.0./15 

0.300.0.400 

0.100.0.400 

0.300.0.400 

1.5 

1.25 

1.5 

1.1 

1.0 

1.5 

1.25 

0.625 

1.23 

I.)5 

1./5 

1.71 

0.265.0.400  1.25  0.625 

0.265.0 400  I S  I 25 

4000 

1200 

Pewee  VIPICA1 011•ATIMG (0140111005 

0.4•10  Cod 

Met  Volt<  Me.  V•11,  Me  0*11 

120  7.3  120  2.5  Mt m 200 

120  9.0  m 220 

150a.  9.0 

250  4.0  Pk m 500 

170  3.2  120  3.5  -2.0 

11 /a<  5 0 per mmtion 

100  2000  40.0  3 0  45 0  0.4 

10  1 .67  10.3  0.20 

200  2000  00 0  11.0 

20  3/1  22,5  0 125 

50  62$  60 0  67.5  2.70 

120  1600  115.0  4.0 

60  650  115,0  It 

50  1100 1 67.3  1.6  47.5  0 .4 

20  1.31  12  0.22 
11  0.1  1.••••• em<1 1500 v•Its 

0 

0 100  1 6)  Opm tome  0p..,l, q 0 10llIl. l• 1 Opel 5 m• 

0.400  2.06  Operetla• ••ase• 100  °owe' , core., ren•• 3 le 25 m• 

G.,. Pomo 

0 

22 5  0 04  -0 62$ 

67.5  1.1  -6.23 

0 
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Announcing 

NE W MEMBER OF THE 

A TAILEN FAMILY 

9 Pin Miniature Tube Sockets 

C 
Enlargement of the new 9 (NOVAL) pin minia-
ture tube socket. 

We are proud to announce the addition of a 9 pin 

(NOVAL) miniature tube socket to the MYCALEX 

line.  It has all the electrical characteristics of the 

widely used MYCALEX 410 and 410 X 7 pin tube 

sockets and fully meets RMA standards. 

The NOVAL is injection molded and produced in two 

qualities to satisfy different requirements. 

Write us today and let us quote you prices on your particular requirements.  We 
will send you samples and complete data sheets by return mail.  Our engineers 
are at your disposal and would be glad to consult with you on your design problems. 

Mycalex Tube Socket Corporation 
"Under Exclusive License of Mycalex Corporation of America" 

30 Rockefeller Plaza, New York 20, N. Y. 

SINCE 1919 

THE INS UL T 
TRADE MARK REG.U.S.PAT OFF 

Above: Complete 9 pin miniature socket. 
Below: Precision moldings in MYCALEX actual 
size two views. 

MYCALEX 410 for applications requiring close di-
mensional tolerances.  Insulation loss factor of .015 
(at 1 MC) yet compares favorably in price with mica 
filled phenolics. 

MYCALEX 410X for applications where general pur-
pose bakelite was acceptable but with an insulation 
loss factor of only .083 (at 1 MC).  Prices compare 
with lowest quality insulation materials. 

MYCALEX c0RP. OF AMERICA 
"Owners of 'MYCALEX' Patents' 

Executive Offices 30 Rockefeller Plaza, New York 20, N. Y.  Plant and General Offices: Clifton, N. J. 

24A 
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NO. 1060 VACUUM 
TUBE VOLTMETER 

NO. 1140 NULL 
DETECTOR 

NO. 1210 NULL 
DETECTOR & VACUUM 
TUBE VOLTMETER 

NO. 1050 UNIVERSAL 
BRIDGE 

NO. 1040 VACUUM 
TUBE VOLTMETER 

NO. 1030 LO W 
FREQUENCY -Q.' 
INDICATOR 

NO. 1020 DIRECT 
READING 

MEGOHMETER 

NO. 1162 DECADE 
INDUCTOR 

NO. 1010 COMPARISON 
BRIDGE 

NO. I 110 
INCREMENTAL 

INDUCTANCE BRIDGE 

TRANSFORMERS 
& INSTRUMENTS 

HIGH FIDELITY 
OUTPUT 

TRANSFORMERS 

HERMETICALLY 
SEALED COMPONENTS 

SUB-MINIATURE HI-Q 
HERMETICALLY 

SEALED 
INDUCTORS 

STEP DO WN 
TRANSFORMERS 

FILAMENT, 
TRANSFORMERS 

DISCRIMINATORS 

SUB-MINIATURE 
HERMETICALLY 

SEALED 
TRANSFORMERS 

CHOKES 

OUTPUT 
TRANSFORMERS 

SEND FOR LATEST CATALOG! 

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

FILTER CHOKES 

HI-Q MINIATURE 
TOROIDAL INDUCTORS 

SPECIAL 
TRANSFORMERS 

PO WER 
TRANSFORMERS 

AUDIO 
TRANSFORMERS 

• 



SMALLER THAN PREVIOUS "SMALLEST"... 

PREDETERMINED ACCURACY... 

REMARKABLE STABILITY... 

EXCEPTIONAL CHARACTERISTICS ... 

AEROV,OX 

MICRO-MINIATURE8 
(TYPE P83Z AEROLITE* CAPACITORS) 

• Smaller than a paper clip! Only 3/16" dia. by 7/16" 

long! Yet rugged, accurate, stable, exceptional. 

Such is the story of Aerovox Micro-miniatures (Type 

P83Z Capacitors). Smaller physical size directly due 
to radically new metallized dielectric -a distinct de-
parture from conventional foil-paper and previous 

metallized-paper constructions. Dielectric and elec-

trodes combined in one element. Smallest capacitor 
available for capacitance range. 

Aerovox Micro-miniatures are particularly applicable 
to radio-electronic miniaturization calling for high-
frequency and by-pass coupling. 

• Try Aerovox Micro-miniatures in your miniaturized 

assemblies. Write Dept. FD-450 for engineering data, 

samples, quotations, and application engineering aid. 

F E 

One size for all ratings —3/16" dia. by 7/16" 
long. 

Hyvol K impregnated in humidity-resistant 
molded thermoplastic cases. 

Operating temperature range from —15° C. 
to  85° C. without derating. 

Power factor less than 1% when measured 

at or referred to frequency of 1000 cps and 
ambient temperature of 25° C. 

N A M 
capacitors 

C A P A 

A  T  U R I N G . 

Insulation resistance of 25.000 megohms or 
greater, measured at or referred to tempera-
ture of 25° C. Insulation resistance at 85° C., 
500 megohms or greater. 

Very high self-resonant frequency, due to 
remarkably small length of unit. 

Life test: 1000 hours at 1.25 times rated volt-
age in ambient temperature at 85 ° C. 

CI T O R S  • VI B R A T O R S  • 

dia l' ° 1;1 °6 (1 61  
AEROVOX CORPORATION, NEW BEDFORD, MASS., U. S. A. • Sales Offices in All Principal Cities 

Export • 117 E. 42nd St. New York 17, N Y. • Cable AEROCAP. N Y • In Canada AEROYOX CANADA L TO Hamilton, Ont 

Meets humidity resistance requirements of 
AMA (REC-118. section 2. paragraph 2.38) for 
paper tubulars. 

Meets AMA heat resistance test at 85° C. 
(REC-118. section 2, paragraph 2.39). 

In 400 VDC (.0005 to .003 mid.) and 200 VDC 
(.005 and .01 mfd.) 

Other capacitance and voltage ratings will 
be made available in near future. 

*Trade-mark 

TE S T  IN S T R U M E N T S 

Add P•14841 

26A 
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This is what it takes 

to make good 

electronic equipment . 

Welding aluminum by the inert 
arc method. Modern processes that 

save time and at the same time assure 

better construction. By these means 
savings are made and passed on in 
the form of high quality products. 

The Collins main plant in Cedar Rapids 
consists of modern structures containing 
240,000 square feet of floor space. It is 
designed for the most efficient office, engi-
neering and manufacturing operation. The 
Collins management, organization and 
facilities are devoted entirely to the de-
signing and manufacturing of radio com-
munication equipment. 

Checking tolerances on produc-

tion machined parts. Precision test-
i ng at every step of manufacturing to 
be sure each part meets specifications 
and will perform at top efficiency in 

the finished product. 

COLLI NS RADI O CO MPANY, Cedar Rapids, Iowa 

11 West 42nd St  NE W YORK 18  2700 West Olive Ave., BURBANK 

Console Assembly. Skilled work-
manship that is assured by having 
experienced employees, trained to 
build equipment just one way — the 

very best. 

Taking performance data on an 

airborne navigation receiver. 

Final test of the complete product 

using the latest and best apparatus 
known. This assures the finest overall 

performance. 

PROCEEDINGS OF l'ilE I.R.E. May, 19,v 
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NE: ONE 3-/M0/1 TUBE 
combining these modern features .-

/ 

for "HAIR-LINE" performance 

6 Here is the modern achievement in a com-
pact, three-inch cathode-ray tube providing 
the brilliant, "hair-line" trace long desired 

for best performance of portable oscillo-
graphs and industrial cathode-ray monitoring 
devices. 

With performance at the highest premium, 
the special features of the DuMont Type 
31W-A have been combined to make high sen-
sitivity compatible with short overall length; 
and to obtain a fine trace free from the distor-
tions usually found in short tubes as sensitive 
as the Type 3RP-A. 

Because of the new, ingenious design of 
the vertical deflection plates of the Type 
31W-A, the position of the cathode-ray beam 
does not affect deflection sensitivity, thereby 
substantially eliminating pincushioning and  ii 
trapezoidal distortions. 

New production techniques are applied 
for the first time to the commercial produc-
tion of three-inch cathode-ray tubes to obtain 

a flat face which provides more usable screen 
area, eliminates parallax distortion, and car-
ries through the high performance standard 
set by the advanced design of the Type 311P-A 
electron gun. 

7 

COMPACT DESIGN ... 

Maximum length of 91/4 inches 
plus high sensitivity. 

BALANCED DEFLECTION... 

For uniform spot focus maintained 
over the entire trace. 

CURVED DEFLECTION PLATES . . . 

For uniform deflection sensitivity. 

FLAT FACE ... 

For more usable screen area with mini-
mized parallax distortion. 

"HAIR-LINE" TRACE... 

Provided by small spot and fine focus. 

Electrical Data 
Heater Voltage 

6  3 Volts 

6 ÷10% Ampere 
Heater Current 4  
Focusing Meth od  Electrostatic 

Deflecting Method  Electrostatic 

Phosohcr 
PI 

Fluoret-cence   
Green 

 Medium 
f',:rsittenre 

Typical Operating Conditions 
For Anode No. 2 Voltage of   1,000 

Anode No. I Voltage for focus   165 to 310 

Grid No. 1 Voltage.  .  --22.5 to —67.5 

Deflection Factors. 

DID2  73 to 99 

D3D4  52 to 70 

Anode No. 1 Voltage for focus   

Grid No. 1 Voltage 

Anode No. 1 Current for any operating condition   

Spot Position (Undeflected)   

2,000 Volts 

330 to 620 Volts 

—45 to —135 Volts 

146 to 198 Volts D-C per Inch 

104 to 140 Volts D-C per Inch 

16.5 % to  31 % of Eb2 Volts 

2  25 % to 6.75 % of Eb2 Volts 

—15 to +10 Microamperes 

Within 15 Millimeters square 

C ALLE N B. DU MONT LABORATORIES. INC. 
ALLEN  B. DU MONT  LAB ORATORIES,  INC  INSTRUMENT  DIVISION,  1000  MAIN  AVENUE,  CLIFTON,  NE W  JERSEY 
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RHEOSTATS 

RESISTORS 

TAP SWITCHES 

Readii frt, IMMEDIATE Shipmiemz-
FIpr fact ery , rely on Ohniite. Stock order* are 14.11,11I% .Is  1,.•.1 

coot the came Ila,  received. Special order  scheduled and 

shipped promptly. 

How ran Dhinite do it? First, they have developed an 
tightly geared order system which short-cuts red tape. 

Hut more important is I thenite's enormous stock of r 
'Unions, and tap switches  believed to be the largest and most 

maintained any  in the world. 

Specify I te for Dependability ... and PROMPT DE 

OH MITE MFG. CO. 

4861 Flournoy St 
Chicago 44, III. 

RHE O STATS  RESI ST O RS 

RUSH 
SERVICE 

ON SPECIAL 

ORDERS, TOO 

TA P  S WITC HE S 



S S. WHITE FLEXIBLE SHAFTS 
PROVIDE FEATHER-TOUCH" 
TUNING OF VARIABLE ELEMENTS 

"PROVE IT YOURSELF" 
Make this convincing test of 

the smoothness and sensitivity 
of S.S.White remote control 
flexible shafts. It's called the 
"Loop Test." 

Take  an  S.S. White  remote 
control shaft —the type that's 
commonly used to connect 

variable elements to their control knobs in electronic and ra-
dio equipment. Loop it in the manner shown at the right. Then. 
with the loop resting on a flat surface, rotate the shaft with the 
fingers. 

Note how smooth and easy it turns. This responsive jump. 
free action tells the story of the sensitive, accurate tuning you 
get with S.S. White flexible shafts. The reason, of course, 
is that these shafts are engineered and built specifically for re-

mote control with deflection and backlash held to a minimum. 

c g i lfk, • 

M A KES IT 

RIGHT 

SEND FOR BULLETIN 4501 

Ii Ores basic facts about flexible 
shafts and their selection and appli-
cation. Irrite for free copy today. 

THE S. S. WHITE DENTAL MFG. Co. ISWHITEINDUSTRIAL DIVISION 

DEPT.  G  10 EAST 40th ST., NE W YORK IS, N. Y. 

FLEXIBLE  SHAFTS  AND  ACCESS ORIES 

MOLDED PLASTICS PRODUCTS—MOLDED RESISTORS 

Ogee.' Aftelle.de,i A MA Tirdaariste EfeteloteW4 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

Ceramic Coil Forms 
"1 o new ceramic coil forms, designed 

to fit into small or difficult places, have 
just  been  announced  by  Cambridge 
Thermionic Corp., 456 , Concord Ave., 
Cambridge 38, Mass. 

Coded LS-5 and LS-6, these forms are 
silicone impregnated ceramic. LS-5 is 
11 inch in height (mounted) 1 inch in 
diameter; LS-6 is 13/16 inch in height and 
5/16 inch in diameter. Ring terminals are 
adjustable. Both have a spring lock for the 
slug, and are available with high-, medium-
or low-frequency slugs. 

Two New Regulated 
Power Supplies 

%1() new Models 1110 and 1110-A, 
regulated power supplies, able to deliver 
kilowatt de maximum, are being manu-

factured by Furst Electronics,  12 S. 
Jefferson St., Chicago 6, III. 

Output varies less than 5 volts for line 
voltage variations between 105 and 125 
volts ac. Internal impedance is 10 ohms 
or less. The ac ripple is less than 20 my. 
Model 1110 delivers 175-1,000 volts at 

0.50 ampere. Model 1110-A delivers 175-
1,500 volts 0.33 amperes. 

(COnlinned on poor 194) 
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Inquiries are 

invited concerning 

single pads and turrets 

having other characteristics 

*Patents applied for 

• VSWR less than 1.2 at all frequencies to 3000 mc. 

• Turret Attenuator* featuring "Pull —Turn — Push" 
action with 0, 10, 20, 30, 40, 50 DB steps. 

• Accuracy ± .5 DB, no correction charts necessary. 

• 50 ohm coaxial circuit. Type N connectors. 

STODDART AIRCRAFT RADIO CO. 
6644 SANTA MONICA BLVD., HOLLY WOOD 38, CALIFORNIA 

Hillside 9294 
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The Fountainhead of Modern Tube Development is RCA 

DEVELOPED BY RCA... 
symbols of RCA's engineering leadership 

The tubes illustrated, and described in 
the adjoining columns, are a few of the 
more recent types designed by RCA engi-
neers. Each represents a distinct advance-
ment over previous comparable types ... 
either by virtue of its improved perform-
ance or its contribution to the simplifica-
tion of circuit design. 
These tubes . . . and other new RCA 

tubes like them . . . provide wide design 
latitudes . . . aid in reducing equipment 
manufacturing costs. They can be used 
with confidence in new circuit designs. 
In the future, as in the past, the vast en-

gineering resources of RCA will be 
directed toward the development of tubes 
hest suited to meet the cost and per-
formance requirements of equipment 
designers. 

RCA-6CB6 Sharp-Cutoff Pentode. A mini-
ature type, designed for use as an i-f amplifier 
operating at frequencies in the orderof 40 Mc., 
or as an r-f amplifier in vhf television tuners. 
Its transconductance is 6200 micromhos. 

P RCA-6CD6-6 Horizontal-DeflectIon Ampli-
fier. For 16GP4 systems, and for other 
similar wide angle systems, it makes possible 
the design of efficient horizontal-deflection 
circuits in which the plate voltage for the tube 
is supplied in part by the circuit and in part 
by the power supply. 

RCA-654 Vertical-Deflection Amplifier. A 
high-perveance miniature triode of the heater-
cathode type. In suitable circuits it will deflect 
fully a 16GP4 or similar kinescopes having a 
deflection angle of 70 degrees and employing 
an anode voltage up to 14,000 volts. 

RCA-5879 Sharp-Cutoff Pentode. Of the 
9-pin miniature type, the 5879 is designed 

(e11_11110 11, RA DIO 

for a-f applications where reduced micro-
phonics, noise, and hum are essential. It is 
,specially useful in the input stages of medium-
gu n amplifiers. 

RCA-5675 "Pencil-Type" Triode for UHF. 

double-ended coaxial-electrode 
structure, for use in grounded-grid circuits. 
As a local oscillator, it will deliver 475 milli-
watts at 1700 Mc. and about 50 milliwatts 
at 3000 Mc. 

RCA-3794 Fixed-Tuned Oscillator Triode. 
Designed for Radiosonde Service, the 579 t 
employs two resonators integral with the tube. 
The output resonator is tuned to 1680 Mc. 
by means of an adjusting screw. The useful 
power output is in the order of 500 milliwatts. 

For data on any of the tubes described above, 
write RCA, Commercial Engineering, Section 
E47R, Harrison, N. J. 

CORPORATIO N of A MERICA 
EL ECTRO N TUBES 

NA RRISO N, N. J. 
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Chicago Section 25th Anniversary  Officers 

E. H. Schulz (A'38-SM'46), chairman of the electrical 
engineering department of the Armour Research Foun-

dation, was born in Lockhart, Texas, on October 30, 
1913. He was graduated from the University of Texas 
with the B.S. degree in electrical engineering in 1935 
and the M.S. degree. in 1936. He received the Ph.D. de-
gree from the Illinois Institute of Technology. 
Dr. Schulz taught electrical engineering at the Uni-

versity of Texas from 1936 to 1942. In 1942 he joined the 
staff of the Illinois Institute of Technology, where he 
taught senior and graduate courses in radio engineering 
and was connected with the war training program. He 
transferred to the Armour Research Foundation in 1946 
as assistant chairman of the electrical engineering de-
partment, and later was appointed chairman. He was 
responsible for industrial and government projects on 
electronic instrumentation and control, communica-
tions, vacuum tubes, and electrical machines and de-
vices. 

E. H. Schulz, Chairman 

Kipling Adams (A'41-M'46), Chicago District office 
manager for the General Radio Company, was born in 
Haverhill, Mass., on December 19, 1908. He attended 
Massachusetts Institute of Technology for about three 
years, and took special courses at Harvard University. 
Joining General Radio Co., at Cambridge in 1934, 

Mr. Adams started in their Standardizing Laboratory. 
He was made assistant service manager in the service 
department in 1936. After a three weeks' service visit 
to Chicago in 1945, he was appointed Chicago District 
office manager, and moved to Chicago in January, 
1946. His responsibilities include both sales and engi-
neering, and his territory covers thirteen states. 
Mr. Adams was active in the Boston Section of 

the IRE before 1946. He has expanded his activities 
since joining the Chicago Section and has served 
on the Membership, Arrangements, Publicity, Program, 
Ways and Means, Engineer Status and the Silver 

LeRoy Clardy (A'44-1\1'50), head of the Instrumen-
tation Division of the Research Laboratories of Swift 
and Company, was born on July 16, 1910, in Fort 
Worth, Texas. He received the B.S. degree in 1931, and 
later the M.S. degree from Texas Christian Univer-
sity. 

Mr. Clardy was a chemist in the Chemical Laboratory 
of Armour and Co., Fort Worth, Texas, from 1934 until 
he joined Terrell's Laboratories as chief chemist in 1936. 
He joined the Research Laboratories of Swift and Co. 
in Forth Worth in 1937, and transferred to Chicago to 
the Physics and Physical Chemistry Division in 1943. 
He was made head of the Instrumentation Division in 
1949. He is responsible for research in the application of 
electronics and electronic devices and in the develop-
ment of instruments for the meat packing industry. 

Anniversary  Com-
mittees. 
Mr. Adams  was 

Vice-Chairman of the 
Chicago Spring Con-
ference in 1947, Re-
cording  Secretary 
during  1947-1948, 
Secretary-Treasurer 
in1948-1949,and now 
is Vice-Chairman. He 
is actively associated 
with  the  National 
Electronics  Confer-
ence, having served 
on the Publicity and 
Exhibits  Commit-
tees. 

LeRoy Clardy, Sec.-Treas. 

Co-author of the 
book, "Experiments 
in Electronics and 
Communication En-
gineering," and au-
thor of several tech-
nical  papers,  Dr. 
Schulz has served on 
a number of Chicago 
Section Committees, 
including the Chair-
manship of the Meet-
ings  and  Papers 
Committee.  He 
served on the IRE 
Committee on Edu-
cation for three years. 
He is a member of the 
.1IEE and Sigma Xi. 

Kipling Adams, 
Vice-Chairman 

He has served as 
Chairman of the Ar-
rangements Commit-
tee, and was Chair-
man of Procedures 
Committee  during 
the period in which 
the Procedures Man-
ual was written. In 
addition to his asso-
ciation with the IRE, 
he is a member of 
ISA, ACS, and is a 
Registered  Profes-
sional  Engineer in 
the State of Illinois. 



Pr. 
1950  PROCEEDINGS OF THE I.R.E.  467 

• 

Technically skilled people have brought to the world a myriad of new devices and operations. These 
have had a profound influence on the life of man. Usually that influence has been helpful. But sometimes 
it has been alarming, or even menacingly destructive. 
Engineers have been trained to think clearly, comprehensively, and dependably within their special 

fields. Can they transfer their thinking ability to social, political, and economic realms? If so, great good 

might result. 
This question is ably discussed in the following guest editorial by an engineer and editor of long and 

successful experience, who is a Past President of The Institute of Radio Engineers and a present member 
of its Editorial Administrative Committee—The Editor. 

Thoughts on the Humanitarian 
Responsibilities of Engineers 

DONALD McNICOL 

When accredited columnists who have wide coverage of news through the daily press devote 
space to criticism of engineers and scientists, it is obvious that, even though obscure, a question 
is posed. The most profound of the columnists take issue withlhe expressed views of scientists 
(for instance, such as those given at the United Nations first science conference in 1949) that 
humanity, rather than the scientists themselves, should answer for "the danger and immorality 
of the irresponsible behavior that has marked the conduct of international affairs." 
Columnists reason that the race for the control of raw materials, lacking which scientific prog-

ress must slow down, is a primary cause of war, and one prominent columnist declares, "I have 
never yet heard a scientist advocate that it would be better to slow down technological progress 
in favor of peace and humanity. To suggest anything of the kind induces howls from the scien-
tists that humanity is standing in the path of progress." And thoughtful editors ask: "Progress 
toward what?" Conscientious news writers wonder whether scientists are not becoming an iso-
lated segment of society, and if so whether this is due to predilection, or to force of circumstances. 
It is but common sense to state that scientists and engineers in their own minds understand 

that they are identifiable with "humanity" as are non-scientists and non-engineers. Because of 
what has come to pass during the past half century in the way of science and invention, some 
thinkers conclude that the pace has been so swift that science has been elevated over philosophy 
and religion. If it has come to pass that the world now is in the hands of those who know "how" 
but not "why," caution suggests that a mental pabulum be sought after and prescribed which 
might be expected to divert the often-feared headlong flight of mankind, away from any abyss 
imaginable. In the early decades of the present century general literature abounded in optimism 
and confidence, and the belief that mankind could resolve life's problems through the powers 
of reasoning. Beginning a few years ago the front pages and the microphones have chronicled a 
miscellany of alarms, truths, half truths and "I predicts" which, certainly as a by-product, 
have served to invalidate the adequacy of reason. 
In earlier years, the daily reading fare consisted mainly of news about day-to-day domestic 

affairs. Now the press and radio deal with world problems, and with domestic problems mainly 

as these are determined by world problems. 
The present writer believes that no other segment of society is better qualified to contribute 

toward desirable solutions to most of the difficulties which harass mankind than are the scien-
tists and engineers. As have numerous others, I gather from pronouncements from Government, 
from educators, from industry, from labor, that a cry is being sounded for help: help of the order 
envisioned in the words of an American statesman of international prominence, expressed late 

in January, 1950: 

". . . the greater tragedy is that seemingly our national ideals 
no longer inspire the loyal devotions needed for their defense." 

To conclude: The times call for patriotism and for realism, with perhaps less of the Machiavel-
lian practices. Engineers of experience and accomplishment could, to national and international 
advantage, be substituted for appointees of limited experience and academic schooling only. 



468 PROCEEDINGS OF THE I.R.E. May 

The Radio Technical Commission for Aeronautics 
Its Program and Influence* 

J. H. DELLINGERt, FELLOW, IRE 

Su m mary —This paper describes the work of the 

Radio Technical Commission for Aeronautics (RTCA) 
as of March, 1949, the time of its presentation before 
the 1949 IRE Convention. The author's response to 

the word "influence" in the title given him is simply 
that the influence of an organization is proportional to 
the service it renders. As the RTCA exists solely to 

render servi e, it does have potential influence. The 
paper explains something about the service which the 
organization provides. 

AVIATION  RADIO is a com plex  
field, both in respect to the meth-
ods and devices used and in respect 

to the interests affected. The RTCA is a 
means of dealing with both types of com-
plexity. To bring about true co-ordination 
and assure harmonious progress, this body 
was created with representation from all 
interests concerned. It is thus a means of 
unifying the thinking and planning of all 
interested agencies, both government and 
nongovernment. My purpose is to tell you 
how it is organized and something of the 
work it does. I hope I can aid you to envisage 
the role which it plays in promoting progress 
along such lines, for example, as are dealt 
with in the other papers of this symposium. 
It was originally established in 1935, 

when the Department of Commerce invited 
all United States agencies, both within and 
without the government, concerned with 
the development, application, and use of 
radio in aeronautical operations to form an 
organization for the co-ordination of effort. 
The organization was to have no enforcing 
authority of itself but would be effective 
through including enforcing agencies in it 
membership. It was promptly established 
and has continued to function as originally 
envisaged. It is the only body which includes 
and gives a voice to, all organizations con-
cerned, both within and without the govern-
ment. 
It operates through four subsidiary en-

tities: the Assembly, the Executive Com-
mittee, the Secretariat, and the Technical or 
Special Committees. 
The Assembly is composed of United 

States organizations identified %% ith aero-
nautical telecommunication. The Assembly 
directs the RTCA through the establishment 
of broad policies and operating procedures. 
It meets twice a year, ordinarily in Washing-
ton, D. C. 
The Executive Committee comprises 

one representative from each of the follow-
ing: the Departments of State, Treasury 
(Coast Guard), Army, Navy, Air Force, and 
Commerce (CAA), the Federal Communica-
tions Commission, Civil Aeronautics Board, 
and Aeronautical Radio, Inc., Aircraft 
Owners and Pilots Association, Air Line 

• Decimal classification: ROOS XRS20. Original  As 
manuscript received by the Institute. January  it.  F 
1950. Presented. Symposium on Radio Aids to  Navi-
gation. 1940 National IRE Convent ion.  New  York.  
N. Y., March 9. 1949. 
I Radio Technical Commission for Aeronautics,  pr 

Washington, D. C.  sen  

lems to standing committees has  evo lv 
from experience. It has contributed great  
to the expeditious handling of the wor k 
RTCA for the following  reasons:  (1) It pe  
mits the appointment to Commit tee  mei  
bership of persons who are especially qua 
fled to deal with the spec ific matter  un d 
consideration, and (2) it imposes the min 
mum burden upon the time of the Commi 
tee members. 
As RTCA has a wide mem bers hip, th 

members of Technical Committees are  prir 
cipally from its member  organ izat ions.  Hot 
ever, in any specific study, the RTCA i 
vites the participation of persons from a 
agencies known to be affected by the co  
elusions reached. In most  cases , desp ite th 
difficulties and complexity of many  of th 
subjects, unanimous agreement  is atta ined  
This is only possible in man y cases  as  th 
result of long and hard wor k. Apparent l 
the combination of real work and par ticipa 
Lion by all interested agenc ies is a formu l 
capable of solving refractory pro blems . 
In general. a Special Comm ittee  is ap  

pointed for each problem the RTCA is as ke 
to handle. The problems  come  to  RTCA 
both front its members and from  ot her  or  
ganizations. Examples of sources of requests 
to make studies and recommen dat ions  are  
the Air Co-ordinating Comm ittee , the Tele 
communications Co-ordinating  Comm ittee  
the Civil Aeronau tics  Adm inistrat ion,  the  
military establishmenesAeronautica I Board 
State Department, Radio Manu facturers  
sociation, Air Transport Association, and 
ederal Communications Commission. 
After a recommendation is finally ap-
oved by the Executive Committee, it is 
t to each agency, government or other-

Pilots Association, Air Transport Associa-
tion of America, and Radio Manufacturers 
Association; and a Chairman, Vice-Chair-
man, and Secretary. The Executive Com-
mittee meets monthly and manages the 
affairs of RTCA in conformity with the poli- I 
cies established by the Assembly. 
The Secretariat includes an Executive 

Secretary and assistants. The costs are de-
frayed by prorated assessments among the 
member organizations represented upon the 
Executive Committee. In general, the gov-
ernment organizations contribute offices, 
office furniture and equipment, supplies, 
and personnel who are assigned to the Secre-
tariat. The nongovernment organizations 
contribute funds required for part of the 
personnel and the defrayment of operating 
expenses. 
The technical work of RTCA is per-

formed by Special Committees which are 
established by the Executive Committee. 
Each Special Committee is given a specific 
directive and is dissolved upon the accept-
ance of its report by the Executive Com-
mittee. The procedure of designating Special 
Committees to handle specific problems 
rather than the allocation of general prob-
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wise, concerned with its su bject  matter.  
These agencies include the ones  liste d above,  
the various member agencies  of RTCA, 
special commissions or boards formed by 
the President or other author ity for  part icu -
ar tasks, and Congress. The recommen da-
tions are in some cases used by the State 
Department as a basis for the position taken 
by United States delegations in interna -
tional conferences. 
During the recent W or ld War,  RTCA 

was necessarily inactive;  com pre hens ive  
planning had to give wa y to  the immediate 
tasks of all personne l in their war  activities. 
At the end of the war  the mem ber  agencies 
made a careful and specific determination 
that RTCA should be reactivated and 
streamlined for efficient  act ion.  Also,  early  
in 1946, the Aeronaut ica l Boar d, a policy  
body of the Depar tments  of War  an d Navy,  
took cognizance of the nee d for  complete co-
ordination of the installation and use of 
electronic aids to air nav igat ion,  commun i-
cation, and traffic contro l, an d requeste d the 
RTCA to adapt its organ izat ion  to  the es-
peditious determination  of com bine d civil 
and military programs  of aids to navigation  
and traffic control. 
RTCA agreed to undertake the discharge 
these responsibilities  an d imme diate ly 

ook steps to revise its Const itut ion,  mak ing  
more specific and workable; also  a full-
me, paid secre tar iat  was  esta blished.  
About this same  time  (1946), pressure 

as developing  from  many directions for 
c formulation  of a nat iona l program  of  aids  
air naviga tion , tra ffic control,  communi-
tion, and lan ding.  I do not need to describe 
this audience  the con ditions  which  cry  
t for such a program.  The seriousness of 
e disorganization of..air services by wea ther  
common knowledge . The presidents of all 
e airlines wrote  to  the RTCA  requesting 
tudy of the pro blem , part icularly  a deter -

nation of what  cou ld be done  soon. The 
esident appointe d an  Air  Policy  Com-
ssion. Congress appointed an Aviation  
licy Board. Military  committees were 
mulating the pro blem.  
It finally became clear that the RTCA 
ild funct ion  in this  situation  when,  on  
ril 28, 1947, the government 's Air  Coor-
ating Comm ittee  formally  requested  the  
CA to underta ke a study  and  develop  a 
ommended program  for  the sa fe control  
the expanding air tra ffic. In compl iance  
h this request,  the RTCA  immediately  

blished its Special Committee 31 (SC3I) 
tackle the whole problem of air traffic 
trol, including necessary communication 
navigation and landing aids, and pre-
e a complete program for a national sys-
, taking account of the requirements of 
ry type of flying. Before the work was 
e. over 10,000 man-hours of the best 
of co-operative committee work had 

n completed. It was necessary to draft 
best brains in many technical fields, and 
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the list of participants in the SC31 achieve-
ment is a Who's Who of aviation radio. The 
report was issued in final form on May 12, 
1948. That the planning job was successful 
is clear from its unanimous endorsement by 
such bodies as the Air Co-ordinating Com-
mittee (ACC), the military's Research and 
Development Board (RDB), the Presi-
dent's Air Policy Commission, and the Con-
gressional Aviation Policy Board.1 
The planned system is called the "com-

mon system" because it provides for those 
needs which are common to all users—air 
transport, military, private flying, etc. 
A special organization has been set up to 

implement the program. It includes a new 
government body, the Air Navigation De-
velopment Board (ANDB), closely co-or-
dinated with the Air Navigation Panel of 
the ACC, and with the military's Research 
and Development Board. All these bodies, 
and the various other agencies concerned, 
take the SC31 program as a guide plan but 
not an inflexible directive. We thus avoid 
the trap of a fixed, unchangeable program 
which would ignore the realities of progress. 
We visualize an orderly development from 
what we have today to the completely auto-
matic navigation and traffic control system 
envisaged for about 1963, for which only 
objectives are stated at this time. These 
objectives flow from a severe but inesca-
pable set of requirements. The system will 
make full use of such advances as occur in 
radar, television, electronic computing ma-
chines, and other technical fields. Some of 
the devices required for the ultimate system 
are not yet in existence, as Mr. Rentzel has 
said, but are known to be realizable. Some 
do exist and are in use now. 
The program makes full provision for 

orderly transition from the practices of to-
day to the ultimate system of fourteen years 
hence. In particular, in order to make a large 
portion of the benefits of the ultimate sys-
tem available as soon as possible, it was de-
cided to proceed in two steps. The first step 
will be the "transition program," which can 
be brought into general use by about 1953. 
For this the devices are in considerable 
measure already available. The supply and 
utilization of the devices has begun. The full 
implementation of the transition program 
awaits the making of money available, com-
pletion of development on some parts of the 
system, and delivery of equipment in the 
necessary quantity. The transition program 
is so planned that much of it will be pre-
served for smooth incorporation into the 
ultimate system. 
The principal initial task of SC31 was to 

choose between many possible means of 
constructing a basic system. This was ac-
complished by first working out a realistic 
statement of the requirements of an ade-
quate system. The set of requirements 
pointed the way to the nature of the required 
system. It was found also that substantial 
benefit would accrue through such partial 
realization of the system as would be possi-
ble in five years; thus, the transition system. 
Facilities on the ground and in the air-

plane are to supplement and check one an-

On January 10. 1950. the President presented the 
Collier Trophy, symbolising the greatest achieve-
ment in aviation in America during 1948, to the 
RTCA for the establishment of this program. 

other. The essential navigational data are 
primarily air-derived while the data for 
traffic control are primarily ground-derived. 
The system provides identification of all 
airplanes, provides means for collision pre-
vention, and includes a private communica-
tion line between each airplane and the 
ground. The system is of the polar co-or-
dinate or R-theta type. 
The transition system, now being imple-

mented and to be completed by 1953, in-
cludes: 

1. Omnirange stations; giving courses 
in every direction extending radially 
from the station. 

2. Distance  measuring  equipment 
(DME); providing a dial indication 
of distance from the airplane to the 
ground station. 

3. Automatic course line computer; by 
which any desired course, not lim-
ited to the radials from the station, 
is continuously indicated. 

4. Instrument landing system (ILS); 
by which a crossed-pointer instru-
ment gives guidance horizontally 
and vertically for blind landings. 

5. Improved approach lights; guiding 
the final phases of low approach and 
landing. 

6. Precision approach radar; to comple-
ment and monitor the instrument 
landing system. 

7. Radar surveillance; giving a continu-
ous indication on a radar screen, to 
air traffic controllers, of the position 
of all aircraft. 

8. Vhf communication equipment; for 
two-way voice communication. 

9. Airborne transponder and private 
line; to give the airplane's identifica-
tion and altitude and to exchange in-
formation and traffic control signals 
between ground and air. 

All of these elements, improved, will be 
carried over into the ultimate system, esti-
mated to be in operation throughout the 
country by 1963. The ultimate system will 
comprise additional features such that all 
airplanes, after filing their flight plans, will 
be automatically assigned a flight path and 
time, and will have full information for all 
details of flight at every instant from takeoff 
to completion of landing. Specialized traffic 
control equipment and specialized airspace 
separation equipment, utilizing automatic 
computing devices, will watch over the air-
space at all times to eliminate collision haz-
ards and to inform all pilots of any needed 
changes in course or speed. These aids will 
reach the pilot via a map-like picture on his 
instrument panel which will enable him to 
monitor the traffic in his vicinity and check 
his navigational data. 
This program represents the major proj-

ect handled by the RTCA to date. While 
comprehensive, there is no thought that it 
closes the book on aviation radio progress. 
It just happened that the need had grown 
so serious, and the prospective investment 
was so large, that an agreed basic program 
for a considerable number of years ahead 
was necessary. But there is no thought of 
neglecting the facts of rapid technological 
movement and obsolescence. The program 
itself has this vividly in view, and indeed has 

the very objective of stimulating, rather 
than freezing progress. The way is left open 
for full utilization of all our cumulative re-
sources of science, inventiveness, and indus-
trial efficiency 
To round out the picture of the role of 

RTCA, I will mention briefly a few of its 
recent and current projects other than SC31. 
In accordance with a request from the 

War Department in 1946, Special Commit-
tee 1 studied the relative merits of simplex 
and crossband communication in the 108 to 
132-Mc band. The recommendations of this 
Committee are now recognized as standard 
communication procedures by all United 
States aeronautical organizations. 
Special Committee 4, upon request of 

the Federal Communications Commission, 
was assigned the problem of studying fre-
quency allocations in the 108- to 132-Mc 
band for the various classes of aeronautical 
services such as air navigation aids, air 
traffic control, emergency, airport utility, 
approach control, and air carrier and non-
carrier communication. The frequency al-
location plan developed by this Committee 
is now incorporated in the Rules of the Fed-
eral Communications Commission. 
Following recommendations of the mili-

tary's Aeronautical Board and the Air Co-
-ordinating Committee, Special Committee 

8 in 1946 formulated a basis for United 
States policy relating to air navigation, 
communication, and traffic control. The re-
port of this Committee established the 
United States position at the meetings of the 
International Civil Aviation Organization 
COT Division meetings in Montreal during 
October-November of 1946. To a major 
degree, this policy was accepted by the COT 
Division for international standardization 
of radio aids to air navigation, communica-
tion, and traffic control. 
Special Committee 10 studied problems 

relating to air-sea distress communications. 
The findings of this Committee were utilized 
in the Third International Conference on 
Safety of Life at Sea held in London in 1948. 
Special Committee 15 reviewed proce-

dures for the reduction of precipitation static 
interference in aircraft. It analyzed the prog-
ress in this field and recommended proce-
dures which had been found to be most ef-
fective. 
Upon request from the Radio Manu-

facturers Association, Special Committee 20 
developed standards relating to radio equip-
ment form factors. These standards have 
been generally accepted by all United States 
operating and manufacturing agencies. 
Special Committee 21, in conformity 

with a State Department request, developed 
performance specifications for I,000-Mc 
distance measuring equipment. These speci-
fications were accepted by all United States 
agencies and, later, by Great Britain. These 
specifications were considered for interna-
tional standardization at the ICAO COM 
Division meetings which began in Montreal, 
Canada, on January 11, 1949. 
Special Committee 22, in accordance 

with a request from Aeronautical Radio, 
Inc., developed a plan for the pairing of 
localizer, glide slope, and vhf omnirange fre-
quencies. This plan has been accepted by 
the Civil Aeronautics Administration and is 
currently in use for the assignment of Ire-
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quencies employed by localizer, glide slope, 
and vhf omnirange facilities throughout the 
United States. 
Special Committee 24, in accordance 

with a request from Aeronautical Radio, Inc. 
developed a standard nomenclature of air 
navigation terms and the elements of air 
navigation systems. 
Special Committee 27, in accordance 

with a request from Air Transport Associa-
tion of America, conducted a study of aero-
nautical frequency allocations above 400 
Mc. With minor modifications, the fre-
quency assignments recommended by this 
Special Committee were adopted by the In-
ternational Telecommunications Union Con-
ference held in Atlantic City in 1947. 
Upon request of the Federal Communica-

tions Commission, Special Committee 29 
developed equipment standards for airdrome 
control stations. 
Special Committee 30 prepared a de-

scriptive resume of United States planning 
in air navigation, traffic control, communi-
cation. This is primarily an educational 
document and has been given wide distribu-
tion both nationally and internationally. 
Upon request of the Telecommunica-

tions Co-ordinating Committee,  Special 
Committee 33 conducted a study of long-
distance air navigation aids in the North 
Atlantic with particular reference to the 
operation of standard Loran. The recom-

mendations of this Committee were utilized 
at an international conference on navigation 
aids in Geneva, Switzerland, in January, 
1949. 
Upon request of the Air 0J-ordinating 

Committee, Special Committee 34 studied 
simplex versus crossband operation as ap-
plied to international aeronautical air-
ground communications. The recommenda-
tions of this committee were accepted as the 
United States position at the ICAO COM 
Division meetings of January and February, 
1949, past, in Montreal, Canada. 
Upon request of the Civil Aeronautics 

Administration, Special Committee 40 pre-
pared standardized test procedures for the 
1,000-Mc Distance Measuring Equipment 
and detailed specifications regarding the 
operating characteristics of the DME sys-
tem. The United States has submitted these 
specifications for international standardiza-
tion through ICAO. 

Special Committee 45 developed air 
traffic control procedures for use during the 
transition period when both vhf omniranges 
and If/mf four-course ranges are in opera-
tion. The procedures developed by this Com-
mittee have been accepted by the Civil 
Aeronautics Administration with initial ap-
plication to the New York-Chicago airway. 
Among subjects pending at the present 

time in Special Committees are the follow-
ing: 

Development of test procedures and 
standards for airborne II, mf, hf, vhf, 
and pulse technique types of airborne 
radio equipment. 
Radio I nstru men tation. 
Automatic Flight Control. 
Standardization of Adjustment of In-
strument Landing Systems and Visual-
aural Range Facilities. 
Standardization of Aircraft Equipment 
Control Panels. 
Investigation of Television Station In-
terference to Marker Beacon Receivers. 
Study of Performance Specifications of 
Automatic Course Line Computers. 

CONCLUSION 

I think I can do no better than conclude 
by expressing my admiration for the sincer-
ity and enthusiasm with which the many 
people and organizations concerned are co-
operating in carrying on this work. It is no 
easy matter to find common ground among 
many conflicting requirements and interests. 
The great need for, and inherent difficulty 
of, the solutions of these problems have 
evoked the determination to make the work 
a success. With continued co-operation of all 
concerned, we are assured that RTCA will 
continue to serve as a mechanism for prog-
ress on our common problems in aeronau-
tical radio. 

Developments in Studio Design 
LEO L. BERANEKt, SENIOR MEMBER, IRE 

The appearance of this paper in the PROCEEDINGS OF Tfit:: 
I.R.E. is the result of the activities of the IRE Audio Profes-
sional Group. 

Summary—This paper lists the essential design features that 
should be incorporated into a broadcast studio, and illustrates the 
manner in which certain European broadcasting houses have ex-
pressed these design features architecturally. The paper is comprised 
of five principal parts: I. Introduction; II. Design Criteria; III. Studio 
Shaping; IV. Control of Reverberation Time and Diffusion; and, V. 
Reduction of Transmitted Sound. Included in the text are curves of 
preferred reverberation times for studios, preferred reverberation 

time versus frequency characteristics, and means for providing neces-
sary diffusion and absorption of the sound in a room. 

I. INTRODUCTION 

if N THE PAST two decades broadcast and recording 
studio design has undergone rapid development, 

due to basic research in room acoustics and the prac-
t'cal experience of industry. Recently, the author had 
the opportunity to study studio design in several Euro-

* Decimal classification: R613.11. Original manuscript received 
by the Institute, September 2, 1949; revised manuscript received, 
February 13, 1950. Presented, 1949 IRE National Convention, New 
York, N. Y., March 7, 1949. 
The information reported here was made possible through funds 

provided by the Office of Naval Research. 
t Acoustics Laboratory, Massachusetts Institute of Technology, 

Cambridge, Mass. 

pean countries. The purposes of this paper are, first, to 
state the essential design features that should be incor-
porated into a studio, and, second, to show how Euro-
pean broadcasters have met these acoustical design fea-
tures architecturally. 

II. DESIGN CRITERIA 

A broadcast studio should fulfill two major require-
ments: (1) It should form a good acoustic link between 
the microphone or microphones and the source of speech 
or music. (2) It should adequately exclude external 
noises. 

These requirements are almost equal in importance. 
The first criterion is the more difficult to meet. In order 
to illustrate the procedure necessary to achieve good 
microphone-source coupling, let us analyze the situation 
in a small, rectangular studio. 

A room is simply a cavity resonator of fairly large di-
mensions with many resonant (normal) frequencies. 
These normal frequencies are widely spaced at low fre-
quencies, but become progressively more bunched at 
higher frequencies. We shall assume a rectangular studio 
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with the dimensions 25 X15 X10 feet. This ratio of di-
mensions, 5:3:2, is one of several considered "optimum" 
in room acoustics. In the frequency range between 40 
and 100 cps, calculations show that there are 20 possible 
resonant conditions (normal modes of vibration) for this 
room. Of these 20 modes, there are seven cases in which 
two or three modes of vibration have almost the same 
resonant frequencies. That is, there are actually only 11 
resonant regions. For any given position of the source in 
the room, however, only a few of the normal modes of 
vibration will respond to the source, and the microphone 
will not be actuated by a particular mode of vibration 
unless it is located near a pressure maximum of that 
mode. As a result, only eight or nine resonant frequency 
regions couple the source to the microphone between 40 
and 100 cps. 
Within these frequency limits there are 17 keys on the 

piano, and of these only 12 fall within two cycles of a 
normal frequency. Therefore, less than half of the piano 
notes in this frequency region receive room support and 
some of the remainder will actually be suppressed. The 
situation will be even worse if the ratios of any two di-
mensions are integrally related. A major design require-
ment, therefore, is to increase the supporting effect of 
the room at the lower frequencies. 
The avoidance of "booming" effects at the lower fre-

quencies is another problem of major importance. Or-
dinary acoustical materials and seats do not absorb 
sound efficiently at low frequencies. Hence, if they are 
used to reduce the reverberation time, a very nonuni-
form response-versus-frequency characteristic will re-
sult. Some materials which absorb sound more effi-
ciently at low than at high frequencies must be intro-
duced into the room. 
At the higher frequencies, the normal frequencies of 

the studio are so closely spaced that any note on the 
piano will excite a resonant mode of vibration. In this 
frequency region we must deal with a different effect 
called "flutter echo." The flutter echo is a transient vi-
bration produced by reflection back and forth between 
two parallel walls. This effect is annoying to a listener 
because it imparts a rasping sound to speech and music. 
Hence, all parallel surfaces of any appreciable area must 
be eliminated. 
The remaining criteria that must be established and 

met are (a) the shape of the sound decay curve at any 
given frequency, (b) the reverberation time at a refer-
ence frequency, and (c) the reverberation time versus 
frequency characteristic. In regard to item (a), the Brit-
ish Broadcasting Company concludes that when the 
studio is excited by a short (0.1 sec) pulse of a given fre-
quency, the echoes from that pulse should reach the mi-
crophone at close regular intervals of time, and should 
be of such amplitude as to give an exponential decay.' 
The reverberation time in the reference frequency re-
gion, 500 to 1,000 cps, should be approximately that 

1 Research Department Report No. B. 035, British Broadcasting 
Company, Engineering Division, 42 Nightingale Square, Balham, 
S.W. 12, England; October 14, 1948. 
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Fig. 1—Solid lines show recommended curves for reverberation time 
in studios with normal furnishings and occupancy. Dashed curve 
shows curve published by National Broadcasting Company in 
1936. Points show conformance of recent studios to these design 
criteria. 

shown by one of the solid lines of Fig. 1." The upper 
solid line applies for studios in which music is to be 
played; the lower solid line applies to studios for speech 
or drama. The small datum points plotted on this graph 
are for various studios of the Danish and Norwegian 
Broadcasting Systems and of the Don Lee Mutual 
Broadcasting System. Fig. 1 also shows a dotted line 
that represents the reverberation time recommended 
some years ago by the National Broadcasting Com-
pany.' The solid-line curves are based on controlled 
listening judgments made in the Danish and Don Lee 
Studios, and appear to be the best established curves 
available at this time. 
There have been differences of opinion regarding the 

shape of the reverberation time (T) versus frequency 
(f) characteristic. It is generally agreed, however, that 
for speech the characteristic should be flat and the stu-
dio should be relatively dead. For music, the range of T 
versus f characteristics shown in Fig. 2 have been advo-
cated. The most recent determination (curve 3) was 
made in the Danish Broadcasting House,3 using three 
studios in which the reverberation characteristics could 
be varied over a wide range of shapes. Trained musicians 
listened to several types of orchestral compositions 
played over a loudspeaker and voted their preference. 
The unexpected result of this particular study is the 
hump in the curve at around 2,500 cps. Roop5 and Bolt' 
show that for a room of 3,000 cubic feet the transmission 
irregularity is a maximum at some frequency below 800 
cps. It may be that the ear has a preference for a more 
uniform curve of transmission irregularity versus fre-

W. W. Carruthers and D. P. Loye, "Building to the acoustical 
optimum new Mutual-Don Lee broadcasting studios," Jour. Acous. 
Soc. Amer.' vol. 21, p. 428; July, 1949. 

3 P. V. Brae!, "Lydisolation og Rumakustik," Gumperts Forlag, 
Goteborg, Sweden, Fig. 240, p. 232; 1946. 

4 R. M. Morris and G. M. Nixon, "NBC stud.° design," Jour. 
Acous. Soc. Amer., vol. 8, p. 81; October, 1936. 

6 R. W. Roop, "Frequency response fluctuations in rooms. I. 
Experimental investigation," Jour. Acous. Soc. Amer., vol. 19, p. 728; 
July, 1947. 

R. H. Bolt and R. W. Roop, "Frequency response fluctuations 
in rooms. II. An approximate theory," Your. Acous. Soc. Amer., vol. 
19, p. 729; July, 1947. 
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Fig. 2—Various recommended curves of reverberation time versus 
frequency for broadcast studios. (1) MacNair-1930; (2) Morris 
and Nixon -1936; (3) Danish Broadcasting studios for music; (4) 
Richmond and Heyda-1940; and (5) Belcesy and others for 
speech studios. Curve 3 for music and the flat characteristic 5 for 
speech are recommended. 

quency, and that greater absorption in the 500-cps re-
gion is a means of achieving this uniformity. Until con-
trary evidence is presented, the Danish reverberation 
characteristic for music studios will remain the most 
carefully determined. For speech studios, a flat charac-
teristic is recommended. 
In large broadcasting studios consideration must be 

given to the acoustical environment for the musicians. 
Experience in the United States, as well as in three 
European broadcasting houses, indicates that musicians 
desire audible reinforcement of their own music. Also, 
musicians in one part of an orchestra like to be able to 
hear the music of those in another part. Some type of 
low-ceilinged enclosure over the orchestra is necessary 
to achieve this result in large studios. 
The isolation of a studio against external noise should 

at least meet the standards laid down by Nixon.' Nixon 
says the National Broadcasting Company has found 
that the maximum tolerable noise in studios, as meas-
ured by an American Standards Association sound level 
meter, is 25 db when read on meter scale A, 35 db on 
scale B and 45 db on scale C. Between any two studios 
an attenuation of 64 db or more should be provided. 
Some broadcasters, particularly in Norway, plan for 
noise levels 5 db lower than those just quoted and for 
attenuations greater than 75 db. 
The studio should also be designed to reduce noise 

transmitted through the structure. In the case of pianos 
or other musical instruments that rest on the floor, a 
significant amount of sound will travel through the hard 
structure from one studio to another. To eliminate such 
transmission, a floating floor, and sometimes a com-
pletely floated studio, is necessary. Even airborne sounds 
will tend to enter the walls and travel through the struc-
ture to adjacent studios. If an attenuation in excess of 
65-70 db is desired, the entire studio must be floated. 

HI. STUDIO SHAPING 

To provide for better coupling between the micro-
phones and the source of sound at low frequencies, the 
studio should be shaped so that no two walls are paral-

/ G. M. Nixon, "Acoustic problems in NBC studio design," 
Electronics, vol. 21, p. 85; May, 1948. 

lel. Nonparallelism is accomplished by simply splaying 
or slanting the side walls and the ceiling. One design of 
this type is shown in Fig. 3. A similar floor plan is found 
in the Norwegian Studios in Oslo. In these studios, no 
parallel walls exist. In the case of some of the Norwegian 
studios, nonparallelism is achieved by slanting the side 
walls so that the room is narrower at the ceiling than at 
the floor. 

Fig. 3—Plan view of the Copenhagen Broadcasting House. 

Splayed or skewed walls tend to shift some of the 
normal frequencies upward and some downward from 
their values in a simple rectangular room. In most cases, 
this shifting results in spreading the normal frequencies 
and gives a more even distribution along the frequency 
scale. Also, beats are produced when a number of modes 
of vibration die out simultaneously. A vibrato effect 
results. A string instrumentalist or a vocalist always 
strives to produce this effect. If the spacing of the modes 
of vibration along the frequency scale is uniform, the 
vibrato effect will be more uniform for different tones. 
There is another desirable effect. Skewed walls introduce 
more randomness into the distribution of the sound field 
in the room. Hence, fewer positions exist in the room at 
which extreme sound pressure variations occur as the 
frequency is varied. Therefore, the difficulties of finding 
a good location for the microphone decreases as the 
room becomes more and more irregular in shape. 
The most desirable amount of splaying has never 

been determined. The answer to this question is partly 
economical and partly psychological. It is common prac-
tice to splay a wall by not less than one foot in each 
twenty feet of length. The Scandinavian studios in Fig. 
3 are splayed considerably more than this in many cases. 
Additional fine scale irregularity on flat splayed walls 

is also desirable. This may be accomplished either by 
obvious "bumps" of a variety of sizes or by choice and 
arrangement of the acoustical absorbing materials nec-
essary in the room. In the Norwegian studios in Oslo 
this fine scale irregularity has been introduced as part 
of the absorbing panels. This treatment will be dis-
cussed further in the next section. 

The ceiling and floor of the room should be nonparal-
lel, if possible. If this cannot be done, then a number 
of triangular splays or polycylindrical diffusers of a 
variety of sizes may be placed on the ceiling. Another 
solution is to build a number of box-shaped reflecting 
boards with sloping surfaces, arranged to face in random 
directions. 
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IV. CONTROL OF REVERBERATION TIME AND 
DIFFUSION 

The reverberation time in a studio is controlled by 
the introduction of absorbing materials. As mentioned 
earlier, an audience and materials, such as carpets and 
seats, absorb far better at high frequencies than at low. 
Plywood panels, either flat or curved and backed by an 
air space, provide reasonably large low-frequency ab-
sorption. In some cases absorbing blankets are intro-
duced into the air cavity. Panels used by Volkmans and 
Boner9 consist of one or two sheets of thin plywood 
formed into convex, cylindrical surfaces. The plywood 
is backed by a wooden framework that breaks the panels 
into sections of various sizes, each having a different res-
onant frequency. When these panels are used in a room, 
a large number of different radii are chosen for the 
cylindrical elements in order to provide comparable dif-
fusion over a wide range of frequencies. The diffusing 
effect of a cylinder is maximum when its diameter is 
roughly equal to one-half wavelength. Plywood panels 
appear to have an absorption coefficient as great as 0.5 
at frequencies from 50 to 150 cps, decreasing to values 
as low as 0.05 above 1,000 cps. The 0.5 figure is obtained 
with two thin plywood layers, separated by small tufts 
of felt impregnated with glue. Flat sheets will absorb 
low-frequency sounds as effectively as curved ones, but 
they do not diffuse the sound at the higher frequencies. 
The solutions to the low-frequency absorption prob-

lem employed by the Scandinavian broadcasting houses 
are particularly interesting. To provide this type of ab-
sorption, a number of forms of resonant absorbers are 
introduced into the studios. One type has the form 
shown in Fig. 4. Here, wall panels are constructed from 
a perforated facing backed by enclosed cavities. These 
cavities, and the holes into them, form Helmholtz 
resonators. In some cases the cavities are filled with 

•  •  • 

•  •  • 

•  • 

•  •  • 

Fig. 4—Helmholtz acoustic resonators used in studios. The six 
resonators shown here have uniformly spaced resonances in the 
frequency region extending from 90 to 300 cps. 

6 J. E. Volkmann, "Polycylindrical diffusers in room acoustical 
design," Jour. Acous. Soc. Amer., vol. 13, P. 234; January, 1942. 
• C. P. Boner, "Performance of broadcast studios designed with 

convex surfaces of plywood," Jour. Acous. Soc. Amer., vol. 13, p. 244; 
January, 1942. 

glass fibers or other absorbing material to broaden the 
resonance curve and to make the units absorptive over 
a wider frequency range. The six resonators shown in 
this figure have uniformly spaced resonances in the 
frequency region extending from 90 to 300 cps. In the 
case of the large studios of the Danish Broadcasting 
House, 250 plaster resonators, tuned to various fre-
quencies below 100 cps, are distributed over the ceiling. 
Another type of acoustic unit for absorbing sound at low 
frequencies is shown in Fig. 5. Narrow slots are formed 
in a wood panel in front of an air space that contains 
an absorbing blanket. The absorption reaches a maxi-
mum that may be varied by adjusting the space behind 
the slot in the panel. 
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Fig. 5—Resonant structure and absorption curve for it. The structure 
is made of parallel slats separated slightly to produce resonance. 

100 

In the Norwegian Broadcasting House the panels are 
made of thin sheets of plywood which have narrow slots 
3 inches long and 0.04 to 0.12 inch wide. There is one 
slot for each 1.6 square inch of the plywood board. The 
distance between the wall and the plywood panel varies 
from 2 to 12 inches in different parts of a studio. In the 
concert studio spacings up to 30 inches are used. With 
these absorbing surfaces placed at random positions on 
the walls, and with an appropriate choice of back spaces 
and slot widths for each studio, the No. 3 optimum re-
verberation time characteristic of Fig. 2 was approached. 
In some of the studios where higher reverberation times 
were desired, some of the panels were unperforated and 
the depth of the air space behind them was selected so 
as to vary the resonant frequency over a range from 50 
to 150 cps. 
Still another type of resonator is one which the Nor-

wegians describe as a "pocket-resonator." Pocket reso-
nators are tubes made from wood or wall board. They 
have cross-sectional dimensions of about 8X20 inches, 
and vary in length from 32 to 120 inches. The opening 
of the resonator which faces into the room, is filled with 
an acoustical blanket. The resonators act like damped 
organ pipes. Lengths are chosen to tune the resonator to 
particular frequencies where absorption is needed. When 
installed, they are placed behind a slotted panel and, 
hence, do not affect the over-all appearance of the room. 
It is generally desirable to provide flexibility in the 

acoustical treatment to permit detailed tailoring of the 
reverberation time-frequency characteristic after com-
pletion of the studio. Two arrangements for doing this 
were used in the Danish Broadcasting Howie in Copen-
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hagen, and are shown in Fig. 6. There we see a hinged 
perforated panel that is backed with a thin layer of 
absorbing material. The panel may be moved forward 
so that the right-hand edge is flush with the front of the 
box, or it may be moved backward so as to eliminate the 
air space behind it completely. The variation in the 
absorption characteristic is indicated by the two curves 
beneath the sketch. The solid line is for maximum air 
space behind the absorbing layer. 
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Fig. 6—Two structures for producing variable degrees of absorption. 
Curs es of absorption coefficient versus frequency are shown below 
for the extreme positions of adjustment. 

The arrangement on the right-hand side of Fig. 6 in-
cludes a series of adjustable shutters in front of an 
absorbing blanket. When the shutters are closed, only a 
small slit remains between adjacent louvres, and the 
absorption characteristic shown by the solid line be-
neath the sketch is obtained. When the shutters are 
opened, the absorption characteristic shown by the 
dotted line is obtained. 

All such absorbing areas, whether adjustable or fixed, 
should be located in random positions on the walls and 
ceiling of the room. To enhance the appearance of the 
room an acoustically transparent facing may be pro-
vided. 

Examples of the interior finishes and shaping de-
scribed above are shown in Figs. 7 and 8. These photo-
graphs show studios 19 and 24, respectively, of the 
Norwegian Broadcasting House. The perforated facings 
in the rooms are illustrated. A splayed ceiling is shown 
in Fig. 7, and splayed ceiling and side walls are seen in 
Fig. 8. The pleasing appearance of the perforated facings 
is evident. 

V. REDUCTION OF TRANSMITTED SOUND 

No less important than the acoustic characteristics of 
the enclosure is the need for freedom from unwanted 
sounds. The most satisfactory procedure for achieving 
this effect is to build walls that have sufficient trans-
mission loss to provide the necessary isolation for air-
borne noises, and to float the studio on resilient mount-
ings to eliminate vibrations which might otherwise be 
transmitted through the structure. The idea of a float-
ing studio is not new. Elaborate details have been 
worked out by several manufacturers in this country 
for floating the interior of small broadcasting studios.4 

I 1_! 7 Large-sized studio for music in the 
Norwegian Broadcasting House. 

Fig. 8—Small-sized studio for speech and drama in the Norwegian 
Broadcasting House. 1 he stair has three types (acoustically) of 
tread and the removable panels expose a gravel walk, a wood sur-
face for tap dancing, and a marble surface for producing the sound 
of footsteps. 

In the Norwegian Broadcasting House in Oslo each 
studio is made from poured concrete .and rests on strips 
of live rubber. Canvas sleeves are used to break the 
continuity of the ventilating and cable ducts. 
Doors to the studios preferably should be of a type 

which seal tightly around the edges. In the Danish 
studios an unusual door type is used. Around the edges 
of a 4-inch thick door, there is a cavity three inches 
wide and three inches deep. This cavity is filled with 
glass wool and covered with a perforated facing. The 

width of the slot between the door and the jamb is held 
to less than 0.04 inch. Sound traveling through this slot 
is absorbed in the glass wool lining. Best results are ob-
tained by putting an offset in the jamb so that the sound 
will have to round a corner in traveling from the out-
side to the inside of the room. 
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Linear Amplifiers* 
M. A. SCHULTZt, SENIOR MEMBER, IRE 

Summary—The problems in the design of linear amplifiers are 
presented from the point of view of the radio engineer. Equations are 
given for the noise generated in the input circuits of these amplifiers 
for ideal cases. Typical amplifying circuits are presented, and the 
solutions of the design problems are illustrated by the circuit dia-
grams and performance of a commercial linear amplifier. 

INTRODUCTION THE RADIO ENGINEER with his newly found 
• knowledge in radar and television might look upon 
the nuclear instrumentation field as a logical one 

in which to employ his talents. This step follows be-
cause the nuclear field employs to a considerable extent 
the same pulse techniques that were exploited so suc-
cessfully by the radio engineer during and after the war. 
One of the purposes of this article is to point out wherein 
the techniques and the experiences in the two fields are 
similar, yet different. 
Obviously, the radio engineer must obtain some back-

ground in the nuclear field before he can successfully de-
sign apparatus for it. The linear amplifier is one nuclear 
device which the radio engineer can design and improve, 
once he understands the conditions under which .the 
amplifier is to be used. First then, what is a linear am-
plifier to the nuclear physicist and engineer? A linear 
amplifier is an alternating-current amplifier intended for 
the amplifications of pulse signals which arise in detec-
tion instruments because of the disintegration of radio-
active materials. These pulses, like the disintegrations, 
are completely random in time and usually random in 
amplitude. Instruments which detect these disintegra-
tions can be built so that the output voltage from them 
is a measure of the energy of the disintegration. There-
fore, the amplifier which receives its input from the de-
tecting devices must not change the amplitude relation-
ship of the various signals which enter it if the output of 
the amplifier is to be a true measure of the nuclear disin-
tegration energy. 
The problem of designing an amplifier for use with 

random pulses is different from that usually encoun-
tered in the communications field.' In television or radar 
work, discrete numbers are usually associated with repe-
tition rates of pulses or pulse widths. These discrete 
numbers tie into considerations of frequency response 
and signal-to-noise ratios of receivers and amplifiers. 
The linear amplifier on the other hand might be called 
on to handle pulses having peak amplitudes anywhere 
from 10 microvolts to 50 millivolts. The impedance level 

• Decimal classification: R363.141. Original manuscript received 
by the Institute, January 16, 1950. 
t Westinghouse Atomic Power Division, Pittsburgh, Pa. 
1 W. I-I. Jordan and P. R. Bell, "A general purpose linear am-

plifier," Rev. Sci. Instr., vol. 18, pp. 703-705; October, 1947. 

at which these pulses are generated is usually extremely 
high in the order of many megohms. The width of these 
pulses might vary from 10-9  seconds to 10-2 seconds, 
and any of these possible combinations of pulses may 
occur at a random time. The amplifier must then be ex-
tremely flexible in order to handle these pulses satisfac-

torily. 
Fig. 1 shows a typical laboratory setup in which a 

linear amplifier might be used. An ionization chamber, 
proportional counter, or scintillation counter is used to 
convert the nuclear energy into pulses. All of these de-
vices are similar in that pulses are generated at a high 
impedance level. These pulses are then amplified faith-
fully in amplitude by the linear amplifier system. The 
system usually includes a preamplifier and a main am-
plifier. The dutput of the amplifier then feeds an operat-
ing device or circuit. 

PARTICLE 
DETECTION 
DEVICE 

PREAMPLIFIER 
MAIN 

AMPLIFIER 
OPERATING 
DEV.CE 

Fig. 1—Typical experiment using linear amplifier. 

These operating devices may be of several types, all 
of which might affect the design of the amplifier. The 
most common circuit employed following a linear am-
plifier is a pulse height discriminator. In simple terms, 
this is merely a circuit for passing all signals above a 
discrete amplitude. A pulse height discriminator is fre-
quently built on the same chassis as the linear amplifier. 
Other operating devices which are used are: 

1. Oscilloscopes 
2. Pulse height analyzers (for selecting only those 
pulses whose amplitudes lie between two discrete 
levels) 

3. Time-coincidence or anti-coincidence circuits 
4. Integrating circuits 
5. Counting rate meters. 

These circuits will be fully described in the other 
articles in this series. 
Before attempting to lay down the requirements of a 

linear amplifier, it becomes necessary to examine closely 
the origin of the pulses and their form. 
Fig. 2(a) shows a typical detector such as an ioniza-

tion chamber connected to the grid of a vacuum tube. 
The ionization chamber contains a large number of gas 
molecules, and the passage of an energized particle 
through the chamber ionizes many molecules. Suffi-
ciently high voltages are placed across the plates of the 
chamber to collect most of these ions. The charge which 
is liberated upon the collision of the energized particle 



476 PROCEEDINGS OF THE I.R.E. May 

with the gas molecules is collected then on the chamber 
plates and produces a minute voltage step across the 
capacitance of the chamber. The input capacitance of 
the vacuum tube is effectively in parallel with the ca-
pacitance of the chamber, as is the grid leak resistor. In 
order that the maximum voltage should appear at the 
trid of the input tube, the grid leak resistor is made very 
large so that no charge leaks away during the time of 
ion collection. 

IONIZATION 
CMAAIBER 

PLATE 
CIRCUIT 

N V  GUM 

(a) 

VOLTAGE • e,it,-c4, 

IONIZING 
EVENT 

DECAY AT TIME 
CONSTANT R IC + C.*4) 

(b) 

Fig. 2—(a) Detector input circuit. (b) Pulse shape at input grid. 

When the chamber is filled with gases, such as argon 
or carbon dioxide, the negative ions are electrons. These 
electrons are collected by the chamber quite quickly, in 
the order of 1 microsecond. However, when gases such 
as air or chlorine are used, the negative ions are charged 
molecules. These molecules are collected slowly in the 
order of 100 to 1,000 microseconds. The electron collec-
tion case is the most frequently used at present. 
During the pulse formation, the amplifier input ap-

pears to be capacitive, and the pulse shape appears as 
shown in Fig. 2(b). 

OVER-ALL AMPLIFIER REQUIREMENTS 

The requirements of the linear amplifier are deter-
mined then by the input pulses and the output operat-
ing devices. A good amplifier should meet certain re-
quirements in the following categories. 

A. Stability 

Because it is desired to maintain a linear relationship 
between the energy of the input ionizing particle and the 
output voltage pulses from the amplifier, the stability of 
the gain of a linear amplifier is more important than the 
gain itself. The two principal causes of amplifier insta-
bility are, first, variation in the power supply voltages 
and, second, variation in components and tubes with re-
spect to time and temperature. The variation of gain of 
power supply voltage can be minimized to a great extent 
by using highly regulated power supplies in both plate 
and filament supply. Stabilizations in the order of one-
half per cent are commonly used. Negative feedback is 
used to offset the change of component values with time 
and temperature, and the more feedback that can be em-
ployed, the stabler the resulting amplifier. The types of 
circuits used to obtain this feedback will be described 
later. 

B. Input and Output Voltages 

The wide range of input voltages from 10 microvolts 
to 50 millivolts means that care must be taken to pre-
vent the amplifier from overloading under large signal 
conditions. One type of experiment which is performed 
is to measure the number and heights of a series of large 
pulses originating from alpha particle or fission fragment 
disintegrations in the presence of a large number of 
smaller gamma-ray induced pulses. In this instance the 
larger pulses must not be blocked by the smaller ones 
building up. 
Conversely, one might wish to measure small pulses 

in the presence of large ones. For example, in measuring 
the energy of beta rays, one would like to measure down 
to very low energies, but at the same time large pulses 
(high energy ones) overload the amplifier and may cause 
multiple small pulses. This condition limits the ampli-
fier gain or the minimum setting of a pulse height selec-
tor. 
Because the output of the amplifier must feed so many 

different types of circuits, it is desirable that the output 
impedance of the amplifier be as low as possible, yet the 
voltage output also be high. These two requirements 
cannot be met simultaneously without using large vac-
uum tubes. Commercial amplifiers have adopted the 
expedient of having two outputs. One output might be 
a low voltage low impedance output of about 5 volts at 
50 ohms, and the second output might be at a higher 
voltage and impedance level of 100 volts at 1,000 ohms. 

C. Gain 

The gain of the linear amplifier depends on the meas-
urement performed. This measurement will usually 
specify the bandwidth required. Typical gain figures of 
a commercial amplifier might be as given below: 

1. Preamplifier gain  10 to 100 
2. Main amplifier gain  2,000 to 20,000. 

As the techniques of improving these amplifiers with 
respect to signal-to-noise ratio become better known, 
the desire for more sensitivity on the part of various ex-
perimenters will conceivably push the over-all gain re-
quirement to 3,000,000 to 4,000,000. 

D. Linearity 

The linearity of the amplifier amplitude response is 
particularly important. The operating device shown in 
Fig. 1 might be a multiple channel pulse height selector. 
In this case, the more channels that are used the better 
the linearity of the amplifier must be, in order to prevent 
a false output indication. Linearities of 0.5 per cent or 
better are often required. 

It is usually possible to operate the early stages of the 
amplifier on a linear portion of their characteristics, but 
it is the output stages which cause most of the nonlin-
earity difficulties. If the amplifier is designed and used 
so that a discrete polarity of pulse can be made to occur 
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at a given output stage, this stage can be biased to ob-
tain a maximum linear range. Negative feedback again 
is used to combat nonlinearity. 

E. Frequency Response 

The frequency response of the amplifier must be ad-
justable. This response may be determined by the sig-
nal-to-noise ratio or by other conditions, such as resolu-
tion. In discussing the response of an amplifier of this 
type, it is more customary to discuss the rise and decay 
time of pulses, rather than the frequency response, as 
the amplifier's main function is to amplify pulses. In 
general, the amplifier must be capable of passing fre-
quencies from 30 cycles to 5 Mc. In the pulse notation 
the amplifier might have rise times adjustable from 0.1 
microsecond to 20 microseconds and decay times of 50 
microseconds to 0.2 microsecond. These rise times and 
decay times are obtained by manipulating a front panel 
selector switch which chooses a frequency response and 
corresponding gain of the amplifier. The parameters are 
occasionally adjusted so as to keep the noise output 

nearly constant. 

F. Prevention of Spurious Counting 

In operating devices such as pulse height discrimina-
tors, the amplifier should not introduce appreciable 
sources of error. These errors might be broken down into 
three main types, i.e., extra pulses, loss of pulses, or dis-
tortion of pulse amplitude. 
1. Extra Pulses. In working the amplifier with low 

amplitude pulses, it is conceivable that noise bursts may 
arise which are greater in amplitude than the pulses be-
ing measured. These noise pulses may originate either 
externally or internally with respect to the amplifier. 
Microphonics are particularly good sources of extrane-
ous counts in these wide-band high-gain amplifiers, em-
ploying high g„, tubes with small element spacing. Some 
manufacturers actually shock mount the tube sockets of 
the first few tubes of the circuit in an effort to reduce 
microphonics. 
Insulator noise is also a common source of extraneous 

counts. Some of the insulators in the preamplifier are 
subjected to moderately high voltages and very small 
corona discharges can take place, especially at high 
humidities. Special care must be taken to coat these in-
sulators. High voltage connectors from the preamplifier 
to the ionization chamber must also be designed for low 
noise output. 
Electric motors and other sparking devices cause 

spurious pulses both by direct radiation into the ampli-
fier and by conduction through the power lines. For ac-
curate work, a power line filter is a necessity; and radio-
frequency chokes should be built into the power supply 
leads of the amplifier. Direct radiation effects can be re-
duced by complete shielding of the amplifier. 
Multiple ground connections between detector, pre-

amplifier, main amplifier, and operating device are to be 
avoided whenever possible. 

Another source of spurious counting in the output 
circuit may be caused by background pulses piling up. 
In some cases radiations of smaller energy than those 
which are being measured may be present in many times 
the quantity of the desired radiation. Occasionally, the 
probability of a large number of these random pulses 
piling up to give a pulse which could be recorded by the 
amplitude discriminator occurs. This effect may be 
minimized by using pulses of short duration. Electron 
collection in the ion chamber is a popular means of ob-
taining these short pulses. 
2. Loss of Pulses. The amplifier must also not sup-

press any of the pulses which it is desired to measure. 
It is conceivable that a noise burst could come along in 
the proper phase to cancel out a desired pulse. This 
possibility and the possibility mentioned above of a 
spurious pulse entering the counting circuit usually can 
be eliminated by having large signal-to-noise ratios. A 
signal-to-noise ratio of about five to one is usually suf-
ficient to eliminate this source of error. Another source 
of pulse suppression is due to the overloading of the am-
plifier. If an extremely large pulse comes along, it is 
possible that the large pulse might block one of the last 
stages of the amplifier, and thus one of the smaller nor-
mal size pulses might be lost during the time in which 
the amplifier is blocked. This condition can also be min-
imized by proper design, and circuits to prevent block-
ing are presented later in this article. 
3. Distortion of Pulse Amplitude. If the pulse shape is 

distorted by the amplifier, then it is conceivable that a 
wrong output amplitude may operate the discriminator 
circuit. Noise riding through on top of a pulse might 
cause the discriminator to operate, even though the 
pulse itself is not large enough. Another type of distor-
tion which may occur is a ringing overshoot following a 
large pulse which may or may not overload the ampli-
fier. The ringing will appear as many small pulses. 

PREAMPLIFIER 

The preamplifier design is similar in philosophy to 
those used in radar equipments. It is usually mounted 
very closely to the radiation measuring device, and it is 
connected to the main amplifying section by means of a 
low impedance cable. Many special nuclear require-
ments may be asked of the preamplifier which might 
cause its physical shape to differ radically from radar 
preamplifiers. For example, it may be required to work 
in a high radiation field; or if it is being used near a nu-
clear machine such as a cyclotron, it might be required 
that the preamplifier operate in a high magnetic field. 
Generally speaking, though, the preamplifier is an im-
pedance changing device to carry the pulse information 
from its high impedance source to the low impedance 
input of the amplifier proper. 
The high voltage supply lead for the detecting device 

is usually brought in through the preamplifier. Voltages 
below 1,000 volts are handled in this manner; higher 
voltages might require separate connections. 
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The capacitance of the input signal lead from the de-
tector should be kept as low as possible. The magnitude 
of the input signal is inversely proportional to the input 
circuit capacitance, and only a few feet of low capaci-
tance coaxial cable can be tolerated. 
The gain of the preamplifier is again a function of the 

measurement to be performed. When proportional count-
ers or fission chambers are used as the detector element, 
very large pulses can .be realized in their outputs. Then 
the preamplifier can have a gain of roughly one and be 
merely an impedance changer. For other types of detec-
tors a gain of as much as 100 may be desirable. 
The noise figure of the entire amplifier is governed by 

the circuit and components of the first few stages of the 
preamplifier. The design of these input circuits for low 
noise output is one of the fundamental problems in 
linear amplifiers. This problem differs somewhat from 
the problems in radio receiver work. A broad statement 
can be quoted from the radio engineers' bible,' "The ul-
timate limit of signal-to-noise ratio is obtained when the 
receiver bandwidth has the minimum possible value, 
and all the noise in the receiver output is caused by 
thermal agitation in the input circuit to the first tube." 
Let us examine the input circuit of the first stage of a 
linear amplifier to see how the receiver criterion holds 
for linear amplifiers. 
From Fig. 2 the input circuit may be represented as 

shown in Fig. 3(a). 

G• CIONIZATION • C INPUT 

GAIN (b) 

FREQUENCY 

(c) 
Fig. 3—(a) Input circuit. (b) Thermal noise equivalent circuit. 
(c) Idealized frequency response of amplifier having a discrimina-
tor circuit. 

From the standpoint of thermal noise, this circuit 
may be considered as shown in Fig. 3(b). 
The noise 1.„ is the root-mean-square thermal noise 

voltage originating in the resistor R. This voltage has 
been shown' to be 

V. = N/4KTdfR,  (1) 

3 F. E. Terman, "Radio Engineers Handbook," McGraw-Hill 
Book Co., Inc., New York, N. Y., p. 648; 1943. 

3 J. B. Johnson, "Thermal agitation of electricity in conductors," 
Phys. Rev., vol. 32, p. 97; July, 1928. 

where K is Boltzmann's constant and T is the tempera-
ture in degrees kelvin. The thermal noise output voltage 
rout then becomes 

1. ) 

1 (2) 
— 

(LC 

but in order to obtain the maximum signal from the 
ionization chamber, RC must be very large compared ; 
with the pulse width. Then if C is fixed and R>> (14,C) 
at any frequency within the pass band of the following 
amplifier, j(l/wC) can be neglected in the denominator, 

1 

ojc-'  V4KTdi  1 

= 
Yr?  coC 

(.3) 

As noise power is an important (plan tity for signal-to-
noise considerations, the mean-squared voltage is of sig-
nificance 

-1KTdj  I 
Vow' =   

R  w2C2 
(4) 

Integrating this quantity over the amplifier pass 
hand 

f  I t 

df 
V out 2 KT 1 1\ 

12 RC2r2 12, 

and in wide-band amplifier work 1/f2<<I/Ji. 
Therefore, the average thermal noise power over 

amplifier bandwidth becomes proportional to 

KT 

RC2r2f, 

(5) 

the 

(6) 

This result is significant in that the proper value of R 
for use with an ionization chamber has been previously 
shown to be very large; and from the standpoint of 
thermal noise reduction R should also be made very 
large. In fact because of this fortunate circumstance, R 
can be made large enough that thermal noise usually 
does not enter as a factor in the design of linear ampli-
fiers. In the case of very slow amplifiers, that is, ampli-
fiers for wide pulses having a low value of f', the ther-
mal noise can become appreciable and must be consid-
ered. 

As will be shown later, most amplifiers employ a dif-
ferentiating network somewhere in the circuit. In the 
ideal case this differentiator modifies the over-all fre-
quency response to appear as shown in Fig. 3(c). With a 
pass band of this type the thermal noise becomes 

KT 112 — .1.1\ 

RCN-2 \ ;22 ) (5a) 
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which reduces to 

KT 1 
, (6a) 

RC272 f2 

when f2>>b. It is interesting to note that the noise de-
termining parameter has now become f2 rather than fi. 
Thermal noise, however, is still comparatively unimpor-

tant as long as R is large. 
It is necessary then to examine briefly the other 

sources of noise voltage in an input circuit. These other 
noises are the familiar shot effect noise, grid current 

noise, and flicker noise. 
Shot noise arises from the fact that the electron emis-

sion from a cathode is in a large number of discrete units 
which are random in character. The plate current of the 
, tube will therefore have superimposed upon it a random 

I noise. 
It has been shown' that this noise voltage can be de-

fined roughly by 

2.5 
V„hot2 = 4KT —  (f2 - JO, (7) 

for the conditions generally found in a linear amplifier, 

where K= Boltzmann's constant 
T= 290°K 
f2= upper frequency cutoff 
= lower frequency cutoff 

g„,= transconductance of the tube. 

The factor 2.5 arises as an empirical space-charge re-
duction term. 
From equation (7) it can be seen that in choosing a 

design, the highest g„, tube should be used. The shot 
noise also increases with the bandwidth of the amplifier; 
or from (7), the noise is a function of the upper fre-
quency of the amplifier, as f2 is usually very much larger 
than b. It can also be shown' that triodes give less shot 
noise than pentodes, provided that the Miller effect can 

be tolerated. 
For the case of the amplifier with the ideal triangular 

pass band caused by the differentiating network, the 
equation for the shot effect noise becomes 

2.5 I. - fi3  
f22 

Grid current noise arises from a superimposed random 
electron flow on the grid current. Grid current noise for 
the linear amplifier, ionization chamber input circuit 
combination may be shown to be roughly 

elg 1  1 

,2c2 12 
G 

2 ). 

Vshc?  4KT  (7a) 

(8) 
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The corresponding differentiated case becomes 

Vig2=  erg (f2— .1.1) (8a) 
27 2,c2  f22 

when 

e= electronic charge =1.59 X10-'9 coulombs 
I.= the grid current 
C= the total input capacitance of the chamber and 

input circuit. 

This equation indicates that a tube with low grid cur-
rent should be used for lowest grid noise. Also the low-
frequency cutoff point should be made as high as possi-
ble. Grid current refers to the total ionic and electron 
currents. It is usually desirable to bias the tube at a 
point where the ionic currents predominate as the elec-
tron current rises quite sharply as the grid approaches a 
positive voltage operating region. Tubes with very high 
vacuum, of course, would have low ionic grid currents. 
Flicker noise is assumed to be caused by random vari-

ations in the cathode emitting surface giving rise to 
fluctuations in the anode current. This effect is usually 
not very large and can be given roughly by' 

f2 
17/2 = 10-'3 ln —  (9) 

4 A. B. Gillespie, "An Introduction to AC Amplifiers for Nuclear 
Physics Research," United Kingdom Atomic Energy Report AE-
11010. 

and for the amplifier with the differentiator 

12 2 _ f12) 
= 10-13 (   (9a) 

f22 

Here the noise is dependent only on the ratio of f2 to 
b, and not on the position of the band in the spectrum. 
Obviously, this ratio should be kept as small as possible. 
In order for the reader to obtain a feel for the order of 

magnitude of these noise voltages, the following example 
is presented. Let us assume a linear amplifier working 
with an ionization chamber. The input tube is to be a 
6AK5 having a g„, of 5,600. The total chamber and in-
put capacitance is to be 30 µAl; the grid current =10-9 
amps, ft= 10 kc, f2= 1 Mc. Then using equations (7), 
(8), and (9), 

Vihot= 2.67 microvolts 
V,9= 3 microvolts 
Vf = 0.68 microvolts 

V i = 4.1 microvolts (noise voltages added in quad-
rature). 

AMPLIFIER 

The preamplifier connects directly to the main por-
tion of the linear amplifier by means of a low impedance 
cable, and all of the bandwidth considerations can be 
made in the main amplifier. 
The bandwidth of the amplifier again is a function of 

the type of experiment to be performed. In general, four 
considerations are apparent in the selection of the am-
plifier bandwidth. These are: 
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1. Signal-to-noise ratio 
2. Resolution of pulses 
3. Constancy of gain with particle collection time 
4. Pulse background. 

A. Signal-to-Noise Ratio 

The approach to the problem of obtaining a good sig-
nal-to-noise ratio from the standpoint of reducing noise 
has just been treated in the preamplifier section. The 
reduction of noise calls for a reduction of bandwidth and 
naturally this bandwidth reduction affects the signal 
amplitude adversely. Methods for obtaining the opti-
mum signal-to-noise ratio are complex" and beyond the 
scope of this paper. For experiments in which the pulse 
rise time is known, a general rule can be laid down which 
will result in the amplifier having a good signal-to-noise 
ratio close to the optimum one. First, the shot noise and 
the grid noise should be made approximately equal by 
methods other than juggling the bandwidth. To reduce 
shot noise, the input tube g„, might be increased. If the 
grid current noise is too large, proper selection of tubes 
and bias voltage can be helpful in causing a noise reduc-
tion. Define T as the pulse rise time, T1 as the time con-
stant corresponding to a low-frequency RC band pass 
determining network, and T2 as the time constant cor-
responding to a high-frequency RC band pass determin-
ing network. These relationships are shown in Fig. 4. 

C, 
INPUT 
PULSE  f- T ---" BANDWIDTH 

INF IN I TE 

AmPLIFIER 

±  I 

R, 

T. • R, C, 

 TC' T, • R,Ci 

Fig. 4—Bandwidth reduction constants. 

Then if these time constants are set so that Ti= 0.5T 
and Ti/T2= 2, a good signal-to-noise ratio will result. 

B. Resolution of Pulses 

Good resolution permits high counting rates and also 
reduces the pile up of pulses. Short resolving time is im-
portant to separate the pulses completely from each 
other. This permits high counting rates and enables one 
to count, say, alpha particles or fission particles in the 
presence of a large gamma background. In coincidence 
experiments short pulses reduce the random coincidence 
rate, but leave the time coincidence rate unchanged. It 
is evident that the narrower these pulses are, the more 
accurate will be the time coincidence counting rate. 
This fact calls for the amplifier to faithfully reproduce 
the edges and top of the pulse. The condition is analo-
gous to the similar problem in radar receivers when it is 
desired to separate one echo from another. It has been 

6 W. C. Elmore, "Electronics for the nuclear physicist,' Nu-
cleonics, vol. 2, pp. 16-23; March, 1948. 

shown' for maximum signal-to-noise ratio that the fre-
quency response for the radar receiver should be the in-
verse of the pulse width. However, for better resolution 
radar receivers are built with bandwidths 1.5 to 10 times 
this value. A similar condition exists in linear amplifier 
design. In order to obtain good resolution the band-
width should be made as wide as practical at the ex-
pense of signal-to-noise ratio. 

C. Constancy of Gain with Particle Collection Time 

The time of collection of ions in an ionization chamber 
will vary somewhat. This means that the rise times of 
the output pulses will not all be the same. The amplifier 
bandwidth again must be adjusted at the expense of 
signal-to-noise ratio to eliminate variations in ampli-
tude as a function of rise time. An attempt should be 
made to eliminate variations in rise time by properly 
designing the geometry of the detecting chamber. If this 
cannot be done, a compromise must be made with sig-
nal-to-noise ratio. The best bandwidth is usually found 
by experiment. 

D. Pulse Background 

It has been mentioned that certain experiments call 
for the measurement of large pulses in the presence of a 
multitude of small ones. The background pulses will, in 
general, have the same time of rise and pulse width as 
the desired pulses. The probability of the smaller back-
ground pulses building up to a large pulse depends upon 
the width of the background pulses, assuming that the 
background pulses occur at a given mean rate. The am-
plifier then must not broaden the pulses, and conse-
quently, it should again have as large a high-frequency 
cutoff as is consistent with a usable signal-to-noise ratio. 
The past few paragraphs have indicated the operating 

procedure in setting up the bandwidth for use with a 
particular experiment. It should be painted out also that 
in some instances it becomes desirable to reduce band-
width from the indicated optimum because of micro-
phonics and external noises. Here the procedure is to 
raise the low-frequency cutoff. Amplifiers which do not 
pass frequencies below 100 kc are usually not troubled 
with microphonics. 

DIFFERENTIATING NETWORKS 

The ionization chamber and its associated networks . 
are essentially an integrating device. In order to obtain 
some semblance of the original pulse of ionization, it is 
usually necessary to differentiate later in the circuit. 
The use of a differentiating network is familiar to radar 
engineers. In radar receiver work, a circuit known as 
FTC (Fast Time Constant) is switched into the video 
circuit in an effort to remove objectionable large block-

s Andrew V. Haeff, "Minimum detectable radar signal and its 
dependence upol parametersof radar systems," PROC. I.R.E., vol. 34, 
pp. 857-862; November, 1946. 
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ing echoes. In linear amplifier design, a similar differen-

tiating network is used. 
The differentiation network is usually inserted be-

tween the preamplifier and the main amplifier. One 
might insert the differentiating network at the input of 
the preamplifier. This step would mean placing a small 
resistance across the detecting device. As has been 
shown previously, the low resistance is not desirable 
from the standpoint of signal to noise ratios. A loss in 
this ratio of about 20 db might result from the use of 
this low resistance. On the other hand, if the differ-
entiator were placed near the output, the pile up of 
pulses might be so large that it would be most difficult 
to design circuits which would not overload. The junc-
tion of the preamplifier and the main amplifier then be-
comes a logical place to insert this network. 
Differentiation is customarily performed in one of two 

manners; either a simple RC coupled circuit is used, or 
delay line coupling may be employed. Fig. 5 shows the 

(a)  (b) 
Fig. 5—(a) Elementary circuit for RCdifferentiation. (b) Elementary 

circuit for delay line differentiation. 

elemental form of these circuits. The time constant of 
the RC network is usually of the order of magnitude of 
the rise time of the pulse. The input pulse to the dif-
ferentiating network appears as is shown in Fig. 6(a). 
The output pulse looks similar to that of pulse B in Fig. 
6. The advantage of delay line coupling over RC cou-
pling is that the output pulse is a little steeper on the 

(a) 

(b) 

(c) 

rear edge and is of constant width at the base. Certain 
types of pulse height discriminators are susceptible to 
variations in pulse width, and for accurate work with 
these discriminators, delay line coupling is required. 
Another advantage of the delay line coupling is that it is 
usually possible to obtain slightly better resolution, that 
is, to detect pulses closer to the rear edge of a preceding 
pulse. One disadvantage of the delay line type of cou-
pling is that the noise output is increased a small 
amount. This comes about inherently in the method of 
production of the differentiated pulse. The delay line 
operates so that a pulse is sent down the line, and a re-
flected pulse is obtained from the line. This reflected 
pulse is added to the original pulse out of phase, and the 
sum of these two pulses forms the resulting differen-
tiated pulse. However, the noise from the reflected 
pulse adds up in quadrature with the noise from the di-

rect pulse. 
The advantage of the RC differentiation is usually its 

simplicity. Only two cirLuit elements are involved, and 
the value of ihese elements can be changed easily to 
match the high-frequency cutoff of the amplifier. These 
functions are usually ganged in commercial amplifiers. 

(d) 
Fig, 6—(a) Typical input pulse. (b) Typical differentiated pulse. 
(c) Gracefully overloaded pulse. (d) Overloaded pulse from con-
ventional amplifier circuit. 

AMPLIFIER CIRCUITS 

It now becomes of interest to examine the types of 
circuit configurations that are used in these amplifiers 
to obtain voltage gain. Simple direct circuits are rarely 
used in linear amplifiers because of their nonlinearity, 
instability, and tendency to overshoot. Conventional 
video-amplifier type of circuits with shunt or series 
peaking for high-frequency compensation are also sel-
dom used. The types of amplifying circuit which appear 
most frequently in laboratory and commercial linear 
amplifiers are shown in Fig. 7. Circuit A of Fig. 7 shows 
a cathode-coupled amplifier-type of stage which is pos-
sibly the simplest circuit used. This circuit is familiar to 
radio engineers as an input circuit for oscilloscopes. In 
the linear amplifier usage, pairs of these tubes, as shown 
in the diagram, are coupled together to form a complete 
amplifier. The cathode-follower half of the amplifier has 
a low input capacitance, and the frequency range of the 
first gain producing tube can be extended. The total 
capacitance loaded onto the first tube plate circuit can 
be further minimized by the use of miniature twin triode 
tubes, such as the 12AX7. The connection from the 
plate to the grid can be made directly across the tube 
socket, and very little extra wiring capacitance intro-
duced. These capacitance effects in this circuit are so 
small that the triode tubes can be used to frequencies of 
4 and 5 Mc. The rise time can be made extremely fast 
as no large amounts of feedback are present. The dif-
ficulty with this amplifier lies in the fact that it soon be-
comes nonlinear; and although its stability is better 
than that of the single stage conventional amplifier, its 
stability does not compare with some of the more com-
plex feedback type of circuits. 
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Circuit B of Fig. 7 shows a schematic diagram of a 
feedback pair type of amplifier section. This type of 
circuit will give better over-all performance than that 
of the previous amplifier at the expense of a little more 
complication. Previous circuits may be designed so that 
negative signals appear at the input terminals of the 
pair. The constants of the pair may then be adjusted so 
that, without too much loss in gain, the positive signal 
appearing at the second grid is limited to a value that 
does not cause grid current to flow. In addition to this 
effect, feedback reduces the overshoot of the interstage 
coupling circuit by a considerable factor from what it 
would be in the absence of feedback. A reduction of six 
times in the amplitude of the overshoot is quite possible. 

(a) 

110 

o-4 
INPUT 

INPU 

(C)  INP°U7T 4 

Ar C' 

Fig. 7—Amplifier sections used in linear amplifiers. (a) Cathode-
coupled. (b) Two-tube feedback pair. (c) Three-tube feedback 
pair. 

By far, the most popular type of amplifier circuit for 
this service is the three tube feedback pair shown in Fig. 
7(c).' This circuit has the advantages of high stability, 
good linearity, and reasonably fast rise time. The gain 
of the pair depends on the amount of feedback from the 
third cathode to the first one and is ordinarily adjusted 
to be between 20 and 100. It will be recalled that in 
feedback amplifier design, the gain =A1/1 + 0 where p 
is the gain of the system. Where 43 is large compared to 
one, the gain is determined solely by 1/0. This condition 
usually holds for this type of feedback pair and in Fig. 
7(c) the gain is determined to an accurate degree by 
(R31-R4)/R4. 
The design factors for stability of feedback amplifiers 

of this type are well known,c9 and it is sufficient to say 

7 G. E. Valley, Jr., and H. Wallman, "Vacuum Tube Amplifiers," 
McGraw-Hill Book Co., Inc., New York, N. Y., pp. 135-136; 1948. 

H. Nyquist, "Regeneration theory," Bell Sys. Tech. Jour., vol 
11, p. 126; January, 1932. 

See pages 395-405 of footnote reference 2. 
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that good stability results when the gain falls off at both 
ends of the frequency range at a rate of 6 db/octave. 
This can be accomplished in this feedback pair by mak-
ing RIC' = /?3C'3 in Fig. 7. In this manner the gains and 
phase shifts of these net works can be balanced and leav-
ing the time constant of R2C2 to determine the low-fre-
quency cutoff. As a single RC network fortuitously has 
an approximate 6 db/octave dropoff, the stability 
criterion is realized. 

Actually a 6-db/octave dropoff on the high-frequency 
end of the band does not give the sharpest rise time with 
the smallest overshoot. It has been shown" that a gaus-
sian frequency dropoff, with the phase linear over the 
pass band, gives a very fast rise time with an overshoot 
of less than 2 per cent. The capacitor Ca is adjustable so 
that the best rise time with the smallest overshoot may 
be obtained from a given circuit. In linear amplifier 
practice this capacitor is usually adjusted by means of a 
good pulse generator and synchroscope. The adjustment 
of this parameter does not usually disturb the circuit 
stability. 

It will be noted that 1800 of phase shift is ultimately 
reached on the low-frequency side of the band because 
of the RC coupling networks and on the high-frequency 
side because of input, output, and stray capacitance. As 
the Nyquist8 criterion calls for the gain to drop below 
unity before 180° phase shift is reached, the circuits as 
shown are quite stable. I low-ever, this stability can eas-
ily be upset by improper B+ decoupling networks, or 
by improper loading of too much capacitance on the 
output. 

If the pulse polarity can be specified, it is possible to 
bias the tubes in the pair in an asymmetrical manner 
and thus achieve a larger linear operating range for the 
pair. This step is taken for pairs used in the last stages 
of the amplifier. 

AMPLIFIER OVERLoAD 

The problem of amplifier overload is a serious one. 
Very wide pulse height distributions must be handled. 
The very large pulses will overload the amplifier if the 
gain is made large enough to examine the smallest 
pulses. These overloads produce large overshoots which 
obscure the smaller pulses. The overshoots are usually 
caused by grid current somewhere in the amplifier. Some 
form of overshoot occurs in any ac amplifier because of 
the necessary coupling elements. The overshoot, of 
course, can be reduced by having large time constant 
coupling circuits, and can be made single valued by 
making one of the coupling circuits have a much shorter 
time constant than the others. This step is taken by the 
differentiating network. Double differentiation, as in 
radar FTC circuits, can be avoided by making one other 
time constant of the circuit at least 100 times the short-
est one. Then all of the rest of the time constants should 
be large compared to this second one. If no precautions 

IS See page 80 of footnote reference 7. 
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are taken along this line, the amplifier will have over-
shoots which will cross the baseline as many times as 
there are coupling circuits in the amplifier. 
The manner in which a pulse overloads is of impor-

tance. Pulse C of Fig. 6 shows an overloaded pulse which 
has overloaded gracefully. By overloading gracefully is 
meant that the portions of the pulse near the base within 
the operating range of the amplifier are amplified suc-
cessfully, and no additional wiggles or overshoots are 
introduced. Pulse D of Fig. 6 shows an overloaded con-
dition which might exist in simple amplifiers. Here the 
overshoot crosses the base line and might possibly be in-
terpreted as an additional pulse. These spurious over-
shoots, which are caused by grid currents charging up. 
coupling condensers, can be avoided only by special care 
The simplest method which may be employed is not 

to permit the amplifier to draw grid current under any 
conditions. In certain amplifiers it may be possible to 
operate the last tubes in the circuit in such a manner 
that the large overloading pulses cause the grid to go 
negative. Series and shunt diode clipping is often em-
ployed to prevent the pulse peaks from becoming too 
large. Fig. 8 shows a simple type of shunt diode clip-

Fig. 8—Shunt diode clipping circuit. 

ping. The pulse appears as a positive signal on the grid 
of the tube. The variable resistor is used to set a posi-
tive bias on the diode. When the pulse amplitude exceeds 
the bias level, the diode starts to conduct and load down 
the plate circuit of the previous tube. As the diode for-
ward resistance is usually low compared with the pre-
vious plate circuit resistance, pulses of amplitude above 
the bias height are flattened off. 
Another scheme, which is commonly used in radar 

receivers to prevent blocking, is to adjust the param-
eters in the plate and grid circuits so that the grid cur-
rent cannot seriously affect the time constant. Fig. 9 
shows two circuits which have effectively the same gain 
and the same time constants. Fig. 9(a) has the possibil-
ity of grid current flowing, charging up the coupling 
capacitor, and completely blocking the stage. Fig. 9(b), 
on the other hand, can have the 1 K resistor completely 
shorted, and yet only change the time constant by 5 per 
cent. Grid current blocking is then prevented. The dis-
advantage of the circuit of Fig. 9(b) is that the plate re-
sistor must be held to a reasonably low value, hence the 

coupling capacitor must be very large if a large time con-

stant is to be achieved. 
Another method of reducing charging current in the 

coupling capacitor is simply to eliminate the coupling 
capacitor and to direct couple some of the offending 
stages. One or more of these devices is used in the prac-

tical laboratory amplifier. 

(a)  (b) 
Fig. 9—Coupling circuits. (a) Conventional constants. (b) Constants 

to prevent grid current blocking. 

OUTPUT CIRCUITS 

The requirements of an output circuit are that it have 
good linearity, low input capacitance, low output im-
pedance, and a high output voltage. The cathode-fol-
lower circuit basically meets all of these requirements. 
Linearities of 1 per cent can be achieved with a carefully 
designed circuit. The input capacitance of a triode cath-
ode follower circuit is Cin = C„-F (1 —G)Cok where G is 
the gain of the circuit, C„ the plate to grid capacitance, 
and Co, the grid to cathode capacitance. This capaci-
tance can be made to be in the order of 1.5 i.g.tf, which is 
quite satisfactory. The output impedance of the triode 
cathode-follower circuit is approximately Rk/(1-1-gmRk) 
where Rk is the cathode load resistance. This impedance 
is usually between 50 and 100 ohms. Output voltages of 
100 volts are achieved in commercial amplifiers. 

Fig. 10—Direct-coupled three-tube feedback pair output circuit. 

In case one desires greater linearity of output at a 
lower impedance level than is obtainable from a cathode 
follower circuit, there are several other output circuits 
which may be used. All of these other circuits are multi-
tube ones having none of the simplicities of the cathode 
follower. Fig. 10 shows the schematic diagram of a dc 
coupled three-tube feedback pair which has been used 
successfully for a fixed experiment requiring excellent 
linearity at a low impedance output. This circuit has a 
frequency response from 0 to 200 kc, and is used for 
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slow rising wide pulses. The 1,000-ohm potentiometer 
in the circuit is adjusted for an over-all circuit gain of 
one. Fig. 11 is a curve showing the linearity of this cir-
cuit. It will be observed that for input pulses in excess 
of 4 volts, the output follows faithfully to within 0.3 per 
cent. Although the circuit may be adjusted to make the 
linearity better at lower input voltages, the low inputs 
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Fig. 11—Linearity of dc feedback pair as a 
function of input voltage. 
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are usually unimportant as they are masked by noise 
and are cut out by the discriminator. 
Fig. 12 shows the internal impedance of this pair as a 

function of input level. Again, for signals above 4 volts, 
the impedance is always under 8 ohms, and for the 
higher voltages, impedances of a small fraction of an 
ohm are exhibited. 
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Fig. 12—Internal impedance of dc feedback pair 
as a function of input level. 

Fig. 13—Typical commercial preamplifier. 

.5  

Kn it' OOOOO AGS 

Fig. 14—Typical commercial linear amplifier. 
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COMMERCIAL AMPLIFIER 

Many of the principles just discussed are embodied in 
the commercial design of linear amplifiers. It is generally 
necessary for the commercial amplifier to be an ex-
tremely versatile instrument to fulfill the experimental 
uses to which it is put. Figs. 13 and 14 show the sche-
matic diagrams of a typical commercial preamplifier 
and linear amplifier system." The instrument described 
is based on the original Al amplifier described by Bell 
and Jordan. The amplifier is equipped with a pulse-
height discriminator and has a high degree of stability. 
Front panel controls are provided which permit the 
time constant of the differentiating network to be varied 
from 0.16 to 16 microseconds. The rise time of the am-
plifier can be varied from 0.2 to 2 microseconds. The 
voltage amplification varies between 1,600 and 9,000, 
depending on the choice of input time constant and rise 
time. Thirty db of gain control is provided by means of 

a step attenuator. 
The preamplifier consists of a three-tube feedback 

pair followed by a cathode-follower circuit. Means are 
provided to supply a dc voltage for the detecting ele-

ment. 

Fig. 15—Photograph of preamplifier. 

Figs. 15, 16(a), and 16(b) show.- photographs of the 
preamplifier and amplifier, giving an idea as to the care 
that must be taken in the layout of the components. The 
units in their cases are completely shielded to avoid ra-
diation pickup. Fig. 17 shows the linearity which may be 
obtained from this type of circuit. The nonlinearity is in 
the order of 1 per cent. 
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(b) 
Fig. 16—(a) Top view of linear amplifier. 
(b) Bottom view of linear amplifier. 
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The Magnetron-Type Traveling- Wave Amplifier Tube 
R. R. WARNECKEt, FELLOW, IRE, W. KLEENt, A. LERBSt, 0. DOHLEkt, AND 11. 11UliER1-

Summary—This paper deals with the design and the static and 
dynamic behavior of a new, high-efficiency traveling-wave amplifier 
tube. 

The preliminary experimental models of the tube whose charac-
teristics are to be repoi-ted here involve the principle of the crossed, 
static electrical and magnetic fields. 

I. INTRODUCTION 

HIGH-DEFINITION and color television  broa d-
casts, frequency-modulated radar, radar  jam -
mers, and other equ ipment  will pro bably  re-

quire, in the near  future,  high-power  microwave ampli-
fier tubes with large  ban dwidths. 
The principle of the trave ling-wave  tubes  of  the  

"Kompfner-Piercen type suggests  their use  for  amplify-
ing signals occupy ing  a wide frequency  range,  but  the  
efficiency of the or dinary  des igns  of  tubes  of  this  type  is 
relatively small, of the or der  of the rat io of  the  real  to  
the imaginary part of the propagat ion  constant  of  the  
amplified wave. 
In the helix struc ture  of the travel ing-wave  tube,  the  

current carried by the beam  which can  pass  through  the  

helix grows with the tension Iii applied to the helix ; con -
sequently, the real part of the propagat ion  constant  in-
creases while the imag inary  part  decreases  with  VII. 
With a radius of the helix correspon ding  to  the  maxi-
mum efficiency, the corres pon ding  efficiency  is approxi-

at 

el 

re 

mately proportional to (X217R)m and, for instance,  a 
about 10 per cent at X=10 cm,  =2,500 v, and about  pe 
25 per cent at X=40 cm, I'= 8,000 v. These values are M 
only first theoretical approximations, but the efficiency  3, 
is effectively restricted because of the fact that only an  of 
energy corresponding to a relatively small difference  wi 
between the velocity of the electron and the phase 
velocity of the wave is converted into electromagnetic in 
energy. 

th 
It is apparently possible to get a somewhat higher In 

efficiency compared to the values given above. For  cir 
example, consideration has already been given for a be 
long time to improving the energy exchange between an  en 
electron beam and the retarded wave of a helix by de-  eft. 
creasing the pitch of the helix to  conform  with  the  de-  Ho  
crease in the electron  ve loc ity  as  the energy  is picked  the  
up from the stream; ' but,  as  far  as  the  authors  are  lim  
aware, it does no t appear  that  th is suggestion  of  de-
celerating the electrons  to  the highest  possible  degree  in Ler  
the radio-frequenc y field of the delay  circuit  has  ever  bea  
led to appreciable pract ica l results.  The  reasons  for  this  fiel  
failure are, no doubt : the difficu lty  of  introducing  a pha  

* Decimal classification:  R339.2. Original  manuscript  received  by  
the Institute, January 31, 1950. 2 

t Centre de Recherches, Compagn ie Generale de Telegraphie  men 
Sans Fil, Paris, France. 

d'un 1 N. E. Lindenblad, United States  Patent  No.  2,300,052;  applica-  vol.  
tion May 4, 1940. 

suitable change of struct tire; the difficulty ol associating  
such a structure with the terminal elemen ts of the cir-
cuit, which, in practice , are  most  unsu ita ble for  obtain-
ing large bandwidths; an d also  the reduced efficiency 
of the method when  applied to high density beams of 
wide diameter, in the inter ior  of which the electrons  

have appreciably different veiocities in a same cross 
section. 
An alternative method of increas ing  the efficiency  of  a 

traveling-wave tube of the "Komp fner -Pierce " type  con-
sists in using a co llect ing  ano de mater ially  separate  from  0-4 
the helix and ra ising  this ano de to  a potential 11,, lower 

than the helix potential Vi,; if the current caug ht by 
the walls of the re tar ding  line  is small,  on  account  of  

the relatively small deceleration of the electrons  by in-
teraction with the wave , it is poss ible to  apply  a rather  
small potential to the co llector,  which  naturally  in-
creases the total efficiency.  For  a given  helix  potential,  
the decrease of anode potent ial is lim ite d, primarily,  by  
the return of the elect  rolls from the beam  to  the helix, 
hich forms a virt HAI cathode due to the space  charge,  
id also by the arrival in the helix field of the secondar y 
ectrons emitted by the anode an d caug ht by the helix. 
evertheless, this met hod can  lead  to  appreciable  

sults. The efficiency  can be considerably increase d, 
articularly where the current  carried  by  the  beam  has  

relatively lowdensity. Accor ding  to  the authors ' ex-
riments, for  examp le, with  a tube  operating  at  3,000  

c, a beam current  of 100  ma  and a helix potential of 
500 v, it is poss ible to  obtain  an  efficiency  of  the  order  

20 per cent for < I'll instead of about  10 per  cent  
th l'„= 

Another way to increase  the efficiency consists in us -
g "hybrid" structures  incorporating  features  of  both  

e traveling-wave  tu be and  velocity-modulated tubes . 

these devices, electron bunches are forme d by a delay  
cuit acting as  a diMributed buncher upon an electron 
am. This beam is then caused to yield its kinet ic 
ergy to a resonator.'  Devices of this kind have  greater  
ciencies than  the ordinary "Iiompfner-Pierce" tube. 
wever, in spite of hav ing  greater  bandwidths  than  

classical amplifier klystron, their pract icability  is 
ited by an unavo idable selective  circuit.  
n 1946, it was  proposed  by  one  of  the  authors,  A.  
bs, that us ing  the interactions  between  electron  
ms moving throug h crossed  magnetic  and  electric  

cis and a traveling-wave with an art ificially re duced  

se velocity would result in a highly efficient travel-

R. 1Varnecke, W. Kleen, 0. Diihler, and H. Huber "Groupe-
t 6letronique dans tin tube a modulation de vitesse'au moyen 
organe a onde progressive, - compt. Rend. Acad. Sci. (Paris • . 
229, p. 648; October, 1949. 
Application for French Patent No. 533,328, April 21, 1947. 
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ing-wave amplifier tube.3 The result of this suggestion 
was the construction of the traveling-wave magnetron 
amplifier tube, the theory and early experimental be-
havior of which are described in the following account. 

II. THE SYSTEM 

Fig. 1 is a schematic cross section of an idealized 
tube. Two conductors, 1 and 2, of an artificial line are 
so designed as to guide the wave in the direction +y 
and to retard its velocity below that of light. These 
conductors function as electrodes. Conductor 1 is called 
the cathode plate, and conductor 2 is to be referred to as 
the anode of the discharge space. That is, conductor 
2 is positive with respect to 1. An electrostatic field E is 
applied between 1 and 2 and a constant magnetic field 
with a flux density B is applied in direction z. 

III. THE PRINCIPLE OF INTERACTION BETWEEN THE 
WAVE AND THE ELECTRON BEAM 

The operational principle of the TWMA is the inter-
action of the electron beam with the transverse and 
longitudinal electric vectors of the traveling wave. 
The fact that the transverse vector is functional repre-
sents a considerable difference between the TWMA and 
the Kompfner-Pierce tube in which the transverse elec-
tric vector generally plays a negligible part and where 
amplification is practically due only to the longitudinal 
vectors. In the TWMA, consider the process of electron 
bunching and of energy transfer from the beam to the 
wave. (See Fig. 2.) It is assumed that steady-state, 

2 ì M)S")srn'Vnslǹ") -l̀Tp̀l̀l\̀,"1̀)\1")̀1\-" 
1' 11; 

" ̀  it,;̀, 'Ire E 
E flitt *" t  t .// 

4". % / / It % "•"'" // 
/  t / I 

Fig. 1—Schematic cross section of an idealized 
traveling-wave magnetron tube. 

A ribbon-shaped electron beam 3, emitted by cathode 
4, travels between 1 and 2 in a direction perpendicular 
to both fields E and II (see Section IV). Cathode 4, 
negative with respect to 2, need not necessarily be at the 
same potential as electrode 1. At the output the beam 
is caught by collector 5. At the input the delay line is 
coupled to a generator by means of lead 6. The excited 
wave propagated towards +y is amplified by its inter-
action with the beam, and its power is yielded to the 
load coupled to the output line 7. 
The similarity of this arrangement to the magnetron 

is obvious. If conductors 1 and 2 were to be incurved, if 
the line were closed, and if the surface of electrode 1 
were coated with an emissive material, the system would 
represent a magnetron fitted with a delay line. It would 
behave in a manner quite similar to the multicavity 

magnetron. 
The  traveling-wave  magnetron amplifier  tube 

(TWMA), compared to the magnetron oscillator, is dis-
tinguished by the provision of special elements designed 
to eliminate feedback oscillations. Overreaching of the 
output end by the electrons and wave, and reflections 
back to the input end are avoided by proper shaping 
and screening and by the use of an attenuation in the line. 
Quite simply, the TWMA is an amplifier magnetron 

in which oscillations are suppressed by eliminating the 
feedback that exists unavoidably in a magnetron oscil-
lator. 

3 See R. Warnecke and P. Guenard, Ann. Radioelec., vol. 3, p. 
259; 1948, for a brief, early account of the theory of this tube. 

 A ' 

(a) 

(b) 

Fig. 2—Diagrammatic view showing the process of the electron 
bunching and of the energy transfer from the beam to the wave. 
The electrodes are numbered as in Fig. 1. (a) Plot of the electric 
lines of force inside the interaction space. (b) Shape of the beam 
acted upon by the wave. 

straight trajectories run parallel to y. In the orthogonal 
fields E and B, the electron moves in a direction per-
pendicular to both fields at the mean velocity 

Ex E 
vx = vo = —  = — 

B 
(1) 

(E in vi m, B in v/cnn2 = 108 gauss). 
According to (1), any disturbance in the transverse 

field Ex results in a variation in the velocity vy, while a 
disturbance in the longitudinal field E, leads to a dis-
placement of the electron in direction x. A retarding 
field brings the electron closer to the anode; an ac-
celerating field brings it closer to the cathode plate. 
In Fig. 2(a) are plotted schematically the electric 

lines of force of the wave in the interior of the interac-
tion space. The electron beam F travels at the same 
speed as the wave. The electrons located in a phase of 
the wave between A and B are in a transverse electric 
field that is directed towards the anode. They are there-
fore accelerated in direction y. Electrons between B and 
C are decelerated. Consequently, a bunching in the 
neighborhood of point B is effected in a radio-frequency 
field which has the direction —y. The electrons around 
B then approach the anode and are brought to a higher 
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dc potential, their velocity remaining that given by (1). 
An examination of the shape of the beam when acted 
upon by the wave shows (see Fig. 2(b)) that the width 
is increased at B, where bunching occurs, and decreased 
at A and C where the number of electrons is reduced. 
Figs. 2(a) and 2(b) show qualitatively some very 

important properties of the TWMA and differences be-
tween it and the normal traveling-wave tube. These are: 
A. In a linear traveling-wave tube the transfer of 

energy from the beam to the wave occurs only when the 
electron velocity is greater than the phase velocity of 
the forced wave. In the TWMA this transfer takes 
place when the two velocities are equal. This condition 
is of considerable importance. 

B. In the ideal case, the energy transfer from beam 
to wave is accomplished by the displacement of electrons 
from a lower to a higher potential without altering the 
kinetic energy of the electrons. In the normal traveling-
wave tube, electronic efficiency is determined by the 
deceleration of the electrons within a limited range of 
excess velocity. Electronic efficiency in the TWMA is 
not determined by that factor. In fact, the electronic 
efficiency may approach unity if, when no radio-fre-
quency field is present the dc electron velocity is far 
smaller than the velocity corresponding to the anode 
voltage. 

C. From the above description and from Fig. 2(b), it 
is seen that the beam cross section is alternately larger 
and smaller in accordance with the periodicity of the 
wave-length A in the guide. This cross-section variation 
is in phase with the current variation. This leads to the 
assumption that in the TWMA there is at least a partial 
compensation for the repulsive forces developed by the 
hf space charge and for the debunching. That means the 
alternating components of the current density and the 
space charge are much smaller than the radio-frequency 
current.4 

In view of the classical traveling-wave tube's serious 
efficiency loss due to the debunching caused by Cou-
lomb's forces, the TWMA would seem to have another 
marked advantage. 

It must be pointed out however, that the above infer-
ences are made after examination of only a simply de-
signed TWMA. The presence of a ribbon-shaped, 
straight beam in the absence of a radio-frequency field is 
assumed. This assumption requires further investiga-
tion as to whether it is feasible for practical purposes or 
which modifications must be made in the simple concep-
tions because of the limits set by the actually possible 
electron paths. 

IV. SURVEY OF STEADY-STATE ELECTRON 
TRAJECTORIES 

Consider the electron trajectories in homogeneous 
crossed fields while assuming there is no space charge. 
The negative plate is at a potential V1 0 relative to 

4 More accurately, the hf space-charge density is always zero— 
even in higher order approximations. 

the cathode. The electron motion is governed 
differential equations 

and 

= — .0 (E — B 
m   

y = — lix 

May 

by the 

(2) 

(3) 

whose solutions are with t = 0 at 1=0 

x = — •(cos comi — 1) ± xo  (4) 

and 

where 

y =  —  —  Sin Wnit  yo 

3- = ± 

After differentiation we have 

(4„, = — B. 

= — — -co„, cos W.I. 

(5) 

(6) 

(7) 

The first term, E/B, gives the well-known relationship 
for the mean velocity vo of the electrons in crossed fields. 
Two limiting cases should be distinguished. These are: 

A. x=0 and  straight-line beam, ideal optical 
system (see Fig. 3(a1): According to the relationships in 
(4) to (7), it is then required that 

= E/B = 0. 

Vo>0 

--------------
 -r --r- F 

< 0 

(a) 

, 

4  rk : y Th 

<0 

(b) 
Fig. 3—(a) Diagram of an ideal optical system referring to the case of 
a straight-line beam. (b) Diagram illustrating the limiting case of 
cycloidal motion of the electrons. 

In order to obtain a beam of the shape considered, there-
fore, the beam should enter the system parallel to elec-
trodes 1 and 2 (see Fig. 3(a)) at a point where the 
potential is 

i.e., at 

/E \ 2 

V 0 
xo = — (d — a). 

172 

(8) 

(9) 
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For a given tube the value of Vo is predetermined by the 
propagation velocity of the delay line. Hence, the mini-
mum values of V2 and B that would enable operation 
of a tube with an ideal optical system are 

V2,mi.") = Vo (10a) 

Im 1 
Bmin" = V 0  

2e d — a 

1 
— Berit 
2 

/2m 

2 e 

d — a 

(10b) 

where Bcrii denotes the magnetic field of a plane mag-
netron with the anode voltage V2= Vo. 
Under the conditions of (10a) and (10b) an electron 

beam that moves directly in front of the anode is ob-
tained. Zero efficiency is then to be expected for the 

tube. 
B. The other limiting case of electron trajectories is a 

cycloidal motion as found in a plane magnetron. (See 
Fig. 3(b).) In this tube the electrons leave the plane of 
cathode potential inside the interaction space with 
i= 0, y=0 at points x=0 and y=0. The crest of the 

trajectory is at 

Xr.0 

= (d a) ( 2 13.rii = 

4/8m 
— V o 

In flight the electron reaches its maximum energy at 
x=xo. This maximum value is 

EyWrnax = eV . = 2m(--  = 4eVo. (12) 

of BiBerit> 1 when velocity components St <0 are to be 

found at the input of the tube. 
In this discussion, however, only the limiting cases in 

a plane system are being considered. It should be borne 
in mind that space charges have been assumed to play 
no part in the processes of the TWMA. This hypothesis 
is justified as the current in the TWMA is dependent 
on the performance of a cathode that is located outside 
the interaction space. The construction is distinct from 
that of the magnetron. The views concerning the po-
tential distribution and electron trajectories will very 
probably have to be modified when the influence of 
space charges exists at very high currents. 

Vo denotes the voltage equivalent to the phase velocity 
of the line, and V..z is increased by a factor 4 with 
respect to Vo for a straight beam. (See (8).) 
By comparing the minimum value of V2(̂0 and B2(m) 

(the index m referring to a system with trajectories as 
found in a plane magnetron without space charge) to the 
corresponding values V2..i.") and B.f.") found in the 
ideal system, (10a) and (lob), it follows that 

V2,.1. (m) = 4V2..i.") = 4V0 

= 4Bmin"). 

In the case of an ideal system, the values of the voltage 
and the minimum magnetic field are 4 times smaller 
than for the magnetron optical system. 
By plotting the anode current /2 against B/B.,it (the 

value of Beth derived from (10b)), we are provided with 
a crude method of evaluating the trajectory shapes. By 
checking the value of B/Berii, when /2=0, we have a 
rough evaluation of the quality of the gun used. For a 
straight beam when /2=0, the value of B/Beri .= 1/2. 
For the magnetron optical system, BIBcrie=1. The cut-
off of the characteristics may even be located at values 

V. SMALL-SIGNAL THEORY 

The small-signal theory was established5 under the 

following assumption: 

wm = — B >> iw  rro 
m   

where 
r = -jk is the propagation constant of the wave in 

the direction of the beam 
w =the angular frequency 
vo =electron velocity. 
It was found that two waves are excited that are 

propagated in the direction of the beam. The imaginary 
parts of their propagation constants are equal and the 
real parts are equal but opposite in sign. One wave is 
attenuated, the other is amplified. The propagation 
velocities of the two waves are the arithmetical mean of 
the electron velocity vo and the velocity of the free wave 
vi—that is, the velocity of the wave in the absence of 
the beam. When vo=vi, each wave receives half the in-
put field produced by the generator. The gain can be ex-

pressed 
Gdb =  8.7j L + A,  (13) 

where L = tube length; one finds A = —6db when vi=vo 
and the line is without attenuation. Under optimum 
conditions, the expression 

[kodRy(zi) coth (koxi)  
/opt  = 

ZO 

1/2 
(14) 

is obtained with 
d =electrode spacing (Fig. 3) 
ko= w/vo 
Jo = current 
Zo= V2 —  Vii/0( Vi.6 0) 
x1= the distance between the beam and the negative 

plate in the ideal optical system. 
When considering systems having trajectories such as 

are found in the plane magnetron, and with the negative 
plate at the cathode potential, we must substitute for xi 

in (14) 

6 J. Brossart and 0. DOhler, "Les tubes a propagation d'onde I 
champ magnetique," Ann. Radioelec., vol. 3, p. 328; October, 1948. 
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x„.0 
x i =  a -  • 

2 
(see Fig. 3b and equation (11).) 

R(xi), the coupling field impedance at point xl, is defined 
by 

Ey(xi)E,,*(xi) 
R(xi) =   (15) 

2P 

where El,*(xl) is the complex conjugate of the longi-
tudinal field E„ at xl, and P is the power guided by the 
line. R„, a function of xi, is determined by the dimensions 
of the delay line. (Approximate results are given in 
footnote reference 5.) 

The gain therefore, is proportional to /01/2 and, for a 
given ko it is inversely proportional to (V2— 17i)1/2. 
The maximum value of 1, as function of kod, is ob-

tained when k0d 2. This yields the order of the re-
quired magnetic field 

2,700(1/2 — VI) 
Bg„uss f__ 

Vox 

when 

1 2 =  4 V0 

X =  22 cm. 

B is of the order of 500 gauss. 

At operating conditions other than the optimum, the 
relation 1/1 =--f(µ), is given in Fig. 4 with 

ILL = (1 —  • 
vo) ku 

VI  74,3,t 

The gain variation with jz, which is the variation in 
voltage around its optimum value, is independent of the 
sign of At. 

opt 
S °   

I 0 

-0.2  ,.... 

-OA 

)6 -I 
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- 

Fig. 4—Ratio of the propagation constant (real part) to the optimum 
value versus normalized value of the ratio of the beam velocity 
to the wave velocity for various line attenuations. 

Fig. 4 also shows the influence of an attenuation 
in the line, 7= slopt <0. In first approximation, 
inserting an attenuation 7<0 results in decreasing 

by 171/2. 

If the condition w„,>>1jw-l-I'vol is not satisfied, two 
supplementary waves having their amplitude unaltered 
along the beam appear in addition to the two amplified 

and attenuated waves. The initial conditions then, 
main practically unchanged. 

VI. ELECTRONIC EFFICIENCY 

The evaluation of the efficiency is based on energy 
considerations as in a preceding publication' for the 
magnetron. The merits of this viewpoint are further 
substantiated by a more accurate theory which will be 
published later. 

The energy transfer to the wave is due to the ap-
proach of the electrons to the anode without variation 
in their speed. It follows that the electronic efficiency is 

where 

= 
V max 

V 2 

re-

(16) 

V2 is the anode potential and r. is the maxi- - 
mum potential reached by the electrons along their 
steady-state trajectories. In the case of the ideal, 
straight beam optical system, 

I m a x =  v o  =  /.. \ 2 

2c ) 
(17) 

while for the magnetron system (see (12)) 

Vnia. = 4Vo. (18) 

The ideal system has, accordingly, a higher electronic 
efficiency. If, for example, the line delay is vo/c= 1/20 

with I =  625 v and c = the velocity of light, and a value 
of 2,500 v is assigned to 1-2, an efficiency of 75 per cent 
is 'found for the ideal system and an efficiency of zero 

per cent is found for the magnetron. This comparison, 
however, is not fully justified because the .gain in the 
ideal system is smaller than that for the magnetron 
trajectories, the reason being that in the magnetron 
optical system the average trajectory is closer to the 
anode. If the two cases were referred to the same gain, 

V2 and B would decrease in the ideal system and the 
value found for the efficiency wou1/41 be smaller than 75 
per cent, but certainly greater than 50 per cent. An 
exact solution requires a better knowledge of Ru=f(x1). 
These figures show how significantly the trajectory 
shapes affect efficiency. 

This energy point of view is only an approximation 
and would require a large-signal theory for its justifica-
tion. One such theory laid down by Brossart and 
Deshler, shows that the electrons of a straight beam are 
not caught by the anode at a speed and with an energy 
corresponding to Vo, but rather to 

Vo'= ifoRi  Er(d)\2+ 

k E ) 

where E., and E,, are the radio-frequency fields at the 
anode surface.  We have (E.,(d)/E).(21,-,) /k0)<<1. 
This small contribution made by Ex becomes obvious 
when it is seen that the bunching and the flight of 
the electrons to the anode takes place in a very small 

e 0. Dohler, "Sur les proprietes des tubes a champ magnetique 
constant," Ann. Radioelec., vol. 3, p. 169; July, 1948. 

(19) 
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transverse field. It can further be shown that (E„(d)/E)2 
is a negligible quantity compared to unity. 
The above remarks, however, are valid only in the 

case of a straight beam in the steady state. It is not yet 
possible to judge the corrections that must be made for 
beams with epicycloidal trajectories. Intuitively it seems 
that the rotational energy of the electrons would in-
crease in a radio-frequency field, resulting in a higher 
kinetic energy of the electrons at the anode and, con-

sequently, in a lower efficiency. 
This aspect of efficiency based on an energy viewpoint 

leads to valid results only with certain assumptions: 
The beam must enter the system in a region of a trans-
verse focusing field at the input. The longitudinal field 
must be kept as small as possible at this point. If the 
, beam were shot in toward the vicinity of the anode in a 
strong longitudinal field, the fraction of the electrons 
that finds itself at the input in an electric vector phase 
directed toward +y, would gain energy in the radio-
frequency field and would move to the negative plate 
to be eventually caught by it. In order to avoid such 
an efficiency loss, the beam should enter the system 
at a point far from the anode. In this connection, 
some improvement might be brought about by arrang-
ing a variable delay line so that the radio-frequency 
field would be transverse at the input and longitudinal 

' at the output."' 
1 The large-signal theory shows that when electron' 
absorption by the anode is neglected, the gain increases 
with the amplitude. This is evident since the electrons 
in the high-frequency field are approaching the anode. 
The absorption of the electrons by the anode surface is 
due to two distinct phenomena. First, there is the mech-
anism of interaction. Even with an ideal optical system 
an absorption takes place which results in a decrease in Ithe gain. Secondly, when the dc trajectories are not 
straight lines, the absorption occurs in the vicinity of 
the input. This results in decrease in both gain and 
efficiency. 
Parenthetically, the straight beam, considered more 

advantageous than cycloidal trajectories, corresponds to 
the electron motion in the magnetron. In the magnetron 
no epicycloidal trajectories for a field B>>13.rit are pos-
sible because of the strong space charge. The steady-
state trajectories are near-circles around the cathode. 
This is another reason for the high efficiency of the mag-
netron. The space charge in the magnetron, on the other 
hand, results in a fairly strong variation in E within a 
cross section of the discharge space and, therefore, in 
variations of the velocity E/B. This detrimental effect 
can be overcome in the TWMA where, according to 
measurements made so far, the influence of the space 
charge is rather small. 
To summarize then, a high electronic efficiency can 

only be obtained by using a straight beam that enters 
the interaction space in the vicinity of the negative 

7 Application for French Patent No. 564, 962, December 18, 1948. 

plate at zero potential with respect to the cathode, and 
with the anode voltage as high as possible. The ratio 
E/B must equate the velocity of the free wave. 

VII. CIRCUIT AND OVER-ALL EFFICIENCY 

The elimination of undesirable oscillations requires 
the introduction of an attenuation that is either lumped 
or distributed along the line. When a line of length L 
with a distributed attenuation 7 <0 has at the input 
and output ends the mismatch R. and R., respectively, 
the amplification stability is achieved only if 

Gdb < 8.7I-ylL — A — (R. + R,)  (20) 

where R. and R, are measured in "reflection decibels" 
and A is of the order of —6 db. (See (13).) For a line 
provided with a lumped attenuating element that ab-
sorbs the whole of the impressed energy, (20) is valid 
also for both the ends L1 and L2, of the line. The condi-
tion imposed by the inequality must not only be satis-
fied at the operating frequency, but in the entire band 
of finite amplifieation. 
For practical purposes, in a distributed attenuation 

line Re and R, must be expected to be zero db owing to 
the impossibility of an ideal matching of the generator 
and the load over the entire range of electronic ampli-
fication. In a lumped-attenuation tube, at the first end 
R=0 db while R. is fixed by the characteristics of the 
tapered attenuating element. At the other end, the 
situation is reversed with R. = 0 db and R. being fixed 
by the attenuating element. The provision of an atten-
uation is mandatory and the over-all efficiency ?hot must 
decrease relative to the electronic efficiency n. by 

?hot -= nen, 

while the circuit efficiency n, may be calculated by em-
ploying the same method as used for the linear travel-
ing-wave tube. 8 
Consider a tube provided with a delay line whose ex-

tremities L1 and L2 are separated by an element that 
absorbs all the power impressed upon it and having an 
attenuation 7 <0. Then 

1 
71c = (21) 

(1 + 4e-274 ) [1 + I 71  (1  e-2 2)] 

This expression is simplified in the case of a tube with 
an evenly distributed attenuation of length L to read 

1 

1 + 
71  (1 _ e-279 

and for a purely lumped-attenuation tube to read 

1 
tic —   

1 4e-27I 'l 

• 0. Daffier and W. Kleen, "Sur le rendement du tube a propaga-
tion sonde," Ann. Radioelec., vol. 4, pp. 216-221; July, 1949. The fac-
tor /1A21 in equation (8) of this paper will assume a value of approxi-
mately 4 for the TWNI A. 

(21a.) 

(21b) 
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Equation (21) should be regarded under the condi-
tions of (20). For a stable amplification in a distributed-
attenuation tube, the value of vc would not greatly ex-
ceed 0.5 with  If 1 < I vi then n, is smaller than 
0.5. The value for the circuit efficiency computed by 
means of (21) corresponds to that of the small-signal 
case. If the gain is decreased with the signal, .1, decreases 
also. This, of course, is due to the inverse relationship 
between 1 and the .amplitude of the input signal. 
In a lumped-attenuation tube the circuit efficiency 

may be materially higher than 0.5. From (21b), for 
example, we obtain 

L1 = L2 
= 10 db 

lG = 20 db 

L G  1= = 10 db 
L2/2 

{G = 20 db 

•--s-• 75 per cent 
90 per cent 

n, 85 per cent 

95 per cent. 

These figures demonstrate the superiority of a lumped-
attenuation. The extent to which L2 may be increased 
in order to increase 'lc depends on how accurately the 
attenuating element can be matched. 
Since over-all efficiency is given by the product vy,,, it 

is seen the best results could only be obtained at the 
cost of some compromise. nc will be high if 1 is also high 
while the factors increasing 1 tend to diminish ne. De-
creasing the operating voltage and the magnetic field 
moves the beam closer to the positive electrode. As 
shown by experiment, a tube in which E/B is constant 
requires a fixed value of B for optimum efficiency. 
There is a corresponding behavior in the magnetron. 
But in the TWMA the maximum efficiency is more 
sharply defined because of the required high attenua-
tion. 

VIII. EXPERIMENTAL RESULTS 

The preceding principles and theories have been 
checked qualitatively with cylinder and plane-structure 
tubes. Fig. 5 shows a cylindrical tube having an external 
appearance similar to that of a magnetron. The delay 
line is a helix of rectangular cross section; the interaction 

Fig. 5—View of a traveling-wave magnetron tube of cylindrical struc-
ture. The rectangular helix delay line and its holder are shown on 
the left. 

space is situated outside the helix. In order to increase 
the attenuation, the tantalum helix wire is carburized. 
Shown lying beside the tube are the internal parts. The 
electrodes are mounted by means of two ceramic rings. 
Fig. 6 shows a plane-structure tube before the glass 

envelope is sealed. 

Fig. 6—View of a plane-structure tube before 
sealing the glass envelope. 

In Fig. 7, the tube is mounted for testing between , 
the magnet poles. 

Fig. 7—Experimental mounting for testing 
purposes of the tube shown in Fig. 6. 

In Fig. 8 are shown some measurements on a plane-
structure TWMA, of the type shown in Fig. 6, that 
indicate the amplifying effect in the small-signal case. 
The ordinate is the ratio P2/Pi. P1 is the power de-
livered at the output without the beam and P2 is the 
power with the beam. The abscissa B is the flux den-
sity. The line attenuation is 8 db. The line delay, meas-
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ured beforehand, is c/vi = 22. This figure corresponds 
closely to the value of B that results in the maximum 
value of the ratio P2/Pi. The other operating values 

are: 

V2 = 2,000 v 

V1 = — 600 v 

d = 0.3 cm 

E/B = 1.36 X 10° cm/s. 

When P2/Pi =15.5 db, oscillations start. (See Fig. 8.) 
Beside the main maximum value of P2/Pi, a few second-
ary maximum values are found that are not yet quite 
satisfactorily explained.' Oscillations occur also at 
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Fig. 8—Experimental data on a plane-structure tube. The ratio of 
the powers delivered with and without the beam is measured 
against the flux density. 

B <580 gauss and disappear when B is increased. For 
values of B lying between 590 and 635 gauss, and for 
values over 645 gauss, the tube is stable. Taking into 
account the line attenuation, the gain is 

G db = (P2/Pi)db — 8 db 

with the maximum value for the gain being approxi-
mately 7 db. 
In a tube 20 cm long,  = (7+6/20) = 0.65 db/cm ap-

proximately. By varying V2, VI, and B, the maximum 
gain is always found for V2  v/gauss. 
The incremental range of amplification istiB/B•:•_•-± 5 

per cent. It follows that the tube must be rather pre-
cisely constructed. 

• The gain in terms of the voltage shows the same effect for the 
Kompfner-Pierce tube. 

The ratio E/Bvi, where vi is the free wave velocity, 
should be constant within a few percent along the elec-
tron path. This is inferred from Fig. 4 where  becomes 
very small if A(E/Bvi) exceeds the value 2(10„t/k0).(The 
order of magnitude is =0.1 cm--'). (See Fig. 8.) 
A curve such as that in Fig. 8 is obtained for a number 

of tubes. For those with circular cross sections, the maxi-
mum gain is found for values of V2— ViAr2 — ri)B that 
vary a little with B. This is in accord with the theory." 
In Fig. 9, the gain variation G/G,„,,,,(G„,,,„. 3 db) is 
plotted against V1<0, that is, B, as the flux density is 
necessarily varied. The equipotential line and the elec-
tron trajectories approach the anode when — VI is in-
creased. It is difficult to collate these results to the 
theory because the variations in VI and B result in 
alterations of the shapes of the trajectories. Also, the 
value of xl, (14), that describes the mean distance be-

'iv. • t 3  v, variant*  r2 - r, •O3crn 
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Fig. 9—Gain variation GIG .(G .=3 db) 
plotted against the flux density. 
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tween the trajectories and the electrode is not known 
accurately. It is seen however, that the gain is increased 
with the magnetic field until .E'•-1,500 gauss in spite of 
the fact that the beam impedance also increases with 
the magnetic field. This results from an improvement 

in the trajectory's shape. 
The extremely important influence that the shape 

has an efficiency was discussed in Sections VI and 
VII. The theoretical predictions made there are con-

20 in a circular TWMA fitted with the cathode on the internal 
cylinder, the mean velocity of the electrons is 

Vg [  3 C r (r2 — ri)  
v0̂-'   1  —  

(r2 — ri) 8  4  B  ri  2  n 

where rl and r2 are the radii of the cathode cylinder and the anode 
respectively, and 

Bwig 
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firmed by the experiments. In fact, the influence of 
trajectory shape appears even greater than predicted. 
Trajectories that lower efficiency are accompanied by 

an electron absorption that occurs near the input end 
of the delay line. The absorption has two disadvanta-
geous effects. It decreases the working current behind the 
point of absorption and it lowers the gain. The circuit 
efficiency is consequently decreased. (See (21a).) 
Fig. 10 is the curve P2 =f(Pi) where Pi and P2 have 

the same meaning is in Fig. 8. The crosses are measured 
values. The curve nto, is then plotted referring to an 
applied power /0172. With a helical attenuation of 5 db 
(that varies with the heat produced by the electron ab-
sorption), the curve G=P2/P1-5 db is obtained for the 
gain. The decrease in gain with the signal is to be as-
cribed to the electron absorption caused by the trajec-
tories. This is because the beam contains many elec-
trons moving along epicycloidal paths. The maximum 
efficiency is 24 per cent. The circuit and electronic effi-
ciency may be evaluated according to the above rela-
tionships on the basis of the measured values. The latter 
parameters are also shown in Fig. 10. 
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Fig. 10—Measured values X of the power delivered with the beam in 
terms of the power delivered without the beam for the parameters 
shown. The graph gives also the over-all efficiency, and the circuit 
and electronic efficiencies against the applied power I0 V. 

The electronic bandwidths were found to be between 
100 and 150 Mc. This value is apparently influenced by 
a certain amount of dispersion of the phase velocity of 
the flat helix. 

Powers of approximately 200 w and an over-all effi-
ciency of about 40 per cent have been obtained with 
tubes provided with optical systems producing nearly 
ideal trajectories. 

May 

oNcLuslinvs 

Theoretical results and the early experiments that 
substantiate the predictions of the theory justify an 
interest in the principles of the TWMA. The early 
designs are likely to be vastly improved —they by no 
means constitute the ultimate ph  ical and technical 
possibilities embodied in the principle of Operation. 
The useful power of tubes having helical circuits in 

their delay lines, is limited primarily by the relatively 
small power that can be dissipated in such a structure. 
Another factor effecting the useful power is the quality 
of the gun. The power can be increased by a large factor 
by using a nearly ideal optical system so that electron in-
terception is reduced to a bare minimum. 

Evidently, massive delay lines, of the vane type, for 
example, would permit raising the power level. This - 
is because the dissipation could be increased. Circuits 
such as these are particularly advantageous for tubes 
operating at high accelerating voltages. However, it 
seems that the high geometrical precision required for 
the design and construction of tubes with such circuits 
is difficult to achieve, when the delay factor (in reference 
to the velocity of light) exceeds 15." 
Circuits of the multivane or multicavity type offer 

the disadvantage of being pass-band circuits. They in-
cur a high dispersion of the phase velocity and conse-
quently, they have narrower bandwidths than helical 
circuits. 

Delay lines equivalent to a chain of filters appar-
ently provide a tighter coupling between the wave and 
the beam. As a consequence they have a higher gain and 
circuit efficiency than a helix. 

In spite of the pass-band characteristics of vane-type 
structures, these systems offer much when compared to 
the possibilities of other microwave tubes. Furthermore, 
various expedients, the "rising sun" structure," for 
example, might be incorporated proving of even greater 
usefulness than the simple recurrat structures. 
.The high applied powers made possible by the oper-

ating principle of the TWMA require important in-
creases in the current. In this connection, the first fac-
tor to be taken into account is the structure of the elec-
tron gun. The current that can pass through the inter-
action space has an upper limit set by the space charge 
effects. This limit corresponds to the value of the an-
nular current in the magnetron" and is approximately 

260 V22  a 1.2"2 Bcrat 
'urn = d = 5 • to-- 

2B d  B 

When d =0.3 cm, Berit //3 =1, and 1'2=2.5 kv, one has 

A greater delay is necessary for the TWNIA than for an oscilla-
tor magnetron operated at the same voltage. Because of the greater 
space charge in the magnetron, the transverse electric field E. 
(hence, the electron velocity vom---.E/B) at the anode is materially 
higher than that of the TWMA. 
" Application for  Frenc h Patent  No.  563,911,  November  26,  

1948. 

" 0. DOhler, "Sur les proprietes des tubes a champ magn6tique 
que constant," Ann. Radzotlec., vol. 3, p. 29; January, 1948. 
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amp/cm, and when 172= 10 kv, /ii„,f21 6 amp 

/cm. 
Because of space charge effects, high currents result 

in an electrostatic field that varies with x within the 
cross section of the interaction space. Therefore, the 
velocity vo =E/B will also vary within the cross section 
of the system. The interaction process in the TWMA 
then, becomes more like that in the magnetron where 
the space charge diminishes the cycloidal motion, which 
is favorable, and restricts the interaction to a limited 
part of the beam cross section. Effects of this nature 
may be involved when a tube is pulse-operated at very 
high peak powers. With high density currents, other 
interaction phenomena may appear between electron 

streams moving in crossed electric and magnetic fields. 
The authors are not yet able to state whether or not 
these phenomena are favorable. Theoretically it appears 
that the function of the delay circuit in the TWMA 
may be performed by an electronic space charge and 
that the TWMA may be transformed into some kind of 
amplifier magnetron without circuit within the inter-
action range. This conceptioni4 seems likely to be of 
interest in the centimeter and decimeter regions. 

" R. Warnecke, 0. Dobler, and W. Kleen, "Amplification d'ondes 
electromagnetiques par interaction entre des flux electroniques se 
deplacant dans des champs electrique et magnetique croises," Comm. 
Rend. Acad. Sci. (Paris), vol. 229, p. 709; January, 1949. 
Application for French Patent No. 568,163, February 23, 1949. 

Analysis of Errors in a Phase-Shift Angle 
Telemetering System* 

JOHN V. HARRINGTONt, ASSOCIATE, IRE 

THE FOLLOWING abstract gives 
the results of an investigation of er-
rors in a phase-shift telemetering sys-

tem. 
In evolving a method to transmit angu-

lar position data, the selection of electrical 
phase angle to represent the desired data is a 
natural one, since there is a great deal of sim-
ilarity between the two quantities. Since 
phase shift is a relative quantity, it is neces-
sary to transmit a reference signal as well as 
a phase-shifted signal; and in order to trans-
mit both of these on a common carrier, and 
to avoid angular ambiguities, the phase-
shifted wave is transmitted at some integral 
multiple of the reference frequency. At the 
receiver, the frequency of the reference wave 
is multiplied prior to comparison with the 
phase-shifted signal. Minimum bandwidth is 
required when the integral multiple is 2, and 
it is with this particular system (which is 
perhaps the most common of all) that the 
following discussion of errors is concerned, 
although the analysis made for this case may 
be extended to others as well. This method 
has been successfully applied in plane-to-
ground telemetering and in the relaying of 
shalt-position data in general.'' 
The receiver operates essentially as a 

comparison device and shifts the phase of 
the reference signal to match that of the in-
coming phase-shifted signal. Constant phase 
shifts in the transmission link, therefore, are 

* Decimal classification: 621.375.616. Original 
manuscript received by the Institute. February 4. 
1949; abstract received. October 28, 1949. 
The bulk of the material contained in this paper 

was presented to the Polytechnic Institute of Brook-
lyn in June. 1948, as a masters thesis. 

Air Force Cambridge Research Laboratory. 
Cambridge, Mass. 

L. N. Ridenour, 'Radar System Engineering," 
McGraw-Hill Book Co.. Inc.. New York, N. Y.; 
1947. 

D. W. Moore, 'Plane-to-ground telemetering," 
Elearoxia, vol. 18, pp. 125-128; November, 1945. 

of no consequence, since they may be ac-
counted for by an adjustment of the "zero 
setting" at the receiver. What are referred to 
as errors are not constant quantities, but are 
small deviations from the trueor transmitted 
angular positions (0), which deviations are 
functions of (0) (static errors) or functions of 
the rate-of-change of 8 (dynamic errors). The 
principal sources of error for the system may 
be listed as follows: 
1. Errors due to phase shifter. 
2. Errors due to nonlinearity in trans-

mission system. 
3. Dynamic errors due to circuit time de-

lay. 
4. Phase variations due to random noise. 
5. Errors due to multipath propagation. 
The phase error arising from unbalance 

in the phase shifters is shown to follow a 
"second harmonic" distribution and is given 
by 

Ark q sin 21/., 

where q= negative sequence unbalance ratio. 
In a typical system the error from this 

source may be kept to within ± 1 degree. 
The error due to system cross talk in the 

absence of compensation is found to be 

1 + 4a2 
40,1, B CO3 

a 

where B = per cent second harmonic distor-
tion. 

amp of 2or signal 
a 

amp of or signal 

This has a minimum when a = I, in which 
case 

Crik = 48 cos 0. 

Thus, a transmission system which is char-
acterized by a 5 per cent second-harmonic 
distortion will give a phase error of 4(0.05) 

(57.3) =11.4 degrees. It is shown that this 
error can be reduced by the employment of 
compensatory techniques, although com-
plete cancellation is not attainable, being 
prevented by the existence of higher-har-
monic error distributions. Experimental ver-
ification of the relations derived in this sec-
tion has been obtained. 
Dynamic error due primarily to the slope 

of the phase characteristic in the 2or channel 
filter is evaluated; it is only appreciable 
when 2or and or are in the low audio-fre-
quency range where the filter bandwidths 
are likely to be narrow, and further is only 
appreciable where 4, is to vary at rather high 
angular rates. In general, this error is given 
by the product of the rotation rate and the 
2or, time delay, id. F. the constant "k" filters 
commonly used id = (229/Af) in degrees per 
cycle. 
The effect of random noise in causing un-

certainty in or in limiting the accuracy of the 
basic system is analyzed. Probability distri-
bution curves are presented for the phase of 
a sine wave plus noise, and from these it is 
shown that, for the random variation of 
phase to be almost entirely within the range 
±0, the rms signal-to-noise ratio a must be 
such that a (115/01) where Or is in degrees. 
The actual phase distribution function is 
given by: 

P(0)d0 

de 
=-27 C"1[1+ Vira cos0e0.008 [I -Ferf(a case) jj. 

Thus, for Or =5 degrees, a must be greater 
than 23. 
It is pointed out that the basic telemeter-

ing system will be of doubtful value when 
long-distance transmission is required, be-
cause of the distortion and error introduced 
by multipath propagation. 
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The "Double-Layer" Projection Tube Screen 
for Television* 
MEIER SADOWSKYt 

Summary—Problems involved in projection cathode-ray tube 
screens are discussed. The development of a screen with good 
efficiency and little color shift with current change is described. 

THE PROJECTION TUBE system of television 
makes possible a large image with a small cathode-

  ray tube. However, projection television not only 
requires a carefully designed optical system, but an 
intensely brilliant light source from the phosphor screen 
on the cathode-ray tube face. 
To achieve a sufficiently bright screen image, high 

power input is required. However, the use of high volt-
age and high current entails special problems for the 
luminescent screen. 
At low accelerating voltages, the brightness of a spot 

on a cathode-ray tube screen increases roughly as the 
square of the accelerating voltage, but as the potential 
is increased, a condition approaches where there is little 
gain in brightness because the screen reaches a limiting 
or "sticking" potential.' 
This condition can be lessened or eliminated by in-

creasing the secondary emission of the screen' or by 
providing an electrically conductive layer in contact 
with and parallel to the screen layer.' 
The light output is also a function of the current 

input as indicated in the equation:' 

L = (v - v.)",f(t) 
where 
V= accelerating voltage 
Vo = "dead" or "threshold" voltage (varies with the 

phosphor) 
n =a constant that ranges in value from 1 to 3 
i = current density (f(i) is independent of V) 
L = light output (total luminous flux in lumens 

emitted by the excited phosphor). 
For small current densities, the curves representing L 

as a function of i have the same trend for all values of V 
and are nearly straight lines. At higher values of i, L 
tends toward maximum or saturation value with conse-
quent decrease in screen efficiency (lumens output per 
watt input).' 

* Decimal classification: R583.6. Original manuscript received by 
the Institute, June 30, 1949; revised manuscript received, November 
23, 1949. Presented, IRE Electronic Conference, Princeton, N. J., 
June 21, 1949. 

Philco Corporation, Lansdale, Pa. 
I T. Soller, M. A. Starr. and G. E. Valley, "Cathode Ray Tube 

Displays," sec. 16, McGraw-Hill, New York, N. Y.; 1948. 
2 A. Bramley, Pat. Pend., 1946. 
I D. W. Epstein and L. Pensak, "Improved cathode-ray tubes 

with metal backed luminescent screens," RCA Rev., vol. 7, pp. 5-11; 
March, 1946. 

P. Pringsheim and M. Vogel, "Luminescence of Liquids and 
Solids," p. 29, Interscience Publishers, Inc., New York, N. Y.; 1946. 
e W. B. Nottingham, Physks, vol. 10, p. 73; 1939. 

The value of the current density at which the fluores-
cence efficiency begins to decrease varies widely for 
different phosphors. It is much higher for silicate phos-
phors than for sulfide phosphors. 
An all-sulfide screen, (e.g., blue ZnS:Ag, yellow 

ZnS:CdS:Ag) is more efficient than a mixed sulfide-
silicate or all-silicate screen at low current densities.' 
However, at high current densities, the saturation of 

the all-sulfide screen give a less efficient conversion of 
energy, thus limiting brightness. 
An all silicate screen (e.g. blue CaMg (SiO3)2:Ti, 

yellow Zn el3eSi6019: Mn) has been recently developed.' 
Though in use today, the blue silicate does not match 
the efficiency of the blue sulfide. Where it is not con-
sidered desirable to sacrifice brightness, the blue silicate 
cannot be used. 
The only practical alternative, then, is a mixed 

screen with a yellow silicate (Zn8BeSi5019:Mn) and a 
blue sulfide (ZnS:Ag). However, the difference in satu-
ration values would cause a homogeneous screen of this 
type to shift in color as the current density rises beyond 
the saturation points of the blue sulfide, thus making 
the highlights yellow instead of white. 
Under the auspices of the Philco Corporation, a re-

search program was initiated a few years ago, at the 
National Union Radio Corporation Laboratories dir-
ected by Dr. Arthur Bramley, to try to eliminate or 
alleviate this problem. 

It was early noticed that the addition of fine-particle 
beryllium oxide to the screen suspension raised the 
current value at which saturation, occurred. In a long 
series of experiments, it was found that tubes screened 
in layers with the blue next to the face plate were more 
efficient than those where the yellow was deposited 
next to the face plate with the blue on top of it, or where 
the two components were well mixed. In order to 
obviate the expensive procedure of settling the layers 
separately, a synthesis and preparation program was 
carried out which developed an efficient fine-particle 
yellow silicate for use with a larger-particle blue sulfide. 
This permitted differential settling out of the suspen-
sion, resulting in a "layered" screen with the blue sulfide 
next to the glass, covered by fine particles of yellow 
silicate.° 

D. Epstein of the RCA Laboratories has suggested 
that the reason for less color shift at higher currents of 

a M. Sadowsky. "The preparation of luminescent screens," Jour. 
and Trans. Electrochemical Soc., vol. 95, pp. 112-128; March, 1949. 

7 A. L. Smith, "Some new complex silicate phosphors containing 
calcium, magnesium and beryllium," Jour. and Trans. Electrochemical 
Soc., vol. 96, pp. 287-296; November, 1949. 

a A. Bramley, unpublished data. 
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the layered screen is that the fine-particle yellow silicate 
slightly diffuses the electron beam as it passes through 
it. Consequently, the current density of the beam im-
pinging on the blue zinc sulfide is less. The saturation 
value remains the same for the sulfide, but it is not 
reached as readily because of the beam diffusion.° 
In order to indicate the extent of the effects described 

above, the writer made a series of tubes embodying ex-
tremes of screen composition as indicated (each group 
consisted of 4 tubes). 

Group 1. 

Blue sulfide (ZnS: Ag) layer next to the glass, yellow 
silicate (Zn8BeSibOia:Mn) settled on top of it 4 hours 
later. 

Group 2. 

Large-particle blue sulfide and small-particle yellow 
silicate settled together as in regular Philco produc-
tion. (Blue settles out first.) 

Group 3. 

Blue sulfide and yellow silicate fairly well matched in 
particle size settled together. 

Group 4. 

Fine blue sulfide and fine yellow silicate settled to-
gether (well mixed screen), with fine layer of beryllium 
oxide on top of screen. 

Group 5. 

Yellow silicate next to the glass, blue sulfide settled on 
top of it 4 hours later. 

Light output measurements were taken with a 
Weston Red Red, Eye Corrected Photronic Cell 
equipped with a Wratten 1 per cent transmission neutral 
density filter and Sensitive Research Milliammeter 
calibrated against a MacBeth Illuminometer. Measure-
ments were made on a focused 21- X3-inch raster with 
photronic cell held against the face of the tube. The 
cell was in a fibre box with metal parts grounded to 
avoid charging of cell. Measurements at 25 kv,  of 
20, 100, 200p.a. 
Color measurements were made with a Hunter type'° 

colorimeter using a Weston type 1 photronic cell with-
out eye correcting Viscor filter and using three photovolt 
filters (green, blue, and amber). The transmission of the 
filters used compares favorably with the Corning filters 
actually used by Hunter, and the coefficients of the 
tristimulus equations have been set up to agree with 
the published tristimulus co-ordinates of the ICI Stand-
ard observer on Illuminants A and C." 
The accompanying curves show less color shift (Figs. 

• D. W. Epstein. Oral communication. 
R. Hunter, "Photoelectric Tristimulus Colorimeter with Three 

Filters," Circular C429, National Bureau of Standards; July 30, 1942. 
" A. C. Hardy, "Handbook of Colorimetry," The "I echnolugy 

Press, M.I.T., Cambridge, Mass.. Chap. 7; 1936. 

.05 

RATIN 
AlithilitriggitsiN!d IF1117T 
'M UM trniir911 7"11,1 
IFiltikU MIIPAHMEI fitnnrt 

leirlifillliftilliart • 
M OSE 

11111Eigili  . brmixonmEitignesommonoillisiwm .4,,bolgrf.rmatitNimmoiffloinzmuiffroor mom 
111V 

55 75 .10 Al Ti. .60  fill  JO  is  AO  .4s  AO 

VALUES OF X 

Fig. 1—Chromaticity diagram showing locus of black 
body radiation. (See footnote reference 11.) 
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1 and 2) and less efficiency drop (Fig. 3) at constant 
voltage, with increasing current density, where the 
sulfide phosphor is "protected" or covered by either a 
layer of small-particle silicate phosphor or by a layer of 
small-particle beryllium oxide. The greater color change 
and concomitantly greater drop in efficiency of Group 2 
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Fig. 2—Measurements at 25 kv; 20,100,200)4a beam current. 2.25'X 
3.00' raster size. 

I. Blue layer 4 hours before yellow 
2. Large blue, small yellow, settled together. 
3. Blue and yellow, same size, settled together. 
4. Small blue and yellow with Be0 on top. 
5. Yellow layer 4 hours before blue. 
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Fig. 3-1. Blue layer 4 hours before yellow. 
2. Large blue, small yellow, settled together. 
3. Blue and yellow, same size, settled together. 
4. Small blue and yellow with Be0 on top. 
5. Yellow layer 4 hours before blue. 

and, to a lesser extent, Group 5, indicate a greater 
saturation of the blue zinc sulfide phosphor. 
(With the double layer screen, there is change in color 

with change in voltage. However, it is reasonably easy 
to regulate the voltage so that this does not become a 
problem.) 
The screen developed for projection systems as exem-

plified by the present Philco TP-400A and TP-401A 
shows less color shift and better efficiency than previous 
projection tube screens. The system of differential 
deposition of screen components from the same suspen-
sion provides for maximum utilization of each and 
facilitates production of a good projection system.i2 
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A Dynamically Regenerated Electro-
static Memory Sy-stem* 
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Summary—In an electrostatic memory system, the words are 
stored as charge patterns on the screen of a cathode-ray tube. Mem-

ory is extended by a systematic regeneration process. All experiments 
were performed on a standard cathode-ray tube. 

This paper discusses the fundamental theory behind electrostatic 
storage. The principal problem was that of finding a method for stor-
ing the charges such that two easily and reliably distinguishable 
states could be established at various points on the face of the tube. 
After experimenting with various patterns, a dot-circle combination 
was chosen as superior to all those tested. The dot, representing 

binary one, is generated by sharply focusing the beam on a spot. The 
circle is generated by imposing high-frequency sinusoidal electro-
motive forces, 90° apart, on the vertical and horizontal deflection 
plates. The paper then offers a comparison of the dot-circle pattern 
with the several other systems of electrostatic storage now under 
test. 

The details of numerous experiments are given, together with a 
description of the apparatus used for test. The effects of phosphor 

type, gun structure, tube diameter, accelerating voltage, leakage, 
transients, and other factors affecting memory are discussed. The 
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concluding section of the paper describes the various types of large 

capacity high-speed memory designs which could be constructed from 
a reliable electrostatic memory tube. 

I. INTRODUCTION 

THIS PAPER describes a system for storing elec-
trical impulses as charges on the screen of an 

  ordinary cathode-ray tube. In order to extend the 
period of storage to many hours, a dynamic system of 
regeneration is provided. This system periodically ex-
amines and re-establishes the charges on the face of the 
tube before various deteriorating effects have made 
them illegible. 

Work on an electrostatic memory system began nearly 
four years ago at the University of Pennsylvania by one 
of the authors and has been continued at the Eckert-
Mauchly Computer Corporation. The principle of the 
regeneration circuit and the methods of scanning to 
provide this regeneration were known and understood 
at that time. The principal problem was that of finding 
a method for storing the charges such that two easily 
and reliably distinguishable states could be established 
at various points on the face of the tube. Preliminary 

4 
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tests indicated that a number of different types of charge 
patterns were satisfactory. However, one method was 
found which provided best results from almost every 
point of view, and this method formed the basis for 
the construction of a practical memory system. 
Work very similar in nature to the developments de-

scribed in this paper has been carried on in England 
under the direction of F. C. Williams of the University 
of Manchester. Some of his results are consistent with 
the results obtained in this country. 
All results given in this paper are based on tests made 

with standard cathode-ray tubes. Certain special tubes 
are being studied and will probably be reported upon 
in the future. However, there are sufficient advantages 
in the standard cathode-ray tubes that special tubes 
will probably not be used in a memory for commercial 
digital computing equipment in the near future unless 
their performance is considerably improved. 

A. Basic Theory of Operation 

Fig. 1 shows a block diagram of an electrostatic 
memory system. An electrode has been attached to the 
screen of the cathode-ray tube upon which, by con-
denser action, charges are built up by the changes in the 
electrostatic charge on the inside surface of the screen of 
the tube. The charges on the electrode form the input 
signals to the amplifier. The amplifier must have a gain 
of several thousand. 

it ANr1H ,, 

DEFLECT ION 
CIRCUIT 

ARP 

CIRCLE 
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Fig. I—Block diagram. 

The output signals, after amplification, are passed 
through a shaping circuit and into the gating or switch-
ing circuit. Here, the information read from the face of 
the tube may be sent on to other circuits or may be re-
stored on the tube screen or both. New information can 
be read in through the gating circuits to replace previ-
ous information. The blanking circuit controls the in-
tensity grid of the cathode-ray tube. 
The screen of the tube is considered to be divided into 

many small elementary areas of the order of 1/10 inch 
square. There may be several thousand elementary 
areas on the face of each tube. The deflection circuit 
controls the position of the beam, and thus determines 
that each unit of information is stored in the proper 
elementary area. 
When a unit of information is to be retained for a 

long period of time, it must be regenerated periodically. 
Regeneration consists, first, of examining each ele-

mentary area to learn which charge pattern has been 
stored there; and second, of restoring the pattern to its 
original charge. Regeneration of an entire tube screen 
is done in a systematic fashion. The electrostatic 
memory is, therefore, a dynamic type like the mercury 
delay-line memory, but unlike the latter, can have a 
very short access time. This feature is one of the most 
important advantages of the electrostatic memory over 
the delay-line system. 

B. Charge Patterns 

Numerous charge pattern systems have been sug-
gested. After extensive testing of many of these, a sys-
tem using dots and circles as the two distinctive pat-
terns was chosen as having the greatest reliability. The 
dot, representing a binary one, is formed by focusing 
the beam as sharply as possible in the center of an ele-
mentary area. The circle, representing zero, is formed by 
superimposing high-frequency sinusoidal electromotive 
forces phased 90° apart on the horizontal and vertical 
deflection systems. This is the purpose of the circle 
generator, shown in Fig. 1. The circle has a diameter 
to 3 times that of the focused dot, as shown in Fig. 2. 

•  

DOT 

341 1  

CIRCLE SUPERPOSITION 
OF OOT a CIRCLE 

Fig. 2—Proportion of dot and circle. 

C. Reading and Writing Operation 

In order to learn what has been stored or remembered 
in one of the elementary areas, the fields between the 
deflection plates must be adjusted to such potentials 
that the beam will fall directly on the elementary area 
in question when the beam is turned on by applying a 
positive voltage to the intensity grid. When the beam 
reaches the screen, an output signal is developed on the 
electrode. The shape of this signal depends on both the 
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Fig. 3—Output signals. 
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reading pattern and the previously stored pattern. Each 
time the reading pattern is applied to the screen, the 
stored pattern is destroyed, or erased. 
Suppose, for example, that a circular electron pat-

tern is read by a second circle. The amplifier will pro-
duce a wave form like that shown in Fig. 3(a) (plotted 
as a function of time). If the first charge pattern is a dot 
and the second pattern a circle, the shape of the output 
voltage plotted as a function of time would appear as in 
Fig. 3(b). There is considerable distinction between 
these two electrical signals. If either signal is sampled, 
as shown in Fig. 3(e), a pulse is obtained only when a 
circle replaces a dot. 
While unnecessary to the discussion of the operation 

of the device, Figs. 3(c) and 3(d) show the type of 
signal that is obtained if a dot replaces a circle and if a 
dot replaces another dot. 

D. Secondary Electron Emission 

The reasons for the development of the output signals 
shown involves an understanding of the behavior of the 
primary and the secondary electrons. The primary 
electrons are thrown on the insulating phosphor of the 
screen which, in turn, emits secondary electrons from 
the area under bombardment. Many of the secondaries, 
after leaving the screen, are drawn to the collector which 
is formed by the aquadag or conducting coating on the 
inner surface of the sides of the cathode-ray tube. The 
collector is at a high positive potential. 

VOLTAGE 

Fig. 4—Ratio of secondary electrons to 
primary electrons versus voltage. 

Fig. 4 is a graph of the ratio of the number of second-
ary electrons to the number of primary electrons 
plotted versus voltage. The curve has a peak somewhere 
between 1,000 and 5,000 volts, depending upon the 
type of insulating surface used. For the phenomena of 
concern in this paper, the curve is mainly of interest in 
the section where it is substantially above one. Within 
this region of operation, the number of secondary elec-
trons emitted by the area of the screen under bombard-
ment is greater than the number of primary electrons 
which strike the screen. The most successful tests were 
those in which the operating voltages were within the 
range 1,500 to 10,000 volts. 

Fig. 5 is a graph of the distribution of the secondary 
electrons as a function of the velocity at which they are 
emitted from the surface. Velocity is expressed as the 

DOT 

6-IS 
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coutcroa oISTANCE NOT TO SCALE  
r  

equivalent number of volts required to produce this 
velocity. Except for the few electrons emitted at the 
beam velocity, most of the electrons are emitted at a 
velocity of 6 to 15 volts. This velocity, of course, is 
quite low compared to the velocity of the striking beam 
which causes their emission. 

OF 
ELECTRONS 
EMITTED 

VOLTAGE 

A FEW EMIT TED 
AT THE BEAM 
VELOCITY 

Fig. 5—Secondary electron emission versus velocity of 
emission in volts. 

E. Theory of Electrostatic Storage 

The dot-circle patterns form special potential dis-
tributions on the screen of a cathode-ray tube. Fig. 6 
shows a cross section of a beam of electrons striking the 
phosphor screen. Secondary electrons are released in ac-
cordance with the principles just discussed. At first, 
most of the secondary electrons travel to and are col-
lected by the collector. Some few secondary electrons 
may fall back on the surface of the screen. Since the 
beam has a velocity sufficient to make the number of 
secondaries greater than the number of primaries, the 
area under the beam reaches equilibrium when the num-
ber of electrons which leave the surface and the number 
which arrive become equal. 

BEAM 
BEAM 

COLLECTOR 

PHOSPHOR CIRCLE 

Fig. 6—Cross section of beam. 

Figs. 7 and 8 shows two different curves of the poten-
tial distribution for the dot-circle patterns. Although 
much of the literature discusses Fig. 8, no really critical 
experiments known to the authors have positively 
proven the validity of either curve. The experience of 
the authors indicates that observed phenomena are 
equally well explained by either Fig. 7 or Fig. 8. 

Fig. 7— Potential distribution. 

OCT 
CIRCLE 

Fig. 8—Alternate potential distribution 

When electrons leave the surface of the screen, a posi-
tive signal is induced on the electrode. Conversely, as 
electrons fall on the screen, a negative signal is obtained. 
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Specifically, the amount of charge on the screen changes 
when either type of charge pattern is replaced by the 
other. When a circle replaces a dot, there is a net in-
crease in positive charges. Conversely, when a dot re-
places a circle, there is a net decrease of positive 
charges. Since the significant output signal is obtained 
when the larger pattern destroys the smaller, the two 
patterns chosen should therefore possess the greatest 
interfering periphery. 

F. Output Signal 

An explanation of the electrostatic phenomenon can 
be developed from the curves shown in Fig. 9. These 
curves are similar to those shown in Fig. 3 except that 
the value of the amplifier input resistance was reduced. 
The low frequency components were thus removed 
without impairing the highs. 

(a) 

(b) (d) 

4 411, 

Fig. 9—Output signals. 

(f) 

Curve (a) of Fig. 9 is a signal obtained when the same 
pattern is used for reading as was previously stored in 
an elementary area. Since the transit time from gun to 
screen is about 1/100 microsecond, the initial negative 
kick of the signal is quite abrupt. The exponential decay 
to zero takes place as a result of the establishment of 
equilibrium by the secondaries, which takes consider-
ably longer because the potential differences are much 
lower (being of the order of 6 to 10 volts), while the dis-
tances are comparable. Between 0.1 and 0.2 microsecond 
is required to establish equilibrium. Equilibrium results 
in a potential plateau under the bombarding beam from 
which as many electrons leave as arrive. When equi-
librium has been established, the initial proportion of 
secondaries going to the collector has decreased and a 
larger number fall back on the neighboring areas of the 
surface. The rate at which the curve returns to zero, 
that is, reaches equilibrium, is a measure of the second-
ary electron emission. 
From the time equilibrium is reached until the beam 

is turned off, there is a steady inward and outward flow 
of electrons to the screen maintaining a space-charge 
cloud between the spot and the collector. When the 
beam is turned off, the space charge is rapidly taken 
up by the collector. Since this negative space charge 
leaves the screen, a positive kick is induced in the 
electrode. All the other signals obtained contain curve 
(a) as a component. The components added to (a) to 

produce the other signals are sudden rises with simple 
exponential declines. 
Curve (b) of Fig. 9 represents the exponential com-

ponent obtained when a relatively small pattern is 
placed on a larger pattern. Most of the secondaries are 
attracted to the surrounding positively charged area 
and reduce it to the screen potential. At that point 
equilibrium is reached and a larger proportion of the 
secondaries are attracted to the collector. 
Curve (c) is obtained when a relatively large pattern 

is placed on a smaller one. The large positive kick occurs 
because at first most of the secondaries are drawn to the 
collector plate, in order to build up the potential plateau. 
Since the potential plateau of the dot is at about the 
potential of the collector and smaller in area, only a few 
of the secondary electrons are robbed from the flow to 
the collector. As the potential of the plateau nears that 
of the collector, the secondary flow to the collector 
diminishes and a greater number of secondaries fall 
back on the screen. 
Thus, when a circle is put on a dot, there is a net out-

ward flow of electrons, while there is a net inward flow 
of electrons when a dot is put on a circle. In either case, 
the net change in plateau area, and therefore the num-
ber of electrons to be exchanged in order to reach 
equilibrium, is the same. 
Curve (d) is the sum of (a) and (b), while curve (e) 

is the sum of (a) and (c). Curves (f) and (g) are obtained 
by using a high load resistance on the amplifier input. 
(The scale of these two curves is different from that of 
the other curves.) 
Fig. 10 is a photograph of an array of 1,200 spots 

taken on the face of a seven-inch cathode-ray tube. 
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G. Deterioration or Destruction of Charge Patterns 

Various factors tend to affect the storage process. 
Leakage of electrons through the volume of insulating 
material at the end of the tube will eventually destroy 
the charge patterns. Experiments have been made, 
however, which prove that loss through leakage is 
negligible. Deterioration over an interval of time many 
times longer than any contemplated regeneration period 
was not appreciable. 
Redistribution is a term applied to the deteriorating 

effect produced on adjacent spots by secondary elec-
trons which spray from a particular spot being read by 
the beam. The "redistribution ratio" is a measure of the 
number of times the reading beam may operate for a 
certain duration of time and at a certain distance from 
a spot before the signal which can be derived from that 
spot will have been degraded more than a specified 
percentage, say ten per cent. 
Experimentation has shown that the degradation is 

not proportional to the number of times of reading but 
is proportional to the integrated time. For efficient 
operation a minimum duration satisfactory for reading 
and regenerating can be chosen. 
In the course of the experiments carried on in Eng-

land, small imperfections on the screen of the cathode-
ray tube seemed to produce spurious signals. These were 
attributed to holes and possibly carbon particles in the 
phosphor. A small hole is supposed to produce a spuri-
ous signal because it exposes the glass which has dif-
ferent secondary emission characteristics than the 
phosphor. This type of imperfection was overcome in 
England by using a voltage such that the glass and 
phosphor have nearly the same secondary emission 
ratio. A voltage of about 1,500 volts was sufficient to 
fulfill these conditions. 
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Fig. 11—Electrostatic storage systems. (a) Dot-line. (h) Dot-.% iggle. 
(c) Dot-blur. (d) Dot-circle. (e) General system. (f) Broken-line. 
(g) Deflection. 

Particles of carbon create another problem for this 
system. If a carbon imperfection is present on the 
screen, it has been learned in England that this too 
gives a spurious signal. Furthermore, it has been found 
that the size of the imperfection required to give diffi-
culties may be considerably smaller than the dot used in 
the process. So far, no cathode-ray tubes have been en-
countered in the present experiments which give spuri-
ous signals with the dot-circle system of reading. While 
there is a slight variation in the size of output signals 
obtained in the circle-dot system as the reading opera-
tion moves across the tube screen, the size and shape 
are always sufficient to give a reliable memory. 
The sensitivity of the dot-line system to screen im-

perfections seems to be a property of any system which 
sweeps the beam. Even though the imperfections may 
be smaller than the small pattern, the sharp edge of the 
beam detects them as the beam is swept across the 
screen. The resulting output signal contains these dis-
turbances at the beginning of the signal where sampling 
normally occurs. 

II. COMPARISON OF THE VARIOUS SYSTEMS 01 
ELECTROSTATIC STORAGE 

Several systems for operating electrostatic storage are 
illustrated in Fig. 11. 

A. Dot-Line System 

The dot-line system, used in England by Williams, 
uses a dot for one pattern and a line for the other. The 
line and dot are superimposed as shown in the top line 
of Fig. 11. The line is analogous to the circle in the 
dot-circle system. The line is generated by sweeping the 
beam, not by moving the beam at -high frequencies 
over an area. Furthermore, the position of the dot rela-
tive to the line is such that no initial distinction exists 
between the two patterns. Instead, of an initially posi-
tive signal when the larger pattern reads the smaller, 
the output signal first goes negative and then positive, 
as the beam creates a larger positive area by continuing 
to sweep the area. 

Such a system results in delay before the signal 
reaches its peak in the positive direction. A weak signal 
is obtained because the line only affects the interesting 
region around the dot in one dimension. There is not as 
large a change in plateau area as in the circle-dot sys-
tem. Furthermore, the sweeping line does not cause this 
change in area to take place as rapidly as with the circle-
dot system. 

Greater accuracy or repeatability. is required of the 
dot-line deflection system than for the dot-circle 
method. The exact location of the circle relative to the 
dot is not as critical as the line to the dot. The dot-line 
system has simplicity to recommend it. 

B. Dot- Wiggle System 

An alternate dot-line system, line (b) in Fig. 11, was 
tested. The dot was produced in the usual fashion, but 
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the line was produced by superimposing a small, high-
frequency signal on one of the deflection plates. This 
permitted a symmetrical superposition of the line on top 
of the dot rather than the one used in the first system 
described. It was believed that in this way the negative 
kick which precedes the signal obtained in the first 
system might be reduced and that the tolerance on the 
return of the deflection system in one dimension would 
be improved. The results of experimentation, however, 
indicated that the behavior of the dot-wiggle system 
was not, in general, greatly different from the dot-line 
system. 
This can be understood if the system is considered as 

having the virtues of the dot-circle system in one dimen-
sion, but the disadvantages of the dot-line system in 
the other dimension. The conclusion, therefore, was that 
the dot-wiggle system appeared to have fewer virtues 
than the dot-circle system and was not appreciably 
simpler. 

C. Dot-Blur System 

A third system, line (c) in Fig. 11 which used a dot-
blur pattern, was tested. The dot was created in the 
same manner as before, but a larger dot or blur was 
created around the dot by shifting the potential on the 
focus electrode. It was found that the focus electrode 
could be shifted either up or down to produce the de-
focusing. For certain types of guns this system was 
about as effective as the dot-circle system. However, for 
many of the types of guns which are presently used in 
cathode-ray tubes, the defocusing operation could not 
be done accurately. The focused dot did not always 
have the defocused area centered on it, and the edges 
of the defocused area did not always remain sharp. 
These defects pertain to the so-called Type "A" gun 
and make the dot-blur system inferior to the dot-circle 
system. It does retain the advantages of a large signal 
output and insensitivity to any minor inaccuracies in 
the return of the deflection system. 

D. Dot-Circle System 

Line (d) of Fig. 11 shows the dot-circle system already 
discussed. Larger signals are obtained in the dot-circle 
system than in any others tested because of the large 
ratio of the circle area to the dot area. The system 
still permits nearly as many spots to be stored in a given 
area as in the systems having the best space efficiency. 
The dot-circle system eliminates the initial negative 
kicks obtained with the line systems. This also con-
tributes to a larger output signal and allows sampling to 
take place sooner and with greater time tolerance, re-
sulting in an over-all faster system. The method is less 
sensitive to defects in the phosphor or signal place be-
cause the beam is not swept. Any screen imperfections 
may affect the amplitude of the signal but not the 
shape. In particular, the critical initial portion of the 
signal is not changed by any screen imperfections. The 
dot-circle pattern allows greater inaccuracies in the de-
flection circuits when returning to read a spot than in 
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some other systems. The "time delay" associated with 
the dot-line system is absent, since the time needed to 
sweep the line is eliminated. 

E. General Shapes 

Line (e) of Fig. 11 shows some general shapes used. 
The results were more or less similar to those obtained 
with the dot and the circle. While the results of the dot-
circle system seem to be a little better, tests for the 
general systems show that the exactness of the shape of 
the circle is not of critical importance. The advantage 
of high-frequency method of producing a circle is the 
relative simplicity of the standard equipment required 
to do it. The high frequencies can be superimposed on 
the deflection systems through small capacitors which 
do not otherwise interfere with the operation. 
A final advantage to the high-frequency method is 

that the tube is used with the beam focused to a sharp 
spot in the manner in which it was intended. If later 
changes are made in gun design which affect the manner 
of focusing, the sensitivity of the focused element, or 
the manner in which the focusing is done, such changes 
will not affect the operation of the system as a whole. 
The circle-dot system is based upon the principle that 
the beam is always focused and the deflection system 
produces the various shapes. 

F. Broken-Line System 

Line (f) of Fig. 11 shows an early system first tried 
at the Moore School, University of Pennsylvania, be-
fore the work was undertaken at the Eckert-Mauchly 
Computer Corporation. This method, while giving a 
usable result, was not too satisfactory. Redistribution 
ratios of the order of 3 or 4 were about all that could be 
obtained for reasonable spacings. The dot-circle system 
for similar spacings gave redistribution ratios of many 

thousand. 

G. Deflection System 

Line (g) shows a deflection system used in radar. It 
is a variation of the system in line (f). The principle of 
operation is roughly the same as the broken line, and 
the defects that it suffers are of the same type, with 
slight improvement. Both systems, lines (f) and (g), 
require space at the beginning and end of each line for 
turning the beam on and off. This space is wasted, as is 
the time required for the starting and stopping opera-

tions. 
The two deflection systems, lines (f) and (g), are suit-

able in a serial computer where they could be used to 
replace the mercury delay-line memory. Although the 
output signals are somewhat lower than other systems, 
the scanning rate can be three or four times faster. 
Because both systems have low redistribution ratios 

they would not be suitable for a parallel computer. Since 
the parallel system requires the beam to return arbi-
trarily to any spot, the space at the beginning of each 
line would have to be allowed at each spot. This would 
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reduce the efficiency of the storage by as much as one 
half to two thirds. 

III. DESCRIPTION OF EXPERIMENTS AND RESULTS 

This section describes the experiments and tests per-
formed in the study of an electrostatic memory tube, 
giving the results and conclusions of each. 

A. Phosphors Venus Voltage 

The characteristics of the output signal of a cathode-
ray tube used as an electrostatic memory are dependent 
upon the type of phosphor used. The secondary emission 
ratio varies with the type of phosphor and with the ac-
celerating voltage. When using a cathode-ray tube for a 
memory, it is desirable to obtain the maximum number 
of spots on the screen, that is, best definition. Definition 
is improved by higher accelerating voltages; however, 
higher voltages decrease the secondary emission ratio, 
thus producing a drop in the output signal. The first 
problem, then, is to investigate the variation of output 
signal as a function of phosphor and accelerating 
voltage. 

Four spots were placed on the screen at wide spacing 
so that the effects of redistribution were negligible. The 
writing sequence consisted of eight dots and then eight 
defocused dots, or blurs. Each spot was bombarded 
twice. The reason for the second return was to determine 
ease of erasure, which seems to be a function of the type 
of phosphor. 

Readily available phosphors were checked. Specifi-
cally, these were PI, P2, P4, P5, P7 and P11. Since the 
object of these experiments was to obtain a cheap mem-
ory tube, none of the rarer phosphors was examined. 
Some of the untested phosphors are combinations of 
the available ones. 
The accelerating voltage was varied from 200 to 

10,000 volts. However, the complete range was not used 
on all phosphors because the output signals tended to 
drop off before reaching these limits. Fig. 12 shows a 
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set of typical curves (First Write column) for the 5CP7 
tube. The voltage values are relative. 
The second column (Second Write) exhibits the era-

sure quality. A blur on a blur should produce a large 
negative pulse output. If the spot has not been thor-
oughly erased, a small negative pip, followed by a small 
positive pulse, occurs. At the lower voltages erasure is 
poor, while erasure becomes complete at higher vol tages. 
Erasure is a function of other variables as well and is 
discussed later. 

Table I shows the relative amplitudes of the output 
signals for various phosphors. The data were taken 
from curves similar to those in Fig. 12. The PI phos-
phor is the best for a memory tube since it has high 
output signal at high accelerating voltages, good erasure, 

TABLE 1* 

Accelerating 
Voltage 

Phosphor 

PI P2 

200 
500 
950 

1,500 
3,000 
4,500 
7,500 
10,500 

14 
20 
21 
22 
19 
15 
15 

13 
22 
23 
17 
10 
2 

• Units are relative output divisions. 

P4 I P5 

14 
15  25 
13  26 
12  20 
8 17 
4  4 

P7 P11 

9 
20 19 
20 22 
21 21 
18  16 
7 13 

8 
4 

low cost, and is very dense and free of holes and 
granular irregularities. The remaining experiments 
were made with PI phosphor exclusively. The fine 
structure of P1 stuns from the fact that the particles 
are ground—a procedure not as practical with many 
other phosphors due to the small allowable impurity 
content (of the order of 1/1000 of 1 per cent in these 
others, as compared to 1 per cent for 131). 

B. Gun Structure 

A number of different 5CP1 tubes were used in these 
experiments. Each gave results identical with the 
others. However, a 5CP1A was also tested, and it gave 
completely different results. The only difference between 
the two tube types was the gun structure. The 5CP1 
uses a "triode" gun while the 5CP1A has the newer 
Type "A" gun. The "A" gun was designed to give less 
focus electrode current and better focusing. This fea-
ture, desirable for oscilloscopic purposes, is undesirable 
when it is necessary to produce a blur by defocusing. As 
a result, the 5CP1A compared poorly with the 5CP1 on 
output signal for dot-blur writing. The visual effect is 
shown in Fig. 13. Defocusing is accompanied by off-
center deflection with the "A"-type gun as well as 
blurring of the edges. 

® 
"TRIODE" GUN  "A"  GUN 

Fig. 13 —Triode versus "A" gun. 
Fig. 12—Effect of accelerating voltage. 
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It was for the purpose of obtaining good results from 
the "A" gun that the circle-dot method was developed. 
As mentioned before, this method has the beam focused 
at all times but the large area figure is made by whirling 
the beam around a circular pattern. Thus, the focusing 
action of the "A"-type gun is not disturbed. Both 
methods were successful with the "triode" gun. Fig. 14 
shows typical wave forms. 

"TRIODE" GUN "A" GUN 

DEFOCUSING 

CIRCLING 

Fig. 14—Output v‘aveshapes, defocusing vs. circling on 
triode and "A" gun. 

The "A" gun was difficult to focus sharply over the 
entire area of the tube until an astigmatism control 
was added. This control provided a means for making 
the average potential of the deflecting plates equal to 
the potential of the second anode. Setting this control 
proved to be about ten times more critical with the "A" 
gun than with the "triode" gun. 

ditions caused by redistribution. The number of spots 
per unit area under these conditions is a measure of the 

space efficiency. 
The space efficiency, however, can be influenced by 

the manner of deflection. Purely serial operations, as in 
television scanning, give the greatest space efficiency. 
The present methods were concerned with completely 
parallel operation in which a number of readbacks were 
made on one particular spot. Comparative data on this 
test are tabulated in Table II. 

C. Tube Diameter 

Intuitively, it might seem that memory capacity 
would be greatly increased by using a larger tube. A 
seven-inch tube should be able to store twice as many . 
spots as the five-inch tube because the area of the 
former is nearly twice that of the latter. Upon examina-
tion, however, other factors which are not immediately 
apparent tend to deny this theory. Such factors as 
maximum deflection angle and increased spreading of 
the beam with distance tend to diminish the advantage 
of the seven-inch tube over the five-inch tube. Theo-
retically, for the same accelerating voltage and gun, 
and neglecting space charge and redistribution, the 
number of spots should not change with tube size. 
Actually, redistribution does not scale up propor-
tionately as do other factors and, therefore, the larger 
tubes have some advantage over the smaller ones. Re-
distribution distances are changed but little and thus 
do not scale since the velocities of secondaries and the 
local field are not changed at the end of the tube. 
The space efficiency for various diameter tubes was 

determined by operating each tube as a memory with 
256 spots. The spot spacing in both the vertical and 
horizontal directions was decreased until the first de-
tectable decrease in output signal was discovered (ap-
proximately 5 per cent).' This defines the limiting con-

I The spot spacing data are based upon two assumptions: (1) that 
a 5 per cent to 10 per cent decrease in output due to interference is 
tolerable; and (2) that the area for 256 snots can be tiged as a Imsis 
for extrapolating to the full tube area. Both assumptions must be 
examined more completely. 

TABLE II 

Tube 
Diame-
ter 

3' 
5' 
7' 

Spots/In.2 

320 
141 
102 

Approxi-
mate 
Area 
(In.2) 

4.5 
12.5 
24.5 

Extra-
polated 
Total 
Spots 
Possible 

Approxi-
mate 
Space 

Efficiency 
Relative 
to 3' 
Tube 

1,440 
1,762 
2,499 

100% 
44% 
32 % 

Actual 
Increase 
in 
Spots 

23% 
73% 

Although the space efficiency drops as the diameter is 
increased, there is an increase in the total number of 
spots. This indicates that the area changes faster than 
the effects of redistribution and defocusing. 

D. Effects of Accelerating Voltage on Signal Output, Re-
distribution, and Definition 

The acceleration voltage plays an important role in 
the memory tube if a large number of spots are to be 
placed on the tube. Its lower limit is set by definition 
and secondary emission ratio, while its upper limit is set 
by insulation breakdown, secondary emission ratio, and 
decreased deflection sensitivity. The effect of an acceler-
ating potential on secondary emission has been dis-
cussed previously. Definition, or sharpness of focus, im-
proves with higher accelerating voltages because the 
velocity components perpendicular to the electron beam 
are made smaller compared to the main component 
which is directed toward the screen. Improved gun 
structures may correct this fault; for the present, higher 
voltage is the answer. 
Memory tubes for computer work should provide a 

large number of readouts on one particular spot without 
causing loss of memory in nearby areas, that is, high re-
distribution ratios. Redistribution is not a linear func-
tion of readbacks, nor is it a linear function of the dis-
tance between spots. Redistribution changes extremely 
rapidly when the spot spacing is varied from one to two 
spot diameters; but it changes very little beyond that 
distance, indicating that the sprayed electrons have a 
sphere of influence with an abrupt boundary. 
The magnitude of these effects was made the subject 

of an experiment. The variables were acceleration volt-
age, number of readbacks on a particular spot, spot spac-
ing, and tube diameter. An output signal was produced 
by placing 256 spots on the screen as alternate fields of 
circles and dots. The spots adjacent to a selected spot 
were observed while the selected spot was read a large 
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number of times. The spacing was decreased in both di-
rections until the first signs of signal deterioration were 
observed. The vertical and horizontal spacings were con-
trolled independently. It was found that the two spac-
ings are not equal for optimum conditions but seem to 
be a function of direction of deflection. This procedure 
was repeated with different acceleration voltages, vari-
ous readback rates, and different diameter tubes. 
The results are given in Table III. With lower ac-

celerating voltages less than half the number of spots 
can be obtained. 

TABLE In* 

Accelerating 
Voltage 

Readbacks 

Tube Diameter 
3" 
5' 
7" 

3,300 Volts 

0 

570 
227 
192 

256 1 , 024 

1,900 Volts 

0 256 1,024 

518 
183 
146 

496 
175 
146 

220 
99 
92 

173 
64 
69.2 

173 
55 
61.4 

• Units: Spot /Incht. 

E. Magnetic Fields 

Some of the secondary electrons from the bombarded 
screen return to the screen, and some go to the post ac-
celerator. Since the positive output signal is caused by 
the electrons leaving the surface of the screen, it is pos-
sible that the signal could be increased by a magnetic 
field which would direct the secondary electrons toward 
the post accelerator. 
The presence of the magnetic field produced a slight 

increase in the output signal, but the pattern was dis-
torted. The redistribution ratio, which should also im-
prove, only showed a slight improvement. 
Another scheme for improving the signal output is to 

pulse the post accelerator with a positive potential, 
thereby attracting most of the secondary electrons. This 
scheme interfered with the equilibrium action and re-
quired a definite time out for pulsing. Neither of these 
methods seemed desirable since the improvement noted 
was so slight. 

F. Erase Time Study 

Erasure, writing, and reading represent the same op-
eration in this electrostatic type memory tube. The 
beam erases what is already there and writes its latest 
shape each time the spot is read. Considerable interest 
is focused on the problem of determining the length of 
time the beam should stay on each spot. This time di-
rectly affects the basic repetition rate of the associated 
equipment and also determines the amount of redistri-
bution on those neighboring spots within the sphere of 
influence. The results of these experiments seem to indi-
cate that the beam should be kept on a spot until it has 
reached its equilibrium potential. This guarantees full 
output the next time the spot is called upon. The time 
required for a spot to reach full charge is a complicated 

function of beam current, phosphor chrarcteristics., ac-
celerating voltage, spot diameter, time, and capacitance 
to surrounding areas. 
It so happens that all the factors except time have 

been chosen on the basis of other considerations. Deter-
mination of erasure time can be made experimentally by 
observing the output signal while placing alternate 
frames of circles and clots on the screen, returning to 
each spot twice. The cathode-ray-tube grid unblank 
time can be lengthened until further increase produces 
no additional increase in signal amplitude. Fig. 15 shows 
the results of this test. 

1ST WRITE 

-1  -1\*--

3 'V  

w • 

Li 

5140 WRITS 

0.0 

.- " ‘ 41 7:":4;• 

Fig. 15 —Effect of length of writing period on output 
signal and erasure. 

The experiment has been carried out with cathode-
ray-tube grid wave forms which were steep compared to 
the rise time of the signal. It was expected that the sig-
nal amplitude would be related to the grid rise time since 
the output signal is obtained through the capacitively 
coupled signal plate. Apparently the coupling network 
time constant was long compared to the grid rise time 
because the only effect of this variation was an output 
signal delayed by the amount of the rise time. Obvi-
ously, if the grid-voltage rise time is made long enough, 
the poor low-frequency response of the signal-plate cou-
pling network and amplifier will limit the signal. The 
effect of long cathode-ray-tube grid-voltage rise time is 
to slow down the memory. A compensating effect is the 
smaller amplifier necessary to drive the grid. A com-
promise between the two opposing factors must be 
reached. (0.2 to 0.25 microsecond rise was chosen.) 

G. Effect of Cathode-Ray Grid Voltage 

Normally the grid voltage is at cutoff. When the de-
flection voltages have reached full amplitude, a positive 
signal is applied to the grid to turn the beam on. Com-
plete cutoff (about —150 volts at +3,000 acceleration 
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voltage) is necessary until this time in order to prevent a 
faint beam from trailing across the screen. Electronic 
cutoff appeared in all cases coincident with visual cutoff. 
Beam current in the tube is a function of grid voltage 

and hence affects the writing time. Therefore, a study 
was made of the effects of grid voltage variation. If the 
grid voltage is too low, the writing is poor and a small 
output signal is obtained. Conversely, if the grid voltage 
is too high, the positive signal output is decreased and 
redistribution is increased. The grid can be adjusted to 
optimum condition by observing the output signals. A 

typical test is shown in Fig. 16. 
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With a value of RL =10K ohms, properly shunt com-
pensated, a useful output of 5 to 15 millivolts is obtain-

able. 
A method suggested for increasing the speed of the 

memory requires that the pickup plate be moved away 
from the screen in order to decrease the spot capacity. 
This scheme was tried and there was no significant or 
detectable increase at 3/16 inch. The amplitude re-
mained practically constant. The fallacy lies in the fact 
that the capacity from collector to a spot does not 
change too much as the plate is moved away. Although 
the distance increases from the spot to the plate, the 
solid angle stays about the same due to the large diam-
eter of the collector thus preventing the capacity from 
changing appreciably. 

Fig. 16—Effect of grid voltage on output signal. 

When used as a memory, a cathode-ray tube is op-
erated at a higher negative bias than that normally used 
for good visual output. Fortunately, spot defocusing is 
small under these conditions. The grid bias must be ac-
curate to within 5 volts if no change in output signal is 
to occur. This fact must be taken into account if direct-
current restorers are used in the grid circuit. 

H. Input Circuit Design 

The design of the input circuit and amplifier requires 
a knowledge of the frequency components present in the 
signal. In general, the time constant of the network 
should be lower than the rise time of the signal (between 
0.2 and 0.4 microsecond) if the true wave shape is to be 
preserved. The signal-plate load resistance RL should be 
computed so as to discharge the stray shunt capacity 
Cs which exists between signal plate and ground. If RI, 
is made too large, Cs will not be discharged completely 
before moving to another spot, resulting in loss of signal. 
If RL is made too small, differentiation takes place 
through the signal plate to spot capacitance and RL, re-
sulting in a small, sharp output signal. The best com-
promise seems to be a RL• CS time constant less than 
twice the memory repetition time. Inductive compen-
sation can improve this condition. 

I. Leakage Tests 
Memory is possible only if the spots can hold their 

charge for a significant length of time. The factors which 
shorten the memory time of a spot are leakage and re-
distribution, the latter having been treated earlier. How 
much each factor contributes is a question which must 
be answered since it determines how often a spot must 
be regenerated. 
The order of magnitude of leakage was determined by 

writing a line of dashes on the screen and moving the 
beam to another portion of the screen for an interval of 
time, and then reading back on the original line to pro-
duce an output signal. Any change in output signal with 
variation in length of interval indicates leakage. Obser-
vations were made at intervals of time up to 1/12 sec-
ond, and no indications of leakage were evident. Longer 
intervals even up to several seconds showed only small 
changes and were therefore permissible. It would seem 
reasonable, therefore (if redistribution effects are negli-
gible), to regenerate each spot every 100 milliseconds or 
less. Allowing 2 microseconds operating time for each 
spot, this requirement matches well with the timing of 

associated equipment. 

J. Transients 
The interval between regenerations, that is, frame 

time, is influenced by the transients of the line supply. 
Such transients shift the beam by affecting the deflec-
tion and second anode voltage. For a given frame time, 
only a certain maximum rate of shift can be tolerated. 
If the displacement during each frame time is kept small 
(for example, less than 1/10 a spot diameter), the 
whole pattern can move slowly and still permit success-

ful operation. 
By making the power supply time constant longer 

than the regeneration interval, the voltages will change 
more slowly than the frame rate. 
Under actual test, screen patterns jumped as much as 

1 inch with line surges without affecting the memory 
pattern. It becomes difficult to provide the power sup-
plies for larger memories with a long time constant, 
therefore shorter frame times improve the situation. 
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IV. THEORY OF OPERATION 

A simple block diagram of the test equipment is 
shown in Fig. 17. The position of the beam is deter-
mined by the deflecting circuit which in turn is con-

Fig. 17—Block diagram of test equipment. 

trolled either by the manual switches or the counter. A 
spot or a circle can appear at any position depending 
upon the deflection signals and whether the circle gen-
erator is off or on. The signal picked up at the face of the 
tube is fed into the regeneration circuit. The beam is 
turned off and on by the timing signal and the output of 
the regeneration circuit. 

The regenerative action is explained with the aid of 
the timing diagram, Fig. 18. In the diagram, the num-
ber 010011 is used as an example and the wave forms in 
various parts of the system are shown. The unblanking 
signal which controls the circle generator as well as the 
cathode-ray-tube beam produces a circle at the chosen 
area for the first half of each cycle. This circling pro-
duces the wave forms shown in the third line, depending 
upon whether a circle or dot had been the last previous 
form in that area. If a positive signal is obtained, it gates 
a clock pulse which sets the dot flip-flop. The flip-flop 
holds the beam on after the circle generator is turned off. 
The dot, or one, is thereby regenerated at that position. 
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Fig. 18—Timing diagram of test equipment. 

0 

When the cathode-ray-tube output signal goes nega-
tive, the flip-flop is not set. The beam, therefore, goes off 
at the same time as the circle generator, leaving a circle 
on top of the original circle, thus regenerating the zero. 

A. Regeneration Circuit 

Extremely high computing speeds can be obtained by 
a parallel system consisting of several memory tubes. 
Each tube would have its own regeneration circuit but 
would be connected to a common deflection circuit. One 
of the binary digits of each stored word would be stored 
in each tube. A word could be selected in two to three 
microseconds and all of the digits would be presented 
simultaneously. 

A detailed block diagram of the regeneration circuit 
is shown in Fig. 19. Clock gates, flip-flop, and unblank-
ing signal have already been discussed in connection 
with the timing diagram, Fig. 18. Information is re-
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F i g . 19— Regeneration system. 
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moved from or inserted into the memory through the 
three gates in the lower right section of the diagram. 
For example, to put a dot (1) in any memory location, 
the input signal and the input gating signal are applied 
simultaneously to the input gate at the proper time. The 
output of this gate keeps the beam on after the circle 
generator has been turned off, thus putting a dot charge 
distribution on the tube. 

The recirculation signal line normally permits signals 
to pass through the gate. To put a zero in any memory 
location, the recirculation gate must be blocked by a 
signal of the opposite polarity at the proper time. 
Finally, to read out any stored signal, the output 

gate is opened and the signal appears on the output line. 
Obviously, reading out a signal does not of itself remove 
it from the memory. However, when such action is de-
sired, information in the memory can be read out and 
simultaneously new information can be inserted by ap-
plying signals to all three gates. 

B. Clipping Considerations 

This memory system is based on the two different 
output signals obtained from the two charge distribu-
tions. For reliable operation the difference between the 
two signals must be well defined under all operating con-
ditions. 

7 
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For example, a positive signal gates a clock pulse. If 
the base line of the signal should shift, the circuit would 
pick up extra pulses or omit desired pulses. In other 
words, for best operation there should be no direct-
current component in the signal at the point where it is 
sampled, that is, the clipping circuit. 
Since the signal is obtained from an insulated plate, 

it originally contains no direct-current. Therefore, it is 
sufficient to maintain this condition through the ampli-
fier and clipping circuit. To insure this condition, grid 
current must not flow in the amplifier. 
The clipper uses the circuit of Fig. 20. R1 can be con-

nected to some negative voltage which puts the second 
grid of the tube below cutoff. Then in the quiescent con-
dition the upper diode draws current. Any positive 
pulse greater than the threshold value can turn on the 
gate. The threshold can be varied by changing the 
voltage to which R1 is returned. Since the circuit must 
distinguish between positive and negative signals, 

CLOCK 
PULSES 
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to a particular combination of switching tubes turned 
off. These in turn operate the deflection tubes. The cur-
rent through all conducting deflection tubes is equal. 
Therefore, each contributes voltage to the output which 
is proportional to its share of the anode load. The re-
sistors shown in series with the plates of the upper de-
flection tubes are not logically necessary. They equalize 
as much as possible the plate voltage of all stages. The 
regulator tubes are part of the circuit which maintains 
constant current in each conducting deflection tube. 

Fig. 20—Clipping circuit. 

clipping action could also be obtained when the quies-
cent position of the second grid is zero or some positive 
voltage. Under these conditions, the negative signal 
must be enough to pull the grid down to cutoff and a 
positive signal to have no appreciable effect. In the 
laboratory model of the regeneration circuit, the thresh-
old voltage was varied over a wide range to test the 
reliability of the circuit as well as to check the correct-
ness of the chosen clipping level. 
The output of the lower diode of the clipping circuit is 

used only to balance the impedance of the clipper as the 
instantaneous voltage changes. This prevents a change 
of charge on condenser C thus avoiding the base line 
shift discussed above. 

C. Deflection 

Basically, for the purpose of this paper, a deflection 
circuit is a device which generates a voltage propor-
tional to a number which is received in coded form. 
There are a number of different circuits which have this 
property, and each can be varied in a number of ways. 
The deflection circuit actually used in the laboratory 
model is shown in Fig. 21. Any spot position corresponds 

•II4tSTOS  $101 0106  KILIC1 ,06  NIOLICT.O.  W P M* 
',A/6  ',AEI  % WS  'M KS  % NI 

Fig. 21—Deflection circuit of test equipment. 

V. REGENERATION CONSIDERATION FOR A MEMORY 

SYSTEM 

There are several different methods of regenerating 
an electrostatic memory system. These methods con-
sider the timing and number of wires over which the re-
generation occurs within a system or group of tubes. 
While there may be specific exceptions, a digital mem-
ory consists of a group of cathode-ray tubes. It is the 
presence of the group, rather than a single tube, which 
gives rise to the great variety of multiplexing or tim-
ing schemes and the different types of regeneration sys-
tems which may be used. 

A. Parallel System 

The parallel system is probably the simplest system 
logically. Section IV of this paper dealt with an element 
of a parallel system. It is the fastest system and there-
fore, from the point of view of technique, may be con-
sidered the most highly developed system. It is not the 
simplest system from the standpoint of the amount of 
apparatus required, and it may be ruled out in a prac-
tical computing system where simplicity is more im-
portant than high speed. 
If there are 50 of these systems, each can transmit 

and receive its information simultaneously from 50 in-
dependent circuits. These 50 circuits might correspond 
to 50 binary digits in an electronic digital computer. If 
the computer is decimal rather than binary, these digits 
would be considered in groups of four or five in order 
to make up the decimal digits. In the basic pattern of 
operation, the deflection circuits of all the cathode-ray 
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tubes in the system are tied to a set of common deflect-
ing busses which would direct all the beams into the 
same region of the screen simultaneously. 
The operation of such a system would be as follows. 

After deflecting the beams to the proper point in each 
tube, only one reading or writing operation is needed 
by the whole register. Such a system gives the ultimate 
in speed of operation because it uses multiple channels 
for transmitting all the intelligence at one time. 

B. Regeneration Patterns in Parallel System 

The fundamental limit on the speed of operation in a 
given channel is the cathode-ray tube phenomenon and 
not the amplifier and associated circuitry. A regenera-
tion pattern must be used in the tube which allows a 
fairly good redistribution ratio in order to make the 
operation of a parallel system practical. 
Assume that a cathode-ray tube contains approxi-

mately 1,000 spots which are regenerated in cycles con-
sisting of two intervals. During the first cycle, any ar-
bitrary spot is read and regenerated; during the second 
interval, one of the other spots on the tube is regen-
erated as part of a regular systematic regeneration pro-
cedure. In such a system, the condition of most interest 
would be that in which the same spot is read during all 
the arbitrary reading periods over a complete regenera-
tion cycle without losing the spot next to the arbitrary 
spot through redistribution. 

A condition exists in which the redistribution ratio 
must be at least 1,000 in order to have satisfactory op-
eration of the memory. This pattern of regeneration 
utilizes 50 per cent of the operating time for the purpose 
of regeneration. In an actual computer, other operations 
may take place during the regeneration time. 

C. Serial Operation 

The serial system for regenerating memory tubes op-
erates in a manner analogous to a regenerated mercury 
memory. From the point of view of the quantity of ap-
paratus, the serial system uses about the simplest sys-
tem. The apparatus setup for the serial system is like 
that in the parallel system except that it is a memory 
consisting of one tube. If there are more tubes, they 
are independently selected at different times. 
In a simple serial system, the reading progresses sys-

tematically along the spots of the tube, starting, for ex-
ample, in the upper left-hand corner of the spot pattern 
and counting along the spots of successive rows to the 
end of the pattern and then back to the beginning again. 
This is equivalent to the systematic regeneration cycle 
of a single channel of the parallel system. If it is desired 
to put in or take out a particular number, it is necessary 
to wait until this number is passing through the re-
generating circuit and, at that time, the number is read 
out and the new number is read in. 
Since the scanning process involved in this case is a 

purely systematic one and does not require any ar-
bitrary steps from one point to another, the relatively 
elaborate jump-sweep system is replaced by the simple 

step-charger system. Except for the fact that it produces 
small potential plateaus as steps, it is like a raster, simi-
lar to that used in television. 

D. Serial Line System 

A variation of the serial system, which we shall call 
the serial line system, is the one used by Williams. That 
system uses a perfectly systematic horizontal sweep with 
a step pattern. The vertical sweep, however, is a con-
trolled sweep mentioned in connection with the parallel 
system. The serial line system uses a systematic 
scanning like the parallel scanning except that the ele-
ment, instead of being considered a particular spot on 
the tube, is considered to be a particular line on the 
cathode-ray tube. For example, a 32 X32 array may be 
considered as 32 packages of 32 spots each —each line 
being taken as a package. 

The mode of operation in this type of memory is 
such that one line is read systematically—say line 1. 
Then an arbitrary line is chosen. Then line 2 is read, 
and then some other arbitrary line is read; then line 3 is 
read, and so forth. In general, it is simply an extension 
of the separate spot principle into separate lines. 
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Diode Coincidence and Mixing Circuits 
in Digital Computers* 
TUNG CHANG CHENt, ASSOCIATE, IRE 

Summary—Basic circuits utilizing germanium diodes in elec-

trically pulsed systems are described. The circuits are of the fol-

lowing types: 
1. Coincidence circuits —outPut signal occurs only when all the 

inputs receive signals simultaneously. 
2. Mixing circuits —output signal occurs when any one of the 

inputs receives a signal. 
The analyses of transient response of the output signal and the 

input impedance are given. 

I. INTRODUCTION 

C
OINCIDENCE and mixing circuits, also known 
as gates and buffer circuits, respectively, occur 
frequently in many electronic devices and play 

an important role in electronic digital computers. A co-
incidence circuit produces an output when, and only 
when, all inputs are energized simultaneously. A mixing 
circuit combines several inputs without interaction into 
one output which is responsive to any one of the inputs. 
These circuits may be formed by using multiple control-
grid vacuum tubes, tubes in parallel, or diodes. 
The circuits, which are to be described, using ger-

manium diodes are not amplitude sensitive, that is, the 
circuit operations depend only upon the presence or 
absence of signals provided the amplitudes are kept 
within a predetermined range. This property is desirable 
in most electronic digital computers and other similar 

applications. 
In the following analysis and discussion it is assumed 

that the diodes are ideal except under the conditions 
where their back resistances cannot be neglected. 

II. COINCIDENCE CIRCUIT 

A basic coincidence circuit of n inputs for positive 
pulses is shown in Fig. 1. All the voltages shown are 
referred to ground. All the input pulses are assumed to 
be rectangular with the same duration and equal ampli-
tude and will occur at the same instant when there is a 
coincidence. The supply voltages are adjusted so that: 

El> E. > E2, 

and 

(1) 

(2) 

When there is no signal at any of the inputs, the clamp-
ing diode X, and all the coupling diodes X1, X2. • • • 
X „ are conducting; hence, e. equals E.. When there is a 

pulse appearing at one of the inputs, taking input 1 as an 
example, XI is cut off. Since ./1 is greater than I the 

Decimal classification: 621.375.2. Original manuscript received 
by the Institute, June 22, 1949; revised manuscript received, Novem-
ber 29, 1949. 
t Formerly, Research Laboratory, Moore School of Electrical 

Engineering, University of Pennsylvania; now, Research Division, 
Burroughs Adding Machine Company, Philadelphia, Pa. 

I LI 

Ea 

Fig. 1—basic coincidence circuit for positive pulses. 

clamping diode remains conducting, except when a 
coincidence of all the inputs occurs. With coincidence all 
the diodes are cut off and e0 rises exponentially with time 
constant RC, where C is the output capacitance includ-
ing the capacitance of the diode X,. 
The rise time of the output pulse can be found to be: 

E1 — E„ 
T, = RC ln   (3) 

El — E 

If the voltage drop across R is large compared to the 
amplitude of the pulse, the rise time is approximately: 

(E — E.)C 
T, = (4) 

After the output voltage e. has reached E, it follows the 
input voltage ei exactly; because if e. is greater than ei, 
the coupling diodes will begin to conduct. If the input 
pulses do not have the same duration and do not occur 
at the same instant, the output pulse only occurs in the 
overlapping part of all the input pulses and has an am-
plitude equal to the smallest of the inputs. 
The purpose of using the clamping diode is threefold. 

First, it acts as a clamper or dc restorer to permit the 
use of capacitive coupling. Second, it keeps e, constant, 
except when there is a coincidence, regardless of the 
number of inputs at which signals are present. If the 
clamping diode were not present, the maximum change 
in e, in the absence of a coincidence would be: 

+ RE:  R1E:  nRE2 
(3) 

RI + R  RI + nR 
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and this variation may have sufficient amplitude to 
give a false response when n is large. Third, the clamping 
diode eliminates leakage signals caused by the back re-
sistance of the coupling diodes. The maximum leakage 
signal, which occurs when signals are applied to n-1 in-
puts, is: 

(n — 1)RRIAe, 
—   (6) 
(R + Ri)Rb+ (n — 1)RRI 

for no clamping diode. Rb is the back resistance of a 
diode and Aei is the 'amplitude of the input pulses. 
With the clamping diode, the leakage signal will not 
occur until 4 becomes zero or: 

(n — 1)(E — E.) 

Rb 
=11 -1.  (7) 

Under this condition the clamping diode is cut off. If the 
difference is large enough so that the clamping 
diode remains conducting for the highest pulse ampli-
tude, no leakage will occur. 
In the case where the total capacitances of the cou-

pling diodes is comparable to the output capacitance, the 
output voltage changes abruptly to the value: 

nC.E 
(8) 

C 

where C. is the capacity of a coupling diode and the rise 
time is: 

nC. 

nC.  C 
T,' = (nC.  C)R in  (9) 

— E 

If the voltage drop across R is large compared to the 
amplitude of the pulse, the rise time is approximately: 

CE 
T,' = — • (10) 

Several types of input circuits are shown in Fig. 2 
where the notations are identical with those used in 
Fig. 1. Input 1 is a capacitive coupled input. Inputs 2 
and 3 are used for direct coupling which is sometimes 
necessary for gate signals of long durations. Input 2 
should not be driven to a potential lower than E. for 
then excessive current may exist in X. and Xs in series, 
if the output impedance of the driving source is low. 
This limitation is avoided by the use of input 3, since 
diode X5 is cut off when the input voltage is less than E.. 
Input 4 is an inhibiting input. A coincidence of inputs, 

1, 2, and 3 will give an output, except when a coincid-
ing negative pulse is applied at input 4. Normally, 
diodes X6 and X4 are cut off and the presence of a nega-
tive pulse at the input makes the diode X4 conduct and 
inhibits the output. Diode X6 is merely used for clamp-
ing, while the series resistor R3 is used to limit the cur-
current through X, and X4 during the negative pulse 
when the output impedance of the source is low. 

It should be noted that if there is no signal existing 
at the inhibiting input for a considerable length of time 
the potential of point A is approximately midway be-
tween E and E., assur.:ing the back resistance of diodes 

XI 

Input I 
RI 

E2 
X2 

Input 2 

X 

Input 3 

A 

Input 

x6 

13, 

E2 
R3 X4 

E0 

Fig. 2—Coincidence circuit for positive pulses with 
different types of inputs. 

Output 

X, and X. are equal and large compared to R3. The out-
put voltage, when it reaches the potential of point A, 
is affected by the output impedance of the inhibiting 
source. The shunt resistor R2, having a resistance small 
compared to the back resistance of the crystal diode, 
maintains the potential of point A very close to E in the 
absence of inhibiting pulses. 
Any combination of the inputs described above will 

form a coincidence circuit. The number of inputs is 
limited by the current capacity of the clamping diode 
X,, since the current in the clamping diode, when no 
signal exists at any of the inputs, is: 

27. = (n — P)! — I, (11) 

where n is the total number of inputs and p is the num-
ber of inhibiting inputs. 

A coincidence circuit for negative pulses is identical 
with the one for positive pulses, except that all the diode 
connections are reversed and the relation of the various 
voltages is: 

E2 > E. > El. (12) 

Positive pulses are required for the inhibiting inputs. 

III. MIXING CIRCUITS 

A mixing circuit for positive pulses is shown in Fig. 3. 
The voltage E3 is negative with respect to E. and all 
diodes are conducting in the absence of input pulses. 
The diodes X2, X4, etc., are used for clamping. When a 
signal is applied to any one of the inputs, taking input 1 
for example, X3 is cut off and X 1 conducts more heavily. 
Other coupling diodes X3, etc. are cut off when e, rises 
above E. and the output voltage e0 will follow the input 
voltage ei exactly until time Li. All the coupling diodes 
are cut off and e. falls exponentially with time constant 
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(a) 

RC. If the voltage drop across R4 is large compared to 
the amplitude of the pulse, I and C determine the fall 
time T f. The number of inputs is limited by the required 
transient response of the driving source which sees a 
capacitance of C-F(n —1)C,, where C. is the shunt ca-
pacitance of a diode. 

e, 

t 
tO 

Input 

Input 2 

Input n 

E2,  x3  

x4 

E0 
X2n-i I 

Xi w  E  

ei ke 

X2 E  L   

° 

eo 

Fig. 3—Basic mixing circuit for positive pulses. 

For direct-coupled input, the coupling capacitor and 
the clamping diode are omitted. When the inputs are a 
combination of direct- and capacitive-coupled inputs, it 
is desirable to shunt the clamping diodes with resistors 
having a low resistance compared to the back resistance 
of a diode for a similar reason as that described for the 
inhibiting input of a coincidence circuit. • 

IV. INPUT IMPEDANCE 

The equivalent circuit of a driving source and one of 
the inputs of a coincidence circuit for positive pulses is 
shown in Fig. 4(a), where R. is the internal resistance of 
the equivalent generator. It is assumed that the capaci-

(b) 
Fig. 4—(a) Equivalent input circuit of a coincidence circuit; (b) 

relation between input voltage and current. 

tance of the coupling capacitor a is large so that the 
change in voltage across it is negligible during the pulse. 
For the quiescent state current i3 is zero, and the poten-
tial at point c is E.. When a pulse is generated by the 
source, both e. and i are increasing. Since point c is 
clamped at E., /1 remains constant and 12 decreases until 
X1 is cut off. The input resistance Ri across points a and 

b can be expressed by the function: 

= 0  for O<ii<Ii 

R, = R1 for  it  It,  (13) 

which is represented by the slopes of the broken line 
OAB in Fig. 4(b). 
Letting ei swing from E. to E, the input resistance can 

be represented by an equivalent resistance R. which will 
satisfy the conditions at the end points 0 and B. The 
equivalent resistance R. can be written as: 

E—E. E — 
R. —  =  R1,  (14) 

E — E2 

where R. is a function of the amplitude of the pulse. 
Since the circuits are not amplitude sensitive, only the 
minimum pulse amplitude is to be considered. The 
equivalent input impedance is then a parallel combina-
tion of R. and C. which is the capacitance of crystal 
diode X1. The back resistance of the diode is usually 
very large compared to R. and can be neglected. The 
input impedance of a mixing circuit can be found in a 
similar way, and will not be repeated here. 

V. APPLICATIONS 

Coincidence circuits are commonly used for the fol-
lowing applications: 
1. Reshaping of deteriorated pulses produced by the 

various components of electronic digital computers. 
2. Selecting or inhibiting a certain one or groups of 

pulses from a pulse train. 
Fig. 5 illustrates all the functions mentioned above. 

The pulse train at input 1 is reshaped by the standard 

Input I 
Pulse train 0 

Input 2  + 
Clock pulses 0 

Input 3 
Gate signal 

Input 4 
Inhibiting 
pulse 

Output 

t, 15 3 t4 6 

Fig. 5—Wave forms of a typical coincidence 
circuit for positive pulses. 

timing or clock pulses at input 2 and a portion of the 
train is selected by the gate signal at input 3. The pulse 
at time t2 is deleted by the negative inhibiting pulse at 
input 4. Complete inhibition can be assured if the in-
hibiting pulse envelopes the clock pulse, regardless of 
the shape of pulses of the pulse train. These operations 
are accomplished by the use of one diode coincidence cir-
cuit, whereas many dual control-grid tubes and their 
associated components would be required if vacuum-
tube circuits are employed. 
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Mixing circuits are used primarily for combining and 
isolating the outputs of several sources which may have 
different output impedances. The transient response of 
many vacuum tubes connected in parallel is greatly im-
proved if they are isolated by a mixing circuit. 
Since the diode coincidence and mixing circuits have 

negligible attenuation, they can be connected in tandem, 
provided that the output of the driving circuit is cap-
able of sustaining the current required by the input of the 
driven circuit. These circuits have been extensively 
used in the EDVAC, an electronic digital computer de-
veloped at the Moore School of Electrical Engineering, 
University of Pennsylvania. In the EDVAC the diode 
coincidence and mixing circuits are designed for pulses 
of 0.3-microsecond duration at repetition rates as high 
as one megacycle with rise and fall times of 0.1 micro-
second. These diode circuits can be designed to operate 
at pulse repetition rates of several megacycles and hav-
ing rise and fall times of the order of 0.05 microsecond 
or less. 

Discussion on 
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"Stabilization of Simultaneous Equation Solvers"* 
G. A. KORN 

Lofti A. Zadeh:' Dr. Korn's paper on "Stabilization of 
Simultaneous Equation Solvers" contains a few errors, 
possibly of a typographical origin, which distort the 
significance of his main result. 
In the first place, equation (3) should read 

[ dik Oik (n + 1) 
A 

]xk  hi = 0, 

and consequently (8) should be written as 

U + 1 
 =  
A (p) 

In the second place, Dr. Korn's assertion that the 
real parts of the Ni never exceed unity, provided ask 
is positive definite and a1k 1, is incorrect. Actually, the 
real parts of the Xi may be greater than unity, but the 
magnitudes of the X, will certainly be less than n+1. 
Finally, in the statement of Dr. Korn's stability 

criterion (immediately following equation (10)), a 
should read I al (magnitude of a). In the corrected form 
the criterion loses much of its simplicity, since in order 
to ascertain whether the computer will be stable or not, 
it is necessary to vary not only the magnitude of a but 
also its phase. 
A perfectly general and yet simple criterion for 

stability of a simultaneous equation solver can easily be 
obtained through the use of Nyquist's criterion. Thus, 
we can state that: 

G. A. Korn, "Stabilization of simultaneous equation solvers," 
PROC. I.R.E., vol. 37, pp. 1000-1002; September, 1949. 
' Columbia University, New York. N. Y. 

A system of n equations 

E =0 
k =1 

will have a stable solution if, and only if, the character-
istic roots of aa,"the X„ are such that the points (n +1)/X, 
are not enclosed by the Nyquist plot of A (p). 
In conjunction with the above criterion it is useful to 

note that when ask is positive definite and ask. 1, the 
points (n+1)/X, are located outside of the unit-circle 
in the right half of the complex plane. 

Granino A. Korn:2 The writer is grateful to Dr. L. 
Zadeh of Columbia University for his criticism of the 
paper on "Stabilization of Simultaneous Equation 
Solvers." 

With respect to Dr. Zadeh's first objection, it was 
considered fair enough to absorb the "mixing loss" 
1/n+1 of the summing network into the gain A of the 
amplifier, so that equations (2) and (3) may be con-
sidered as correct. Under these circumstances the real 
parts of the X; will, indeed, be less than n+1, not one, 
and greater than zero. 

In the statement of the stability criterion following 
equation (10), a should read jai (typing error). The 
writer has, however, clearly stated below equation (10) 
that the phase as well as the magnitude of a must be 
varied. Dr. Zadeh's application of Nyquist's criterion is 
not self-evident but seems to be derived from the 
writer's equation (8). 

2 Curtiss-Wright Corporation, Columbus, Ohio. 
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Annular Circuits for High-Power, Multiple-Tube, 
Radio-Frequency Generators at Very-High 
Frequencies and Ultra-High Frequencies* 

DONALD H. PREISTt, MEMBER, IRE 

Summary—A new type of cavity suitable for excitation by a 
plurality of negative grid tubes in phase is described. In such a 
generator, which may be either an amplifier or an oscillator, the 
efficiency is independent of the number of tubes, and very large sizes 
are possible, limited only by the occurrence of unwarranted modes. 

This limit has not yet been reached in practice. 
The upper frequency limit is the same as that for an individual 

tube in an optimum circuit. All forms of modulation may be used. 

I. INTRODUCTION 

ACRITERION of effectiveness for a multiple-
tube radio-frequency generator must take into 
account the following: 

1. To what degree the multiple-tube generator with 
n tubes approaches the ideal result that the power out-
put is n times that obtainable from a single tube, with 
the same efficiency as the single tube, at all frequencies 
up to the limiting frequency of the single tube, for all 
values of n greater than one. 
2. To what degree the gain-bandwidth product of the 

generator, if an amplifier, approaches that for a single-
tube amplifier. 
3. To what degree the multiple-tube generator ap-

proaches the ideal as far as adjustment is concerned, 
namely, that the number of tuning controls and adjust-
ments should be no greater than for a single-tube gener-
ator. 
4. To what degree the operation of the multiple-tube 

generator deteriorates when one or more tubes fail. Pre-
sumably, the ideal generator would suffer a drop in out-
put of 1/nth for each tube failure without loss of effi-
ciency, parasitic oscillations, or other undesirable re-
sults. 
5. To what degree the characteristics of the tubes 

must approach uniformity. 
Briefly, assessing the annular circuit on this basis, on 

the first count the ideal result has been obtained from 
every generator so far built; the largest number of tubes 
was fourteen. 
The second property has not been measured com-

pletely to date, but may be deduced approximately as 
will be described. 
The ideal adjustment condition is approached very 

closely. 
The effects of tube failure are comparatively innocu-

ous and closely approach the ideal. 

• Decimal classification: R355.912. Original manuscript received 
by the Institute, June 28, 1949; revised manuscript received, Novem-
ber 9, 1949. Presented, 1949 IRE National Convention, New York, 
N. Y. March 9, 1949. 
1 Eitel-McCullough, Inc., San Bruno, Calif. 

Tubes picked at random have worked together satis-
factorily in the generators so far built. 

II. THE NATURE OF THE ANNULAR CIRCUIT 

Fig. 1 shows an annular transmission line compared 
with a coaxial line. The annular line has three elements; 
two are containing walls, connected electrically but 
separated mechanically, and the third is the "inner" or 
"live" conductor corresponding to the inner of the co-
axial line. 

•• 

(a) 

Vt. A N 

(b) 

Fig. 1—(a) Coaxial line and (b) annular line. 

The electrical properties of the annular line can be 
seen by inspection to be as follows: 

zo = 
1 

1  1 
 +   

b  d 
138 log —  138 log — 

a  c 

for an air dielectric line, so that in the special case where 

b  d - = 

a  c 

138  b 
Zo = —  log — 

2  a 

Thus the line is equivalent to two coaxial lines in 
parallel. 



516 PROCEEDINGS OF THE I.R.E. May 

(1) 

An interesting result of this in practice is that for a 
given minimum separation b-a or d-c, which is usually 

11111//4 1\111) II lrd I• .. 
II I 

le  
.1 1.1 

(2) 

7111 Ai0 

W ing 

(3) 

(4) 

V =1 

Fig. 2 

determined by voltage breakdown or mechanical toler-
ances, the annular line will have about half the char-
acteristic impedance of a coaxial line having the same 
outer diameter. 

III Ill,  11111 11111 1 

Before proceeding to methods of exciting such a line, 
and extracting power from it, let us look at Fig. 2 
which shows an annular resonator. The simple case of a 
quarter-wave annular line shorted at one end is com-
pared with a similar resonator of the orthodox coaxial 
type. 
The successive pictures on the right of the figure show 

that the annular resonator is very nearly equivalent to 
a double-ended coaxial resonator half a wavelength 
long, or more exactly, to a double-ended resonator 

Fig. 3—TEM mode. 

(4a) 
(4b) 

Fig. 4—(a) TE1.0.3 (rectangular ridge mode) and (b) TELL' (coaxial mode). 

•••• 
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$EC:11014 A-A 

with a small shunting capacitance at the current node. 
It may be deduced from this that the Q of an unloaded, 

annular resonator will be about the same as that of a 
coaxial resonator of the same outside diameter and 
twice the length, assuming the same diameter ratios in 
both, i.e., 

di 

a  Ci 

for the coaxial line. 
The principal modes which may be excited in such an 

annular resonator are shown in Figs. 3 and 4. In addi-
tion to the desired TEM mode in Fig. 3 there are others 
in Fig. 4 which are usually undesirable. Methods of 
suppressing these will be described later. 

III. APPLICATION TO MULTITUBE AMPLIFIERS 

If we now consider how such a resonator may be ex-
cited, it will be clear that to preserve the symmetry of 
the radio-frequency field an annular exciting source is 
needed, especially at frequencies where the resonator is 
large compared with the wavelength. Now an approxi-
mation to an annular exciting source is a ring of coaxial-
element vacuum tubes symmetrically disposed around 
the resonator, as shown in Fig. 5, with, for example, 
their grids connected to the outside end wall of the 
resonator and their anodes connected through suitable 
bypassing means to the "inner" conductor. 
If the tubes are all driven as amplifiers, equally and 

in phase at the resultant resonant frequency of the 
combination of the resonator and the tubes, the TEM 
mode will be set up and the electric field will be sym-
metrical about the central axis. 

SHORTING SAWS  WI/b4 
bY1,11$5  SYlirE MS 

OVTPIT 
CFPCNT 
TupoNG 

TtIo00( 
ANaDES 

G"ID 
otiDiu L AA 

Fig. 5 

The next part of the problem is to find a means of 
coupling into the resonator that will not disturb the 
symmetry of the radio-frequency field. Fig. 6 shows 
how this may be done very simply in the case of a 
multiple-tube grounded-grid amplifier. The inside part 
of the resonator is in effect bent back on itself, and 
becomes a coaxial line. The circumferential slot by 
which this is achieved may be varied in width as a vari-
able capacitance-matching device, to control the stand-
ing-wave ratio on the coaxial line. By reversing the di-
rection of power flow, an annular resonator may be ex-
cited from a coaxial source, as in the drive circuit. It 
will be noticed that the input driving power and the 
output load are supplied axially to the amplifier, with 
minimum disturbance to the symmetry of the radio-
frequency field. Of course, it is possible to load and excite 
an annular resonator by means of loops or probes in-
troduced at one or more points, but there are many 
disadvantages to this, especially at high power levels, 
and in generatou that have to be tuned over a broad 
band. As the title of this paper bears special reference to 
high-power generators, it will be permissible to em-
phasize this somewhat. In a system of couplings using 
loops or probes, one is usually limited at a certain 
power level by flash-over. In the case of the probe, it 

a Q M 

naive 

Fig. 6 

Will occur either between the probe and the inner con-
ductor, or between the probe and the outer conductor. 
The latter effect is often found at frequencies where 
the length of the probe stem, or the radius of the 
probe, approaches a quarter of a wave length, which is 
often necessary in order to get a large enough coupling 
coefficient when using a large resonator. 
In the case of loops, flashover occurs in a similar 

manner, especially when the length of the loop ap-
proaches a quarter wavelength. 
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The basic reason for this is that one is attempting to 
convey a certain amount of power through a small 
area, under conditions of severe mismatch. Now, in the 
annular circuit loaded symmetrically as shown above, 
the power is conveyed uniformly and symmetrically 
through a section having a large area, namely the area 
of the slot rdt for slot diameter d and aperture width t, 
so that the power density is lower than in the other sys-
tems, and, at the same time, it is clear that the degree 
of mismatch is much less. This system, then, is admi-
rably suited to high power levels. 

Many other geometrical forms are clearly possible in 
addition to the example in Fig. 6. The annular circuit 
may be designed around a tetrode unit with a little 
more complexity but without detracting from the prop-
erties of the circuit as described. 

Considering now the attainable gain-bandwidth 
product of an annular amplifier, it has been found ex-
perimentally, as would be expected, that the gain is the 
same as that of a single tube. Bandwidth measurements 
have not been completed. Since, however, at ultra-high 
frequencies, even a single-tube amplifier will almost 
always be coaxial in form, an estimate of the bandwidth 
of an annular amplifier in comparison with a single-tube 
amplifier will be of interest. This may be based on the 
relative amounts of capacitance in the resonant circuits 
together with their relative foreshortening due to tube 
capacitance. Because the annular circuit is formed by 
essentially rotating a coaxial circuit about an offset 
parallel axis, the foreshortening would be expected to 
be very similar in the two cases. Experiment confirms 
this. The relative capacitance remains the determining 
factor, therefore. Inspection shows this to be about the 
same in both cases provided that the tubes in the an-
nular amplifier are spaced closely enough, that is, less 
than about two diameters between centers. Hence, the 
bandwidth and the gain-bandwidth product of such 
an annular amplifier may be expected to be quite similar 
to that of a single-tube coaxial-line amplifier, for the 
same spacing between inner and outer conductors in 
both cases. 

Turning now to the adjustment problem, it has been 
shown experimentally that in such an amplifier the 
two shorting bars in the output annular cavity may be 
connected together mechanically, giving one tuning 
control for the output circuit. The same may be done 
with the input circuit. The input and output coupling 
may be adjusted over quite a wide range by varying 
the capacitances of the slots using a simple telescopic 
joint adjustable externally. Thus, the number of con-
trols is exactly the same as for a conventional grounded-
grid amplifier using a single tube. 
As an example of the kind of performance that can 

be obtained from an annular amplifier, a fourteen-tube 
amplifier using Eimac 2C39 triodes has generated a con-
servative 500 watts of cw output at a frequency of 
1,000 megacycles and with a power gain of between 

four and six times, depending on the adjustment. Tests 
.at higher frequencies have not yet been concluded. 

IV. APPLICATION OF THE ANNULAR CIRCUIT 
TO OSCILLATORS 

The amplifier shown in Fig. 6 may be made into a 
self-excited oscillator by providing a suitable feedback 
system. In line with the emphasis on symmetry already 
observed, an axially symmetrical system would seem 
to be most desirable. Furthermore, from the standpoint 
of ease of operation over a wide frequency range, a 
broad-band system uncritical in adjustment with fre-
quency is desirable also. 
These two requirements have been met by what 

may be called the "grid-disc feedback system." Fig. 7 
shows how the amplifier in Fig. 6 is converted to an — 
oscillator, using this system. 

Fig. 7 

It can be seen that the grids of the tubes, instead of 
being fixed to the deck or isolating diaphragm between 
the input and output circuits, are fixed to a flat annular 
disc arranged to be at the corret't distance from the 
deck, with which it will form effectively a simple 
capacitance. Now it can be shown that the adjustment 
of this capacitance, in conjunction with the axial length 
of the grid-to-cathode circuit, will give control of feed-
back over a wide range, and that the amplitude and 
phase may be adjusted largely independently so as to 
satisfy all the requirements for efficient oscillation. 
Furthermore, the disc-to-deck capacitance may be left 
fixed over quite a high percentage tuning range without 
appreciable loss of efficiency. This system has been 
found flexible and convenient over a wide range of fre-
quency and power level. 

It has been found advantageous in such oscillators 
to use separate coaxial lines between each cathode and 
the deck, in cases where the internal grid-cathode re-
actance of the tube measured between the connectors is 
not uniform. By adjustment of these lines the anode 
currents may be made equal even with tubes having 
wide variations, and these adjustments are virtually 
independent of each other. 



J95()  Preist: Annular Circuits for 

As an example of the performance of an annular oscil-
lator, a fourteen-tube oscillator using Eimac 2C39 tri-
odes has generated over 400 watts of cw output at 
1,000 megacycles. Tests at higher frequencies are not 
yet concluded. 

V. CONTROL OF UNWANTED MODES 

Let us now turn back to the problem of moding con-
trol, while bearing in mind the amplifier shown in Fig. 6. 
As we saw in Fig. 4, there are possible modes other 

than the TEM mode which will be undesirable if we 
are trying to use the TEM mode. Now, it is a condition 
for the existence of any particular resonant mode of 
this kind that the circuit must be tuned to resonance 
for that mode, and that there must be the necessary 
amount of exciting energy provided. If the tuning con-
ditions are simultaneously correct for more than one 
mode, the mode which will actually be excited depends 
on the relative amounts of excitation provided, and 
also on the comparative build-up times, or in other 
words, the effective Q's for the various modes. 
Bearing this in mind, let us examine the probability 

of occurrence of each of the unwanted families of 
modes in turn, and the means of suppressing them when 
they do occur. 
Firstly, there is the TE1,0, mode, as in Fig. 4(a), in 

which the annular circuit may be considered as a 
rectangular waveguide of the ridge type, bent back on 
itself to form a closed loop. At a frequency dependent 
on the circumference of the loop, and on the loading 
due to the tubes, the circuit will resonate in the mode 
in which the electric field lines are parallel to the axis. 
There will be, in the general case, a variation of the 
strength of the field around the circuit, so that the end 
view of the electric field lines may be as shown in Fig. 
4(a) for the case of TE1,0,2 where the circuit is two wave-
lengths around. Now the resonant frequency of this 
mode depends primarily on the circumference of the 
annulus and the loading, and only to a smaller degree 
on the axial length. If the amplifier has to work on a 
fixed frequency then, the problem of suppressing this 
mode may be resolved by arranging that the resonant 
frequency for the TE1.0,„ mode is removed sufficiently 
from the operating frequency. For an amplifier that has 
to be tuned over a wide frequency range however, 
there is the possibility that at one or more frequencies 
the TEL0 ., modes may be excited. A large enough 
asymmetry of driving current from the tubes may pre-
sumably give sufficient excitation for this mode, that is 
to say, if the tube units are sufficiently nonuniform in 
characteristics. The theory of the ridge wave grid has 
been developed by Cohn' for nonresonant lines without 
discontinuous loading. The theory for an annular 
resonator loaded by vacuum tubes still remains to be 
worked out. It may be deduced from the work of Cohn, 

S. B. Cohn. "Properties of ridge wave guide," PROC. 1.R.E., 
vol. 35, pp. 783-789; August, 1947. 
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however, that the cutoff frequency for the TELo.p 
resonant mode we are considering will correspond to an 
annulus width d-a considerably less than half a wave-
length, and probably in the region of one-quarter wave-
length or less in a typical case. Now, at ultra-high 
frequencies where the tubes used are often large in 
diameter compared with a quarter wavelength, it will 
happen that d-a must be made considerably greater 
than one quarter, and usually around one half the lowest 
operating wavelength. Therefore, it is not usually pos-
sible to suppress these modes by arranging the circuit 
to be below cut-off, and the possibility of their existence 
has to be reckoned with. 
Likewise, the related higher order modes of this 

family, such as TE2.0., and TE13 .„ may exist under 
favorable circumstances. 
The second unwanted mode family of special interest 

is the TE coaxial family, in which the electric field lines 
are transverse to the annulus axis. In this case, how-
ever, the resonant frequency is a steep function not 
only of the circumference but also of the axial length of 
the resonator. Furthermore, it is usually found that for 
a given axial length, the resonant frequencies for  
and TEM are separated enough for the TE mode never 
to be excited. In the rare cases where they may coincide 
unavoidably, it is possible to eliminate the TE mode by 
attention to the symmetry of the circuit. 
There is one interesting difference between annular 

oscillators and annular amplifiers, and that is their rela-
tive susceptibility to unwanted modes. In the case of 
the amplifier already discussed, the unwanted resonant 
modes will occur only at certain frequencies where the 
circumference is favorable. In the case of the oscillator, 
oscillation may take place at a frequency determined by 
the circumference, if the feedback is correct for the 
ridge wave guide mode. It can be arranged, however, 
that the feedback will not be simultaneously correct for 
both the wanted and the unwanted mode, and, of 
course, the wanted mode needs to be favored only 
slightly in this respect for build-up of the unwanted 
mode to be prevented. This loose theory seems at any 
rate to be substantiated in practice, and all the annular 
oscillators so far constructed have been amenable in 
this respect. 
Summing up the question of mode separation in annular 

circuits, it may be said that in spite of the potential 
existence of two distinct families of unwanted TE 
modes, it seems possible to arrange that only the 
dominant TEM mode is excited, by building the circuit 
symmetrically, by avoiding the presence of discrete 
transverse conductors carrying radio-frequency current, 
and by using tubes with sufficiently uniform character-
istics. These are simple precautions and do not involve 
the use of lossy elements. It may be added that in the 
largest annular generator so far built, which was five 
wavelengths in mean circumference, there has been no 
trouble with unwanted modes even when a large per-
centage of the tubes had their filaments turned off. 
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It has seemed advisable to go into the question of 
mode control in some small detail, because the possi-
bility of unwanted modes appears to be the only factor 
likely to impose a fundamental limit on the size of an 
annular generator or on the number of tubes that may 
be used together by this method. 
Since the size of ultra-high-frequency and micro-

wave generators has so far usually been limited by the 
occurrence of unwanted modes, it seems very probable 
that the annular generator will suffer from a similar 
inherent limitation, especially in the case of the oscil-
lator. However, this is a question of separating different 
families of modes which is relatively easy when com-
pared with the separation of different modes of the 
same family as in the cavity magnetrons. Whether this 
latent limitation will every be reached in practice re-
mains to be seen. 

VI. THE EFFECTS OF TUBE FAILURE 

Experiment has shown that an annular amplifier or 
oscillator will continue to work in the event of cathode 
emission failure of up to 75 per cent of the tubes, ir-
respective of their positions in the circuit. The effi-
ciency decreases somewhat as the number of inoperative 
tubes becomes greater, but there is no spurious moding. 
Grid emission or other phenomena causing abnormal 

electrode currents can be taken care of by overcurrent 
circuit breakers connected in the anode or cathode cir-
cuits of each tube. 

A failure of vacuum may allow sparkover which 
can cause a complete shutdown until the faulty tube is 
replaced. This is true of a single-tube generator also. 
The annular generator therefore, seems to be better 

off than the single-tube generator in that it can con-
tinue to work reasonably well in the event of tube fail-
ure, with the exception of failure of vacuum serious 
enough to cause sparkover. 

VII. THE EFFECTS OF TUBE NONUNIFORMITY 

Not enough experimental work or calculation has 
been done to warrant any conclusions being drawn on 
this important subject. However, the following results 
may be of significance. 
Of the oscillators so far built, all have been equipped 

with individual cathode lines so that inequalities be-
tween tubes could largely be overcome. With tubes 
picked at random, no trouble has been observed due to 
tube nonuniformity. 

The amplifiers so far made have not been fitted with 
any individual radio-frequency circuits to compensate 
for tube differences. So far, production tubes picked at 
random have given satisfactory results. With equal bias 
on all the tubes, variations in anode current of not 
more than ±25 per cent about the average value were 

observed, and, by adjusting the bias individually, the 
variation could be reduced to within 5 per cent, using 
2C39 tubes on a frequency of 1,000 megacycles. 
In view of the fact already noted that the efficiency 

of the generator does not change appreciably with a 
small number of the tubes in an entirely nonemitting 
state, it seems reasonable to assume that variations of 
reactance between tubes may be taken care of auto-
matically to a large extent by the annular circuit leav- 1 
ing variations in electronic characteristics as the only 
possible source of inefficiency. This may be taken care , 
of by individual adjustments of grid bias provided that 
the differences are not too great. 

VIII. CONCLUSIONS 

Referring to the criterion of effectiveness of a multi-
ple-tube generator in Section I above and rating the 
annular generator on this basis, it appears that: 
1. On the question of efficiency and power output 

versus frequency, it reaches the ideal in all examples so 
far built. Spurious moding has not been a problem in 
generators up to five wavelengths in circumference. At 
what level of size this will become serious is not easily 
predictable and requires experimental investigation. 
2. A correctly designed annular amplifier may be 

expected to have the same power gain-bandwidth prod-
uct as a single-tube coaxial-line amplifier. This has not 
yet been proved experimentally. 
3. As far as adjustment of an annular amplifier is 

concerned the problem is no more difficult than in a 
single-tube amplifier with the possible exception that 
individual grid bias adjustments may be necessary if the 
tubes are sufficiently nonuniform in their character-
istics. An annular oscillator under certain conditions 
may require n +1 adjustable circuits -for n tubes, but 
these adjustments are simple to make and take care of 
all usual variations in tube characteristics. 
4. Tube failures on the whole will, cause less of a prob-

lem than in a single-tube generator. 

5. Nonuniformity of tubes may cause a problem in 
an annular amplifier if sufficiently great, although re-
sults obtained so far indicate that performance will be 
satisfactory with tubes having the normally high 
quality required for satisfactory operation at ultra-
high frequencies. 
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A Dynamic Electron Trajectory Tracer* 
JOHN W . CLARKt, MEMBER, IRE, AND RALPH E. NEUBERt, ASSOCIATE, IRE 

Summary—Simulated radio-frequency voltage is added to the 
familiar rubber sheet model for use in vacuum-tube design by caus-
ing an electrode structure to oscillate vertically. In this way informa-
tion about the performance of large-signal, long-transit angle tubes 
can be obtained quickly and vividly. The scale factors work out that a 
few cycles per minute in the model can correspond to many hundreds 
of megacycles in the corresponding tube. 

INTRODUCTION 

T
HE USE OF a gravitational analog as a tool in 
vacuum-tube design is almost as old as the vac-
uum-tube art itself. The analog may take the 

form of a plaster replica of the electric potential func-
tion in some structure of interest, or may be a thin elas-
tic membrane stretched over a scale model of the tube 
electrodes. In any case, the fundamental fact on which 
the operation of such devices is based is that a sphere 
rolling freely under gravity will follow the same trajec-
tory in a gravitational field as will an electron in the 
corresponding electric field. This method has long been 
used in the design of electron multiplier tubes and elec-
tron guns. For a detailed discussion of the theory of the 
static gravitational model, the reader is referred to 
Zworykin.' A critical study of some of the errors inher-
ent in the rubber model appeared recently.2 
The present paper describes a gravitational analog 

suitable for the design of microwave power tubes, i.e., 
of structures in which transit time effects are not negli-
gible and in which the radio-frequency voltages are com-
parable in magnitude to the dc. The theoretical analysis 
of such structures is difficult in the extreme, even under 
greatly simplified assumptions. Accordingly, a mechan-
ical analog is of great utility to the tube designer. 
Since a vertical displacement in the model corresponds 

to a potential in the tube, it is possible to simulate a ra-
dio-frequency voltage by causing one or more of the 
electrode structures in the model to oscillate up and 
down. This permits one to observe transit-time depend-
ent phenomena in a very graphic fashion, and to record 
them photographically for detailed analysis. 
Hollmanna has made use of vertically oscillating elec-

trodes on a rubber-diaphragm model to study the per-

* Decimal classification: R138. Original manuscript received by 
the Institute, September 26, 1949; revised manuscript received, 
January 11, 1950. 
'I' Formerly, Collins Radio Company, Cedar Rapids, Iowa; 

now Varian Associates, San Carlos, Calif. 
Formerly, Collins Radio Company, Cedar Rapids, Iowa; now, 

Sylvania Electric Products Inc., Emporium, Pa. 
' V. K. Zworykin, G. A. Morton, E. G. Ramberg, J. Hillier. and 

A. W. Vance, "Electron Optics and the Electron Microscope," John 
Wiley and Sons inc., New York, pp. 418-422; 1945. 

I G. B. Walker, "Factors influencing the design of a rubber 
model," Proc. I.E.E. (London), Part II, vol. 96, pp. 319-324; April, 
1949. 
' H. E. Hollmann 'Theoretical and experimental investigations 

of electron motions in alternating fields with the aid of ballistic 
models," PROC. 1.R.E. vol. 29, pp. 70-79; February, 1941. 

formance of cathode-ray tubes at very high frequencies. 
The model to be described in the present paper could of 
course be used to study any type of long-transit-time 
tube; its principal use, however, has been in the design 
of the input space of the Resnatron, a microwave power 

tetrode. 
It is appropriate at this point to emphasize two fun-

damental limitations of any gravitational model. First, 
it ignores space charge; thus one must confine himself to 
tubes in which space charge plays no controlling part in 
determining electron trajectories. Second, the rubber 
sheet model is essentially two dimensional. One can only 
set up on it structures which extend to infinity in the 
third dimension. Structures of cylindrical symmetry in 
which the electron paths run generally parallel to the 
axis of symmetry cannot be studied by gravitational 
analogs for this reason. 
Let us now suppose we are interested in a structure 

which is essentially two-dimensional and in which space 
charge is not too important. Such a structure can be ac-
curately modeled on the elastic sheet, and electron tra-
jectories studied. 

FREQUENCY SCALE FACTOR 

The relation between mechanical frequency in the 
model and electrical frequency in the actual tube struc-
ture can be calculated by the following simple argu-
ment. The velocity of a solid sphere which rolls on a sur-
face is given by the energy equation: 

1/2mv.2 1/21w2 = mgh,  (1) 

where 
m = the mass of the sphere 
v. = the velocity of its center of gravity 
/ = its moment of inertia 
w=its angular velocity 
g= the acceleration of gravity 
h= the height through which it has fallen. 

The moment of inertia of a sphere about an axis through 

its center is: 

2 
I = — 

5 
(2) 

if r is the radius of the sphere. If the sphere rolls without 
sliding, then 

VII' =  tor. (3) 

Combining these three equations and solving for v., we 
find 

10 
v„, =  

7 
( 4) 
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Fig. 1—The dynamic electron trajectory tracer. 

This is the velocity of a ball in pure rolling which has 
fallen a distance h starting from rest. Correspondingly, 
it is of interest to calculate the velocity of an electron 
starting from rest. This follows at once from the energy 
equation. 

The velocity of an electron which has been acceler-
ated through V volts is: 

(5) 

May 

We are interested in the transit angle in radians. In the 
model, 

On = conxn,, v„, = 

In the vacuum tube, 

/10 
w„,x, — gh. 

V 7 

0, = wexe/ve = coex'i/ 2 — 

(6) 

(7) 

In (6) and (7), subscripts m refer to the model and 
subscripts e to the tube. The O's are transit angles in 
radians required for the ball and the electron to traverse 
distance x„, and x. respectively. The co's are angular fre-
quencies; co„, is the frequency with which an electrode in 
the model must oscillate in order to correspond to the 
frequency co. in the tube. The v's are the linear velocities 
as given in (4) and (5). 

The model will accurately reproduce the conditions 
which prevail in the vacuum tube if the scale factors are 
so adjusted that 0.=0,. This means that the transit 
angle in radians for the balls to go from one point to an-
other in the model is exactly the same as that for the 
electrons to go between the corresponding points in the 
vacuum tube. Equating 0,,, to 0., putting in f =co/27r, and 
rearranging, we find 

f, — 
4/ 5 

g  
e m J • 

(a) 
(b) 

Fig. 2—Typical trajectories. Balls released at center of filament: plate and screen voltage 15 kv; control grid bias zero; peak rf voltage 
1,640 volts (7/32'); illumination at 10° intervals. (a) Ball release phase 211° (81). (b) Ball release phase 216° (82). 

(8) 
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The first factor in the numerator of (8) is a constant; 
the first factor in the denominator is the horizontal scale 
factor of the model; and the second factor in the denom-
inator is the square root of the vertical scale factor. In-
serting numerical values, the equation assumes the fol-
lowing simple form: 

1200f. 
f., =   

AN/B 
(9) 

where 
f.= the mechanical frequency in cycles per minute 
A= the horizontal scale factor (A =x„,/x.) 
B= the vertical scale factor in Kv/cm 
f.= the radio frequency in thousands of megacycles. 
By sheer good fortune, the inter-relation between 

scale factors shown in (9) gives rise to relatively low 
mechanical frequencies. For instance, if A=100, mean-
ing that the model is 100 times as big as the tube, and 
if we use a vertical scale factor of 3 kilovolts to the cen-
timeter, we find that a radio frequency of 3,000 mega-
cycles corresponds to a mechanical frequency of 6.92 
cycles per minute. Such a low frequency is, of course, 
very easy to generate and gives rise to no difficulties due 
to inertia effects. 

THE TRAJECTORY TRACER 

Fig. 1 is a photograph of the dynamic electron trajec-
tory tracer. The rubber sheet is stretched in an angle 

iron framework. Uniform tension is assured by an ar-
rangement of tiny pulleys which are attached to the 
sheet by rivets. The sheet is reinforced at the points of 
attachment by triangles of ordinary tire patch. This was 
suggested by L. A. Peterson. 

(b) 

(a)  (c) 

Fig. 3—Typical trajectories. Balls released at edge of filament; plate and screen voltage 15 kv; control grid bias zero; peak rf voltage 2,340 
volts (5/16'); illumination at 10° intervals. (a) Ball release phase 0° (96). (b) Ball release phase 50° (98). (c) Ball release phase 207° (94). 
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In this model, the simulated radio-frequency voltage 
is applied to the "cathode"; i.e., to the ball-release 
mechanism. The ball-release mechanism is mounted on 
an oscillating arm which is driven by a small motor 
through a Graham variable speed transmission, model 
15M W20. The output speed of this device is continu-
ously variable between 0 and 55 rpm. 

Figs. 2 and 3 are typical examples of the performance 
of the dynamic electron trajectory tracer. A single ball 
is released in each photograph and is stroboscopically 
illuminated. Thus each photograph shows a series of 
dots which indicate the velocity, as well as the trajec-
tory of the ball. 

The structure under investigation is the 400-Mc res-
natron which was developed during the war as a radar 
jamming device.' Only one of the 24 filaments is set up 
in the model. The ball-release mechanism with its elec-
tromagnet appears at the top of the photographs; the 
rectangular blocks immediately below it represent a por-

4 Graham Transmissions, Inc., 3754 N. Holton St., Milwaukee 12, 
Wis. 

6 W. W. Salisbury, "The resnatron," Ekaronks, vol. 19, pp. 
92-97. February, 1946. 
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tion of the control grid. Two of the screen grid pipes are 
simulated by circular blocks. The tips only of the anode 
vanes appear at the bottom of the photographs, where 
a simple shutter arrangement prevents spent balls from 
rolling back onto the sheet. 

This model is 25 times larger than the actual tube. 
The vertical scale factor is 15 kv to the inch. That is, in 
(9), A =25 and B =5.9 kv/cm. This gives a frequency in 
the model of 7.9 cycles per minute corresponding to 400 
megacycles per second in the tube. 

These pictures were selected from many to illustrate 
the sort of information most usefully derived from this 
apparatus. Such matters as the effect of ball-release 
phase, amplitude of grid drive, and grid bias on electron 
transit angle and on electron trajectories or focussing 
are clearly shown in these photographs. To evaluate — 
these by calculation, even under greatly simplifying as-
sumptions, would be prohibitively difficult. 
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Microphonism in the Dynamically 
Operated Planar Triode* 

J. A. WENZELt, STUDENT MEMBER, IRE, AND A. H. WAYNICKI, SENIOR MEMBER, IRE 
Summary--The theory of microphonism in planar triodes is ex-

tended to cover the practical case of simultaneous electrical and 
mechanical excitation. It is shown that, in addition to other com-
ponents, microphonic plate current components result at the sum and 
difference frequencies of the two types of excitation for transverse 
motion of any of the three electrodes. Experiments providing verifica-
tion of the theory, with a tube especially designed and constructed 
for this purpose are described. On the basis of the theory, (1) an 
electrical nondestructive method for determining which electrode of 
the tube is set into vibration at a given mechanical frequency is out-
lined, and (2) a method for considerably reducing the microphonic 
output of certain high-gain amplifiers of practical interest is de-
scribed. 

INTRODUCTION 

1\1 ICROPHONISM in planar triodes under static 
electrical operating conditions has been the 
subject of two rather recent papers.'' The case 

of practical interest wherein the microphonic output 
under dynamic electrical operatineconditions is deter-
mined has not been treated and is the subject of this 
paper. 

The theoretical basis of the work follows closely the 
methods of the reference papers. It is shown that new 
terms are introduced in the expressions for the fluctuat-
ing plate current components when a tube is subjected 
to simultaneous electrical and mechanical excitation. 
For steady-state sinusoidal excitations, the new terms 
have the same form as those uniquely produced in fre-
quency convertors. Consequently, they are called inter-
modulation terms. 

The theoretical development leads to conclusions re-
garding methods whereby the electrode motions causing 
microphonism may be determined from electrical 

• Decimal classification: R262.9. Original manuscript received by 
the Institute, October 10, 1949; revised manuscript received, 
January 16, 1950. 

t Ordnance Research Laboratory, The Pennsylvania State Col-
lege, State College, Pa. 

Electrical Engineering Department, The Pennsylvania State 
College. State College, Pa. 

' A. H. Waynick, "The reduction of microphonics in triodes," 
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V. W. Cohen and A. Bloom, "Microphonism in a subminiature 
triode," PROC. 1.R.E., vol. 36, pp. 1039-1048; August, 1948. 
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measurements. Methods of design or operation of 
amplifier systems with greatly reduced microphonic 
output are also suggested by the theory. 
Experimental measurements with the aid of a tube 

especially developed for this purpose are then described. 
The resulting data are shown to validate the theory and 
support the conclusions reached. 

THEORY OF THE PLANAR DYNAMICALLY 
OPERATED TRIODE 

Consider the usual planar double-triode structure il-
lustrated in Fig. 1. Here C is the cathode, G the grid, 
and P the anode structures, with the last two sym-
metrically placed with respect to the emitter. As far as 

GI 

dl  d2 

G2 

b2 —« 

P2 

— — — — — — —  — — — — 

Fig. 1—Schematic representation of the planar 
double-triode section. 

mechanical motion is concerned, the tube elements are 
considered to be rigid structures, and the motion of in-
terest is that component of the interelectrode motion 
perpendicular to the electrodes and in the plane of the 
figure. Thus the tube may be considered as two single 
triode sections in parallel and is so denoted by refering 
to grid-cathode distances d1, d2 and plate-grid distances 

b1, b2. 
The space-charge-limited plate current of either 

triode section is given by Chaffee' as 

2.336 X 10-1 A (Eg + DE)3/2 

where 

1, — 
d2 1 + D 

D= l/,  and II — 

2irnb 

1 
log. 

2rnR 

(1) 

E. L. Chaffee, "Theory of Thermionic Vacuum Tubes," Mc-
Graw-Hill Book Co., New York, N. Y., p. 147, eq. 114; 1933. 

under the condition nR< <1. In these expressions 

Eg = grid-cathode voltage 
E,= plate-cathode voltage 
b= grid-plate distance 
d = grid-cathode distance 
R= radius of grid wires 
n= number of grid wires per unit length 
A = area of effective cathode surface. 

It is evident that the plate current I,=f(E,, E., d, b) 
for either triode section with n, R, and A fixed. From 
practical considerations, E, may be made constant. 
Further, quiescent and fluctuating components may be 
separated, with a slight change in notation, by writing 
Eg+AE., d+Ad and b+Ab as the instantaneous grid 
voltage, grid-cathode distance, and plate-grid distance; 
respectively. Here E., d, and b indicate quiescent values 
and AE., M  and Ab are the instantaneous magnitudes of 
the variations of the respective quantities from the 
quiescent values under dynamic electrical and mechani-
cal conditions. - 
Considering the above, the plate current may be 

written 

= F(Eg + AEg, d + Ad, b + Ab) 

af  af  Of 
= f(E „, d, b) + AE. —  Ad — + Ab — 

aE g ad  ab 
1 021  021  02f 

+  + 042 + (6,02 (2) 
2!  aEg2 ad2 ab2 

021  02f 

▪ 2AE„Ad   2AEgLib   
0Egad  aEgab 

021 
▪ 2AdAb — ]; 

adab 

a Taylors series expansion in these three variables to the 
second order. This applies to either section of the double 
triode configuration of Fig. 1, b and d being generic 
quantities. 
Before applying the expansion (2) to equation (1) it 

is convenient to immediately consider certain factors. 
Considerable simplification may be obtained by restrict-
ing consideration to the high IA approximation 
D = (1/p) < <1 so that 11-D-1. Under this restriction 

equation (1) becomes 

K E 1 12  

=  ( Eg 

d2 

with c = 2.336 X 10--"A 
Further, following Cohen and Bloom,' the considera-

tion of the tube structure of Fig. 1 as two single-triode 
sections permits dealing with the quiescent plate cur-
rents /pot, 4 02 and instantaneous plate currents /0., /p2 
of the two sections separately. Hence, the magnitude of 
the total instantaneous variation of the sum of the plate 
currents from the quiescent value may be written 

AI,  (I — 101) + (  I os).  (3) 
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Applying the operations of (2) to (1)' and writing the  The dc terms require no further consideration, since 
result in the form of (3) yields  they are removed by interstage coupling networks in 

cases of practical interest. 
The interpretation of (4) is facilitated by considering 

the motion of each electrode of the tube separately. This 
is based on the experimentally proven, valid assumption 

3c 

ALP  = —2 

where 

a1/2 1I21 
(41Eg) 

di2 d22 

2c [(.641)a3/2 

d13 

(M2)13"21 

d23 J that the microphonic output at a given mechanical 
driving frequency, for sinusoidal excitation, is fre-
quently associated with the movement of one electrode. 

d22b22  The theoretical curves given with the development are  
for a special tube, comprised of a single-triode sec tion , 
which was constructed for this investigation  an d is de-
scribed later. In view of this, each type of elec tro de 
motion is dealt with for both the single an d dou ble 
section case. 

3cKE,r(bi)a212 (A6 0112] 

2 L di2b,2 
3c [ 

+ -ii- (AE,)2 -w - + —  
a-1/2  /31/21 -  

2 d2 

+ 3c[(441)2a3/2  (Ad2)2193/2] 
d14  ± 

± 3cKE 1 obiraii 2 

2  di2b22 

(4,b2)20"2 
+ 

d22b23 

d24 

KE,(Abi)2c1-1 " 

4(112b14 

KE(Ab2)20-1/2   1 

4d22624 J 

3c(AE„)   
[(Adi)a"  (M2)191/21 

- + 
d13 42 J 

3cKE,  [(14)cr"2  (b2)13-112  1 
  (AE9)  + 
4  d12b12 d22622 -1 

+ 3cK E rAdi)(Abi)a" (Ad2)(Ab2)0112- 1, 
,   ± 

di3b12 d23b22  i 

(4) 

KE,  KE, 
a = EQ and # = E. + 

b2 

Attention is confined to sinusoidal variational quantities 
by setting AE0= CB sin wist, Ad1=  = Cd sin cod, 
Ab1= -Ab2= Cb sin cobt where the displacement con-
straints follow from the rigid structures assumed in Fig. 
1. 

From (4) it is seen, under the above restrictions, that 
the incremental plate current is comprised of com-
ponents: (1) at the fundamental and second harmonic 
of the grid electrical excitation frequency; (2) at the 
fundamental and second harmonic of the mechanical 
excitation frequencies; (3) at the sum and difference of 
the grid voltage and mechanical excitation frequencies 
and, for the steady-state case of interest; (4) at zero 
frequency. 

The second harmonic and dc components arise from 
terms having coefficient factors such as 

CE2 CE2 
CR2 sin2 w2t = —  - —  cos 2041. 

2 2 

The sum and difference components occur in terms hav-
ing coefficient factors similar to 

CRC,' sin cost sin at 

CRC d CECd 
= —  2 cos (Ws - wa)t   2 cos (wE wa)t. 

CATHODE MOTION 

Single Triode Section 

Reference to Fig. 1 indicates that Ab= 0 in the case 
of cathode motion, so that the only variables are Ad 
and AEg. Equation (4) reduces to 

c 3  3  2 
=  (E)71'2 (4,E0)21,-2/2 _   
d2 2  8 

3  3 
(d)2-y3' 2 _ — (Ad)(.1E9)71/1 . 

(12 

where  is generic for either a or d. For sinusoidal varia-
tions, M = Cc sin coct and .1.E9= C E sin coBt, this may be 
written 

KECE Sin Cs.)Ei —  K 22 Cj2 cos lost 

▪ KC c sin wct - KccCc2 cos loci 

▪ KEcCECc cos (WE - wc)1 

- KEcCECc cos (WE +  wc)i, (5) 

where the dc terms have been neglected. 

Equation (5) gives the magnitude, frequency, and 
phase of the variational componentl  of plate current in 
terms of the electrical and mechanical excitation ampli-
tudes and frequencies. For unit amplitudes of the 

variables, Cc and Cs unity, the K coefficients, which are 
functions of quiescent electrode potentials and interelec-
trode distances, give the magnitudes of the various 
terms and are hence useful in intercomparing the effects 
of various types of electrode motion. In (5) the coeffi-
cients have the values 

3c 
7112, 

2d2 

2c 

K 2 = 

Kc 

K EE = 

3C 
K EE =  7- 112 

16d2 

3c 
Kcc = —  7312  

2d4 

(6) 

Double Triode 

For the double triode the mechanical constraint de-
scribing cathode motion becomes Ad1= -Ad2. Consider-
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K EE = 

Kp = 

Kpr = 

K Ep 

ing this, and the variable AE9, in (4) there results an ex-
pression formally identical to (5) in which the K co-

efficients have the values 

3c (a112  MI  3c a-112  13-11  
K E = —  - - ±  — 2),  K EE  = — ( -- +  - -- )- 

2 di2 d22 16  di2 d22 

( d13— con  0312)  K  3c (a312  j5312 \ 
K = = 2c   , _cc = — — + — 2) 

(122 2 di4 d24 

3c at /2 131/ 

Kec = —(_ _ +_2s\. 
2  d13 d23 

(7) 

Perfect symmetry of the quiescent mechanical di-
mensions of the two triode sections is indicated by 
writing di d2 and bi=b2. This leads to the relation 
a =0. Entering these equalities in (7), and incorporating 
the result into a relation similar to (5), yields 

6,4= KE'CE sin WE! —  K EE VE2 cos 2wEt— Kcc'Cc2 cos loci, 

where the primed coefficients have twice the value of 
corresponding coefficients in (6). Thus, for perfect 
symmetry, the fundamental displacement component 
and the intermodulation terms vanish while the co-
efficients of the remaining terms are double those of the 
corresponding single triode. 

PLATE MOTION 

Single-Triode Section 

The mechanical constraint for plate motion in the 
single triode section is that Ad = O. Consequently, con-
sidering Ab and AE0, equation (4) becomes 

= KECE sin coEt — KEECE2 cos 2wEt 

▪ KpCp sin wpi — KppCp2 cos 2cupl 

▪ KEpCECp cos (WE — cop)i 

— KR/CRC,' cos (wE (8) 

when Ab is set equal to Cp sin (opt. In this relation the K 

coefficients have the values 

3c 
KE = — 7"2, 

2d2 

3c 
7 -1/2 

16d2 

3cKE„ 
 y ir2, 
2d2b2 

3cKE,   „yin 
4d2b2  

3cKE, 
 7 1/2 

, 
8d2b2 

K Ep 
7 -1/2) s 

4b 

(9) 

and are seen to be equal or analogous to those for 
cathode motion given in equations (6). 

Double Triode 

Applying the constraint Ab1= —Ab2 to (4) there re-

sults a relation having the form of (8) 
coefficients have the values 

— — 
3c (a112  ft11 

2 di2 d22. 

— —  
3c/
'a1'2 (3 2 -1 /2 

16 d12 

3cKEpf  a112  131/2 \ 

2 \ di2b12 ▪ d22b22) 

3cKE, cx112  KEpa-112  

4 dbi3 4d12144 i2  

01/2 KE,13-'12\ 

± 4%3+  4d22b24 
3cKE, _ a -1/2  13-112 

8  di2b12 ▪ d22b22). (10) 

For perfect symmetry, as before, di = d2, bi =b2 leading 
to a=13. Incorporating (10) into a relation similar to (8) 

there results 

= KE'CE sin wEt — KEE'CE2 cos 2coEt 

— Kpp'Cp2 cos lot, 

in which the primed coefficients have twice the values of 
corresponding quantities in (9). It is evident that the 
same statements concerning cathode motion in the per-
fectly symmetrical double triode apply for plate motion. 

GRID MOTION 

Single-Triode Section 

For grid motion the mechanical constraint becomes 
Ad1= —Abl. Writing Ad' = Co sin (AO, and including 

equation (4) becomes 

AI, = KECE sin coEt — KEECE2 cos 2(0E/ 

KoCo sin coot — KooCo2 cos loot 

KE XECo cos (WE — wo)t 

Kg = 

K EE = 

Kp = 

" pp = 

in which the K 

— KEG CBC0 cos (we + coa)i,  (11) 

in which the K coefficients of interest have the values 

3c  3c 
KR = -- 7 1/2 ,  K EE =  7 , 

2d2 16d2 

K0 = — 73/2 + 3cKE,  71 / 2 
—2c 

d3 2d2b2 

3c = _ ____ ±   
(7312  KE , (KE 

2 d4 2d2b3 71/2 +   9)2 8d2b4  

KE _ , 71/ ) 

d3b2 

Kg°  = --2d2 — —1 + —4b2 

3c  7 1/2 KE, (  
7.- 1 , 2) . 

Comparing (11) with (5) and (8) indicates that the 
various frequencies of the plate current fluctuating corn-

K 00 

(12) 
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ponents are analogous for the three types of electrode 
motion. However, comparison of (6), (9), and (12) shows 
that, while the first two sets of relations are analogous, 
the latter appears to be quite different from the first two. 
Examination indicates that, as would be expected, the 
first- and second-order electrical signal frequency terms 
are the same in all of these equations. Further, 

Ka = KP, 

Koo = Kcc  KPP 

KEG = Ksc + KEPI 

which express the relationship existing between the 
various mechanically derived components for the three 
types of motion. Grid motion is seen to be effectively a 
combination of the motions of the other two electrodes. 

Double Triode 

Application of the mechanical constraint relation 
Ad1= — ,61b1 = -- 461d2 = b1b2  to (4) yields an expression 
similar to (11) with K coefficient values 

s3c 'a112  /32/ 
KE =  — 2) , 

2 di'  d22 
3c c-1/2  p-2/ 

KEE  =  — 2) 
16 di2 d22 

KGIG = 

—2c 3cKE„ 20312  3cKE, 
KG = «312  ±    a1/2  + 

d1 3 2d12612 d2 3 2 d2 2b22 

3craai2 KE, i 1  2 
1/2 

2 L dj4 + 2d12612k b, d,) * 
2  193/2 

  a --1/2 

8d1 21/1 4 d24 

K Ep  1 2 ) 
/31/2 +   ( K Ep)2 

▪  2d22b22 b2 d2  8d22b24 

3c KEp 
KEG  = — I — —   a-1/2 

2 c/13 4c/12W 

KE, 
4d22b22 /3-1/2) . (13) 

Perfect double-triode symmetry, cit=d2, bi=b2 and 
a=, leads, as before, to the cancellation of the inter-
modulation and first-order vibrational terms. The re-
maining terms have twice the magnitude of their single-
triode section counterparts. In this case, as in the pre-
vious cases studied, it is evident that perfect symmetry 
represents a limit and that the magnitudes of the various 
terms depend upon the degree of asymmetry. Evidently, 
the vanishing terms increase while the doubled terms 
decrease in magnitude as the asymmetry increases. 

ANALYSIS OF SINGLE-TRIODE SECTION THEORY 

3cKE, 
 7 1 / 2, 
2d3b2 

01/2, 

(KE,) 

further attention to the single-triode section. In this 
paper only the theoretical curves for a special triode, the 
Sylvania SC-839-Z, are presented. Similar curves have 
been prepared for several commercial tube types, such 
as the 6A3, the triode section of the 6K8, etc., with cor-
responding results. The analysis is based on theoretical 
curves of the various K coefficients as a function of grid 
bias and for a practical fixed quiescent plate voltage. 
Furthermore, these curves represent the amplitudes of 
the various plate current components for the unit ex-
citation amplitudes CH =1 volt, Cc= 1 mm. The arbi-
trary scale units used in plotting Figs. 2, 3, and 4 may 
be converted to absolute values by multiplying by the 
factor c/d2. 
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Fig. 2—Relative amplitudes of the plate current components for 
harmonic cathode vibration in the SC-839-Z single-triode section. 
CE=1.0 volt, Cc -=1.0 mm. 

The coefficients for the case of cathode motion, 
(equations (6)), are shown in Fig. 2. They are plotted as 
a function of quiescent grid voltage. The latter is chosen 
as the independent variable from practical considera-
tions. The fact that all coefficients remain positive is in-
dicative of no change in phase of the plate current com-
ponents as a function of grid bias. 

For plate motion in the SC-839-Z the theoretical co-
efficients are obtained from (9) and are shown in Fig. 3. 
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As is evident from the equations, KE and KEE  are the 
same for both types of motion, the excitation remaining 
constant. However, the intermodulation and first- and 
second-order displacement coefficients follow entirely 
different curves as regards shape, slope, and magnitude. 
Perhaps the most interesting results appear in Fig. 4; 

the coefficients for the case of grid motion. It will be 
noted that KE and KEE are the same as for the previous 
two types of electrode motion. However, the two dis-
placement and the intermodulation coefficients for this 
case behave entirely differently from the analogous 
curves for the other types of motion. Perhaps the great-
est difference of interest is that all of these coefficients 
pass through zero at one or more bias voltages and 
change sign. The latter implies a phase reversal at the 
' bias for zero value of the coefficient. Also, the slopes 
and magnitudes of these curves are quite different from 
the previous cases. This may be utilized to advantage as 
will be discussed later. 
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for the following experimental work, and lead to the 
conclusions of the paper, they are enumerated here: 
(1) For the small signal case of interest the funda-

mental and second harmonic grid signal frequency terms 
are independent of the type and amplitude of electrode 

motion. 
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Fig. 4—Relative amplitudes of the plate-current components for har-
monic grid vibration in the SC-839-Z single-triode section. CH=1.0 
volt, C0=1.0 mm. 

NORMALIZATION OF THE THEORETICAL CURVES 

In practice the effects of microphonism are most 
usually encountered in high-gain voltage amplifiers. 
Here the factor of interest is the relative magnitude of 
the total microphonic output to the desired signal out-
put. Consequently, it is useful to normalize the previous 
results by obtaining the ratio M p/KECE. This yields 
normalized coefficients, k's, for the various components, 
and the excitation amplitudes are again chosen as unity. 
The results of the normalization process are shown in 

Fig. 5 for cathode motion, Fig. 6 for plate motion, and 
Fig. 7 for grid motion. Each curve is essentially a noise-
to-signal ratio plot for the given component. It is evi-
(lent that the mathematical form of many of the 
normalized components is comparatively simple from 
the shapes of the curves. 

CONCLUSIONS DRAWN FROM THE THEORY 

The following conclusions can be drawn from the 
previous theory and curves. Since they form the basis 
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(2) The variation of first-order microphonic effects 
with grid bias follows very different laws for motion 
of the three different electrodes. As the grid voltage be-
comes less negative, Kc increases concave upwards as in 
Fig. 2, Kp flattens off and increases but little as in Fig. 
3, while KG changes sign and passes through zero at a 
critical value of grid bias, Fig. 4. There is also appreci-
able difference in the various curves for both types of 
second-order effects involving mechanical motion. These 
differences become even more striking in the normalized 
curves of Figs. 5, 6, and 7. 
(3) For the small-signal case and reasonable ampli-

tudes of electrode motion, the intermodulation terms 
are very small, 30 to 40 db below the fundamental signal 
term for linear tube operation. This is not true for opera-
tion near cutoff. 

EXPERIMENTAL TUBES 

The above theory was subjected to experimental 
verification with several commercial triodes, such as the 
6A3, triode section of the 6K8, 6J6, etc. Most of these 
tubes have double-triode sections and, hence, the pres-
ence of mechanical displacement terms was indicative 
of asymmetry. It was determined that the great major-
ity of the tubes tested, both as to type and quantity, at 
least to some degree, exhibited the phenomenon sug-
gested by the theory. 
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Fig. 8—Cutaway view of experimental triode, Sylvania SC-839-Z. 

For the purposes of this paper, however, it is deemed 
adequate to describe the experimental results obtained 
with a special tube comprising a single-triode section. 
This tube was especially designed and constructed for 
this work. 
The experimental planar single section triode has the 

Sylvania type number SC-839-Z. As indicated sche-
matically in Fig. 8, the tube, which originally consisted 
of two unconnected double-triode sections, has been con-
verted to two single-triode sections by coating the 
cathodes on one side only. Additional modification in-
volved crimping of the plate side rods at the mica 
spacers to reduce possible plate motion and reaming the 
grid side rod holes in the spacers. The latter operation 

was performed so that the grid might be relatively free 
to vibrate as a cantilever structure supported at the 
bottom and weighted at the top by the grid radiating 
fins. The spatial and electrical characteristics of the tube 
appear in Table I. 

TABLE I 

ELECTRICAL AND SPATIAL CHARACTERISTICS 
OF THE SYLVANIA SC-839-Z 

Spatial Characteristics 

Grid-cathode distance, d 
Grid-plate distance, b 
Grid wires per unit length, n 
Grid wire radius, R 
Effective triode area, A 

Measured values Theoretical Values 

0.360 mm 
1.416 mm 
1.97 turns/nun 
0.028 mm 
65 mm2 

Electrical Characteristics 

Amplification factor, p 
Electrical transconductance, 
Sp = KR 

Mechanical transconduct-
ance for cathode motion, 
Kc 

Mechanical transconduct-
ance for plate motion, K, 

Mechanical transconduct-
ance for grid motion, K 

E,= 100 volts 
E0= —2 volts 

17.5 

2.6 ma/volt 

16.5 

2.3 ma/volt 

46.4 ma/mm 

13.6 ma/mm 

32.8 ma/mm 

EXPERIMENTAL ARRANGEMENT 

The experimental arrangement involved equipment 
for simultaneously applying electrical and mechanical 
excitation to the tube. For comparison with the theory, 
sinusoidal excitations were required with known fre-
quencies and known or constant amplitudes. 
The schematic diagram of the electrical portion of the 

experimental arrangement is shown in footnote refer-
ence 1. Electrical signals of known frequency and ampli-
tude were applied to the grid of the tube. Known and 
variable grid bias was available. The quiescent plate 
voltage was maintained constant by means of a plate 
voltmeter and adjustable plate power supply. A plate 
load of low dc resistance, but having a high impedance 
independent of plate current and nearly independent of 
frequency, was obtained by shunting a suitable choke 
with a fixed resistance. The output voltage across the 
plate load was amplified in a wide-band amplifier whose 
output, in turn, was observed with the aid of an oscillo-
scope and measured with an ac voltmeter or harmonic 
analyzer. 

The tube was excited mechanically by means of a 
vibrator comprized of a modified dynamic speaker. The 
vibrator was designed for harmonic vibration, with load, 
over the frequency range of interest with a maximum 
amplitude of approximately 0.01 inch. 

EXPERIMENTAL PROCEDURE AND RESULTS 

The experimental procedure involved placing the tube 
in the vibrator so that the resulting electrode motion 
would be perpendicular to the planes of the electrodes. 
For some fixed bias and plate voltage the frequency of 
the mechanical excitation was varied and the resulting 
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"microphonic" output of the tube recorded. These were 
limited to frequencies at which the output voltage was 
nearly sinusoidal, as observed with the aid of the oscillo-
scope, and for which the output amplitude was quite 
frequency dependent. The latter implies a mechanical 
resonance of one of the tube elements. For the SC-839-Z 
these resonances were found to occur over the frequency 
range 800 to 6,500 cps. The electrical signal was then 
applied to the grid and, for a given vibration frequency, 
the magnitudes of the various components of the 
"microphonic" output were measured with the harmonic 
analyzer. The frequency of the grid signal was chosen 
at some convenient value with respect to the mechanical 
excitation frequency so that the various components 
could be easily separated with the harmonic analyzer 
used. All of the following results refer to the SC-839-Z. 
The first factor to be studied involves the use of the 

theory to determine which electrode is set into vibration 
as a result of mechanical excitation. These data were ob-
tained from measurements on many tubes and are be-
lieved to be representative for this tube type. The pro-
cedure followed was to obtain measurements of the out-
put voltage as a function of grid bias at the frequency of 
the mechanical excitation. This constitutes, essentially, 
a measurement of Kc, Kp or KG; dependent upon the 
electrode set into vibration at this frequency. Equations 
(5), (8), and (11) indicate that the amplitudes of the 
terms associated with these coefficients are independent 
of the amplitude of the electrical grid signal, here set 
equal to zero. Reference to Figs. 2, 3, and 4 illustrates 
the fact that the amplitudes of the terms associated with 
these coefficients follow entirely different shaped curves 
whose characteristics may be used to determine which 
electrode is vibrating. These curve patterns are inde-
pendent of the amplitudes of vibration of the various 
elements as long as a given amplitude is held constant 
during the measurements at a given frequency. 
The results of such measurements for three different 

tube samples at three different frequencies appear in 
Fig. 9. Reference to the relevant curves of Figs. 2, 3, 
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and 4 indicates excellent agreement. The change in 
phase as VG, K0, passes through zero was observed with 
the aid of an oscilloscope. It is concluded from these 
measurements that they may be utilized to determine 
the resonant mechanical frequencies of various electrode 
motions by a nondestructive electrical method. 
The next factor to be considered is the measurement 

of the amplitudes of the various "microphonic" com-
ponents when the tube is subjected to simultaneous 
electrical and mechanical excitation. While all of the 
theoretical curves were checked quite well, attention 
will be confined to the case of grid motion since this, in 
many ways, is the most interesting. 
For these curves the frequency for the gravest mode 

of grid vibration was determined as outlined above. The 
electrical excitation was then applied and the ampli-
tudes of the various output component frequencies were 
measured as a function of grid bias. Fig. 10 illustrates 
the results obtained for one tube. Comparison with Fig. 
4 indicates excellent agreement with theory, the major 
discrepancies occurring near cutoff, as would be ex-
pected, due to the variation in ti of the tube in this re-
gion. 
These measurements appear to verify the theory both 

as regards to the shape of the curves and the relative 
magnitudes of the components. The relative magnitudes 
of the second-order components, and in particular 17801 
the intermodulation term, permit drawing certain con-
clusions which are believed to be of considerable im-
portance in nonmicrophonic amplifier design for certain 
purposes. This will be discussed in the conclusion of the 
paper. 
The normalization of the curves with respect to 178 is 

of interest in view of the discussion in connection with 
Fig. 7. The data of Fig. 10 have been normalized in this 
manner and the results appear in Fig. 11. The effect of 
amplification constant variation is emphasized here 
near cutoff, but good agreement with the theoretical 
curves is observed over most of the range of grid bias 
voltages. 
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CONCLUSIONS 

Aside from the obvious conclusions regarding the ex-
perimental verification of the theory there are several 
factors which appear to be of importance in the practical 
use of the work presented. These are enumerated below: 
(1) The output component of the tube studied at the 

frequency of the grid signal, that is, the signal output of 
the tube, is completely independent of the mode or 
amplitude of electrode vibration within the practical 
limitation of small signal theory. 
(2) Intermodulation between the electrical grid-

signal and the mechanical vibration exists for all types 
of electrode motion over the entire operating range of 
the tube. The effect is second-order, however, and of 
negligible proportions for operation in the linear region 
of the tube characteristics. Theory predicts a consider-
able increase in the amplitude of the intermodulation 
components as cutoff is approached, but this condition 
is often not realized in practice because of the deviation 
of the tube amplification factor from its normally con-
stant value. 
(3) The output components, at the fundamental 

vibration frequencies, are readily distinguishable for the 
cases of harmonic cathode motion, plate motion, and 
grid motion when these components are measured at 
constant plate voltage over a range of grid bias values. 
The third factor provides a simple method for identi-

fying the principal vibrating electrode of a triode, at a 
given frequency, from purely external electrical meas-
urements. For this purpose the tube is driven mechani-
cally with constant amplitude at one of its resonant fre-
quencies and the grid is held at zero ac potential. The 
output component at the frequency of vibration is 
measured as the grid bias is varied from zero to cutoff. 
Identification of the types of electrode motion is then 
made by comparing this result with the known patterns 
of variation of this component with grid bias as shown 
in Figs. 2, 3, 4, and 9. 

This method may be used to establish the nature of 

the various mechanical resonances of the tube, and 
should prove useful in tube development work where 
it is desirable to eliminate these resonances. 
The first and second factors suggest a method for 

very considerably reducing the microphonic components 
in the output of amplifier systems where the intelligence 
to be amplified is of an audio-frequency character. 
Practical examples are found in strain gage, telemeter-
ing, and numerous other types of high-gain amplifier 
systems. 
As is well known, nearly all microphonic components 

in the output of practical tubes have frequencies lying 
in the audio-frequency range. Thus, signal amplification 
in this frequency range will be subject to interference 
from microphonism in a great many applications of 
practical interest. An effective method for microphonic 
reduction is the rejection of the undesirable components 
of the plate current by use of a filter in the plate circuit 
tuned to the grid signal frequency. This, of course, re-
quires that the grid signal frequency be far enough 
above the range of microphonic frequencies that neither 
the fundamental nor the second harmonic microphonic 
frequency component lies within the pass band of the 
filter. 
If the intelligence to be amplified is of an audio-

frequency character, both the carrier and the sidebands 
must be passed and the intermodulation components 
resulting from the motion of the electrodes will un-
avoidably also be passed. The success of the method 
thus hinges upon the fact that, within the linear operat-
ing region of the transfer characteristic, the inter-
modulation components are negligible. This has theo-
retically and exberimentally been shown to be the case 
for normal amplitudes of vibration. 
Based on the present theoretical arid experimental 

work, a high gain amplifier system has been built in 
accordance with the above suggestion. Various types of 
input tubes have been utilized; including high gain 
pentodes of standard and miniature size. The amplifier 
was modified for either audio- or carrier-frequency opera-
tion at constant gain, and tests conducted under condi-
tions of severe mechanical vibration. The reduction of 
microphonism by the above method was observed to be 
of the order of 30 to 40 db. Thus, the theory developed 
for a simple-triode structure, and verified with an ex-
perimental tube especially constructed for this purpose, 
has been found to be applicable to the more complicated 
tube types usually employed in high-gain amplifier 
systems. 
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Radio Wave Propagation 
JOHN M. 

Summary—Using a double parabola approximation to the Chap-
man distribution of electron density as a function of height, and the 
assumption of a curved-ionosphere, curved-earth geometry, analytic 
expressions are obtained for the true height of reflection, ray path, 
reflection coefficient, ground range, and group path. Graphical results 
are given for the maximum usable frequency factor. Where possible, 
the above results are compared with results obtained by assuming a 
plane ionosphere. 
All of these calculations are made under the usual restrictions of 

neglecting the earth's magnetic field and most of the effects of col-
lisions of electrons with heavy particles. 

INTRODUCTION 

1
r   1HE CHAPNI AN distribution' is generally ac-

cepted as representing the height variation of the 
electron density in the E and F1 layers of the 

ionosphere. Hack& has made a double parabola approxi-
mation to this distribution, and a single parabola ap-
proximation to the height variation of the product of 
electron density times the collision frequency. These 
approximations were applied to obtain analytic expres-
sions for the true and group heights of reflection, and 
the reflection coefficient for a wave incident vertically 
on a deviating layer. For frequencies greater than about 
one half of the vertical incidence critical frequency, 
these results showed excellent agreement with those ob-
tained by Jaeger2 using numerical integration of the ex-
act Chapman relations. 
Hacke and Kelso' then extended this work to con-

sider the case of oblique incidence on a plane ionosphere. 
The results obtained were independent of the geometry 
of the earth, and gave analytic expressions for the true 
and apparent heights of reflection, the ray paths, the 
range in the ionosphere, and for the reflection coefficient. 
The present work extends the above, plane ionosphere, 

case to include the effects of both a plane and a curved 
earth; and then extends the entire treatment to the case 
of a spherical ionosphere concentric with a spherical 
earth. In addition to the quantities determined above, 
analytic expressions are given for the ground range and 
the group path as a function of frequency; and graphical 
results are given for the maximum usable frequency. 
This work is done under the following restrictions: (1) 

' Decimal classification: R112. Original manuscript received by 
the Institute, June 23, 1949; revised manuscript received, December 
19, 1949. 
t Radio Propagation Laboratory, The Pennsylvania State Col-

lege, State College, Pa. 
I S. Chapman, "The absorption and dissociative or ionizing effect 

of monochromatic radiation in an atmosphere on a rotating earth," 
Proc. Phys. Soc., vol. 43, pp. 698-706; May, 1947. 
' J. E. Hacke, Jr., "An approach to the approximate solution of 

the ionosphere absorption problem," PRoc. LICE., vol. 36, pp. 724-
727; June, 1948. 
' J. C. Jaeger, "Equivalent path and absorption in an ionosphere 

region," Proc. Phys. Soc., vol. 59, pp. 87-96; January, 1947. 
4 J. E. 1-lacke, Jr., and J. M. Kelso, "An approximate solution of 

the problem of path and absorption of a radio wave in a deviating 
ionosphere layer," PROC. 1.R.E., vol. 36, pp. 1477-1481; December, 
1948. 

in a Curved Ionosphere* 
KELSOt 

all assumptions made for the Chapman distribution 
must hold; (2) the earth's magnetic field is neglected; 
(3) the angular operating frequency is assumed to be 
very much greater than the collision frequency through-
out the region considered; (4) the absorption per vac-
uum wavelength is assumed to be small; (5) the electron 
density is assumed to be a function of radial (vertical) 
distance only; and (6) the Sellmeyer theory of dispersion 
is used. 

SUMMARY OF PREVIOUS RESULTS 

It is well known that the electron density in a Chap-
man region is given by 

N = N.Ch(x) (1) 

where 

Ch(x)=exp 1/2{1 — x— exp (—x)} (2) 

x = (h—h.)/II—ln sec x 
N„,= the maximum value of the electron density, 

occurring at x = 0 
H= the "scale height" of the atmosphere in the 

region where the ionization is produced; di-
vision by H yields distances in "scale units," 
in which all distances are to be measured, un-
less otherwise specified 

h.= the height at which N is a maximum when 

X = 0 
x = the sun's angular distance from the zenith. 

In the two previous papers, mentioned above, on the 
double parabola approximation, vertical distances were 
measured in x units down from the level of maximum 
ionization. In the present instance it is simpler to meas-
ure up from the bottom of the layer in y units, where 

y = x — x2 = 2.7811 + x.  (3) 

(x2= —2.7811 is the bottom of the layer, i.e., the level 
at which the layer vanishes). In this notation, the distri-
bution in (2) is approximated by the two parabolas 

Pi(y) = 1 — (y — 2.7811)2/T2, 

yi = 1.4641 < y < y. = 2.7811;  (4) 
P 2 ( y ) =  A  2 y 2 , <  y  <  1. (5) 

In these equations T= 1.848, and A= 0.4792 are param-
eters adjusted to fit (2), yi is the negative point of in-
flection of the Chapman distribution, y„, is the level of 
maximum ionization. 
In the following work the region where the parabola 

Pi(y) is used is called the "upper region"; the region 
where the parabola P2(y) is used is called the "lower re-
gion." When integration is needed to determine any 
quantity, it is necessary to consider three cases: 
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Case (1) Quantity in the upper region; reflec-
tion in the upper region; 

Case (2) Quantity in the lower region; reflec-
tion in the lower region; 

Case (3) Quantity in the lower region; reflec-
tion in the upper region. 

When reflection occurs in the upper region, the quantity 
is given by the sum of the results of Cases (1) and (3). 
This designation will be preserved throughout, and a 
corresponding numerical subscript will be attached to 
the symbol for the quantity being considered. 
The index of refraction in a Chapman layer, under the 

present restrictions, is given by 

= 1 — Ch(x)/R2, (6) 

where R is the ratio of wave frequency to the vertical 
incidence critical frequency; and the absorption per unit 
path length is given by 

k = K„,Ch(x)e-x/(AR2),  (7) 

where 
K„,=v,,,/2c 
34, = the value of the collision frequency, v, at x=0 
c= the velocity of light in free space. 

The quantity Ch(x)e  may be approximated by the 
parabola, 

Ch(x)e-x = Pa(Y) = bo  bay + boy',  y3 <  y < y„„ (8) 

where bo= —1.7162, b1=4.1236, b2= —1.1696, and yo 
=0.4821 is the lower level at which the parabola Po(y) 
vanishes. 
The ratios 

N/Nm = Ch(x) and Nv/(N„,v„,) = Ch(x)e-z 

are plotted in Fig. 1 as functions of x. The parabolic 
approximations Pi(Y), P2(y), and Po(y) are shown dot-
ted. 
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Fig. 1—Ion density and its product with collision frequency as func-
tions of height in scale units below point of maximum ion density. 
Solid curves, Chapman distributions; dashed curves, parabolic 
approximations. 

TRUE HEIGHT OF REFLECTION 

The ionosphere is assumed to consist of uniform 
spherical shells, such that the electron density as a func-
tion of radial distance from the center of the earth fol-
lows the double parabola approximation given previously. 
Fig. 2 is a diagram of the trajectory of a ray through the 
curved ionosphere. 

Fig. 2—Diagram showing ray path of a radio wave in a curved 
ionosphere concentric with a curved earth. 

Here 
Ro = the radius of the earth 

ho = the height of the bottom of the ionosphere layer 
= the angular half range in the ionosphere 

00= the angle of incidence on the layer. 

If µ is the index of refraction at any point P, at a dis-
tance of r from the center of the earth, where the ray 
makes the angle 0 with a radial direction, then Bouger's 
rule gives 

pr sin 0 = poro sim0o, (9) 

where the subscript o refers to the bottom of the layer, 
so that ro =Ro-Fho. 

The condition for reflection is that the ray turn per-
pendicular to the radius at the "point of reflection" yo, 
i.e., 0=90°. Applying this condition to (9), we get 

M(yo) = (Ago sin 00)/r. 

If the reflection occurs in the upper region, we may 
write p from (6), and obtain via (4) the following expres-
sion for yo: 

ro2 Yo = 2.7811 — Ti/' 1 — R2(1 — — sin' 0o), 
r2 

Yi  < yo < yrn. (10) 

In (10), r = ro-I-Yo, and, consequently, (10) is not 
actually solved for yo. A true solution would involve a 
quartic equation, and hence, for practical purposes, it 
has been found simpler to solve (10) by successive ap-
proximations. It should be noted here that it can be 
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shown5 that there is a level x„„ lying below the level of 
maximum ionization, which gives the highest level at 
which reflections can occur for a particular value of R. 
When reflection occurs in the lower region, 0 <y 

we approximate Ch(x) by P2(Y), and obtain, as above, 

r 02 

y 0 =  — 1/ 1 

A 2 
sin2 00, 0 < yo < yi;  (11) 

where again we solve by successive approximations. 

RAY PATHS 

It has been shown by Forsterling and Lassen' that 
the angular distance  of the ray in the ionosphere can 
be approximated by the integral 

sin 00 
-   

To 

dy  
 , (12) 

V (a - sin2 0) -1- + —2 sin2 00) y  73/2 
To 

if we define a, (3 and  by the relation 

= a + a y  +  7  y 2 . (13) 

It is now useful to introduce the values of a, 0, and 7 
from the parabolic approximations Pi(Y)  and  P2(Y)• . 

Case (1) Upper Region (y1<y<y„,). 

Because of the limit as the reflection height yo ap-
proaches y„„ we are forced to use the negative square 
root in this equation. This same choice was required in 
the oblique incidence plane ionosphere case. 

Case (2) Lower Region (0 <yo< yl) • 

From equations (5) and (6) we obtain 

az' = az - sin2 00 = cos2 0o 

2 
02 = 02 + — sin2 00 = 

TO 

72' = 72 = — A2/R2 

Integrating and changing variable as in 
obtain 

sin 00 {272'yo +   
1.2 = rov -72 , [sin ,-  

{272'y 4- 02)] 

where 

2 
— sin2 
ro 

(16) 

Case (1), we 

-  , 0 < y < yo < yl  (17) 
Nr--4 

q = 4a2'72' - (321)2. 

Case (3) Lower Region (0<y <yi<yo). 

When the ray is reflected in the upper region, we want 
the origin of the angular displacement for the lower re-
gion to be at the same point as for the upper region. We 
accomplish this by allowing yo= yi in (17), and add to 
this the range of the ray in the upper region, obtained 
from (15) by writing y=yi. Then 

= sin 01   RT 
ln + th'yl + 71'3/12 Yi/RT + (1/2)RTV} 

ro  ± (31'yo  71'yo2 + yo/RT ± (1/ 2)RT131' 

1  sin 272'Yz  ± /52'  • --sm, (212:/-q"2)}  V-72'  --1 (\  )  

From equations (4) and (6) we obtain 

T2R2_ T2+(2.7811)2 
al' = a, - sin2 00=  sin % 

T2R2 

2 0 -5.5622 + 2 sin2 0-    sin2 00 
T2R2 ro  ro 

1 
71' = 71 —  

T2R2 

. (14) 

It is useful to measure the angle of travel from the 
highest point of the trajectory yo, so we make the 
change of variable 

= E(Y) - ON). 

Substituting (14) into (12), integrating from yi to y, 
and evaluating t(yo), we obtain 

2 

0 < y < y, < yo. 

(18) 

(19) 
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Fig. 3—Ray paths in a curved ionosphere with the ang e of incidence 
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J. M. Kelso, 'A note on the maximum height of reflection of a 
radio wave in a curved ionosphere layer," Jour. Appt. Phys., vol. 20, 
pp. 632-633; June, 1949. 

• K. Forsterling and H. Lassen, "Die Ionisation der Atmosphnre 
und die Ausbreitung der kurzen elektrischen Wellen (10-100m) Uber 
der Erde. III," Zest. Tech. Phys., vol. 12, pp. 502-527; November, 
1931. 
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A set of ray paths in a curved ionosphere is shown in 
Fig. 3, along with two curves to indicate the bottom of 
the layer and the level of maximum ionization, respec-
tively. It was necessary to distort this figure by using a 
very different scale horizontally than that used ver-
tically. The horizontal displacements are measured from 
the point of reflection. 
The set of paths shown is for the value I?= 2.0, and 

for the values of the angle of incidence, 00=80°, 75°, 
70°, 65°, 62° 30', 60° 26'. This last, rather peculiar, 
choice was made because it is the highest reflected ray 
for which it was convenient to calculate. It is interesting 
to note that, for reflection in the lower region, the range 
in the ionosphere increases with increasing angle of inci-
dence. 

REFLECTION COEFFICIENT 

The principal feature of the present study is the cal-
culation of the reflection coefficient in a curved iono-
sphere, which has not previously been studied in closed 
form, although Jaeger' has given some results obtained 
by numerical integration of the exact Chapman rela-
tion. 

In 

May 

where ds is the element of path length along the trajec-
tory, and k is the absorption coefficient given by (7). It 
is easy to show that 

Ilmrdr 
• ds = 

Vp2r2 — 42 sin= 
(20) 

We now approximate Ch(x)ex  by Pa(y), and write µ2 
from (13). Since r=ro+y, we make the same approxi-
mation as was made in the ray path case and obtain for 
In p, 

2111i,„ PAy)dy 
In p = — - — — (21) 

R2 f y  7'y 

where a', 13', and 7' are to be obtained from (14) or (16) 
depending upon the region in which the integration is to 
be taken. 

Case (1) Upper region (yi<y<y„,). 

Integrating from yi to yo, and making the choice of 
the negative sign before the square root, we obtain 

2IIIC„,[{  biR3Tatii' — 
PI =   boRT  b2 }. R2 2  8   R5T5 

X In 
(Vali -I- 01' yo  7113,02 + yo (I 2)RTV 

_ 
t + /3 6,1 ± 71'3,12 ± ycRT (1 2)RTOI'l 

-1- {MVP  b2R2T2(Y° 
\ 2 

— {b1R2T2 b2R2T2C 1 
2 

We wish to determine the fraction of the incident 
field that is ultimately sent back from the ionosphere. 
This fraction is given by the reflection coefficient p. 

p = exp — 2  kds), 

In p2 = 

3R2T201')( 
4 N./at' 131 'yo  71'yo2 

3R 2T2)31'\ 

4 /5  0i'yt + (22) 

Case (2) Lower Region (0 <y <yo <yi). 

Integrating from y3 to yo (since P3(y) is undefined 
from 0  <yo), we obtain 

iboR 1/1/32 10  ‘.2 (3132i2 — 4a2'721\R5t 

R 2 L A +  8 1.1 5i 

272'y3 02) sin _, (272'y_o 
X {sin--1 

/1 

biR21  boR2(yo   A2 A2  2  4.42 302R2)} Va2 , + 02yo + 72'yo2 

biR2 b2R2(3/3 + .31321R2)}   
  Va2 ±  02 Y3 +  72 5'32] • 

A 2 A 2 2  4.4 2 

7 J. C. Jaeger, "Equivalent path and absorption for oblique in-
cidence on a curved ionospheric region," Proc. Phys. Soc., vol. 61, 
pp. 78-86; July, 1948. 

Case (3) Lower Region (0 <y <yi <yo). 

Integrating from yo to yi results in 

(23) 
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in  211K„, LIT booz3 (30, " - 4.2/721\R6' 

R2  + 2A 2 8  )rl 6f 

X {sin—' (272'Y3 _—+ 132 )  (272'Y ' ±  132'  
\  \  q )) 

jbiR2 b2R2(  3132R2) 

A' ± A2 k 2 ± 421 2 NA22'  +  13 6'1  ±  7 6112  

b1 R2 b2 R2 p 3 ±  3132 n  t v a2 ,  ±  132 Y3 ±  72 /y3 2 1 

A'  A2 \ 2 412 if 

Using (22), (23), and (24) we plot (—R ln p)/(HTK„,) 
as a function of the angle of incidence for R=1.5, 2, 3, 
4, 5 in Fig. 4. Using the curve of range versus angle of 
incidence, Fig. 7 (to be given later), we may plot 
( —In p)/(Km) as a function of the ground range. This is 
given for each of the cases: (i) plane ionosphere, plane 

2 

,  40 
R. 
R• 

,  t 

A 
ff -t-- -L-- 

i  ,  t 
If  1,  

1 

. K.CCMCI • • 0  OGLE  Of 

i  .  . 

C. 20 30 40 10 70 

Fig. 4 —( — R In p)/(KTIti,,,) as a function of the angle of incidence 00 
with R as a parameter. Curved ionosphere; H=10 km, ho 90 km. 

140 

OD 

DO 

• 

4 

4. 3 

1. 

t 

.-

. , 

-7"/ PI  .,_. 
-Pt 

--_-_  
4.  - 

I 1 
i 

il ) . 

, 

_ __. __. 

s'..., 
-..,... 

W OE 0.14.1 

,-.-. 

1 0•0.00 

1 1 1 1 1 1 

0  500 000 0 (0 

Fig. 5—( —In p)/(K,,,) as a function of ground range D, for the three 
ionosphere-earth geometries.  3.0, H- 10 km, /10..90 km. 

(24) 

earth (PI-PE); (ii) plane ionosphere, curved earth 
(PI-CE); and (iii) curved ionosphere, curved earth 
(CI-CE); in Figs. 5 and 6 for R equal to 3 and 4, respec-
tively. The scale height has been chosen as 10 km, and 
the height of the bottom of the layer as 90 km. The plane 
ionosphere results are readily obtained from the mate-
rial given by Hacke and Kelso,* by applying simple 
geometrical relations to the expressions for the range in 
the ionosphere. 
These curves show the rather surprising result that, 

even for quite large values of R, the plane-ionosphere, 
curved-earth geometry gives very good results for the 
reflection coefficient. However, it is important to have 
the curved ionosphere results, because in a complete 
calculation of the field intensities it is necessary to use 
the correct geometry in order to be able to include di-
vergence or convergence effects of the beam in the iono-
sphere. 

GROUND RANGE 

The angular range in the 
found directly from (17) and 
ground range corresponding 
multiplying the angle in rad 
earth Ro. The ground range 

ionosphere itself may be 
(19) by writing y=0. The 
to this angle is found by 
ians by the radius of the 
corresponding to the por-
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Fig. 6—( —In p)/(1C,,,) as a function of ground range D, for the three 
ionosphere-earth geometries. R...4.0, H  10 km, h-90 km. 
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tion of the trajectory between  the eart h an d the iono - where  we  have  prefixed  a negat ive  sign  because  

choice of square root as before. 

2R0 cot 00 - 2RoVcots 00 - 2ho/Ro. 

Fig. 7 shows the ground range  as  a funct ion  of the 
angle of incidence with R as  a parameter  for  a sca le 
height of 10 km and a height of the bottom  of the layer  
of 90 km. 
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Fig. 7—Ground range D as  a func tion  of ang le of inc idence  Bo.  with  R 
as a parameter. Curved ionos phere;  H = 10 km, 4=90 km. 

GROUP PATH 

The group path in the curve d ionosp here  may  be de-
termined by the use of the we ll-known  re lat ion  

pcolo 
P' = 2 L i dshi, 

where the expression for  ds is given  above.  Intro duc ing  
µ as before, 

P' = 2k1 
YO dy 

.1: -Vet' +13'y ± 7' Y2 

Case (1) Upper Region (3,1<yo<y.). 

Substituting a', 0', and 7' from (14) an d integrat ing  
from yi to yo, 

Case (2) Lower Region (0 <yo <yi). 

Using (16) and integrating from 0 to yo, 

211R I 02' ) 
P2' =   [S111-1  

.1 - 

2100 

1900 

May 

of the 

- sin-1 (272'Y°  + $2'  ).]. (26) 
V—q 

1700 -. 

.00 

C - - -

- ,C ,REOUENCT TO CRITICAL  1REOUENCY 
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! I 

Fig. 8—Group path P' as a function of the ratio R of wave frequency 
to vertical incidence critical frequency, for a ground range. 
D=1,500 km, H=10 km, 1:0=90 km. 

Case (3) Lower Region (0 <y <yi<yo)• 

Using (16) and integrating from 0 to 

2A R[ 
P3' = sin-1 

A 

( (32' \ 

kv—q) 
2'yii ± 02' )] 

- sin-1 ( 72   . (27) 
-V-4 

In the same manner as in the range calculations it can 
be shown that the group path from the ground to the 
ionosphere is given approximately by 

P' - 2R0 cot 00 - 2R0N/cot2 00 - 2ho'Ro 

sin 00 

+ /3i'yo + 71'yo2 + yo/RT + (1/2)RTIV1.P  1' = - HIRT in   

{Val' -I-  +  + yi/RT + (1/2)RToil • 

° N. Smith, "The relation of radio sky-wave transmission to 
ionosphere measurements," PROC. I.R.E., vol. 27, pp. 332-347; May, 
1939. 

(25) 

To obtain the complete group path from the trans-
mitter to the receiver, we add this last quantity to the 
results obtained in (25), (26), and (27). 
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In the plane ionosphere cases the group path is deter-
mined by using the theorem of Breit and Tuve.2 
Fig. 8 shows the group path plotted as a function of R 

for a ground range of 1,500 km for the three geometries, 
and for a scale height of 10 km, and a height of the bot-
tom of the layer of 90 km. 

MAXIMUM USABLE FREQUENCY 

The maximum usable frequency for a given ground 
range is the greatest frequency for which a signal is 
transmitted over that range. It corresponds to the 
minimum points of the range versus angle of incidence 
curves given above, or to the "nose" of the P'-R curves. 
Appleton and Beynon" have determined this quantity 
analytically and graphically for the single parabola ap-
proximation and a number of different geometrical con-
figurations. 

00 

GROJC1 RAISE  0,(1(.1 

500 1000 

P1-11C) 001.111LE 
PI-Pt) SINGLE 

ZOOG 

Fig. 9—Maximum usable frequency factor Rm.", as a function of 
ground range D. Shown for the single and double parabola ap-
proximations for the various geometries. H=10 km, he =90 km. 

9 G. Breit and M. A. Tuve, "A test of the existence of the conduct-
ing layers," Phys. Rev., vol. 28, pp. 554-573; September, 1926. 

19  E. V. Appleton and W. J. Beynon, "The application of iono-
spheric data to radio-communication problems: Part 1," Proc. Phys. 
Soc., vol. 52, pp. 518-533; July, 1940. 

Similar results have been obtained here for the (PI-
PE) geometry (analytic), and for the (PI-CE) and (CI-
CE) geometries (graphic) using the double parabola 
approximation. The maximum usable frequency fac-
tor, Rm./ =f,nufile, is given as a function of ground range 
for each of the cases above, plus the (PI-PE) and (CI-
CE) cases using the single parabola approximation, in 

Fig. 9. 

CONCLUSIONS 

Most of the conclusions have been taken up under the 
individual headings. Aside from the determination of 
the reflection coefficient, which Hacke2 has shown to be 
completely useless at vertical incidence, it might be 
noted that one of the principal results of the present 
work is to show that the use of the single parabola is 
usually justified. This is observed in the group path, 
where the single parabola curves were not shown be-
cause the difference between the single and double 
parabola approximation only appeared in a displace-
ment of the "nose" of the curve. This displacement is 
better illustrated in the maximum usable frequency 
factor curves, where it is seen that the geometry used 
is more critical than the choice of the two parabolic ap-

proximations. 
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CORRECTION 

Matthew T. Lebenbaum, author of the paper, "Design Factors in Low-Noise 
Figure Input Circuits," which appeared on pages 75-80, of the January, 1950, 
issue of the PROCEEDINGS OF THE I.R.E., has brought to the attention of the 
editors the following correction. 
In Table I, on page 79, under the subheading "Calculate," the expression 

al= — as should read ai=- V2b—a2. 
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Frequency and Amplitude Stability of the 
Cathode-Coupled Oscillator* 

PETER G. SULZERt, ASSOCIATE, IRE 

Summary—An expression is obtained for the frequency and 
amplitude of the output of the cathode-coupled oscillator. The effects 
of supply voltage variations are calculated, and the results are con-

firmed by experiment. It is concluded that the cathode-coupled 
oscillator is capable of providing excellent frequency stability. 

INTRODUCTION 

IT IS THE purpose of this paper to consider the fre-quency and amplitude stability (with supply-volt-
age variation) of the cathode-coupled oscillator.' 

An analysis seems desirable because of the wide applica-
tion of the circuit. Such an analysis also facilitates de-
sign for the best stability. 

Cc RL 

EBB  

CK  RK 

Fig. 1—The cathode-coupled oscillator. 

Fig. I is a schematic diagram of the circuit under con-
sideration. It consists of a tuned circuit, L-C, connected 
to a cathode-coupled negative-resistance circuit.2-4  
Since the oscillator must provide some form of ampli-
tude limiting if stable output is to be maintained, 
linearity cannot be assumed. For purposes of analysis 
it is therefore necessary to employ the differential equa-
tion for the entire oscillating circuit, which includes the 
tubes as nonlinear elements. 

* Decimal classification: R355.911.4. Original manuscript received 
by the Institute, July 29, 1949; revised manuscript received, No-
vember 9, 1949. The paper is a portion of a thesis submitted to the 
Department of Electrical Engineering, The Pennsylvania State 
College, State College, Pa., in partial fulfillment of the requirements 
for the degree of Master of Science. The first part of the thesis 
"Cathode-coupled negative resistance circuit," was published in 
PROC. I.R.E., vol. 36. pp. 1034-1039; August, 1948. 
t Radio Propagation Laboratory, The Pennsylvania State Col-

lege, State College, Pa. 
1 Murray G. Crosby, 'Two-terminal oscillator," Electronics, vol. 

19, pp. 136-137; May, 1946. 
2 G. C. Sziklai and A. C. Schroeder, "Cathode-coupled wide-

band amplifiers," PROC. I.R.E., vol. 33, pp. 701-709; October, 1945. 
3 Keats A. Pullen, Jr., "The cathode-coupled amplifier," PROC. 

I.R.E., vol. 34, pp. 402-406; June, 1946. 
Peter G. Sulzer, "Cathode-coupled negative-resistance cir-

cuit," PROC. I.R.E., vol. 36, pp. 1034-1039; August, 1948. 

THEORETICAL RESULTS 

It is convenient to treat the circuit as a nonlinear 
source of negative resistance connected in parallel with 
an R-L-C resonator, as shown in Fig. 2. The dif-

Fig. 2—Equivalent circuit. 

ferential equation in terms of the currents at the node 
Pis 

V  di  1 1. 
  ± (' - ± -- f Vdt ± -- = 0,  (1) 
R'(v)  (11 L  R, 

where R,, L, and C are associated with the resonant 
circuit, and R'(v) represents the negative-resistance cir-
cuit. Differentiating, we obtain 

(/.'1" 1 d (I" 
+ - -  -- + I. ) + —1-_V = 0. (2) 

dr C di R„  R'(v)  LC 

To obtain a solution it is first necessary to evaluate 
R'(v). It was found by experiment,that the current-
voltage characteristic of the negative-resistance circuit 
is of the form shown by the solid line of Fig. 3, which 

Fig. 3—Voltage versus current for the cathode-coupled 
negative-resistance circuit. 

't 
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is symmetrical about the origin. This curve is a tracing 
of an oscillogram which was obtained by making hori-
zontal deflection proportional to voltage and vertical 
deflection proportional to current. In view of the sym-
metry, it is possible to approximate the characteristic 

by two terms of the series 

i = — aV  ftV' — 7V5, etc., 

where i is the current. A typical approximation is shown 
by the dotted line of Fig. 3. Then, 

V  1 
le(v) = — = 

a —  0172  

where a and 13 are coefficients to be determined by ex-
periment. Substituting this value in (2), 

d2V  1 ( 1  dV  1 
— — — — — a — 301-2 —  = (3) 

C R, /dl  LC 

To obtain the equation in a recognizable form, let 

Then 

= (a \ 

C 

d2V dV 
— (a' — fi'V2)  wo2V = 0. (4) 

dt2 dl 

It is convenient to incorporate a change in variable such 

that 

a 
V2 =  

01 

Substituting in (4), and letting x =coot, 

or 

where 

d'y  a' 

dx2 WO 

dy _ y2)  y  =  0 , 

dx 

d2y  dy 
— 8(1 — y2) — y = 0, 

dx2 dx 

1 
t= -- = 

øo  
4/— la --- 

(a  

V C Re/ 

(5) 

(6) 

Equation (6) has been investigated by van der Pol9.° 
Kryloff and Bogoliuboff,7 Minorsky,8 and Brainerd.9 It 
is apparent that if e is very small, the equation becomes 

d2y 
—  y = 0, 
dx2 

which has a sine-wave solution. An approximation7.9 
has shown that for moderately small positive values of 
e, the amplitude of this sine wave is 2. A second ap-
proximation7.9 indicates a frequency change such that 

the solution of (6) becomes 

e2 

y =  2 sin (1 — x, 
16 

(7) 

which is valid for 0 < e<<1. Changing to the original 

variables V and t, 

V=2  Rc 
30 

sin [  L ta_  1 2  1  1   — 1.  (8) 
16C \ Rc  )i1/Lc 

The amplitude and frequency can both be obtained 
directly from (8). Frequency stability can be studied 
with the aid of the correction factor 

16C R, 
(9) 

which multiplies (U N/LC)/ in (8), and indicates the de-
crease in frequency caused by nonlinearity of the nega-
tive-resistance circuit. 
It is of interest to see which choice of values will re-

sult in the best stability. Referring to (9), the quantity 
a is responsible for frequency variations, since it is a 
function of tube constants which, in turn, depend on 
supply voltage. Thus it is desired to minimize the change 
in F with respect to a. Taking the derivative, 

dF  L  1\ 

da  8C ka 

This will vanish if a = 1/R„ Unfortunately, oscillation 
will cease at the same time, since e in (6) must be kept 
positive. This confirms the well-known fact that the 
best frequency stability is obtained with the smallest 
amount of feedback consistent with stable amplitude. 
If, then, a is maintained slightly larger than 1/R„ the 

(10) 

• B. van der Pol, "The non-linear theory of oscillation," PROC. 
1.R.E, vol. 22, pp. 1051-1086; September, 1934. 
• B. van der Pot, "Beyond radio," Proc. World Radio Convention, 

Sydney, 1938. 
7 N. Krvloff and N. Bogoliuboff, "Introduction to Non-Linear 

Mechanics, h Princeton University Press; 1943. 
• N. Minorsky, "Introduction to Non-Linear Mechanics," pp. 

197-199,217-219, J. W. Edwards (pub.), Ann Arbor, Mich.; 1947. 
• Mcllwain and Brainerd, "High-Frequency Alternating Cur-

rents," pp. 507-509, John Wiley and Sons, Inc., New York, N. Y.; 
1939. 
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only other variable in (10) is L/C, which must be 
minimized. This justifies the common practice of using 
a "high-C" tuned circuit for stability. However, the Q 
of the circuit is also important. By definition 

R. = QcoL = Q V- -
C 

and 

1  1 A/C 

R.  Q V L 

In designing an oscillator of this type, one would 
start with a value of a, choosing (1/Q) .VC/L slightly 
smaller than a for stable oscillation. Keeping this 
quantity constant, VC/L would be made as large as 
possible, which also requires an increase in Q. It would 
appear, therefore, that a reasonable figure of merit for 
the tuned circuit in this type oscillator is QVC/L. 

EXPERIMENTAL RESULTS 

In general, a and # must be known for each value of 
supply voltage at which it is desired to calculate ampli-
tude and frequency. These constants were obtained as 
follows: The coupling condenser, C, in Fig. 1, was re-
placed with a battery which was adjusted to produce 
zero current through the circuit terminals, thus estab-
lishing an origin. Small increments of voltage V were 
applied at the input terminals of the negative-resistance 
circuit, first positive and then negative, and the result-
ing currents were measured. Since the voltages were 
small, the cubed term in the approximation dropped 
out, and 

1 
a = 

V 

It will be noted in Fig. 3 that i =0 when V= V,. Then 

13  

In order to check the theory, an oscillator was de-
signed for poor frequency stability to facilitate measure-
ment. Figs. 4 and 5 show the performance of this oscil-
lator. Fig. 4 is a plot of amplitude versus plate-supply 
voltage for the circuit values shown. The solid line was 
calculated with the aid of (8), while the dashed line 
was obtained by measurement. It will be noted that a 
reasonably close agreement was obtained between 
theory and experiment. 
Fig. 5 shows the fractional change in frequency with 

supply voltage for this particular oscillator. The solid 
curve was calculated with the aid of (8) and (9), while 
the dashed curve marked Ck =0 was obtained by meas-
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urement. A fair check with theory was obtained over a 
major portion of the supply-voltage range." 
The other dashed curves were obt4ined with various 

values of capacity shunting the cathode resistor. Al-
though it is not covered by the theory, it will be noted 
that excellent frequency compensation for the effects 
of supply-voltage variation can be obtained in this 
manner. 

In conclusion, it should be stated that well-designed 
cathode-coupled oscillators have shown a frequency 
stability of better than 5 parts per million for a two-to-
one supply-voltage change. 
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some residual capacity in the cathode circuit during measurement. 
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A Method of Simulating Propagation Problems* 
HARLEY IA MSt, SENIOR MEMBER, IRE 

Summary—Problems relating to reflection, refraction (including 
continuously variable index of refraction), or scattering can be 
simulated by propagating centimeter-wave energy in a large sheet of 
low-loss dielectric material. The conditions of the problem are set 
up by imbedding objects in the sheet, varying its thickness, or 
coating its surfaces. One surface of the sheet is then scanned with 
the probe of a phase-front plotter, and lines of equal phase are re-
corded on a separate sheet of paper. The behavior of the energy 
can be judged from the recording so obtained. 

T
HE PHASE-FRONT PLOTTER' is a device 
which records on a sheet of paper lines represent-
ing those parts of a radio-frequency field which 

have the same phase. It consists essentially of a probe 
which scans the area of interest, a radio-frequency 
reference signal which adds to or subtracts from the 
probe signal according to their phase relation, and a de-
tector and amplifier, connected to a stylus which scans 
current-sensitive paper in synchronism with the scan-

ning of the probe. 
Although the plotter was originally intended for use 

in developing microwave antennas, the pictorial repre-
sentation which it produces has been found useful for 
other purposes. The purpose of the present discussion 
is to call attention to a technique which permits the 
simulation of problems relating to the reflection or scat-
tering of radiation by obstacles, or refraction (including 
the case of a continuously variable refractive index). 
The method is simply that of propagating the radia-

tion in a large sheet of low-loss dielectric, such as poly-
styrene, having a thickness of the order of a quarter of a 
free-space wavelength. When the electric vector of the 
field is at right angles with the surface of the sheet, it is 
found that the energy is kept from spreading in one 
dimension by the action of the dielectric, and that the 
probe of the phase-front plotter picks up a strong 
enough signal (when it scans within a tenth wavelength 
of the surface) to observe how the energy propagates. 
Problems in reflection or scattering can then be set up by 
imbedding various discontinuities in the dielectric sheet. 
Fig. 1 is an illustration of such a test. A low-power 

oscillator having a free-space wavelength of 11 cm (0.492 
inch) delivered power through a waveguide which ended 
between two parallel metal sheets spaced 1 inch apart. 
The end of the waveguide served as a point source from 
which the energy spread, while the metal sheets insured 
that all of the power was coupled into the 1-inch thick 
dielectric sheet. In this particular test, it was desired 
that the phase fronts incident upon the model should be 

• Decimal classification: RI13.7. Original manuscript received by 
the Institute, July 11, 1949; revised manuscript received, December 
1, 1949. Presented, 1949 West Coast IRE Convention, San Francisco, 
Calif., August 31, 1949. 
t Formerly, RCA Laboratories, Princeton, N. J., now, Hughes 

Aircraft Co., Culver City, Calif. 
I For description, see Harley lams, 'Phase-front plotter for centi-

meter waves," RCA Rev., vol. 8, pp. 270 275; June, 1947. 

straight, as though the source had been distant. There-
fore, the input edge of the polystyrene sheet was curved 
with a radius R, according to the familiar optical for-
mula for a piano-convex lens 

1 )  1 
(n — 1)  = — 

R  f 

where n is the refractive index (1.6 for bulk polysty-

WAVE GUIDE 

POWER 

METAL SHEETS PROBE 

RECORDING PAPER STYLUS 

MODEL BEING TESTED 

POLYSTYRENE SHEET 

Fig. 1—Test arrangement. 

rene), R is the radius of curvature of the lens, and f is 
the focal length. Also, in order to minimize the reflec-
tion which occurs when the refractive index changes 
abruptly, the edges of the sheet were tapered from full 
thickness to zero over a distance of inch. (A taper 
longer than a half-wavelength would have reduced the 
reflection still more, but it was not needed.) 
The model representing the cross section of a horn 

consisted of metal strips imbedded in slots cut in the 
polystyrene. The picture of Fig. 2 was recorded by 
scanning the surface of the dielectric with the probe of 
the plotter and recording its output on Teledeltos paper. 
In this, and all the subsequent pictures, the direction of 
propagation is left to right. The outline of the horn was 
subsequently drawn on the paper. From this plot, one 

ig. 2—Radia, Lion incident on horn. 
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sees how the received energy was directed into the 
throat of the horn, and observes the change in wave-
length which occurred in the narrower waveguide. 
Another type of problem which can be simulated is 

that of propagation in the presence of a variable index 
of refraction, such as is met in nature in the ionosphere. 

C 

2  3 4 5 
SHEE T THICKNESS CM 

Fig. 3—Effective refractive index versus sheet thickness. 

The effective index of refraction (which may be defined 
as the wavelength in free space divided by the wave-
length in the sheet) of a polystyrene sheet guiding radia-
tion in the manner described is a function of its thick-
ness. Fig. 3 shows the experimentally determined effec-
tive index of refraction as a function of the thickness 
measured in free-space wavelengths. The desired dis-
tribution of propagation conditions is set up by cutting 

Fig. 4—Propagation through region having variable 
refractive index. 

a thick sheet of the dielectric to the required thickness, 
or by piling up thin sheets in the form of contour maps 
of the desired pattern. When an effective index of refrac-
tion less than unity is desired, one uses a thin section in 
conjunction with a thicker one, calling the index of the 
latter unity. It is the ratio of the indices which is im-
portant to the problem, not the magnitudes measured in 
comparison with some arbitrary standard. 
An illustration of the behavior of a variable-thickness 

Fig. 5—Propagation through abrupt change in refractive index. 

model is given in Fig. 4. A disk of polystyrene was so 
cut that the effective refractive index varied according 
to the following relation: 

net f = _ — r2 

where r is the radius to the point under consideration. 
Power fed in at one edge of the disk was propagated 

with a velocity depending upon the thickness, so that 
the phase fronts are not arcs of circles. The transfer to 
free space occurs without appreciable reflection and the 
power continues in a parallel beam. 

In comparison, the constant-thickness model of Fig. 
5 shows lack of bending of the phase fronts until the 
edge of the disk is reached, and interference patterns 
due to reflections at the boundaries. The final beam is 
somewhat divergent. 

Another way of controlling the effective index of re-
fraction of a dielectric sheet is to coat one or both sides 
with metal foil. Of course, when both sides are covered, 
the speed of propagation is the same QS for a great thick-
ness. When one side only is covered with metal, the be-

• rr  'r 

FP I 
'71 V-74 • •K AO., 

Fig. 6—Control of refractive index by metal foil on 
dielectric sheet. 



1950 

havior is similar to that of a dielectric sheet twice as 
thick as the one actually used. 
Fig. 6 shows how a strip of tinfoil 1-inch (one free-

space wavelength) wide applied to one surface of a poly-
styrene sheet 3/32-inch thick controlled the propaga-
tion well enough to keep the energy in a narrow path. 
In this and other tests, it was found that the power 
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could be deflected around moderate bends, but that it 
was radiated at sharp ones. 

ACKNOWLEDGMENT 

The author wishes to express his appreciation to RCA 
Laboratories, where the work was done, for the support 
of the investigation and permission to report the results. 

Design Analysis of a TM-Mode Piston Attenuator* 
ANTHONY B. GIORDANOt, SENIOR MI MBER, IRE 

Summary—The design analysis of a transverse magnetic mode 
piston attenuator which may be utilized as a microwave absolute 
standard in the comparison method of measuring attenuation is 
described. The system employs a coaxial section input and a coaxial 
section output separated by a cylindrical waveguide section operat-
ing below cutoff. The electromagnetic coupling between the two 
coaxial sections is comprised of exponentially decaying field com-
ponents of the  modes associated with the waveguide section. 
A method of satisfying input and output boundary conditions based 
upon circular symmetry is detailed and applied in approximate 
form to obtain numerically the attenuation, input impedance, and 
VSWR characteristics of a model designed for a wavelength of 10 
centimeters. The predicted data apply to coupling separations of 

0.5 cm and higher. 

I. I NT RODUCTION 

W
ITH THE ADVENT of metallized-glass pre- • 
cision-type attenuators for coaxial transmission 
systems' designed for use at microwave fre-

quencies, it became necessary to devise an accurate 
method of attenuation calibration. One of the most ac-
curate schemes for measuring attenuation is the com-
parison method utilizing an absolute standard. Such a 
standard may be realized by employing a below cutoff 
cylindrical waveguide as part of a standard coaxial 
transmission line. 
The electromagnetic behavior of a waveguide is simi-

lar to the behavior of a high-pass filter as frequency is 
r varied. Below the cutoff frequency of the waveguide, 
I the excited electromagnetic field does not propagate. 
I It develops as an induction field, the magnitude of which 
decays exponentially as the field distributes itself be-
tween the input and output planes of the guide. It is sub-
stantially an electro- or magneto-static field distribu-
tion varying harmonically in time. The magnitude of the 
field at the output end of the guide is dependent on the 
physical length of the guide. As this length increases, 
the output field decreases, and, consequently, the out-
put power diminishes. The difference in input power and 

• Decimal classification: R396.9. Original manuscript received by 
the Institute, August 9, 1948; revised manuscript received, November 
18, 1949. Presented, 1948 IRE National Convention, March 25, 
1948, New York, N. Y., under the title, "Analysis of a Microwave 
Absolute Attenuation Standard." 
f Microwave Research Institute, Polytechnic Instil ute of Brook-

lyn, Brooklyn, N. Y. 
1 C. G. Montgomery, "Technique of Microwave Measurements," 

vol. 11—Radiation Laboratory Series: McGraw-11ill Book Co., New 
York, N. Y., 1947; also, chapter 12, "General Laboratory Attenu-
ators," by E. Weber. 

output power of the guide appears as reflected power 
from the entrance into the guide. Thus, the over-all 
effect is a reduction of output power and the waveguide 
behaves as an attenuator. 
Numerous types of cutoff attenuators or reactive at-

tenuators or piston attenuators have been described in 
the literature.2-6 _However, the piston attenuator to be 
analyzed is rather unique, since the structure becomes 
a matched coaxial section when the physical length of 
the guide is zero. 
The classical Maxwell field theory as applied to 

bounded structures reveals that the electromagnetic 
fields within such structures may be represented as a 
superposition of mode functions. In general, there are 
three types of mode functions or modes, namely: the 
Transverse Electromagnetic or TEM mode, the field 
components of which are oriented entirely in the trans-
verse plane; the Transverse Electric or TE mode which 
has electric field components only in the transverse 
plane; the Transverse Magnetic or TM mode having 
magnetic field components oriented solely in the trans-
verse plane. 
For a given geometry, perhaps, all three mode func-

tions are required to describe rigorously the electromag-
netic field which satisfies the boundary restrictions of 
the structure. For example, the electromagnetic field 
within a coaxial line of proper dimensions away from the 
generator consists of the TEM mode which propagates 
since its cutoff frequency is zero. The field in the vicinity 
of the generator is usually highly distorted and equiva-
lent to the superposition of TEM, TE, and TM modes. 
These latter modes are high-pass modes and will propa-
gate only if a proper relationship exists between the ex-
citation frequency and the cross-sectional dimensions. 
In coaxial system, these high-pass modes are usually 
below cutoff. 

2 See chapter 11 of footnote reference 1, "Cutoff Attenuators," 
by R. N. Griesheimer. 

3 R. E. Grantham and J. J. Freeman, "A standard of attenuation 
for microwave measurements," AIEE Technical Paper 48-50, pre-
sented, AIEE Winter Meeting, Pittsburgh, Pa., January 26-30, 1948. 

4 C. W. Oatley, "Ultra-high-frequency measurements," Jour. 
IEE, vol. 93, Part IIIA, no. 1, pp. 199; 1946. 

G. F. Gainsborough, "A method of calibrating standard-signal 
generators and radio-frequency attenuators," Jour. IEE, vol. 94, 
Part III, no. 29, pp. 203; May, 1947. 
• D. E. Harnett and N. P. Case, "The design and testing of multi-

range receivers," PROC. I.R.E., vol. 23, pp. 578-592; June, 1935. 
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If a discontinuity is introduced in a coaxial line which 
is far removed from the generator, then both TE and 
TM modes may be generated at the discontinuity and 
the original field becomes distorted. If the discontinuity 
is caused by a cylindrical waveguide terminating a co-
axial line, only TM modes will be generated in both the 
coaxial and waveguide sections if the discontinuity is 
circularly symmetrical. Throughout the following an-
alysis, circular symmetry will be assumed. 
Each type of high-pass mode is characterized by field 

components which possess spatial harmonic variations. 
To indicate these variations, subscripts are added. The 
first subscript yields the harmonic variations around the 
periphery and the second subscript refers to the har-
monic variations along the diameter. If circular sym-
metry is assumed, the first subscript becomes zero. The 
field components of the mode functions will be set up in 
cylindrical co-ordinates Z, p, O. 
The derivation of the field components of electro-

magnetic mode functions will not be detailed since such 
equations are available in most books on the subject.1- '° 
The rationalized mks system of units will be employed 
throughout, together with complex notation. 

II. PRELIMINARY ANALYSIS 

The basic structure of a TM-mode piston attenuator 
is illustrated by Fig. 1. The diameter of the waveguide 
section is selected to yield a desired mode decay rate 
corresponding to the asymptotic value of curve B of 
Fig. 4. 

/NPUE_. 
Abfrbirde 

Co-Ax/AL: 

accma ~) 

4 
1  y 

CO•Alm, 

(Jecr....0 •) 

°U M/7 

  Passe 

Fig. 1—Preliminary design of a TM-mode piston attenuator. 

Referring to Fig. 1, the TEM mode of section a pro-
pagates from the generator toward plane 1-1 where it is 
reflected. At plane 1-1, TM modes are generated in sec-
tion a and section b. The coaxial TM modes of section a 
decay to zero in the direction of the generator. The 
waveguide TM modes decay toward plane 2-2 where 
they are reflected. At plane 2-2, these modes excite 
the TEM mode of section c, as well as TM modes which 
decay to zero. The TEM mode propagates to the load 
where it is completely absorbed, since the load repre-
sents a matched termination. The magnitude of the 
TEM mode of section c depends on the magnitude of the 

7 S. Ramo and J. R. Whinnery, "Field and Waves in Modern 
Radio," John Wiley and Sons, Inc., New York, N. Y.; 1944. 
• S. A. Schelkunoff, "Electromagnetic Waves," D. Van Nostrand 

Co., New York, N. Y.; 1943. 
J. A. Stratton, "Electromagnetic Theory," McGraw-Hill Book 

Co., I•Iew York, N. Y.; 1941. 
10 Ernst Weber, "Lectures on Ultra-Short Electromagnetic 

Waves," Polytechnic Institute of Brooklyn, Brooklyn, N. Y.; 1943. 

TM modes of section b at plane 2-2. Thus, the wave-
guide length controls the coupling between the TEM 
modes of section a and section c. What is the interpreta-
tion of this coupling in terms of transmitted power to 
the load? 
To illustrate, it will be assumed that the TMbi mode 

is the only high-pass mode excited in the structure. (For 
identification purposes, the zero subscript will be sub-
stituted by subscript b. Thus, the TM1,1 mode identifies 
the TMoi mode of section b.) This condition is depicted 
in Fig. 2. 74- and C represent the amplitudes of the elec-

N PUT 

Pave/1 

Secriom- a 

2 

  PERFCCr 

  LOAO 

Scc7vom-p  Szcnoy-c 

z 

Fig. 2—TMoi or TA,' waveguide mode coupling between 
TEM modes of the coaxial sections. 

tric field of the TEM mode at planes 1-1 and 2-2, re-
spectively, and they are related by equation (1), where 
aoi is the attenuation constant or decay 

C = A (log b/ a) ( 1 )e-c4is  
log d/c 

(1) 

rate of the TMbi mode. An expression relating power 
transmitted to the coefficients  and A will be derived. 
The field components of the TEM mode of section 

a9"° are 

, 
= — Poe-i(2".P').‘ doe+ i(2 '/X)  • :1 (2) 

1 
Ile, = — [A0e—i(2*IA) • z — doe+1(2 '1" '21, (3) 

where n is the intrinsic impedance of the medium and 
equal to Vpie, where µ and e are the permeability and 
permittivity factors, respectively; Ao and ao are the co-
efficients of the incident and reflected components, re-
spectively; the center of plane 1-1 is the zero reference 
of the co-ordinate system and the positive z direction is 
toward the load end. 

At z =0, the TE.211 mode components reduce to 

Ao + do  71 
— 

P 

  = Ya•Ep., 
1"7 

where A is constant at plane 1-1 and Y. is the input 
wave admittance at plane 1-1, a variable depending on 
the waveguide length and reduces to 1/77 when / =0. 

-= 

(4) 

(5) 
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Similarly, the field components of the TEM mode of 
section c are 

1 
loc =  e_ 27/>)(s-0 

11,4 =  c i(2r/X)(z-1) 

1)17 

(6) 

(7) 

assuming that section c is ideally terminated. At plane 
2-2, these components reduce to 

= — and Tle, = — • (8) 

Power flow may be ascertained by utilizing the Poyn-
ting theorem.. When the waveguide length is zero, the 
'input power is evaluated from the integral 

b f  2r 

P1 = —  f  Ep. • He • p• dp• clO 
2 a 0 

(9) 

where He is the conjugate of M e 
Substituting (4) and (5) in (9) when the waveguide 

length is zero, the integral becomes 

A-12 
Pi= 7 1-  log (b —) 

a 
(10) 

where the vertical lines signify absolute value. 
For a given waveguide length, the output power at 

plane 2-2 is evaluated from 

1 d f  
P2 =  27 Ep, TI,* • p•dp• dO  (11) 

2  o 

which reduces to 

P2= r 1-.12  log( —) (12) 

by utilizing (8). 
The attenuation introduced by the waveguide length 

is defined to be 

L = 10 logio (—Pp12) db.  (13) 

Substituting (12) and (10) in (13), the attenuation 
becomes 

L = 10 logio 
b 1 

lo 
C  g a/ log (d/c) 

Upon substituting (1), (14) evaluates to be 

L = 8.68(abOldb. 

(14) 

(15) 

Thus, the ratio of two powers reduces to a measurement 
of waveguide length. 
It is important to note that the evaluation of (14) is 

dependent upon the relationship between -A and C. 
The difference between Pi and P2 is reflected from 

i plane 1-1 toward the generator and is completely ab-

sorbed by a bilaterally matched lossy attenuator, so 
that the output power of the generator remains con-
stant at all times. The over-all effect is an attenuation of 
power as shown by Fig. 3. 

I_OSSY 
ATT P, 

REACTIVE 
WAVE GUIDE 
AT T P LOAD 

Fig. 3—Utilization of a piston attenuator as a power attenuator. 

( 
FR 

Attenuation =log is —  decibels. 
P1 

Curve A of Fig. 4 is a plot of (15) referred to as the 
ideal attenuation equation. However, the experimental 
curve is shown by curve B. The curvature at the lower 
end of curve B ig influenced by the presence of modes 
higher than the TA,' mode and by the interaction be-
tween planes 1-1 and 2-2. As the waveguide length in-
creases, the influence of these higher modes diminishes 
and the slope approaches the ideal slope represented by 
am. A rigorous analysis will follow. 

A 

Fig. 4—Qualitative attenuation curves of the piston attenuator 
indicating the effect of modes higher than the TMol or T/tibi 
mode; 1 represents the waveguide length and attenuation is 
expressed in db. 
A =Theoretical curve for TMoi mode. 
B = Experimental curve. 
Ideal attenuation = (8.68) (am)l. 

III. RIGOROUS ANALYSIS 

Throughout the present discussion, the center of 
plane 1-1 of Fig. 1 is the selected zero reference of the 
co-ordinate system. To the right of plane 1-1 along the 
waveguide section, z is positive; to the left of plane 1-1, 
z is negative. At plane 2-2, z is equal to /. To the right of 
plane 2-2 along the coaxial section with reference to the 
center of plane 2-2, z is equivalent to (z—l). 
For circular geometry based upon ideal bounding 

conductors, the TM mode functions may be derived."0 
in terms of boundary constants which are dependent on 
conditions at the discontinuity planes 1-1 and 2-2. These 
conditions are that the total transverse electric and mag-
netic field components be continuous across planes 1-1 
and 2-2. 
At plane 1-1 of Fig. 1 for z = 0, the conditions to be 

satisfied are 

—EobT = 0 , when  0 < p < a  (16) 



548 PROCEEDINGS OF THE I.R.E. May 

Epor = RAT, when a < p < b 
776„7. = 77 oar, when a < p < b. 

The corresponding mode components'° are 

_ 
Ep.r = E ffm•ZI(kom•P) 

P  m-1 

Ti 
Ne.r = 

Tpbr = E • (T3n + f9.)• Ji(kbn. P) 
‘00 

'lle„ = E rb„(T3„ — 60 • J i(kb.• P)• 

(17) 

(18) 

(19) 

Y. E Yom•Am•zi(k..• p)  (20) 
P 

(21) 

(22) 
n=1 

The subscript 7. signifies total field component. V 
is related to the TM mode admittances as follows: 

Yarn =  Than / EPans 

Ybn = j 

«bra 

(23) 

(24) 

where abn is the attenuation constant and dependent on 
/ea."; the k's are the distinct roots corresponding to the 
boundary condition at the enclosing cylindrical surfaces. 
Thus, 

4/  (27) 2 ab. =  kb.2 - — nepers/meter  (25) 
X 

kb. = nth root of [../o(kb,c b) = 0]  (26) 

where Jr= Bessel function of the first kind, rth order. 
Also, 

2/2 
a. .=  k.„, 2 - (— nepers/meter 

X 
(27) 

kam = mth root of 

Jo(kam • a) • No(k„„t•b) - Jo(k.„,-b)• No(kam• a) = 0. (28) 

z, represents the linear combination of the rth order 
Bessel function of the first kind and the Neumann func-
tion, namely, 

zi(kam•P) = p) RamNi(k.m•p) (29) 

where 
Jo(k,,,,b) 

No(k.„,b) 

A,„ and T3„ are associated with the incident compo-
nents of the TM modes of section a and section b, re-
spectively. kis related to the reflected component of the 
TM mode of section b. 
Likewise, the boundary conditions at plane 2-2 for 

z =/ become 

TAT 

TpbT 

'HOW 

= 0, 

= EPer, 

=  That 

when 

when 

when 

0 < p < c and d < p < b 

c < p < d 

c < p < d. 

(30) 

(31) 

(32) 

The corresponding mode components are specified as 

TAT = E ("Bne-clo,c'  b„ e+ab.'‘) • J i(kb. P) 
n 1 

(33) 

'lOST = E rb„(T3e-"b̂" ! - 6,,e+ab̂* 1).J1(kb.•p) (34) 
n=.1 

E = — E ca•zi(kes•p) (35) 
p 

rt. r, 

Bea 

p  

where V. is related to the incident component of the 
TM mode of section c and 

E• r„ •c. • zi(k,..-p) 

a CI 

(36) 

(37) 

As discussed in part II, to ascertain the attenuation 
introduced by the length of the waveguide section, it is 
necessary to relate  to A. This can be accomplished by 
satisfying the boundary conditions at planes 1-1 and 2-2 
of Fig. 1 which results in mode coefficient equations 
leading to the relationship that C=XT. These condi-
tions indicate that E, is completely defined at planes 
1-1 and 2-2. Thus, corresponding to plane 1-1, the fol-
lowing integration may be performed: 

f o A 

Epbr dP - f0" [— EA,, zi(kam p) 
p 

the solution of which yields 

_ 
 — A log (b/a). 
k 

(38) 

(39) 

The mode coefficients A, Am, B., and b„ may be 
interrelated by multiplying (38) by p • ..11 (kb„•p) and 
evaluating the resulting integrals which are Lommel 
integrals"-" relating to the orthogonality property of 
Besse! functions. The resulting eq0ation is 

± 6,, 
= 1.„ (1 - E -  (40) 

74-

A relationship between the input wave admittance at 
plane 1-1 and the mode coefficients at plane 1-1 may be 
determined by considering (18). If this equation is inte-
grated between the limits of a and b, the following ex-
pression is obtained: 

(7-3„  1 
  S„.  (41) 

I a  \  / log (b/a) n-  

If both sides of (18) are multiplied by p•zi(k.„,p) and 
integrated between the limits of a and b, the result is 

Am (E„ - 6 „ 
= _  IV nns•  (42) 

A n-1 A 

n E. Jahnke and F. Emde, "Tables of Functions," Dover Publica-
tions, New York, N. Y.; 1943. 

12 R. V. Churchill, "Fourier Series and Boundary Value Problems," 
McGraw-Hill Book Co., New York, N. Y.; 1941. 

13 N. W. McLachlan, "Bessel Functions for Engineers," Oxford 
University Press, London, England; 1941. 

A 
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Similar expressions exist at plane 2-2. They follow by 
ipplying the described procedure to (30), (31), and 
32). The resulting mode coefficient equations are 

Be""' bneabn•I 00 C. 
=Pn + QanE 

.=1 

C. = C3„e-abn • — bne+a.„•z) 
  Sn, 

n=1 

a 

=  E (T3ne-"6-•1 —  Af n.  

n-1 

(43) 

(44 ) 

(45) 

The constants T„, U mnr  S nr  Vtrir W nrrtr Qin,  Pn, R., 
Sn. and M n are geometric parameters which are evalu-
ated for a given structure. They are given by 

2.10(kb.a)kb, 
T, = (46) 

1(kbnb)./1(kbnb)P 

2 1 1  1 
„,„ = —• (47) 

7  ken, rko„,-12 No(k„,„• a) 

L kb„J — 
bn 

S11 =  Jo(k bn • a) 
kb, 

7r • No(k„„,• a) 

El No2(kam• 

No2(k.„,•b)i 

= 

1 

W„,„, = — 
Y„„, ken, [1 kb,\21 

J 
2 kb, 2 1 

Qan  = b2[11(kb.•b)] k. r (kc,2 kbn 2) 

Jo(kbn-  Jo(k  c)  

L No(ke. • d)  No(ke,•c) J 
P, = 2 rJo(kb,c) — Jo(kb„d)] 

b2[J1(kb„ b)] L kb, 

R, = 
ir 

1  1 

N 02 (k,, • c) N 02(k„ • d) 

Pim  kb, 
S”, 

Yes  kcs 

1 

(48) 

(49) 

Jo(kb„• a)  (50) 

[1 _ (kkb::)2] 

rfo(kbn c) Jo(kb.d)] 

L No(kc.c) No(kad)J 
b.  Jo(kb„c) — Jo(kb.d) 

mn —  „ log  (die)  [  ]. kb,  (55) 

(54) 

1
 I Thus the mode coefficient equations, (40), (41), (42), 
(44), and (45), represent the most general mathematical 
formulation of the structure of Fig. 1 and their manipu-
lation yields r =W7. However, the mathematical re-
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duction cannot be performed in closed form, since the 
mode coefficient equations are infinite series. 

IV. APPLICATION 

The structure of Fig. 1 is incorporated in the model 
shown by Fig. 5. The model is designed for a finch 
standard coaxial line, the wavelength corresponding to 
the excitation frequency being 10 centimeters. Various 
matching principles are utilized in this model resulting 
in a measured input VSWR of 1.04 when the length of 
the waveguide section is zero. The dimensions of the 
structure of Fig. 1 at planes 1-1 and 2-2 are a =0.0938 
inch, b = 0.786 inch, c=0.118 inch, and d=0.406 inch. 

/moo 

Fig. 5—Model of the TM-mode piston attenuator. 

In order to evaluate the theoretical attenuation curve 
of the model shown by Fig. 5, only the first six terms of 
the mode coefficient equations are utilized in the present 
analysis, since these equations converge fairly rapidly. 
Moreover, the influence of reflections from plane 2-2 at 
plane 1-1 is neglected, which leads to a further simplifi-
cation. Consequently, the present solution is inaccurate 
for small waveguide lengths. The method is as follows. 
From the dimensions of the structure, the geometric 

parameters are evaluated. Equations (40) and (42) are 
expanded to six terms and combined yielding a sixth-
order determinant involving Bn and A, b. being sup-
pressed. The sixth-order determinant is solved by a 
method described by Crout." The solution yields each 
Tin coefficient in terms of 74. These coefficients are sub-
stituted in (42) and each Am coefficient is solved in 
terms of A. 
To ascertain whether these values of 7/3„ and 2', satisfy 

the boundary conditions across plane 1-1, (19) and (21) 
are plotted disregarding L. If these plots indicate that 
the boundary conditions are not closely satisfied over 
the surface of the inner conductor at plane 1-1, a Bessel 
function series is introduced and equated so that it 
represents the negative variation of (21) over the region 
p =0 to p=a. This series is added to (21), and the re-
sulting curve will satisfy the boundary restrictions very 
well. 

14  P. D. Crout, "A short method for evaluating determinants and 
solving systems of linear equations with real or complex coefficients," 
Trans. A IEE, p. 1235; December, 1941. 
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At plane 2-2, all summations being restricted to six 
terms, (43) and (44) are expanded and combined. For 
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Fig. 6—TheoreCcal attenuation curve of the piston attenuator 
with experimental verification. 

specific values of I, these equations are reduced yield-
ing b. as a linear function of rand coefficients L. Upon 
substituting b„ and 73„ in (48), "C" =TC A is obtained for 
each specific value of I. 
The theoretical attenuation curve is evaluated from 

(14). This curve is shown by Fig. 6. It agrees rather well 
with the measured curve for values of 1 greater than 0.5 
cm. When 1 is less than 0.5 cm a marked discrepancy is 
noted, since the present solution does not account for 
the effect of 5„ at plane 1-1. 
The input circuit admittance may be deduced by con-

verting the input wave admittance given by (41), as 
follows: 
The current and voltage at plane 1-1 of Fig. 1 are re-

spectively equivalent to 

7 = f2rp He. dO = 2rp•77e,  (56) 
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Fig. 7— C o mputed co m ponents of the input im pedance at plane 1-

of the piston attenuator. 

V  = f  E„dp =71 log (b/a).  (57) 
a 

The ratio of 7 to V represents the input circuit admit-
tance, namely, 

27rp• Re„  2r 
—   
A • log b/a  log b/a 

where Y. is given by (41). 
The input resistance and capacitive reactance com-

ponents of the designed model are shown by Fig. 7. 
When 1 is greater than 3 cm, the input impedance is 
practically capacitance reactance and the capacitance is 
equal to 0.1213 X10-'2 farad. The VSWR corresponding 
to the input impedance of Fig. 7 and expressed in db 
units is illustrated by Fig. 8. 
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Fig. 8—Voltage standing-wave ratio at the input end 
of the piston attenuator._ 

(58) 

V. CONCLUSION 

The TM-mode attenuator has been rigorously formu-
lated in terms of an infinite numb& of mode coefficients. 
These equations have been applied in finite form to yield 
a numerical solution which explains somewhat the non-
linear region of the attenuation characteristic and pre-
dicts the displacement of the linear region of such a 
characteristic to yield a measure of absolute attenuation. 
The rigorous mathematical formulation may be applied 
to predict the total nonlinear attenuation region. How-
ever, the reduction process is rather prohibitive. 
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PART I. MEASUREMENT OF TELEVISION SIGNAL LEVELS 

I. INTRODUCTION 

1.1 Description 

This Standard describes methods of measuring the 
significant amplitude "levels" of a television signal, 
either composite or noncomposite. For the purpose of 
this Standard, the level of a voltage or current is defined 
as the difference between that voltage or current value 
and an arbitrary reference value. It is concerned pri-
marily with measurements at points on transmission 
systems where the signals are at video frequency, and 
does not necessarily apply to measurements of carrier-
modulated signals. The methods described in this Stand-
ard are limited to those involving the use of oscillo-
scopes. 

Transmission measurements in general divide func-
tionally into three classes; namely, engineering or lab-
oratory measurements made in the course of the design 
and development of equipment; test and maintenance 
measurements; and measurements required to operate a 
working facility. The principal need for standardizing 
television level measurements is in connection with the 
last class. This Standard therefore is primarily directed 
to specifying a method of measuring television levels for 
operating purposes. 
Adherence to a common standard method of measur-

ing levels at different parts of a television system will 
greatly facilitate its operation. It will aid in insuring the 
proper levels on the parts of a system, in maintaining 
standard signal wave forms, and in obtaining uniform 
levels when signals from many sources are switched to 
and from program circuits. It is urged that the Standard 
set forth herein be universally adopted. 
For the purposes of this Standard, six significant am-

plitude levels of a composite television signal may be 
defined as follows. These are shown in the right-hand 
portion of Fig. 1. 

TELEVISION  LEVEL MEASURE MENTS 
TYPICAL 

MEASURED  REFERENCE 
LEVELS LEVELS   

  REFERENCE 
WHITE LEVEL 

A.— WHITE PEAK 

-:-/k A —BLACK PEAK 
At — REFEBENcE BLACK LEVELS 

 BLANKING LEVEL 

SYNCHRONIZING 
LEVEL 

• NoTE: REFERENCE BLACK LEVEL TO BE SPECIFIED IN ACCORDANCE 
WITH OPERATING PRACTICES 

Fig. 1—Significant levels and details of standard scale. 

Reference White Level. The level at the point of ob-
servation corresponding to the specified maximum ex-
cursion of the picture signal in the white direction. 

White Peak. The maximum excursion of the picture 
signal in the white direction at the time of observation. 

Black Peak. The maximum excursion of the picture 
signal in the black direction at the time of observation. 

Reference Black Level. The level at the point of ob-
servation corresponding to the specified maximum ex-
cursion of the picture signal in the black direction. 

Blanking Level. The level of the signal during the 
blanking interval. It coincides with the level of the base 
of the synchronizing pulse. 

Synchronizing Level. The level of the peaks of the 
synchronizing signal. 

This Standard specifies a method of measuring the 
differences between these levels in a manner permitting 
ready correlation between the measurements at differ-
ent parts of a system, regardless of the nominal absolute 
levels in volts at the points of measurement. 

1.2 Theory of Measurements 

1.2.1 General 

The method of level measurement prescribed in this 
Standard is based on the provision of an oscilloscope of 
standardized characteristics, with a linear scale having 
arbitrary numbers for reading the various levels. The 
scale is the same on all oscilloscopes, but each oscillo-
scope is calibrated with a voltage related to the nominal 
signal level at the point where the measurements are to 
be made. If the gains or losses between two measuring 
points on a system are normal, therefore, similar scale 
readings should be obtained for all the significant levels 
on oscilloscopes at both points regard-less of differences 
in the absolute voltage levels at the two points. These 
readings may if desired be readily converted to volts. 

1.2.2 Scale 

The standard scale is shown on the left-hand portion 
of Fig. 1, together with an illustrative signal to show 
the relation between the scale and the oscilloscope 
presentation. It will be observed that the zero or 
reference point of the scale is placed at the blanking 
level. The upper part of this scale is marked from 0 to 
100 with 100 corresponding to the reference white level. 
The scale is linear and two additional points are marked 
beyond 100 to permit reading abnormally high white 
peaks. The scale above zero covers the range of the pic-
ture signal proper, and on it are read the actual white-
and-black peaks. 

The lower part of the scale covers the part of the com-
posite signal normally composed of the synchronizing 
signal, and is marked downward in linear steps from 0 to 
50. The synchronizing level is read on this scale. 
The blanking level was chosen as the reference point 

of the scale because it is the natural dividing line be-
tween the two principal parts of a composite signal, 

t--
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the picture signal and the synchronizing signal. With 
the blanking level as reference, therefore, the same scales 
are well adapted to reading levels of a composite signal, 
of a picture signal, or of a signal consisting only of syn-

chronizing pulses. 
The scale provided for reading the synchronizing level 

indicates this level relative to the difference between the 
reference white and blanking levels. This may be con-
verted to an expression of the synchronizing level in 
,terms of percentage of any other level if desired. 
Where other scales are used for specific purposes, 

such as at television broadcast transmitter modulation 
monitoring positions, it is recommended that the stand-
ard scale be added to any existing scales to permit ready 
correlation with measurement at other points in the 
'system. The standard level scale should be placed with 
the 0 and 100 markings corresponding to the normal 
blanking and reference white levels, respectively, of the 

other scale. 

2. APPARATUS REQUIRED 

2.1 List of Equipment 

One piece of equipment is required for these measure-
ments; namely, a suitable oscilloscope. The specifica-
tions of the oscilloscope given below are a part of this 
Standard. A separate external calibrator is needed if 
the oscilloscope itself does not contain suitable calibra-
tion means as discussed below. 

2.2 Specifications of Standard Oscilloscope for 
Level Measurements 

2.2.1 Measurement Accuracy 

An oscilloscope which is suitable for this application 
shall be capable of television level measurements with 
I errors not exceeding 5 units on the scale. Ths factors 
which may contribute to error include: 
I a. Spot size and brightness. 

b. Deflection amplitude. 
c. Amplifier linearity. 
d. Readability of scales or markers, including a rea-

sonable allowance for parallax. 
e. Calibration accuracy, and stability of calibration. 

2.2.2 Bandwidth 

The oscilloscope bandwidth and shape of response 
characteristic should be such as to introduce negligible 
measurement errors due to low-frequency distortion or 
overshoot. The bandwidth should be standardized so 
that uniform measurements are obtained with different 
oscilloscopes. Furthermore the bandwidth should be as 
low as consistent with satisfactory readings of the 
levels. To meet these requirements, this Standard pre-
scribes that the response shall be within the limits indi-
cated in Fig. 2. This provides 6-db attenuation (+2 db 
or — 3 db) at 3 megacycles with respect to the low fre-
quencies, and a rise time of approximately 0.175 micro-
seconds without overshoot. 
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Fig. 3—Idealized networks for standard oscilloscope. 

The specified characteristic may be obtained if de-
sired by adding a suitable network to an oscilloscope of 
wider bandwidth. By arranging a key to cut out the 
network, the oscilloscope can be made available for 
other uses where its full bandwidth is needed. Fig. 3 
shows a three-section network that may be used for 
this purpose with an oscilloscope whose bandwidth is 
much wider than the specified characteristic. It shows 
the circuit constants of an idealized amplifier having 
the specified nominal characteristic, and an equivalent 
constant resistance network. For oscilloscopes having 
intermediate bandwidths, the prescribed response may 
be obtained with a fewer number of sections of the net-
work of Fig. 3, or with some other network. 
There should be no sudden variations in the response 

characteristic below 4 Mc per second. The oscilloscope 
should indicate less than 2 per cent tilt on a 60-cps 
symmetrical square wave. 

2.2.3 Scale 

The oscilloscope shall be provided with the standard 
scale shown in Fig. 1 and described in section 1.2.1 of 
this Standard. 

2.2.4 Calibration 

A suitable calibration means shall be provided. This 
device may be of the substitution type and may be 
either external or built-in. 

2.2.5 Direct-Current Restoration 

It is highly desirable that dc restoration at the de-
flection plates of the oscilloscope be employed for opera-
tional measurements on ordinary television signals hav-
ing changing picture content in order to prevent shifts of 
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the trace with variations in average value of the signal. 
It is desirable that the time constants of such dc restora-
tion circuits be shorter than the equivalent time con-
stants of the ac portions of the oscilloscope amplifier to 
avoid shift and bounce of the base line with picture 
changes. At the same time, it is desirable that the time 
constants of the restoration circuits be as long as the 
above limitation allows in order that the true low-
frequency contencof the signal may be exhibited. 

2.2.6 Vertical and Horizontal Centering 

Means shall be provided for adjusting the relative 
position of the scale and the oscilloscope image. This 
may consist either of electrical centering controls on the 
oscilloscope or of a movable scale. 

3. METHOD OF MEASUREMENT 

3.1 Application 

Whether the oscilloscope is permanently connected 
to the circuit to be measured, as is the case in many op-
erational systems, or is connected only periodically, care 
must be taken that the oscilloscope input circuit and the 
manner of connection have no adverse effect upon the 
signal circuit. It is essential that the circuit being meas-
ured operate with its normal source and load imped-
ances during the measurements. 
In a transmission system, the terminations may often 

be a complex impedance, which causes the wave form 
to appear severely distorted when observed on an os-
cilloscope bridged across such a circuit. In measuring 
signal levels at such points, care must be exercised to 
properly interpret the indications or, preferably, to 
connect the measuring equipment at a suitably isolated 
circuit branch. For example, where a constant current 
source is used to drive a transmission system through a 
coupling transformer, the wave form measured directly 
across the transformer terminals may be so distorted 
as to be unusable for level measurements. 
Low-frequency interference or distortion may seri-

ously impair the accuracy of observation unless effective 
clamping means are employed. It is therefore recom-
mended that such devices be employed wherever pos-
sible. 

3.2 Adjustment 

In using the oscilloscope the usual precautions must 
be taken to insure adequate brightness, sharp non-
astigmatic beam focus, and gain-control settings which 
allow the necessary deflection without over amplifier 
overload. 

The oscilloscope time base should normally be syn-
chronized at either the line rate or at one half of the line 
rate when making level measurements, providing a con-
venient display of the longer duration blanking and syn-
chronizing levels which occur during the vertical blank-
ing interval. The oscilloscope brightness and focus 

Ma 

should be adjusted to make these portions of the signaW 
wave form visible and well defined. 

3.3 Calibration 

Since, in general, the measurements will be made on 
a video bus or line in which the signal is to be main-
tained at a predetermined voltage level chosen for that 
point in the system, it shall be standard practice to 
maintain an oscilloscope deflection within the appropri-
ate calibrated boundaries of the standard scale. 
In using the oscilloscope method of level measure-

ment, accurate calibration of the oscilloscope amplifier 
gain is a very important aspect of the technique. Cali-
bration is concerned with adjustment of the oscilloscope 
amplifier gain so that a normal signal level will produce 
a standard oscilloscope deflection. This may con-' 
veniently be done by introducing a known calibrating ! 
voltage to the input of the oscilloscope in place of the ! 
normal input signal. The calibrating signal should be ! 
one whose principal frequency components lie within the 
band of uniform response of the oscilloscope. If such a 
calibrating signal has a peak-to-peak deflection equiva-
lent to, for example, the blanking to reference white 
level of the standard signal, the oscilloscope gain would 
be adjusted so its calibrating voltage produces a deflec- I 
tion from 0 to 100 on the standard scale. Experience 
will indicate how often calibration checks should be 
made to maintain the desired accuracy of level measure-
ment. 

3.4 Interpretation 

Standardizing the response characteristic of the oscil-
loscope serves'to minimize possible differences in inter-
pretation of signal levels. To further insure uniformity 
in interpreting the oscilloscope indication, the measure-
ment of synchronizing and blanking levels should be ob-
served at a point in the waveform where the voltages 
representing these levels are sobstantially at their 
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Fig. 4—Use and interpretation of standard scale. 

steady state value. The longer duration signals of both 
synchronizing and blanking levels which occur during 
the vertical synchronizing interval, are suitable. A rep-
resentation of the appearance of these portions is shown 
in Fig. 4, the measurements being made as indicated to 
minimize errors due to transmission distortion. In the 
measurement of noncomposite signals, blanking level 

may similarly be measured during the vertical blanking 
interval. In measuring picture signal portions, impor-
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tant information-bearing signal peaks will be normally 
held within the 0 to 100 scale range. Certain spurious 
highlight signals may occasionally be allowed to exceed 
this range. Where comparison measurements are being 
made at different points in a transmission system, it is 
important to insure that identical peaks are being con-

sidered. 
Measurements made within the IRE standard scale 

in the above manner will be expressed as in the following 
illustrative example: 

White Peak: 86 (86% of Blanking to Reference White 
Level) 

Black Peak: 13 (13% of Blanking to Reference White 

Level) 
Synchronizing Level: 43 (43% of Blanking to Refer-
ence White Level). 

In measuring oscilloscope deflection levels by means 
of an external scale, due care must be taken to avoid 
errors from parallax, centering shift, etc. 

PART II. MEASURE MENT OF RESOLUTION 

1. INTRODUCTION 

One of the major characteristics of a television system 
affecting over-all picture quality is the ability of the 
system to reproduce fine detail found in the original 
image. This ability to resolve detail is determined by a 
number of factors such as the number of scanning lines 
employed, the frame repetition rate, and the over-all 
response which is usually specified in terms of frequency 
and phase characteristics. Performance of the pickup 
and reproducing tubes also have considerable influence 
on the ability of the system to resolve detail. A satisj 
factory method for measuring this characteristic is 
therefore of utmost importance. 

1.1 General Description 

The fundamental basis for making a measurement of 
resolution or resolving power of a television system is to 
televise a suitable test chart with the equipment under 
test. This test chart must include a pattern which will 
have a sufficient amount of fine detail so that a quan-
titative observation can be made of the amount of this 
detail in the reproduced picture. This is usually done by 
incorporating in the chart a series of lines having gradu-
ated widths. The point in the reproduced picture where 
these lines no longer are visible as separately defined 
images gives a measure of the system performance with 
respect to resolution. 

1.2 Definition 

Resolution (Resolving Power). In television, a meas-
ure of ability to delineate picture detail. It is usually ex-
pressed in terms of a number of lines discriminated on 
a test chart. For a number of lines N (normally alternate 
black-and-white lines) the width of each line is 1/N 
times the picture height. 

2. APPARATUS AND CIRCUITS 

2.1 Basic Methods 

When an over-all television system is being measured 
including both the pickup and reproducing devices, then 

the measurement can be made by the use of a suitable 
test chart focused on the sensitive surface of the pickup 
tube. An observation of the resulting image on the re-
producing device under suitable test conditions permits 
the evaluation of the over-all resolution. If the measure-
ment of resolution is restricted to the pickup device 
only as it may be when the performance of studio equip-
ment by itself must be determined apart from the trans-
mitter or receiver, then the observation of resolution 
must be made by the use of a picture-reproducing device 
or monitor which does not in itself limit over-all per-
formance. Similarly, if a measurement is required of the 
resolution of the reproducing device then a test pattern 
signal must be supplied from a source which does not 
limit over-all performance. The resolution of an inter-
mediate link between the pickup and reproducing de-
vices can also be specified by an over-all measurement, 
provided neither the pickup or reproducing units limit 

performance. 

2.2 Practical Measuring Devices 

The essential tool for this measurement is a suitable 
test chart. The chart developed by the RMA is con-
sidered to be the best presently available for this pur-
pose. The original of the accompanying chart has a 
height of 18 inches and a width of 24 inches, the size sup-
plied by the RMA Data Bureau. Besides having the 
resolution wedges both in the center and in the corners 
for checking resolution it has other features which per-
mit adjustments of scanning amplitude, aspect ratio, 
scanning linearity, and shading, besides brightness and 
contrast of the reproduced picture. All these factors 
must be taken into account when the resolution meas-
urement is being made. 

2.3 Requirements and Characteristics 
of Measuring Equipment 

A photograph of the standard RMA test chart is re-
produced on page 557. Essential data concerning this 
chart are given in the Appendix. 
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3. PROCEDURE 

3.1 Conditions 

Before a measurement of resolution is made it is essen-
tial that both the pickup and reproducing equipment be 
in proper adjustment. After the test pattern has been 
properly oriented with respect to the pickup device the 
following items must be given attention. 

3.1.1 Scanning 

The scanning adjustment involves: size, linearity, and 
aspect ratio. 

The chart must be focused on the camera tube so that 
its area (boundaries determined by arrows) exactly 
covers the usable area scanned by the camera. The re-
sulting picture should be observed on a suitable picture 
monitor. This assures a substantially accurate setting of 
the aspect ratio of the pickup camera. 
Vertical sweep linearity may be adjusted by compar-

ing the spacing of the short horizontal bars at both top 
and bottom of picture with that of the bars midway be-
tween. The horizontal sweep linearity may be adjusted 
in a similar manner by comparing the spacing of the ver-
tical bars in the square at each side of picture with that 
of the bars in the center square. 

A measurement of the large pattern formed by the 
gray scales provides a means for checking the aspect 
ratio. The aspect ratio of the reproducing device is sub-
stantially correct if the horizontal and vertical scanning 
is linear and the above pattern is square. 

3.1.2 Shading or Landing 

If the camera equipment employs signals for correct-
ing shading or landing, two methods for proper adjust-
ment are suggested: (a) visual inspection of the picture 
monitor to determine if the background is an even gray, 
and (b) use of the wave-form monitor to determine 
whether the average picture signal axis is parallel to the 
black level line both at line and field frequencies. As an 
additional aid in correcting the shading or landing, ap-
propriate controls should be adjusted until the gray 
scale readings are the same (and a maximum) for all four 
scales. 

3.1.3 Low-Frequency Phase Shift 

Streaking following any one of the four horizontal 
black bars at the top of the large circle is an indication 
of low-frequency phase shift. 

3.1.4 Focus 

Camera lens focus as well as cathode-ray beam focus 
for both the camera tube and the reproducing tube must 
be in optimum adjustment. Cathode-ray beam focus 
adjustments are made for a maximum resolution read-
ing, first of the horizontal scanning and then of the ver-
tical. (Due to beam characteristics a maximum adjust-

ment for one may not be the maximum adjustment for 
the other.) 

3.1.5 Light Level 

If a test chart is used for making this measurement 
it is necessary that the illumination level on the chart 
be made essentially uniform. With a test projector and 
slide arrangement the same requirement applies to the 
optical system so that the illumination on the sensitive 
surface of the pickup tube will be substantially uniform 
when a clear glass slide is used. 
It is usually quite important that the light level used 

in conjunction with the test chart be recorded as a part 
of the measurement. This can be done by using a cal-
ibrated photoelectric light meter or an illuminometer. 

3.2 Measurement Technique 

After all these adjustments ha% e been made the dis-
tinguishable number of gray scale elements should be 
noted. An ideal system would produce the same readings 
on all four scales. Maximum resolution readings on the 
large wedges in the central portion of the picture may 
then be recorded. Corner resolution may be observed on 
the wedges in the corner circles. 
The resolution should be read at the point along the 

converging wedge beyond which each individual line 
cannot be recognized with certainty. Since readings of 
resolution are subjective, it is preferred to use the aver-
age of the readings of several observers where the meas-
urement is very important or its accuracy is subject to 
challenge. 

The reading on the vertical wedge is the horizontal 
resolution and the reading on the horizontal wedge is 
the vertical resolution. 

Pictures may have different values- of resolution in 
different areas. Unless otherwise specified, the resolution 
cited is presumed to apply to the central portion of the 
picture. 

It is recognized that inspection of the test pattern as 
described does not provide an extremely accurate test-
ing method. It is, however, widely used because of its 
directness, ease of application, and because no generally 
satisfactory alternative is available. It is recommended 
for use only when its limitations are appreciated and 
can be accepted. The greatest use of the test pattern is 
for rough over-all operational checking of an entire sys-
tem. 

A special method has occasionally been employed 
whereby a single line from the 525 composing a televi-
sion picture may be selected for observation on an os-
cilloscope by blanking out the remaining lines in the 
picture. This allows an amplitude measurement to be 
made at several points along the vertical wedge so that 
amplitude may be plotted as a function of the frequency 
as indicated by the position of the selected line along 
the wedge. Insufficient data are available concerning this 
method so that a definite recommendation concerning 
its use cannot be made at this time. 

L 
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3.3 Presentation of Data 

For each measurement of resolution the following 
data should be recorded: 

Light level and lens setting (if used) 
Gray scale readings (4 scales) 
Vertical resolution measurement 
Horizontal resolution measurement. 

3.4 Reference Material 

1. RMA Standards Proposal 217. 
2. IRE Standards on Television; Methods of Testing 

Television Transmitters, 1947. 
3. IRE Standards on Television; Methods of Testing 

Television Receivers, 1948. 
4. A. V. Bedford, "Figure of merit for television per-

formance," RCA Rev., vol. 3, pp. 36-44; July, 1938. 

APPENDIX 

TABLE A-LINE CALIBRATION OF RESOLUTION WEDGE, 
BASED ON 18' CHART HEIGHT 

Number  Width per 
of Lines  Line (inches) 

Width (in inches) of 
9 Lines  19 Lines 

200 
250 
300 
350 
400 
450 
500 
550 
600 

0.090 
0.072 
0.060 
0.051 
0.045 
0.040 
0.036 
0.033 
0.030 

0.810 

0.540 

0.405 

0.324 

0.270 

1.71 
1.37 
1.14 
0.97 
0.85 
0.76 
0.68 
0.62 
0.57 

TABLE B 
104 

= Arn   
11. X 2 

where 
f„ = fundamental frequency for a number of lines 
A, =aspect ratio =4/3 
n =number of lines 
11,,= active time of horizontal trace. (Horizontal time less blanking 

time. Blanking time is 0.16 H-the average between maxi-
mum and minimum allowable time.) Horizontal time =63.5 
microseconds and H„= 63.5 X0.84 =53.3 microseconds. 

Substituting given values in the above formula: 
4  104* 

-   -0.0125 n megacycles, or n =A/0.0125 lines. 
3 53.3 X2 

When 
= 3 
= 340  320  400  480 560 lines. 

JR 

4.0 5.0  6.0  7.0 megacycles 

Number of 
Lines 

Width per Line  Width of 19 Lines 
(inches) (inches) 

3 
4 
5 
6 
7 

240 
320 
400 
480 
560 

0.0750 
0.0562 
0.0450 
0.0375 
0.0325 

1.42 
1.07 
0.85 
0.71 
0 62 

Locate frequency calibration along wedge by same 
method employed to locate line calibration (see ex-
ample in Table A). 

An alternate method suggested for locating the line 
calibration along the wedge uses the following formula: 

L„ = L{3"  - 1:2} 

where 
L„= distance from end of wedge indicating maximum 

lines resolution (in this case, 600) 
L =length of entire wedge (shortest distance between 

ends) 
n = number of lines per picture height. 

Additional information regarding the RMA test chart 
follows: 

a. All bars for checking sweep linearity are spaced for 
200 lines resolution. 
b. One horizontal resolution wedge is calibrated in 

both lines and megacycles to facilitate equipment 
checking. 
c. The gray scale is composed of 9 steps varying from 

maximum white brightness to approximately 1/30 of 
this value. This scale may be used in connection with a 
waveform monitor to check the transfer characteristic 
of the system. 
d. The 4 diagonal lines in the sOare may be used to 

check quality of interlacing. A jagged line indicates 
pairing of the interlaced lines. (Not effective when inter-
lace failure is 100 per cent.) 
e. The circumference of each small circle is tangent to 

an imaginary circumference at the point nearest the 
corner of the chart. The radius of this imaginary circle is 
4/ inches and located along a line bisecting the corner 
angle of the chart. 

PART III. MEASURE MENT OF TI MING OF VIDEO SWITCHING SYSTE MS 

1. INTRODUCTION 

Switching between video signals from cameras, stu-
dios, or remote pickup sources is usually accomplished 
by interlocked magnetic relays, mechanically inter-
locked push buttons, or electronic switching. A quan-
tity of prime interest in such a system is the continuity 
of signal from the output. 

The adjustment of the switching system to provide a 
"gap" or a "lap" in the video output signal when 
switching, i.e., a switching interval when neither video 
signal is present at the switching system output, or a 
switching interval when both video signals are present 
at the switching system output, is dependent upon the 
judgment and desires of the individual manufacturer or 
broadcaster. In general, video signals originating within 
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one installation are usually switched with systems em-
ploying a "lap" adjustment and composite video sig-
nals originated by independent installations are usually 
switched with systems employing a "gap" adjustment. 
Ordinarily this "lap" or "gap" is held to an interval of 
not more than 0.01 second. 
Where "lap" switching is employed, whether by 

means of relays, push buttons, or electronic mixers, the 
design of the system must include provisions to main-
tain the output, when composed of two or more video 
signals, to not more than the permissible peak-to-peak 
value of one signal. When "gap" switching is employed 
and two or more signals are not present simultaneously 
on the output, this problem is not experienced. 
Switching accomplished by means of electronic mixers 

' or "lap dissolve" units makes use of two inputs, switch-
able between video signal sources by means of magnetic 
relays or push buttons. These two signals are electron-
ically mixed to produce one output. Continuity of signal 
is secured in the mixer and the necessity of providing a 
"lap" adjusted input switching system is obviated. Syn-
chronized electronic switching, i.e., switching during 
field or line blanking time, is not in common use at 
present. 
The problem of measuring the "gap" or "lap" adjust-

ment of the relays is that of measuring the time be-
tween the opening of one contact and the closing of an-
other for "gap" switching, and of measuring the time in 
the reverse order, i.e., the time between the closing of one 
contact and the opening of another for "lap" switching. 
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2. APPARATUS AND CIRCUITS 

2.1 Basic Method of Measurement 

The interval to be measured, i.e., the "lap" or "gap," 
is aperiodic unless some method of cycling the switching 
system is devised. This does not present a problem 
for qualitative measurements nor for coarser quantita-
tive measurements. For greater accuracy, the test equip-
ment must be designed for the measurement of aperi-
odic phenomena. The measurement is therefore basically 
the same as the measurement of any aperiodic function. 

2.2 Practical Measuring Circuits 

For a practical qualitative check, the measurement is 
perhaps most readily made by utilizing a video monitor 
as illustrated in Fig. 5(a). For a rough quantitative 
check to determine whether the 0.01-second limit is 
met, the arrangements of Fig. 5(b), Fig. 5(c) or of Fig. 
6 are satisfactory. For measurements of greater ac-

VIDEO MONITOR MONITOR    
SYNCHRONIZING 

SIGNAL INPUT 

 - SWITCHING  SYS TEM OUTPUT 

HIGH IMPEDANCE OR CONSTANT CURRENT 

SOURCE SUPPLING A VIDEO BLANKING 

SIGNAL TO THIS POINT. 

Fig. 6 

curacy, circuits indicated in Figs. 7 and 8 may be 
employed. The use of these circuits is covered in para-
graph 3.2. 

2.3 Requirements and Characteristics 
of Measuring Equipment 

2.3.1 General 

In measurements indicated in Fig. 5 and Fig. 6, use is 
made of a video signal or the output of an audio oscil-
lator in conjunction with a cathode-ray oscillograph 
and video monitor. In general, the methods indicated in 
Figs. 5 and 6 will suffice for operational and main-
tenance work. 

2.3.2. Cycling Relay System 

As mentioned in paragraph 2.1, a means of cycling a 
relay system would reduce the measurement to that of 
measuring a periodic quantity. A synchronous motor 
driving a contact in the 60-to-120-per-minute range, 
which will provide an integral number of field traces on 
the cathode-ray oscillograph between closings of the 
contact, can be used to actuate the relay system and 
thus provide a more readable result from the circuit of 
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Fig. 6. The contact must close and open in a positive 
manner—without chattering. 

2.3.3 Special Sweep Circuits 

The equipment of Fig. 7 requires an aperiodic sweep 
on the vertical deflection of the cathode-ray oscillograph 
and is triggered from the magnetic circuit of the 
switching system. The use of vertical scanning on the 
cathode-ray oscillograph improves the accuracy with 
which the "lap" or "gap" can be measured. The presen-
tation of information will now be associated aperi-
odically with the interval to be measured and also 
utilizes what amounts to a very long trace on the 
cathode-ray oscillograph. Fig. 8 indicates a means of 
measuring which affords perhaps greater accuracy than 
the method of Fig. 7. However, this requires some modi-
fication to the switching system for the purpose of mak-
ing the measurement and a cathode-ray oscillograph 
with an aperiodic horizontal sweep and marker system. 
A marker frequency one thousand cycles (in Fig. 8) will 
approach the maximum usable graduation consistent 
with the possible adjustments to current switching sys-
tems. 

2.3.4 Triggering Information 

With the exception of the aperiodic sweep of Fig. 7, 
the cathode-ray oscillograph with the aperiodic sweep 
in Fig. 4, and the triggering information, none of the 
test equipment is special equipment not normally pres-
ent in a television installation. The triggering informa-

 r 1  

  L2_. 

 r 

OtSCHARGE 
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SINGLE 

PULSE MV 
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1000 AND 10 000 MIC RO-  SYNCHRONIZI NG 
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iTRIGGERING  INFORMATION FROM 
RELAY MAG NETIC CIRCUIT 

tion, as indicated in Figs. 7 and 8, must of necessity be 
derived from some act associated with but preceding 
the closing or opening of the contacts under inspection. 
This information can perhaps be best obtained from 
some point in the magnetic circuit, such as the push 
button which supplies set-up battery. However, to lend 
significance to the measurement on the cathode-ray 
oscillograph, the triggering information must precede 
the closing or opening of the contacts under observation 
by a few milliseconds at the most. Otherwise, the quan-
tity to be measured will be crowded to the end of the 
trace and accuracy of measurement will suffer. In gen-
eral, this implies that some intermediate link, controlla-
ble in terms of elapsed time, must be inserted between 
the points of insertion of triggering information in Figs. 
7 and 8 and the source of anticipatory triggering in-
formation. This can be an aperiodic multivibrator with 
a variable width output. By using the trailing edge of 
this multivibrator output for the cathode-ray oscillo-
graph triggering information, the above requirements 
can be met. 
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3. PROCEDURE 

OPEN , NO 

3.1 Conditions 

Since the quantity to be measured is of relatively long 
duration, no special conditions, such as extremely short 
leads, etc., are imposed on these measurements. 
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3.2 Technique of Measurement 

3.2.1 Operational Qualitative Checks 

In Fig. 5, the quantitative check for the existence of a 
, "lap" or a "gap" adjustment is made by: 
' 3.2.1.1 Connecting the video monitor to bus no. 1 
[which is without a signal. 
3.2.1.2 Closing contact no. 2 which places the video 

Isignal from bus no. 2 on the switching system output 

bus. 
3.2.1.3 Closing contact no. 1 while observing the re-

sults on the monitor. Any momentary flash of video on 
the monitor indicates a "lap." If no signal is observed, a 
"gap" exists. 
3.2.1.4 Repeating steps 3.2.1.2 and 3.2.1.3 and trans-

posing the monitor input and the video signal until all 
possible combinations of contacts in the switching sys-

tem have been checked for the existence of a "lap" or a 

"gap." 
3.2.1.5 A better estimate of the amount of "lap" can 

be secured by substituting the output of an audio oscil-
lator for the video signal on bus no. 2 and by using a 
cathode-ray oscillograph on bus no. 1 instead of the 
monitor as indicated in Fig. 5(b). If the horizontal de-
flection of the cathode-ray oscillograph is synchronized 
with the audio oscillator output to provide a one-cycle 
trace of sine wave when the audio oscillator output is 
placed on the vertical plates of the cathode-ray oscillo-
graph, the connections described above will provide a 
trace of the one cycle each time both contacts are closed, 
i.e., for the duration of the "lap." If the frequency of the 
oscillator and the cathode-ray oscillograph horizontal 
scan is selected so the time of the "lap" is less than the 
i one cycle presented, the estimate obtainable is fairly 
accurate in terms of the one cycle. It also indicates the 1uniformity of adjustment as  the contacts are switched 
from one to two and from two to one. 
3.2.1.6 For a "gap" measurement, the same process 

as in the preceding paragraph is employed except the 
connections of Fig. 5(c) are substituted. 

3.2.2 Operational Quantitative Checks 

In Fig. 2, the procedure is as follows: 
3.2.2.1 Close contact no. 2. This should reduce the 

brightness of the raster on the monitor by virtue of the 
load imposed by the termination on bus no. 2. Monitor 
brightness should now be adjusted so that either a de-
crease or an increase in brightness is discernible. 
3.2.2.2 Close contact no. I. If a "lap" exists, addi-

tional loading (due to the termination on bus no. 1 
paralleling the termination on bus no. 2) of the con-
stant current source will cause a decrease in brightness 
on the monitor for the duration of the "lap." If a "gap" 
exists, there will be an increase in brightness on the 
monitor for the duration of the "gap." 

3.2.2.3 The results obtainable are of the nature of 
an estimate. The 0.01-second limit is somewhat less 
than I of the visible scanning lines in a field. Since there 
is no synchronization between the closing of the second 
relay contact and the field scan, it may be necessary to 
repeat the operation between each two contacts in both 

directions several times before the "lap" or "gap" indi-
cation falls in a position on the raster that permits a 
satisfactory estimate of its duration. The synchronously 
driven contact mentioned in 2.3 remedies this limitation. 

3.2.3 Quantitative Checks 

In Fig. 3, the results are observed in the same manner 
as in Fig. 5, i.e., by increase or decrease in brightness. 
However, the addition of the aperiodic vertical scan will 
enhance the accuracy and the rapidity with which the 
measurement can be made. As in Fig. 6, the results are 
presented in terms of number of scanning lines. 

3.2.4 

Fig. 8 indicates a possible means of measuring the 
"lap" or "gap" between two contacts with greater ac-
curacy than that obtainable from the previously de-
scribed methods. The procedure is as follows: 
3.2.4.1 Close contact no. 1. 
3.2.4.2 Initiate the closing of contact no. 2. If con-

tact no. 1 opens before contact no. 2 closes, C1 will dis-
charge through R1 and R3 and produce an indication on 
the cathode-ray oscillograph due to the drop across R3. 
If, however, contact no. 2 closes first, the indication will 
be of the opposite polarity due to the charging of C2 
through R3. 
3.2.4.3 The marker will preferably not be above 1,000 

cycles. 
3.2.4.4 The triggering information indicated in Figs. 

7 and 8 as coming from the relay magnetic circuit 
can be taken from any point in the circuit, either me-
chanical or magnetic, that will supply anticipatory in-
formation for the cathode-ray oscillograph scan. 

3.3 Presentation of Data 

3.3.1 
All methods, except that of Figs. 5(b) and (c) and 

Fig. 8, indicated will present the information in terms of 
line scanning frequency. In the methods outlined in 
Figs. 7 and 8, a long persistence screen on the cathode-
ray tube will enhance the ease and accuracy of meas-
urement. 

4. REFERENCES 
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Correspondence 

Note on Total Emission Damping 

and Total Emission Noise* 

It is well known1-2  that a diode in the 
exponential part of its characteristic shows 
an appreciable input damping G at uhf, 
which is caused by the electrons turning in 
front of the anode. From a thermodynamical 
point of view, one would expect a noise 
temperature of G equal to the temperature 
7', of the cathode. This also follows from 
pure shot-effect considerations for those 
cases in which the influence of the space-
charge upon the potential distribution be-
tween cathode and anode is relatively small; 
that is, for low values of the saturation 
current h, small values of the cathode-
anode distance d or large negative values of 
the anode voltage V. 
Let the electrons emitted with a velocity 

between Vo and (Vo-i-dVo) volts give a 
contribution (SI. to the emission current; 
dl. follows from the maxwellian velocity dis-
tributim. The flow of this current dl. in the 
alternating electric field between cathode 
and anode gives rise to a certain input con-
ductivity; the total conductivity is found 
by integrating over all possible initial 
velocities Vo of the electrons turning in front 
of the anode (0 < Vo< Vs). The spon-
taneous fluctuations of the current dl. give 
rise to a noise current flowing from cathode 
to anode; taking the mean-square values of 
it and integrating it over all possible initial 
velocities Vo gives the mean-square value i2 
of the total noise current. 
After the laws of uhf vacuum-tube elec-

tronics' 

Fig. 1 

re. = 2ro(Fo/V•) 212 ; 

u(2e\ 12 — v.-1 /2 

0.33 X 10-6(1V0'12 

(4) 

G = 4/„VT 

V.2 

I./V.. Introduction Co./Tee as a new variable 
in the integral and 

xo  

as a constant, one obtains after some inte-
grations by parts 

[ I (1 + 242)e-':1M(f, 3/2, x0  4/.VT2)1=  f(x0), 
V.2 

G = i'v  —4 Re [1(jurrce)414(./.0rra)]/.6-v oivrdV0/Vr 
0 V.2 

4V52 is J i ,  (iicoree)(64(fiora) 122eadx-vorvrdVo/VT 
t,   

where Re means real part, 
2 

1004(a) = a-2 [(a — 2)  (a + 2)e-6 ] (3) 

by definition; Teg the transit time of the 
electrons in their journey from the cathode 
and back to it; VT = kT,/e= T,/11,600 volts. 
re, can be expressed in terms of the transit 
time To of those electrons which arrive at 
the anode with zero velocity: 

• Received by the Institute. June 3. 1949. 
I C. N. Smyth, 'Total emission damping with 

space-charge limited cathodes." Nature, vol. 157, p. 
841; June 22, 1946. 
A. van der Ziel and A. Verna 'Total emission 

noise in diodes." Nature. vol. 159. pp. 640-641; May 
10. 1947. Also by these authors. 'Induced grid noise 
and total emission noise,' Phil. Res. Rep.. vol. 3. pp. 
13-23; February. 1948. 
IN. A. Begovich, 'High frequency loading,' 

Phys. Rev., vol. 74. p. 1563; November 15, 1948. 
4 C. J. Bakker and G. de Vries. 'On vacuum tube 

electronics," Physic°, vol. 2. pp. 683-697; July. 1935. 

(1) 

(2) 

(d in m, Vain volts). 
Integrating (2) by parts, we obtain 

4kTrAyG 

— 2el,,,Ay • 41 i(2intro)04(2.P*oro) 13 

where /0 is the anode current 

I. = 

(5) 

(6) 

If I. is very small, the second term in (5) is 
negligible. 
Begov ich3 recently gave an expression for 

G. It can be derived from (I) by observing 
that it is usually allowed to replace the 
upper limit of integration in (1) by co, as 
this only introduces errors of the order 

(7) 

M(I, 3/2, x02) being a confluent hype 
geometric function, which can be derived 
with the help of Jahnke-Emde'se tables. 
This is the result obtained by Begovich 
only in slightly different notation. 
f(x0) is plotted against xo in Fig. I; it 

increases as xo2 for low values of xo, attains 
a maximum value at xo = 1.2 and is nowhere 
negative. 
Note: Freeman' expressed P directly in 

terms of the confluent hypergeometric func-
tion used above, whereas Begovichl pub-
lished a fuller account of his work. 

A. VAN DER Z1EL 
University of British Columbia 

Vancouver, Canada 

6 E. Jahnke an d F. Emde.  'Tables  of Functions. ' 
Dover Publications. New York. N. Y., p. 275; 1943. 
2J. J. Freeman . 'Noise spectrum of a diode with a 

retarding field." Jour. R. Na,. Bur. Stand., vol. 42. 
PP. 75-88; January. 1949. 

N. A. Begovich, 'High frequency total emission 
loading in diodes." Jour. Appl. Phys., vol. 20. pp. 457-461; May, 1949. 
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Correspondence 

Density Distribution of Transient 
Currents in Conductors* 

The study of the current density dis-
tribution in the cross section of conductors is 
usually limited to the case in which periodic 
currents are involved. However, with the in-
creasing importance ot the pulse technique, 
it appears of interest to extend the study 
to transient currents.' 2 In the following, the 
density distributions of an exponential decay 
current 

i = Ioe-as 

and of a pulse current 

i = /0[U(1) — U(t — To)]  (2) 

are analyzed, by solving the differential 
equation 

(1) 

A23 = 
a3 • 
at 

(3) 

In (3) 3 is the current density, a, p are re-
spectively the conductivity and the permea-
bility of the material. 

A. Exponential Decay 

For a plane surface (semi-infinite) con-
ductor, measuring z normally from the sur-
face and letting 3 = 3(z)e-a*, it is found 

3 = 30 cos (kz)e-c"  (4) 

where k= N/cruer(lecs'8.5\ic: ni-1 for copper) 
and 3. is the density at the surface at time 
zero. The density varies sinusoidally as a 
function of the depth z (Fig. 1) and presents 
zeros and inversions of sign at various 
depths, although the total current (1) is 
unidirectional. 

1,).4 
1.1 

tet(aA 

- 1 o I  2 3  4  5  6  • 

Fig. 1—Density distribution of a transient 
current i .../0e-°1 in the cross section (a) 
of a plane surface conductor, (b) of a 
cylindrical conductor. 

For a cylindrical conductor, indicating 
with r the distance from the axis and letting 
3 =3(r)e--4", it is found 

• Received by the Institute. December 29. 1949. 
1J. A. Stratton. 'Electromagnetic Theory," Mc-

Craw-Hill Book Co.. New York, N. Y., Chapter 5; 
1941 
I K. W. Miller. 'Diffusion of electric current into 

rods. tubes, and fiat surfaces,* Trani. AIEE, vol. 66. 
pp. 1446-1502; 1947. 

3 = 30/0(kr)e-as,  (5) 

where k= You« and 3„ is the current density 
at the axis at time zero. The density varies 
with the radius as a Bessel function of first 
kind zero order (Fig. 1) is a maximum at the 
axis of the conductor and presents zeros and 
inversions of sign at various values of r. The 
total current is 

r3dA  2ra 
le-ag  = = 3o—  .11(ka)e-as,  (6) 

A 

where /1 is the Bessel function of first kind, 
first order, A is the cross-section area, and a 
the external radius of the conductor. The 
average power loss per unit length from time 
zero to t is 

W... =  f  f  32dA 
1 0  A 0' 

and correspondingly the transient resistance. 
per unit length is Rs = W.,./(P).,.. From (5) 
and (6) it follows that the ratio R./R0, 
where R. is the dc resistance per unit length, 
i.e., Ro=1 /Teo, is 

R, = 126 \  i  r./(ka) 12t 

R0 1\211  LX(ka) J 5 (7) 

Equation (7) has been plotted in Fig. 2. It is 
seen that .12, is practically equal to R. up to 
values of ka =2; for ka >2, /2,>>/?.. The 
transient resistance becomes infinite (and 
correspondingly /.=0 from (5)) at the zeros 
of .11(ka); this is a consequence of the in-
versions of sign of the current density in the 
cross section. 

1.0 

0 1 2  3  4  5 
VALUES OF  Ka 

Fig. 2—Transient resistance ratio per unit 
length of a cylindrical conductor for a 
current of type i forai. 

B. Pulse Current 

For a plane surface conductor, the den-
sity distribution of transient currents of form 
(2) is 

3 = con/Alum 
hVir ,‘,/1 

Nit — To 

where h=1/Vou, and /0 is the amplitude 
of the total current per unit width of the 
conductor. 
At constant depth z and IS To, peak 

values of 3 are reached when £=z2/2aµ. At 

t = To a peak value of 3 equal to /0N /oil/Ter° 
is reached when 

,-.210.60-ro.u(1-2•01., 

2 TO 

r= V -  • (8) 

The value of z', which can be taken as 
equivalent depth of penetration, is pro-
portional to VT-0. For instance for copper 
conduct3r  z' = 0.166 V1 0 meters,  i.e., 
z' =0.166 mm for 7'0=10-6 sec, z' =0.524 
mm. for T.= 10-6 sec. The average loss per 
unit length and per unit width of the con-
ductor up to time T. is 

21.4 
117 eve = 102 4/  • 

woTo 

The corresponding transient resistance (per 
unit square surface) is 

= ii r2osTo  (9) 

From (9), letting R,= uas, it is possible to 
compute the depth of equivalent dc re-
sistance 

irTo 
a =  0.89z'. 

2criA 

LUCIO M. VALLESE 
Duquesne University 
Pittsburgh 19, Pa. 

Principles of Radar* 

A trial-and-error method has been de-
scribed in the book, "Principles of Radar" 
for finding the currents and voltages in a 
square-wave off-on amplifier equipped with 
decoupling condensers. 
However the following direct method 

may be used: Multiply the value of the 
decoupling resistor by the mark/period 
ratio and add this value to the load-resistor. 
A load-line for this resistor sum should be 
drawn, starting at the direct supply voltage. 
Where it crosses the grid-voltage line, the 
plate voltage and plate current (during the 
conduction period) are found. A load-line, 
for the load-resistor only, drawn down from 
this point, shows the decoupling condenser 
voltage on the voltage axis. 

RUDOLPH GOLDMANN 
539 W . 112 St. 

New York 25, N. Y. 

• Received by the Institute, January 21, 1950. 
"Principles of Radar. Staff of the Radar School. 
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ter 11, 6. pp. 2-23, Fig. 15A; 1946. 
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the National Bureau of Standards, in Wash-
ington, D. C.: physicist; chief, radio section; 
and chief, Central Radio Propagation Labo-
ratory. During 1928-1929 he was chief engi-
neer of the Federal Radio Commission. He 
served as a reptesentative of the United 

.,t.tte, Department of Commerce on the 
Interdepartment Radio Advisory Commit-
tee from 1922 to 1948; and as a representa-

tive of the United 
States at numerous 
international  radio 
conferences,  from 
1921 to the present. 
Since  1934  Dr. 

Dellinger has been 
vice-president of the 
International Scien-
tific Radio Union. At 
present he is chair-
man of Study Group 

J. H. DELLINGER  6 on Radio Propaga-
tion, of the Interna-

tional Radio Consultative Committee. He 
has been chairman of the Radio Technical 
Commission for Aeronautics since 1941, and 
has held the same position on the Radio 
Technical Commission for Marine Service, 
since 1947. 

Dr. Dellinger was President of the IRE 
in 1925, and a Director from 1924-1927. He 
received the Medal of Honor in 1936, and 
was Chairman of the Washington Section 
during 1932-1933. He has served on the fol-
lowing Institute committees, among others: 
Annual  Review,  Awards,  Nominations. 
Radio Wave Propagation, Revision of the 
Constitution, Standardization, and Wave 
Propagation. He represented the Institute 
at meetings of the American Documenta-
tion Institute during 1944-1948, 1949, and 
on the American Standards Committee 
Sectional Committee on Electric and Mag-
netic Magnitudes and Units for 1936, 1939-
1948. 

Oskar Dobler was born on January 27, 
1913, in SchwarzeWteck, Germany. In 1938, 
he received the Doctor's degree at the 

University of Ham-
burg, and was then 
made research assist-
and and instructor at 
the Institute of Ap-
plied Physics of the 
University of Ham-
burg. He worked es-
pecially on the pro-
duction and recep-
tion of microwaves 
and  gaseous  dis-
charges. 
After a short time 

spent in England, Mr. Dater was engaged 
in 1946 as an engineer in the electronics lab-
oratory of the Compagnie Generale de 
T.S.F., Paris, France, where he is occupied 
with the theoretical problems of magnetron 
and traveling-wave tubes. 

0. DIALER 

For a photogra ph an d biograp hy of J. P. 
ECKERT, JR., see page 901 of the August,1949, 
issue of the PROCEEDINGS OF THE I.R.E. 
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Anthony B. Giordano (SM'46) was born 
on February 1, 1915, in New York, N. Y. 
He attended the Polytechnic Institute of 

Brooklyn and was 
the recipient of the 
following  degrees: 
B.E.E.  in  1937, 
M.E.E. in 1939, and 
D.E.E. in 1946. In 
1939, Dr. Giordano 
joined the academic 
staff of the electrical 
engineering  depart-
ment as instructor. 
At  present,  he is 
assistant chairman of 
the graduate electri-Ical division, in charge of the Master's degree 

program. His teaching interests are basic 
electronics, network theory, and electro- 

i. magnetic fields and waves. 
In 1942, Dr. Giordano became associated 

with the research staff of the Microwave 
Research Institute and has contributed in 
the fields of microwave measurements and 
microwave attenuators. He holds the posi-
tion of research supervisor in charge of 
Personnel. 
During the period of 1937 through 1940, 

Dr. Giordano was affiliated part-time with 
the Root Research Laboratory, the Inter-

; national Air-Conditioning Company, and 
General Electric. With the latter company, 
he assisted in the lightning research con-

i ducted at the Empire State Building. 
Dr. Giordano is a member of the Ameri-

!. can Physical Society, the American Insti-
1 tute of Electrical Engineers, Eta Kappa Nu, 
f Tau Beta Pi, and Sigma Xi. He is now 
Faculty Representative of the IRE Student 

1 Branch at the Polytechnic, and was a mem-
I.: ber of the Technical Program Committee of 
i the 1947 IRE National Convention. 
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HARLEY lAsts 

A. B. GIORDANO 

Harley lams (A'31-M'38-SM'43) was 
born in Lorentz, W. Va., on March 13, 1905. 
In 1927 he received the B.A. degree from 

Stanford University. 
From then until 1930 
he was with the Wes-
tinghouse  Electric 
Company,  enrolled 
with  their student 
course and working 
on facsimile picture 
transmission and tel-
evision in the re-
search  laboratory. 
With Radio Corpo-
ration  of America 
from 1931 to 1947 

at Camden, Harrison, and Princeton, N. J., 
he performed research on television tubes 
and circuits, infrared and microwave de-
vices, and rapid-scanning radar antennas. 
He was then a consultant and group leader 
on a guided missile project with North 
American Aviation, Inc., Downey, Calif. 
He is now a member of the technical staff, 
department of electronics and guided mis-
siles, Hughes Aircraft Co., Culver City, 
Calif. 
Mr. lams is a member of Phi Beta Kappa 

and Sigma Xi. 
ALFRED LERBS 

JOHN M. KELSO 

HARRY HUBER 

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

Harry Huber was born in Berlin, Ger-
many, on July 4, 1912. From 1933, as a 
student of the University of Berlin, he 

worked at the Tech-
nological Laboratory 
in the lamp factory of 
the Osram K. G., 
later the radio-tube 
factory of the Tele-
f unken Company. He 
was occupied with 
technological  prob-
lems and especially 
engaged in research 
work  on  electron 
emission projects. At 
the same time he 

continued his studies at the University of 
Berlin and received the Doctor's degree in 
1941. After his graduation, he was engaged 
on development of radio and microwave 
tubes. In 1946, Mr. Huber joined the 
electronics department of the Compagnie 
Generale de T.S.F. at Paris, France, where 
he is working on traveling-wave tubes. 

John M. Kelso was born in Punx-
sutawney, Pa., on March 12, 1922. He re-
ceived the A.B. degree in physics from 

Gettysburg  College 
in 1943, and the M.S. 
degree  from  the 
Pennsylvania  State 
State College in 1945. 
In 1949 he received 
the  Ph.D.  degree 
from the latter insti-
tution, having done a 
thesis on ionospheric 
radio propagation. 
From  1943  to 

1948 Dr. Kelso was 
associated with the 

physics department at the Pennsylvania 
State College. Two years of this time were 
spent in teaching physics, and the remainder 
were spent with the Wind Tunnel Labora-
tory and the Electromagnetic Propagation 
Laboratory. 
Since 1948 Dr. Kelso has been employed 

by the Radio Propagation Laboratory of 
the Pennsylvania State College, where he 
now holds the rank of assistant professor of 
engineering research. He is a member of the 
American  Physical Society, Sigma  Xi, 
Sigma Pi Sigma, and Pi Mu Epsilon. 

Alfred Lerbs was born in Hamburg, 
Germany, on April 16, 1909. In 1928, he 
entered the Polytechnical High School in 

Stuttgart  and,  in 
1930, the University 
in Iena, where he 
worked at the Insti-
tute  of  Technical 
Physics.  After  his 
graduation he joined 
the staff of the Blau-
punkt-Laboratories 
(Robert  Bosch  A. 
G.). From 1938 until 
1945, he was engaged 
in research work on 
ultra-high-frequency 
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tubes for the electronics laboratories of the 
Telefunken Society. 
Since 1946, Dr. Lerbs has been occupied 

with the development of traveling-wave 
tubes in the electronics department of the 
Compagnie Generale de T.S.F. in Paris, 
France. 

Herman Lukoff was born in Philadelphia, 
Pa., on May 2, 1923. He graduated from the 
Moore School. University of Pennsylvania, 

in  October,  1943, 
with the B.S. degree 
in electrical engineer-
ing. He did part-time 
work on test equip-
ment  development 
during his senior year. 
Alter graduation, 

he went to work on 
the EN IAC, and was 
concerned  mainly 
with the cycling unit 
and circuit develop-
ment. He was in the 

United States Navy from July, 1944, to 
June, 1946, at a ship repair base overseas, 
where he worked on radio-radar repair and 
installation. Upon release, he joined the 
EDVAC project at the  University of 
Pennsylvania and worked on logical design, 
the mercury memory, and electronic cir-
cuitry.  Mr. Lukoff joined Eckert and 
Mauchly in September, 1947, to work on 
various projects, such as magnetic tape in-
formation and synchronizing equipment, 
and electrostatic memory development. He 
is at present working on the UNIVAC cir-
cuits. 

H. LUK011 

Ralph E. Neuber (A'47) was born on 
February 19, 1916, in Toledo, Ohio. He re-
ceived the B.E. degree in electrical en-

gineering from the 
University of Toledo 
in January, 1941. In 
February, 1950, he 
was given the M.S. 
degree in electrical 
engineering from the 
State University of 
Iowa.  After  two 
years in the research 
laboratories of the 
Owens-Illinois Glass 
Company,  working 
on the project of 

melting glass electrically, he entered active 
duty with the Signal Corps in January, 1943. 
Following ESM WT courses at Harvard Uni-
versity and the Massachusetts Institute of 
Technology, he was assigned to the 1st 
Signal Radio Maintenance Unit (Avn.), in-
stalling new radar equipment overseas. He 
was separated from the Air Forces as a cap-
tain in January, 1946, at which time he re-
joined the Owens-Illinois Glass Company. 
Since 1947, Mr. Neuber has been em-

ployed in the research division of the Collins 
Radio Company, engaged in theoretical 
analyses pertinent to the resnatron. 

RALPH E. NEUBER 
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MEIER SADOWSKY 

Donald H. Preist (M'44) was born in 
Tunbridge Wells, England, on January 18, 
1916. He received the B.Sc. degree from 

King's College, Lon-
don University, in 
1936,  and  subse-
quently entered the 
British Government 
Service as a member 
of the first radar 
team  in  England 
under  Sir  Robert 
Watson-Watt. From 
then until 1946, he 
was associated with 
various aspects of 
radar development; 

in particular, the early experiments on de-
tection of ships, development of high-power 
ground radar transmitters, and development 
of the MKV IFF and beacon system, includ-
ing a period with the combined research 
group at the Naval Research Laboratory, 
Washington, D. C., from 1943 to 1945. Dur-
ing 1946, he served in the British Ministry of 
Supply, London, on the application of radio 
and radar to civil aviation, and represented 
the ministry of PICAO international con-
ferences as a scientific advisor. 
During the early part of the war he 

served as a flight lieutenant in the Royal Air 
Force in connection with the establishment 
of radar in France, and later with Combined 
Operations Headquarters. 
In December, 1946, Mr. Preist joined 

the research laboratory staff of Eitel-
McCullough, Inc., San Bruno, Calif., where 
he is engaged as project engineer on prob-
lems of high-power vacuum tube and circuit 
development. 
Mr. Preist is an associate member of the 

Institution of Electrical Engineers, London. 

DONALD H. PREIST 

Meier Sadowsky was born in San An-
tonio, Texas, on May 16, 1915. He received 
the B.S. degree in 1936 and the M.S. degree 

in 1939, both from 
the College of the 
City of New York. 
He has done gradu-
ate work at Colum-
bia University and 
the Newark College 
of Engineering. After 
teaching  chemistry 
and physics at the 
Essex Junior College 
in Newark, N. J., 
Mr. Sadowky joined 
the Radio Corpora-

tion of America in 1940, as chemical engineer 
for the Tube Development Laboratory. 
In 1944 Mr. Sadowsky became advance 

development engineer on luminescent screen 
application, and in 1947 was made research 
engineer at the RCA Laboratories. He joined 
the PhiIco Corporation in 1949, as head of 
the Phosphor and Chemical Development 
Laboratories at Lansdale, Pa. 
Mr. Sadowsky is a member of the Elec-

trochemical Society, the American Chemical 
Society, and the Franklin Institute. 

G. SMOLIAR 

M. A. Schultz (A'31-SM'48) was born 
on March 21, 1918, in Portland, Maine. 
Af ter receiving the B.S. degree in electrical 

engineering from the 
Massachusetts Insti-
tute of Technology 
in 1939, he joined the 
staff of the industrial 
electronics  division 
of the Westinghouse 
Company, engaged in 
military radio and 
radar design, and in 
charge of large naval 
shipborne  radar 
equipments. In 1945, 
Mr. Schultz became 

project engineer at Photoswitch Incor-
porated, where he again was concerned with 
military radar. In 1946, he became section 
manager at the Westinghouse Research 
Laboratories in charge of radar, sonar, in-
dustrial electronic equipment, and nuclear 
radiation detection devices. 
Since February, 1949, Mr. Schultz has 

been engaged as manager of the Instru-
mentation and Control Department of the 
Westinghouse Atomic Power Division. He is 
a member of Sigma Xi, and is a past Chair-
man of the IRE Pittsburgh Section. 

Gerald Smoliar was born in Brooklyn, 
N. Y., on December 5, 1917. He received the 
B.S. degree in electrical engineering from 

the College of the 
City of New York in 
1939. He was em-
ployed by the Signal 
Corps from 1940 to 
1947. In 1947, he 
joined the staff of 
the Eckert-Mauchly 
Computer Corpora-
tion (formerly Elec-
tronic Control Co.) 
as a design engineer. 
Mr. Smoliar is a 

member of the As-
sociation for Computing Machinery. 

Peter G. Sulzer (A'46) was born in Me-
dia, Pa., on August 3, 1922. He attended 
Drexel Institute of Technology in Philadel-

phia from 1940 to 
1943; during  that 
time he also spent 
one year with the 
Westinghouse Radio 
Division  in Balti-
more, Md. 
Mr. Sulzer was in 

the United States 
Army Signal Corps 
from 1943 to 1946, 
engaged for the most 
part in ionospheric 
work. He received the 

B.S. degree in 1947, and the M.S. degree in 
1949, both in electrical engineering, from the 
Pennsylvania State College, where he had 
been engaged in designing ionosphere equip-
ment. Since September, 1949. Mr. Sulzer has 
been employed at the Central Radio Propa-
gation Laboratory of the National Bureau of 
Standards in Washington, where he is con-
cerned with ionospheric instrumentation. 

M. A. SCHULTZ 

PETER G. SULZER 

R. R. WARNECKE 

Robert R. Warnecke (SM'48-F'50) was 
born on November 16, 1906, at Tours, 
France. He received the degree of Docteur 

de  l'Universite  in 
Paris in 1933. His 
thesis dealt with the 
emission of second-
ary electrons from 
tantalum. Following 
this he became chief 
of the vacuum tube 
laboratory of the So-
ciete Francaise Ra-
dioelec trique ; in 1940 
he was head of the 
electronic tube re-
search laboratory of 

the Compagnie Generale de Telegraphie 
Sans Fil and, in 1946, chief engineer at the 
research center of this company. He is now 
technical director of the electronics depart-
ment in the same organization. 
Dr. Warnecke is a member of the So-

ciete Franc,aise de Physique, the Societe 
Francaise des Electriciens, the Societe des 
Radioelectriciens, and the Societe des In-
genieurs et Techniciens du Vide. He received 
the IRE Fellow award in 1950 for "his engi-
neering and research contributions to vacu-
um-tube theory and design in France." Dr. 
Warnecke also received the Prix Ancel of 
the Societe Francaise des Electriciens in 
1943 and the Prix H. Becquerel de l'Acad-
emie des Sciences de Paris in 1945. 

A. H. Waynick (A'43-SM'46) was born 
in Spokane, Wash., on November 6, 1906. 
He received the B.Sc. degree in 1935, and 

the M.Sc. degree in 
physics in 1937, both 
from  Wayne  Uni-
versity. He was a re-
search  student  at 
Cambridge  Univer-
sity during 1938 and 
1939,  and  was 
awarded the D.Sc. 
degree in communi-
cations  engineering 
in 1943 from Har-
vard University. 
Dr. Waynick is 

currently in charge of the Radio Propaga-
tion Laboratory and professor of electrical 
engineering at the Pennsylvania State Col-
lege. He is a member of the IRE Wave 
Propagation Committee and of the U.S.A. 
National Committee of the U.R.S.I. 

A. H. WAYNICK 

John A. Wenzel (S'49) was born on July 
22, 1926, in Erie, Pa. He received the B.S. de-
gree in electrical engineering from the Penn-

sylvania State Col-
lege in 1947, and the 
M.S. degree from the 
same institution in 
1949. Since 1947 he 
has been employed 
by the Ordnance Re-
search Laboratory at 
the  Pennsylvania 
State College and has 
been engaged princi-
pally  in  research 
on servomechanisms. 
Mr. Wenzel is a 
Nu and Tau Beta Pi. 

JOHN A. WENZEL 

member of Eta Kappa 

A 
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Institute News and Radio Notes 

TECHNICAL COMMITTEE NOTES 

New Technical Committee Chairmen 
and Vice-Chairmen for the ensuing year, 
May, 1950-May, 1951, were introduced at 
a meeting of the Standards Committee held 
during the 1950 IRE National Convention, 
March 9, at the Hotel Commodore, New 
York, N. Y., under the Chairmanship of 
J. G. Brainerd. W. R. G. Baker, Standards 
Co-ordinator of IRE, addressed the group. 
... On February 16, the Electron Tubes and 
Solid-State Devices Committee held a meet-
ing under the Chairmanship of L. S. 
Nergaard.... A meeting of the Circuits 
Committee was held on February 24, under 
the Chairmanship of Dr. Tuttle.... The 
Industrial Electronics Committee held a 
meeting on March 8, during the National 
Convention, with D. E. Watts as Chairman. 
. . . E. S. Seeley was Chairman of a meeting 
of the Electroacoustics Committee on March 
6 at IRE headquarters.. . . With S. J. Be-
gun as Chairman, the Sound Recording and 
Reproducing Committee met on March 8 
at IRE headquarters, and A. W. Friend, 
Chairman of the Subcommittee on Mag-
netic Recording, reported on the activities 
of his committee. This Subcommittee is 
working on the proposed standards on "Noise 
Definitions and Measurement and Proce-
dures." Upon completion of this work it will 
be presented to the Standard Committee for 
approval. Dr. Begun introduced Arnold 
Peterson, who has been appointed a member 
of the Committee to effect liaison with the 
Committee on Measurements and Instru-
mentation. .. . The Receivers Committee 
under the Chairmanship of R. F. Shea held 
a meeting on March 10. . .. The Planning 
Committee of the Joint IRE/AIEE Nuclear 
Science Symposium held a meeting on 
March 3 with G. W. Dunlap, Chairman. 
The Symposium will be held on October 23, 
24, and 25 in New York City. . . . Donald G. 
Fink was Chairman of a meeting of the Joint 
Technical Advisory Committee on February 
8. A report of the Committee on Consultants 
on Adjacent Channel Television Interfer-
ence was submitted to JTAC by the Chair-
man of the Committee on Consultants, 
W. T. Wintringham. This report will be pre-
sented to the Federal Communications 
Commission. 

NEW ENGLAND RADIO ENGINEERS' 
CONFERENCE FEATURES RESEARCH 
"Progress Through Research" was the 

theme of the 1950 Meeting of the New Eng-
land Radio Engineers who met on April 15 
at the Somerset Hotel, Boston, Mass. In 
addition to a morning and afternoon techni-
cal program, those attending the meeting 
had the opportunity to visit the television 
facilities of WBZ and to inspect the toll 
dialing equipment of the New England 
Telephone and Telegraph Company. 
An unusual educational and entertaining 

lecture-demonstration entitled 'Some New 
Ideas on Radiation" was a feature of the 
luncheon. Members of Boston and Connecti-

cut Valley Sections, comprising the North 
Atlantic Region of the IRE, also discussed 
their mutual problems under the guidance 
of Herbert J. Reich, Regional Director of the 
IRE North Atlantic Region. 
Lawrence B. Grew, engineer for the 

Southern New England Telephone Com-
pany, and Chairman of the Connecticut Val-
ley Section, conducted the morning technical 
session, and Hermon H. Scott, president of 
H. H. Scott, Inc., and Chairman of the Bos-
ton Section, presided at the afternoon tech-
nical session. 
Presentation of technical papers included 

the following: "A New Pulse Generator for 
Television," by Calvin Ellis, Electronics 
Laboratory, General Electric Co., Syracuse, 
N. Y.; "Transient Phenomena in Loud 
Speakers," by Osman K. Mawardi and 
Arthur A. Janszen, Acoustics Research 
Laboratory, Harvard University, Cam-.. 
bridge, Mass.; "Design and Construction of 
Variable Four-Phase Radio-Frequency Os-
cillators," by C. Robert Paulson, Thayer 
School of Engineering, Dartmouth College, 
Hanover, N. H.; "Industrial Television," 
with demonstration by V. K. Zworykin, 
RCA Laboratories, Princeton, N. J.; "A 
Multichannel PAM-FM Radio Telemetering 
System," by E. F. Buckley and T. W. Far-
nell, Massachusetts Institute of Technology, 
Cambridge, Mass.; "Magnetrons and Sys-
tems," by Jack Donal and Donald S. Bond, 
Radio Corporation of America, Camden, 
N. J.; and "A Novel Coaxial Noise Diode 
Termination," by M. W. P. Strandberg, 
Massachusetts Institute of Technology, 
Cambridge, Mass., and Dale Pollack, con-
sulting radio engineer, New London, Conn. 

ANNUAL MEETING OF ASEE WILL 
BE HELD IN JUNE AT SEATTLE 

The 1950 Annual Meeting of the ASEE 
will be held from June 19 to 23, at the Uni-
versity of Washington at Seattle. The meet-
ing will take place at the University's new 
Electrical Engineering Building, completed 
at a cost of nearly one million dollars. 
Design, construction, and installation of 

all electrical equipment was made by the 
electrical engineering department and fea-
tures a radio and communications lab-
oratory, which has ten special working sta-
tions with removable panel units to provide 
all types of voltage supplies and testing 
equipment. This laboratory has its own 
meter room and switchboard, in addition 
to the meter room and switchboards serv-
ing the machinery laboratories, the indus-
trial control laboratory, the oscillograph 
laboratory, the measurement laboratory, 
and the impulse generator laboratory. 
The third annual exhibit of teaching aids 

will be a highlight of the session, showing 
materials contributed by both universities 
and industry. Another feature will be the 
agenda of the Division of English and I lu-
manistic-Social Studies, including: sym-

posium on teaching of art to engineering 
students; a discussion of human relations in 
industry; and a four-day summer school ses-
sion which will focus its attention on the 
integration of the teaching of English and 
Humanistic-Social Studies with the teach-
ing of engineering and science. 

Calendar of 

CO MING EVENTS 

1950 IRE Technical Conference, Day-
ton, Ohio, May 3-5 

Conference on Improved  Quality 
Electronic Components, sponsored 
b:, IRE, AIEE, RMA, Washing-
ton, D. C., May 9-11 

Armed Forces Communications As-
sociation 1950 Annual Meeting, 
Photographic  Center,  Astoria, 
L. I., N. Y. and New York City, 
May 12; Signal Corps Center, 
Fort Monmouth, N. J., May 13 

IRE Conference on Electron Devices, 
University of Michigan, Ann Ar-
bor, Mich., June 22-23 

Conference on Ionospheric Physics, 
Pennsylvania State College, Pa., 
July 24-26 

IRE West Coast Convention of 1950, 
Municipal  Auditorium,  Long 
Beach, Calif., September 13-15 

National Electronics Conference, Chi-
cago, Ill., September 25-27 

IRE/AIEE Conference on Electronics 
Instrumentation  in Nucleonics 
and Medicine, New York, N. Y., 
October 23-25 

Radio Fall Meeting, Syracuse, N. Y., 
October 30, 31, November 1 

DAYTON IRE SECTION SCHEDULES 
MAY CONFERENCE ON ELECTRONICS 

"Modern Trends in Airborne Electron-
ics" is the theme of the 1950 Technical Con-
ference to be sponsored by the Dayton Sec-
tion of the IRE on May 3, 4, 5, at the Day-
ton Biltmore Hotel, Dayton, Ohio. The con-
ference will feature the presentation of 57 
technical papers and over 20 exhibits. 
Lewis M. Clement (A'14-M'17-F'26) 

will be presented with an award in honor of 
his selection as the "Pioneer Man of the 
Year" in airborne electronics. 
Mr. Clement, who was chosen over 30 

candidates this year, was elected for his 
early interest in airborne electronics dating 
back to 1914, and his continued contribu-
tions to the science up to the present time. 

1 
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QUALITY ELECTRONIC COMPONENTS 
SYMPOSIUM SCHEDULED FOR MAY 9 

Announcement has been made of a Sym-
posium on Improved Quality Electronic 
Components; Unitization, Quality Elements, 
Miniaturization, to be held on May 9, 10, and 
11 under the joint sponsorship of the IRE, 
AIEE, and RMA, at Washington, D. C. 
F. J. Given is Chairman of the Confer-

ence Committee. The opening session, which 
starts at 10:00 A.M., is in charge of A. V. 
Astin, National Bureau of Standards. F. R. 
Lack of Western Electric Company will de-
liver the keynote address. 
The following addresses will be made: 

"Military Equipment," L. V. Berkner, Car-
negie Institute of W'ashington; "Commercial 
Electronic Equipment," D. E. Noble, Mo-
torola, Inc.; "Home Use Electronic Equip-
ment," F. R. Rol!man, A. B. DuMont 
Laboratories; "Airborne Electronic Equip-
ment," C. R. Banks, Aeronautical Radio, 
Inc.; "Industrial Electronic Devices," E. D. 
Cook, General Electric Co.; and "Labora-
tory Instruments," P. K. Elroy, General 
Radio Co. 
"Unitized Design and Electronic Fabrica-

tion Techniques" is the title of the afternoon 
session under the Chairmanship of C. Bru-
netti of Stanford Research Institute, with 
Mr. Brunetti giving the keynote address. 
Addresses will include: "Printed Electronic 
Circuits, Applications and Aspects," W. S. 
Parsons of Centralab; "Miniature Printed 
Circuit Electronic Assemblies," A. Gross, 
Stewart-Warner; "Stamped Wiring, Sprayed 
Copper Wiring," W. H. Kleiver, Minne-
apotis-Honeywell; "Report on an Flectronic 
Equipment Design," R. M. C. Greenridge, 
Bell Telephone Laboratories; "Heat Trans-
fer in Miniaturized  Unit  Assemblies," 
W. 1Vheeler, Sylvania Electric Products Inc.; 
"Hermetically-Sealed Amplifier Design. and 
Application," W. G. Wing, Sperry Gyro-
scope Co.; "Recent Developments in Potted 
Circuits," W. G. Tuller, MeIpar, Inc.; and 
"A Program Toward 100 Per Cent Reliabil-
ity in Telemetering Components," W. J. 
Mayo-Wells, Johns Hopkins University. 
E. I. Green of Bell Telephone Labora-

tories will give the opening address at the 
morning session on May 10. Other talks will 
include: "Capacitors, Users' Viewpoint," 
C. E. Applegate, Leeds and Northrup; 
"Paper and Plastic Capacitors, Producers' 
Viewpoint," Louis Kahn, Aerovox Corp.: 
"Mica and Ceramic Capacitors, Producers' 
Viewpoint," Byron B. Minnium, Eric Re-
sistor Corp.; "Electrolytic Capacitors, Pro-
ducers' Xlewpoint," Gordon Peck, P. R. 
Mallory Co.; "RF Inductors and Trans-
formers, Users' Viewpoint," D. B. Sinclair. 
General Radio Co.; "RF Inductors and 
Transformers, Producers' Viewpoint." J. R. 
Mazzola, Automatic Manufacturing Corp.; 
"Iron Core Transformers, Users' Viewpoint," 
L. Batchelder, Submarine Signal Division; 
and "Iron Core Transformers, Producers' 
Viewpoint,"  Reuben Lee, Westinghouse 
Electric Corp. 
The program for the afternoon session 

will be under the Chairmanship of S. H. 
Watson, Radio Corporation of America, and 
will include the following: "Resistors and 
Potentiometers—Users' Viewpoint," P. S. 
Darnell, Bell Telephone Labs.; "Composi-

lion Resistors and Potentiometers—Pro-
ducers' Viewpoint," Jesse Marston, Inter-
national Resistance Co.; "Wire Wound Re-
sistors  and  Potentiometers—Producers' 
Viewpoint," G. M. Stapleton, Ward Leonard 
Electric Co.; "Connectors,' E. C. Quacken-
bush, American Phenolic Corp.; "Indicating 
Instruments for  Dependable  Electronic 
Equipments," John H. Miller, Weston Elec-
tric Instrument Corp.; and miscellaneous 
contributed short papers on Components. 
Professor W. G. Dow of the University 

of Michigan is Chairman of the morning ses-
sion of May 11. Speakers and subjects for 
this session will be: "Tube-Application — 
Users' Viewpoint," T. H. Schubert, Sperry 
Gyroscope Co.; "Tubes—Application—Pro-
ducers' Viewpoint," T. B. Perkins, RCA Vic-
tor  Division;  "Improved  Tubes—Octal 
Series," G. D. Hanchett, RCA Victor Divi-
sion; "Improved Tubes—Miniature Series," 
R. E. Moe, Kenrad Division, General Elec-
tric; "Improved Tubes—Miniature and Sub-
miniature Series,' P. T. W'eeks, Raytheon 
Mfg. Co.; "Improved Tubes—Subminiature 
Series," A. L. Dolnick, Sylvania Electric 
Products Inc.; and "Improved Vacuum 
Tubes for Severe Operating Conditions," 
J. Wyman, Eclipse Pioneer Division, Ben-
dix. 
An open forum and panel discussion will 

be held at 11:20 A.M. Ernst Weber of Poly-
technic Institute of Brooklyn will be the 
Moderator. Panel members include J. A. 
Becker of Bell Telephone Laboratories; 
H. E. Bernstein, Armed Service Electro-
Standards Agencies; Captain W. W. Rogers, 
Signal Corps Electronic Laboratory, Fort 
Monmouth. N. J.; G. F. Metcalf, Gen-
eral Electric Co.; Julian Sprague, Sprague 
Electric Co.; W. R. Clark, Leeds and 
Northrup Co.; J. G. Brainerd, University of 
Pennsylvania; D. B. Smith, Philco Radio 
and Television Corp.; and D. D. Israel, Em-
erson Radio and Phonograph Corp. 

UNIVERSITY OF MICHIGAN OFFERS 
SUMMER ELECTRONICS SYMPOSIUM 

An eight-week specialized Summer Elec-
tronics Symposium will be offered as part of 
the 1950 Summer Session of the University 
of Michigan. Visiting lecturers from other 
universities and from various industrial and 
governmental laboratories, including repre-
sentation from England, will participate in 
the Symposium to be held from June 26 to 
August 18. 
An outline of lecture subject matter and 

other pertinent information is given in a 
bulletin which may be obtained by writing 
to the Office of the Summer Session, Ad-
ministration Building, or to Professor W. G. 
Dow, Director of the 1950 Summer Elec-
tronics Symposium, Department of Elec-
trical Engineering, both at the University 
of Michigan, Ann Arbor, Mich. 
Visiting lecture personnel will be as fol-

lows: J. C. Slater, Chairman of the De-
partment of Physics, Massachusetts Insti-
tute of Technology; E. L. Ginzton, Depart-
ment of Physics, Stanford University; J. A. 
Becker and J. R. Pierce, Bell Telephone 
Laboratories, Murray Hill, N. J.; E. D. 
MacArthur and LeRoy Apker, Research 

Laboratory, General Electric Company, 
Schenectady, N. Y.; A. V. Haeff, Naval Re-
search Laboratory, Washington, D. C.; 
E. S. Rittner, Philips Laboratories, Inc., 
Irvington-on-Hudson, N. Y.; J. S. Donald 
and H. W. Leverenz, RCA Research Lab-
oratories, Princeton, N. J.; A. H. W. Beck, 
Standard Telephones and Cables, Ltd., 
Ilminster, England; J. H. Findlay and J. W'. 
McNall, Research Laboratory, \Vesting-
house Electric Corp., Bloomfield, N. J. 

NTSC PANELS ANNOUNCED 
AT M EETING HELD AT IRE 

Eight panels were named by \V. R. G. 
Baker, Chairman of the National Television 
System Committee, at a meeting held Fri-
day, March 3, at IRE headquarters, New 
York City. The panels, which will assist the 
Committee in its task of collecting technical 
data on various aspects of the problems with 
which it is concerned, are as follows: Panel 1 
—Color System Analysis, D. G. Fink, Chair-
man; Panel 2—Subjective Analysis of Color 
Systems, A.  N.  Goldsmith, Chairman: 
Panel 3—Allocations, J. V. L. Hogan. 
Chairman; Panel 4—Transmitters, I'. J. 
Herbst, Chairman;  Panel 5—Receivers, 
D. B. Smith, Chairman; Panel 6—Trans-
mitter-Receiver Co-ordination, I. J. Kaar. 
Chairman; Panel 7—Color Rendition, A. V. 
Loughren, Chairman; and Panel 8—Ter-
minal Apparatus, T. T. Goldsmith. Jr.. 
Chairman, 

IONOSPHERIC PHYSICS W ILL BE 
TOPIC OF CONFERENCE IN JULY 

A three-day Conference and Symposium 
on the topic. "Ionospheric Physics." will be 
I.eld at Pennsylvania State College on July 
24, 25, and 26 for the purpose of acquainting 
scientists in the held of _physics, relative to 
the upper atmosphere, with the latest theo-
retical and experimental developments. 
Sponsored jointly by the college and the 

Geophysical Research Directorate of the 
U. S. Air Force. the"meeting will feature the 
presentation of twelve papers given by fore-
most scientists in the field. Several symposia 
will be scheduled. 
Several speakers from foreign countries 

will take part in the conference for which 
additional details may be obtained from 
A. H. ‘1.a nick, Radio l'ropagation Labo-
ratory. The Pennsylvania State College. 
State College, Pa. 

ARMY SIGNAL CORPS W 11.1. GIVE 
ELECTRONICS PROGRAM IN M .‘Y 

An elaborate communications and elec-
tronics program will be presented at Fort 
Monmouth, N. J., on Saturday. May 13, 
under the joint sponsorship of Fort Mon-
mouth Chapter, Armed Forces Communi-
cations Association and the Signal Corps. 
The program is scheduled for the day fol-

lowing the annual National AFCA conven-
tion at the Commodore Hotel, New York, 
under the auspices of the New York Chap-
ter. The annual dinner meeting will be held 
at the Commodore the same night, with a 
nationally known speaker. 

a 
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1950 IRE Convention and Show Unqualified Success 

THE LARGEST EN-
GINEERING  con-
vention ever held be-

came history on March 9 
when the 1950 I RE National 
Convention drew to a close. 
Over 18,000 persons from 
some thirty countries regis-
tered at the Hotel Commo-
dore and Grand Central 
Palace in New York City in 
order to be "Behind the 
Scenes in Radio-Electron-
ics," the theme of the four-
day gathering. The record-
breaking attendance, 2,000 
more than in 1949, reflected 
not only the increasing size 
and stature of the Institute, 
but also the outstanding 
importance of the program 
of 170 technical papers and 
253 exhibits to the engineer-
ing and scientific world. 

MEETINGS 

During the Convention three open meet-
ings were held which were of particular in-
terest to the membership in general: the 
annual meeting of the Institute, the annual 
Sections Committee meeting, and a meet-
ing of chairmen and members of Professional 
Groups. These meetings are an important 
function of the convention, as they afford 
members an opportunity to meet with those 
who direct various phases of Institute ac-
tivities. 
The Convention opened on Monday 

morning with the annual meeting of the In-
stitute at which officers of the Institute re-
ported to the members on the status of the 
IRE. The meeting featured an address by 
Ralph flown, director of research of Bell 
Telephone Laboratories, in which he empha-
sized that television "has a wider destiny 
and deeper obligation to man than merely 
to furnish mass entertainment." He pointed 
out that the radio and communications en-
gineers must lead in developing broader uses 
for television in the future. President R. F. 
Guy presided at the meeting. 

Left to right: Sir Robert Watson- Watt. H. B. Richmond. Donald G. Fink, Raymond F. 
Guy. Fredetick E. Terman, and A. N. Goldsmith. 

On Tuesday afternoon the annual meet-
ing of the Sections Committee convened 
under the chairmanship of J. F. Jordan. The 
meeting was attended by representatives 
from each Section, and officers and directors 
of the Institute. The activities of each Sec-
tion and Region were reviewed, and prob-
lems affecting all Sections were discussed at 
length. 
On Wednesday morning W. R. G. Baker 

held a meeting of chairmen and members of 
all Professional Groups. Reports were heard 
on the membership and activities of the nine 
active Groups, and on plans to form several 
additional Professional Groups. 

TECHNICAL SESSIONS 

The technical program consisted of 170 
papers reporting on advances in every field 
of the radio-electronics art (substantially as 
was reported in the February issue of the 
PROCEEDINGS). The papers were presented 
at 29 technical sessions and 7 symposia. An 
innovation in the preparation of the tech-
nical program was the opportunity afforded 

l'rofessional  Groups  to 
sponsor sessions. As a re-
sult, five symposia were pre-
sented through the efforts 
of Groups. This valuable 
addition to the program is 
expected to become a per-
manent feature of future 
convention programs. 
The technical program 

opened on Monday after-
noon with two symposia 
and three technical sessions. 
The Professional Groups on 
Broadcast and Television 
Receivers and on Nuclear 
Science sponsored symposia 
on Industrial Design and on 
Nuclear Science and the 
Radio  Engineer,  respec-
tively. Sessions were also 
held on Applications of 
Semiconductors,  Commu-
nication Systems Theory, 
and  Quality  Control. 

Among the many interesting topics discussed 
were the effects of good design on cost re-
duction, a review of the characteristics of 
nuclear radiation detecting devices, the ap-
plication of transitors to trigger circuits, the 
analysis of speech sounds, the transmission 
of intelligence over narrow-band channels, 
and the life testing of vacuum tubes. 
On Tuesday morning the program con-

tinued with a symposium on Engineering 
for Quality in Television sponsored by the 
Professional Group on Quality Control, a 
symposium on Network Synthesis in the 
Time Domain sponsored by the Circuit The-
ory Group, and sessions on Antennas, Trans-
mission Systems, and Measurements. A 
variety of subjects were reported on, includ-
ing aspects of quality control as applied to 
television picture tube screens, design data 
for radio relays operating in the 60- to 600-
Mc band, a 5,000-Mc 24-channel radio 
telephone relay system, the design of elec-
tronic and photographic equipment for the 
study of rocket performance, and new test 
equipment for the uhf television band. 

Left to right: Raymond F. Guy. Sir Rotte n Watrion- Watt, Simon Ramo, Frederick E "Ferman. and Raymond F. Guy. 



570 PROCEEDINGS OF THE I.R.E. May 

There followed on Tuesday afternoon 
sessions on Television Transmission Sys-
tems, Filter Circuits and Variable Net-
works, Antennas,  Modulation Systems, 
and Industrial Instruments. Among the 
advances described were a new photo-
conductive television pickup tube with 
high target sensitivity which is only one inch 
in diameter and six inches long, a compact 
closed-loop industrial television system, 
filters for television interference caused by 
radio amateur transmitters, techniques that 
permit a more economical use of the vhf and 
uhf spectrums through frequency-division 
multiplexing, the use of an image converter 
tube in obtaining one-microsecond-exposure 
photographs of objects illuminated by a con-
tinuous light source, the use of ultrasonic 
pulses in measuring the elastic properties of 
solids and the viscosity of liquids, and an 
electronic liowmeter which measures the 
velocity of liquids. 
On Tuesday evening a special symposium 

was held on Television at which current de-
velopments in uhf allocations and color tele-
vision were discussed by nine leading ex-
perts. The meeting was attended by 2,000 
persons, including several commissioners of 
the FCC, which had recessed its color tele-
vision bearings during the week of the Con-
vention at the request of the IRE. The sym-
posium began with a discussion of uhf allo-
cations, followed by black and white versus 
color, color in general, the CBS color system, 
the CTI and the RCA color systems. In the 
final address, the compromises necessary to 
fit the above color systems to a 6-Mc band 
were analyzed. The meeting concluded with 
a discussion period during which questions 
from the audience were answered. 
On Wednesday morning sessions were 

held on UHF and Color Television, Digital 
Computers, Electron Tube Theory and De-
sign, and Amplifiers. In addition, the Tech-
nical Committee on Measurements and 
Instrumentation sponsored a symposium on 
Basic Circuit Elements. The sessions em-
braced such subjects as the construction and 
operation of an experimental uhf television 
station, an electrically controlled television 
color filter based on the interference phe-
nomenon of polarized light, a new tube 
capable of such functions as addition, sub-
traction,  multiplication, 
and selection, a novel meth-
od of frequency control 
which will keep FM and 
television receivers locked 
in to the incoming signal 
regardless of local oscilla-
tion or signal drift, and a 
new circuit design resulting 
in a large increase in am-
plification  through  the 
"starved" operation of am-
plifier tubes. 
The sessions on Wednes-

day afternoon were devoted 
to Television Receivers, Ac-
tive  Circuits,  Electron 
Tubes,  Computers, and 
Transmission  and  An-
tennas. Included in the 
program were discussions 
on television image repro-
duction whereby printed 
material and line drawings 
take on a third dimensional 

._ 
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Left to right: Haraden Pratt, FCC Commissioner 
Frieda Hennock, and Raymond F. Guy. 

quality, the theory of the AM rejecting 
properties of the ratio detector, a method 
of regulating high voltages by means of a 
corona discharge between coaxial cylinders, 
the experimental determination of the trans-
fer functions of linear and nonlinear systems 
by the method of correlation, and a new type 
of transmission line consisting of an ordinary 
wire conductor with a specially treated sur-
face along which surface waves in the vhf 
and uhf bands may be propagated. 
The Thursday program began with 

morning sessions on Audio-Transducer De-
sign, Electronics in Medicine, Propagation 
at Ionospheric Frequencies, Power Tubes, 
and Navigation Aids. Among the papers 
presented were reports on a pocket-size 4-
tube radio receiver having a content of 25 
cubic inches and utilizing a high-efficiency 
loudspeaker with a tonal output comparable 
to those used in larger receivers, a new way 
of mapping the electrical .activity of the 
heart and brain using a PPI type of display, 
the effects of intense microwave radiation on 
living organisms, electronic equipment for 
making vectorcardiograms of the electro-
motive forces generated by the cardiac mus-
cle, and a 500-kw super-power beam triode 
with a gain of 1,000. 
The concluding sessions on Thursday 

afternoon consisted of a symposium on 
Sound Recording sponsored by the Audio 
Professional Group, and technical sessions 
on Propagation, Electron Tube Materials 
and Techniques, Components, and Oscil-
lators. The sessions included discussions on 
noise limitations of various types of sound 

View of Exhibits, first floor. Grand Central Palace. 

recording media, diversity reception tech-
niques and systems, a new method of joining 
metals to insulators for high temperature 
applications,  miniaturization  techniques 
whereby printed circuits, tubes, and com-
ponents are fabricated as a unit which may 
be unplugged from the apparatus upon fail-
ure of any of its parts, a compact magnetic 
memory device consisting of a standard alu-
minum tubing capable of storing 10,000 
ten-decimal-digit numbers, and a wide-
range variable frequency oscillator capable 
of being tuned in one sweep of a linear con-
trol from 200 cps to 3 Mc and which may 
eventually provide a frequency range of one 
billion to one ratio. 

EXHIBITS 

A grand total of 253 exhibitors, including 
the Armed Services, filled three floors of 
Grand Central Palace with over $7,000,000 
worth of electronic equipment and products, 
making the 1950 Radio Engineering Show 
the largest on record. The theme of the ex-
hibit, "Spotlight the New," was carried out 
by diversified displays revealing the latest 
developments in electronic apparatus, tech-
niques, and applications. 
In the field of television, a new compact 

television pickup tube was revealed for the 
first time. This tube was also the subject of 
a paper on Tuesday afternoon (see above). 
Also on display was an industrial color tele-
vision system operating on an 18-Mc chan-
nel with 525 lines and 180 fields per second. 
Other exhibits included television cameras, 
studio lighting equipment, 19-inch TV 
tubes, and a 36- by 27-inch large screen pro-
jector. 
Complementing a paper delivered on 

Thursday morning (see above), a high-
vacuum tube capable of SOO kw continuous 
output was on display, representing a power 
increase of four times over previous types. 
The audio field was well represented by 

exhibits of tape and wire recorders, studio 
turntable equipment, and a variety of inter-
esting demonstrations in eight sound demon-
stration rooms. In qie components field, the 
displays ranged from coil winding machines 
to specially fabricated condensors for use at 
extremely high temperatures. 

The Armed Services ex-
hibits depicted the latest 
advances in electronic de-
vices designed for military 
applications. The Signal 
Corps had on display a new 
type of transmission line 
known as the "G-string" 
or "surface-wave transmis-
sion line," which was de-
scribed during the Wednes-
day afternoon technical ses-
sions (see above). Also on 
view were: examples of the 
latest techniques in the fa-
1,rication of printed circuits; 
1 miniature magnetron the 
size of a small pencil; an 
Air Force emergency port-
able  transmitter-receiver 
weighing only 5 pounds, 
successor to the famous 
'Gibson Girl" set; and a 
Navy  "S-bomb"  whose 
underwater detonation may 
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be detected by listening posts as far as 
3,000 miles away in order to determine the 
position of airmen downed at sea. 
Due to the critical coal shortage, novel 

use was made of standby station generating 
equipment to provide ac power for the entire 
Show. 

SOCIAL EVENTS 

On Monday evening, the first evening of 
the Convention, the "get-together" cocktail 
party, was attended by more than 1,100 
members and guests, providing an excellent 
opportunity for visitors from all parts of the 
country to get acquainted. 
The highlight of Tuesday's social pro-

gram was the President's Luncheon, held in 
honor of President R. F. Guy. S. L. Bailey, 
the Junior Past President, acted as toast-
master to introduce Major General F. L. 
Ankenbrandt, Director of Communications 

of the Air Force, who spoke on communica-
tion systems used in the South Pacific Is-
lands during the war. Sir Robert Watson-
Watt, Vice-President, concluded the lunch-
eon with an entertaining talk on the English 
war effort. 
The Annual IRE Banquet was held on 

Wednesday evening. Donald G. Fink acted 
as toastmaster to introduce H. B. Richmond, 
Chairman of the Board of the General Radio 
Company, who spoke on "For the Radio 
Engineer—Fission or Fusion?" At this time 
F. E. Terman was presented with the Medal 
of Honor, Otto H. Schade with the Morris 
Liebmann Memorial Prize, Joseph F. Hull 
and Arthur W. Randals with the Browder 
J. Thompson Memorial Award, Andrew V. 
Haeff with the Harry Diamond Memorial 
Award, and E. J. Barlow with the Editor's 
Award. Thirty members were given Fellow 
awards, with Simon Ramo rendering the 
speech of acceptance. 

W OMEN'S ACTIVITIES 

The wives of members and guests at-
tending the convention were offered an at-
tractive and entertaining program of ac-
tivities which included a television program 
on Monday, a tour of the Museum of Nat-
ural History and a tea at IRE Headquarters 
on Tuesday, a tour of Good Housekeeping 
Institute and a matinee on Wednesday, and 
a tour of the liner Queen Elizabeth on Thurs-
day. Over 200 ladies participated in these 
events, which proved highly successful. 

ACKNOWLEDGMENT 

Grateful acknowledgment is due to the 
more than 150 persons who devoted so much 
time and effort to every phase of the activi-
ties of the Convention, making it the most 
successful IRE Convention on record. 

Industrial Engineering 
Notes' 

RADIO AND TELEVISION NEWS 
ABROAD 
Radio receivers sold by Canadian manu-

facturers during the first ten months of 1949 
totalled 532,880 units valued at $39,696,785, 
compared with 428,391 sets valued at $36,-
205,797 sold in the corresponding 1948 peri-
od, according to information received by the 
U.S. Department of Commerce. Of last year's 
total, 1,551 sets were TV receivers. Produc-
tion of radio receiving tubes in the first ten 
months of 1949 was 3,793,353 units valued 
at $1,800,621; for the corresponding period 
of 1948, production was 3,475,597, valued 
at $1,637,603. . .. United Kingdom exports 
of radio and electronic equipment continued 
at a high level during the first ten months 
of 1949, according to a report of the British 
Radio Industry Council received by the 
U. S. Department of Commerce. January-
October, 1949, exports totaled 19,518,000, 
compared with 111,897,000 and 110,272,000 
for all of 1948 and 1947, respectively. A 
steadily increasing production of television 
receivers, exceeding 36,000 sets in December, 
is also reported by the Radio Industry Coun-
cil. Total 1949 production was 205,500 sets, 
compared with 90,800 in 1948 and 28,200 in 
1947 . . . An estimated 8,000,000 radio re-
ceivers were in use in France in January, 
1950, of which about 80 per cent were de-
signed to receive short-wave broadcasts. 
The number of listeners per set was an es-
timated 3 to 5 persons, according to the 
U. S. Department of Commerce.... An 
estimated 1,200,000 radio receivers were in 
operation in Spain in November, 1949, of 
which 555,000 were licensed. Approximately 
90 per cent of the sets in use were designed 
to receive short-wave broadcasts.... Ap-

The data on which these Ncrres are based were 
selected, by permission from industry Reports. issues 
of February 20. February 24, March 3. and March 10. 
published by the Radio Manufacturers Association, 
whose helpful attitude is gladly acknowledged. 

proximately 343,000 radio receivers were in 
use in Panama as of December 31, 1949, of 
which 95 per cent were designed to receive 
short-wave broadcasts. The number of 
listeners per set was an estimated 7.5 per-
sons. . .. The Australian Postmaster Gen-
eral, H. L. Anthony, announced recently 
that development of black-and-white tele-
vision would not be delayed pending per-
fection abroad of eolor video techniques, 
according to information received from the 
U. S. Embassy at Canberra. The Govern-
ment official sought to remove a misunder-
standing which resulted from a previous 
statement regarding color and Australian 
developments. He indicated that television 
in Australia might not remain a Govern-
ment monopoly and declared that the whole 
question of television would be reviewed by 
the Cabinet.... There were 121,862 li-
censed radio sets in Israel at the end of 
November, 1949, according to information 
received by the U. S. Department of Com-
merce. Denmark had an estimated 1,310,860 
radio receivers in operation at the end of 
1949, according to information received 
from the U. S. Embassy there. 

FCC ACTIONS 

The FCC has granted the request of the 
Celomat Corp. of New York City to testify 
in the current color television proceedings. 
The Celomat Corp. told the FCC it has de-
veloped a converter "for viewing color tele-
vision after a set has been adapted under the 
CtiS system," and is ready to manufacture 
this unit for sale at a retail price of about 
$9.95.... The FCC has authorized four 
new class-B FM broadcasting stations for 
the New York City-Northeastern New 
Jersey metropolitan district with an aggre-
gate construction cost in excess of $330,000. 
Stations are to be built by the Crosley Broad-
casting Corp., the Atlantic Broadcasting 
Co., Inc., and the Debs Memorial Radio 
Fund, Inc., in New York, and the Ebbets-
McKeever Exhibition Co., Inc., in Brooklyn. 

TELEvISION NEWS 

Running counter to the traditional post-
holiday pattern, television set production 
by RMA member companies continued at a 
record level in January. RMA member 
companies reported the manufacture of 
225,588 television receivers in four working 
weeks. Radio production also remained at 
about the fourth-quarter level with 660,195 
sets reported. FM and FM-AM receivers 
reported by RMA member companies to-
talled 89,136, with an additional 34,087 
TV sets reported as equipped for FM re-
ception.... The Allen B. DuMont Lab-
oratories, Inc., last week filed an extended 
vhf-uhf television allocations plan as an ex-
hibit in the current television hearings. The 
DuMont plan extends an original plan 
from 326 TV markets to more than 1,400. 
The proposal aims to eliminate too-close 
spacing of stations and to minimize inter-
mingling of vhf-uhf stations in the same 
community. The plan would utilize all of the 
475- to 890-Mc. band, with 69 channels com-
pared to the 42 proposed by the FCC... . 
Television picture tube shipments in Jan-
uary continued at a high level exceeding 
December shipments, and showed a further 
trend toward larger screens. TV picture 
tubes 12 inches or larger constituted over 
90 per cent of the January shipments to set 
manufacturers with tubes 12 to 13.9 inches 
accounting for more than 61 per cent. Total 
TV receiver shipments by RMA members 
during 1949 aggregated 2,227,973 as com-
pared with 808,025 sets in 1948. 

NAVY FLYING LABORATORY TO TEST 
ITS AIRBORNE RADAR EQUIPMENT 

A new Navy flying laboratory, a modified 
Lockheed Constellation, is being equipped 
for extensive tests of the Navy's airborne 
early warning radar equipment and pro-
cedures. Designated AEW, the equipment 
installed on Naval aircraft permits the de-
tection of enemy planes and surface units 
at much greater distances than is possible 
with ground-level or shipboard radar. 
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The Chicago Section Silver Anniversary 
PAUL S. SMITH*, SENIOR MEMBER, IRE 

INTRODUCTION 

W HETHER 1950 starts a new half-
century or winds up the old, it is 
an important year in the annals of 

the Chicago Section. On May fifteenth, nine-
teen hundred and fifty, the Chicago Section 
of the IRE completes its twenty-fifth year of 
progress. The Institute of Radio Engineers, 
as evidenced by the advance of the Chicago 
Section in the past quarter century, has a 
noteworthy record of growth and ac-
complishment. The tremendous progress of 
commerce and industry, and vast improve-
ment in our standard of living, are directly 
commensurate with the growth of radio com-
munications and entertainment. Such prog-
ress would not have been possible without 
the kind of "know-how" ability and "I will" 
spirit exemplified in this record of the Chi-
cago Section. 

THE FOUNDERS OF ENGINEERING 

Radio engineering developed from elec-
trical engineering and it, in turn, from civil 
engineering; for, until a hundred years ago, 
1852 to be exact, there were no active 
engineering societies, and all nonmilitary 
engineers were called "civil" engineers. The 
American Society of Civil Engineers was 
founded in 1839 with only 40 members, 
though the society didn't begin to function 
until 1852. The Mining Engineers (AIME) 
followed in 1871 and the Mechanical Engi-
neers (ASN1E) in 1880. The Electrical Engi-
neers (AIEE) followed in 1884, five years 
after Edison gave us the electric light, to 
complete the "founder" group of engineering 
societies. 
It is interesting to observe that radio 

engineering, the offspring of the founder 
group, now outnumbers two of the founder 
societies in its active membership, the IRE 
having grown to 27,000 members. Today 
there are hundreds of technical societies, but 
only one devoted entirely to radio and elec-
tronic engineering. The Institute of Radio 
Engineers was founded to "advance the the-
ory and practice of radio and allied branches 
of engineering and related arts and sciences." 
Radio, now extending into television and the 
still broader field of electronics, has come a 
long way in the past half century. 

ENTER RADIO AND THE IRE 

Wireless came into being about the turn 
of the century. Two of the earliest organiza-
tions in this field, the Society of Wireless 
Telegraph Engineers (1906) and the Wire-
less Institute (1908), pooled their member-
ships to form The Institute of Radio En-
gineers in New York City on May 13, 1912, 
with 45 members. Activity spread from New 
York City as interest in radio grew. Sections 
of the IRE were formed in Washington and 
Boston in 1914; Seattle in 1915; and San 
Francisco in 1917. 
Chicago was the fifth IRE section to be 

formed. Today Chicago is the second largest 
and unquestionably one of the most active 
of the 56 sections now in existence. It was 

• Motorola Inc., Chicago, 

on Friday, May 15, 1925, that five Members 
and fourteen Associates of The Institute of 
Radio Engineers met to organize the Chica-
go Section of the IRE. (See August, 1925, 
PROCEEDINGS OF THE I.R.E., page 406). A 
hand-written copy of the original minutes 
and a few letters with Headquarters are the 
only records that exist in our files for these 
years. Headquarters' records show a national 
membership of 2,245 for 1925. Chicago Sec-
tion membership for 1925 is listed as 46 
founder members. Five meetings were held 
in 1926, the October meeting being on the 
Use of Short Waves in the South Pacific, by 
Lieutenant Fred Schnell. These were peace-
ful and prosperous times. 

THE ERA OF ECONOMIC ADVERSITY 

By June, 1930, after 5 years of existence 
and right at the beginning of the depression, 
the Chicago Section had increased to 341 
members. One hundred to 180 attended the 
four meetings held in 1930; the fewest meet-
ings ever held—we all were careful that year. 
National membership for 1930 was 5,350. 
There were 17 sections. Under the Chair-
manship of Byron B. Minnium, Chicago 
sponsored the Sixth National IRE Conven-
tion in 1930 and the Eighth National Con-
vention in 1933 under the Chairmanship of 
Robert M. Arnold. Though many radio en-
gineers had holes in their shoes from walking 
the streets, we had caviar at this convention 
and listened to Mildred Bailey sing the 
blues. Chicago was host to the world at the 
1933 Century of Progress where the "new" 
wonders of communications and electronics 
—including television—were among the tea.-
tured displays. 
At the Tenth Anniversary of the Chicago 

Section in 1935, with the depression well on 
its way, the local membership had decreased 
to 182 paid members. Six meetings were held 
in 1934 and eight in 1935 with attendance 
varying from 90 to 400, the latter on televi-
sion, 15 years ago. Besides television, the 
crowd-getters were electrolytic condensers, 
chain broadcasting, police radio, and metal 
tubes. Chairman Crossley was in Europe to 
learn that England "was ahead" on high-
fidelity, Holland on tubes, and Germany on 
military communications. We were just in 
the transition stage from high-priced "man-
tle" to low-priced "midget" radios. 

PRE-WAR "PROSPERITY" 

The year 1937 saw the nation and the 
IRE well on its road to recovery. The Chi-
cago Section had reversed the trend of mem-
bership (321 in 1933, 182 in 1935, and 257 in 
1937) by demonstrating real worth and value 
to its members. War interest in radio and 
electronics was still four years away and 
economic recovery was just beginning. Radio 
sets were getting smaller and sales bigger as 
purchasing power increased. The campaign 
for "two radios in every home" started in 
the Chicago area and its realization largely 
stemmed from Chicago's exceptionally cost-
conscious engineering. 
On its fifteenth birthday in 1940, the 

Chicago Section had regained most of its 

depleted membership. There were 284 paid 
members. The 1940 National membership 
was 5,540. Nine Chicago Section meetings 
were held with attendance varying from 85 
to 400 (the latter on FM this time). Our early 
interest in FM, uhf, and miniaturization was 
to pay dividends, because civilian radio pro-
duction came to a grinding halt in early 1942 
and all facilities were swung almost over-
night to war research, development, and pro-
duction. Where most scientific research had 
been associated with the East, we know now 
that the atomic bomb, the handie-talkie, 
walkie-talkie, many tank, air and landing-
craft sets, and much of our radar develop-
ments originated in the Chicago area. With 
the advent of the war, interest in electronics 
—and IRE membership—climbed at a tre: 
mendous rate. 

WAR INSPIRED INTEREST IN ELECTRONICS 

The Chicago Section reached its twen-
tieth Anniversary, in 1945 with 837 mem-
bers, a 300 per cent increase in five years. 
National membership had increased  to 
15,782, a 280 per cent increase over 1940. 
March, 1943, brought the First War Produc-
tion Clinic and affiliation with the Chicago 
Technical Societies Council as further indi-
cation of the war inspired co-operative 
effort. Closer contact with Headquarters was 
established, and periodic news letters were 
sent to the membership from the Section 
Chairman which ultimately resulted in the 
establishment of our own publication, Scan-
fax, in September, 1946. The war brought a 
greatly increased interest in radio and elec-
tronics. 

A NEw DEAL IN IRE AFFAIRS 

"New deal" thinking had its effect on the 
Chicago Section too. With the accession of 
Al Graf to Chairmanship in 1946, the tempo 
of  Chicago  Sect&on  activity  increased 
greatly. Where previous Section Executive 
Committees for this large section had com-
prised only 6 to 9 members, with three 
standing committees (besides itself), the 
Executive Committee was increased to 35, 
the number of committees to 16—and all of 
them were put to work. 
All IRE members would do well to ac-

quaint themselves with the Bylaw Sections 
on regional representation, the professional 
group provisions, the committee and repre-
sentative provisions, and the paper publica-
tion information listed in your 1949 Year-
book. Further details on paper publication 
are available from the Editor. Now that re-
gional representation has been attained, 
plus increased outlying representation on 
IRE committees, much more frequent con-
tribution of midwestern region papers should 
follow. 

CONSIDERATION OF MEMBER PREFERENCES 

A survey was conducted by the Chicago 
Section in July, 1946, on Member Prefer-
ence in Technical Papers. Better than 33 
per cent response was obtained from the 
1,000 questionnaires circulated. The first 
ten subjects were: 90 per cent general 
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"Electronics"; 80 per cent Research Devel-
opments; 72 per cent Receiver and Trans-
mitter Design Data; 66 per cent Indust! ial 
Electronics; 64 per cent (four years ago) 
wanted Television; 52 per cent Frequency 
Modulation; 40 per cent Audio and Sound; 
36 per cent Vacuum Tubes; 30 per cent 
Manufacturing Techniques; 25 per cent 
Management subjects; and only 21 per cent 
desired papers on Wave Propagation. 
Chicago Section membership was given 

' greatly increased opportunity to express it-
self through the augmented committee struc-
ture, the enlarged Executive Committee, the 

, plant-contact Industrial Representatives, 
and the newly elected Regional Represen-
tatives. Utilization of this opportunity is 
manifest in the Chicago Section record for 
the past four years. 
Perhaps the most monumental ac-

complishment was that of the new Proce-
- dures Committee; it undertook, and in less 
than a year completed, the task of writing 
complete operational procedure for all the 
officers and 16 committees (including itself). 
This work is already serving as a pattern 
for sectional operations throughout the 
country. 
Attention was focused in January, 1945, 

on the IRE Building Fund. A goal of $425,-
000 was set for a new National Headquar-
ters. The fund was to be raised by industrial 
and membership contributions and extended 
throughout the year. By year's end, the fund 
had reached 146 per cent of quota. Of this 
amount 76 per cent was received from indus-
trial and institutional contributors and 24 
per cent from the IRE members. Though 
Chicago had only 5i per cent of the mem-
bership, the Chicago members contributed 
9 per cent of the membership fund. 

ening application of electronics, and need 
for occasional release from technical inter-
ests, the Chicago Section has featured in-
creased fraternization opportunities, such 
as our Annual Old Timers Picnic, and has 
sponsored closer co-operation with other 
technical and educational institutions en-
gaged in electronics. 

MEMBERSHIP STRUCTURE 

Chicago Section membership passed the 
1,000 mark as of January, 1946, 17i per cent 
in the professional grades, and 82i per cent in 
the technical grades. Comparable national 
figures were 12 per cent in the professional 
grades and 88 per cent in the technical 
grades. An analysis of the new members 
showed that 79 per cent of the Senior Mem-
bers, 64 per cent of the Members, and 32 per 
cent of the Associates were college graduates. 
A survey of Chicago Section meeting attend-
ance showed that 40 per cent of the Fellows, 
28 per cent of the Senior Members, 25 per 
cent of the Members, just 10 per cent of the 
Associates, and less than I per cent of the 
Students regularly attended meetings. The 
most popular subjects were the Major Arm-
strong FM paper, October, 1945, with 600 
in attendance; Dr. DuMont on Television 
Prospects, January, 1946, with 480 in at-
tendance; and the "regular" meeting of all 
time: Dr. Weiner's paper on Cybernetics, of 
February, 1949, which drew over 800 per-
sons. 
The Chicago Section also contributed 

assistance to the Chicago Technical Societies 
Conferences of 1943 to date and the National 
Electronics Conferences of 1944 and 1946 to 
date; and with the omission of the 1945 NEC 
because of wartime restrictions, the Chicago 
Section established its own Technical Con-
ference in 1946. Chicago Section Technical 
Conferences were continued through 1949, 
but may not be resumed because of greater 
concentration on the National Electronics 
Conferences. In recognition of the broad-

LOOKING FORWARD 
In looking back from our Golden Jubilee 

in 1975 (provided some of us are still 
around), very likely the greatest single ac-
complishment in which the Chicago Section 
has been instrumental will prove to be the 
National Electronics Conference. Started in 
the minds of Beverly Dudley, then Western 
Editor of Electronics; W. 0. Swinyard, Sec-
retary of the Section; Professor A. B. Bron-
well of Northwestern University; and Pro-
fessor J. E. Hobson of the Illinois Institute 
of Technology; the NEC was organized in 
April, 1944, under the joint sponsorship of 
the Chicago Section IRE and AIEE, North-
western University, and Illinois Institute of 
Technology, in co-operation with the Uni-
versity of Illinois and the Chicago Tech-
nical Societies Council, a truly co-operatixe 
venture for the advancement of electronic 
knowledge. 
Five Electronic Conferences were held in 

Chicago in 1944, 1946, 1947, 1948, and 1949 
with an average attendance of 2,000 to 
2,500 from all sections of the country. The 
Sixth and "25 years of Progress" National 
Electronics Conference will be held in Chi-
cago on September .25, 26, and 27, 1950, to 
commemorate the Silver Anniversary of the 
Chicago Section. Appropriate publicity is 
scheduled to acquaint all IRE members, the 
electronic manufacturers, and the public at 
large with the electronic progress made in 
Chicago and surrounding area in the past 
twenty-five years. The theme will include 
scientific research, engineering development, 
production operation, public acceptance, 
and the service maintenance phases of elec-
tronic products and services. 
An appropriate brochure is being pre-

pared for mailing and circulation on a large 
scale to proclaim the anniversary and pre-
sent the record of Chicago's contribution to 
electronics. It will also include details on 
the Conference and other anniversary 
events, such as the special week of exhibits 
at the Museum of Science and Industry 
portraying the progress of electronics since 
1925. The 1950 IRE Yearbook will contain 
a section devoted solely to electronic manu-
facturers in the Chicago area. Reprints of 
this section will be made available for wide 
distribution. 
The climax of the Silver Anniversary 

will be the three-day National Electronics 
Conference, culminating in an Old Timers 
Night Celebration. Prizes will be given for old 
equipment exhibits. There will also be a dis-
play of the progress made by Chicago area 
manufacturers, whether they are 2 or 20 
years old. Displays and trips featuring the 
advance of electronic education in the Chi-
cago area are also planned. Though initiated 
by the Chicago Section of the IRE in com-
memoration of its twenty-five years of serv-
ice to the radio industry, collaboration has 
been extended to include the participation 
of other technical, educational, industrial, 
and civic organizations to make this event a 
milestone in the annals of electronic progress. 

CONCLUSION 

Growth in numbers is but one measure of 
success. With an increase of almost forty 
times (45 in 1925 to 1,745 in 1950), and with 
our continued increase in membership, the 
Chicago Section has unquestionably demon-
strated real worth and value to its local 
membership. The effects of Chicago Section 
recommendations on national policy, such as 
the establishment of the Executive Secre-
tary (and improved Headquarters service); 
the membership upgrading program, im-
proving the 8 to 1 technical/professional ra-
tio of 1945 to a better than 4-to-1 ratio in 
1949 (actually 2 to I, disregarding Stu-
dents); and the inauguration of regional 
representation, improving the effectiveness 
as well as recognition of outlying sections, 
are certainly to be reckoned with in IRE 
progress. Most important, the broadening of 
the IRE's scope in all fields of electronics, 
exemplified in the co-operative spirit shown 
at the National Electronics Conferences, is 
perhaps the greatest accomplishment of the 
Chicago Section of the IRE. The Silver 
Anniversary Conference will serve not only 
to commemorate past achievements, but 
should also serve to spur the IRE to even 
greater attainment. 
All IRE members are cordially invited 

to attend the 25 Years of Progress National 
Electronics Conference to be held in Chicago 
on September 25, 26, and 27, 1950. 

Paul S. Smith (A'30—SM'45) was born in 
Brazil in 1904. He received his education 
in the Chicago Public Schools, major-

ing in electrical en-
gineering at Armour 
Institute and busi-
ness administration 
at Northwestern Uni-
versity. He holds a 
Professional  Engi-
neering License in 
the State of Illinois 
and is a director of 
the Illinois Engineer-
ing Council. He is a 
past vice-president of 
the Chicago Techni-

cal Societies Council and formerly publisher 
of the CTSC Scientec News. He is also a 
member of the ASTM, the RMA Engineer-
ing Department General Standards Com-
mittee, and has been active in RMA and 
IRE committee work for many years. 
Mr. Smith's radio experience started 

with the Sheldon Radio Club in 1919. From 
1926 to 1937 he was with Stewart Warner. 
Starting in production supervision, he 
served as assistant to the service manager, 
then field engineer, and became Chicago 
branch service manager. Since 1937 Mr. 
Smith has been with Motorola Inc., as pro-
duction engineer, assistant to the chief en-
gineer, and is now the engineering specifica-
tions department head. He has specialized in 
standardization and simplification, cost es-
timation and reduction, materials and proc-
ess engineering, and recently in preferred 
numbers and color technology. 
At present Mr. Smith is Chairman of the 

Chicago Section Records Committee in 
which capacity he was delegated to report 
the Chicago Section's Silver Anniversary. 

PAUL S. SMITH 
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IRE People 

William  Dubilier  (A'14-M'18-F'29), 
founder and technical director of Cornell-
Dubilier Electric Corporation and also presi-
dent of Kolweld Corporation, has been 
awarded the Chevalier Cross of the French 
Legion of Honor in recognition of "his con-
tribution to the development of the French 
and International electrical industry and 
also for his humanitarian activities." 
Mr. Dubilier "has rendered a great serv-

ice to the development of the electrical 
industry," the citation reads, "notably in 
the valuable invention of static condensers, 
which up to this time are best in the world." 
This is the third honor that France has 

bestowed on Mr. Dubilier within a year. In 
June, 1949, he was presented with two med-
als simultaneously, the Honorary Medal 
of the Association des Ingenieurs-Docteurs 
de France and the Diploma of the Officer of 
the Academy and the Order of Academic 
Palms decreed by the French Government. 
They were in honor of his service to the 
country during World War I, and a recent 
peacetime service in assisting in the present 
rebuilding of France. 
One of the early pioneers in radio, Mr. 

Dubilier is founder of the modern power 
condensor (capacitor) industry. He has more 
than 500 patents issued to him in various 
countries, some 300 of which are in the 
United States. He is a Fellow of the AIEE. 

Britton Chance M'46-SM'46), director 
of the Eldridge Reeves Johnson Foundation 
for Medical Physics at the University of 
Pennsylvania, was awarded the $1,000 
Paul-Lewis Laboratories Award in Enzyme 
Chemistry on April 10, according to an an-
nouncement made by the American Chem-
ical Society. 
A gold medal was presented to Professor 

Chance at a general assembly of the society 
at the Bellevue Stratford Hotel in Phila-
delphia. Using photoelectric recording de-
vices, Professor Chance developed a tech-
nique for the quantitative study of extremely 
rapid enzymatic reactions. 

Paul E. Waples (M'46), senior 
engineer, Hazeltine Corp., Little 
Neck, L. I., died recently. Mr. Wa-
ples was born August 9, 1916, in 
Iowa. 
He was graduated from Jeffer-

son High School, Jefferson, Iowa 
and received the B.S. degree in elec-
trical engineering from Iowa State 
University. 
Mr. Waples acquired a radio am-

ateur license in 1929, and did radio 
service and repair work from 1936 
until 1939. Upon his graduation from 
college he was engaged in the design 
and development of high-frequency 
antennas and development engineer-
ing on high-frequency oscillators 
and receiver input circuits. 

Lewis M. Clement (A'14-M17-F'26), 
Director of Research and Engineering, 
Crosley  Division,  Avco  Manufacturing 
Corp., Cincinnati, Ohio, has been chosen 
"Pioneer Man of the Year" by the Dayton 
Section of the IRE. Presentation of the 
award, conferred for his contributions to air-
borne electronics dating back to 1914 and 
his continued interest and aid to science up 
to the present, will be made at the Dayton 
IRE Technical Conference which is sched-
uled for May 3, 4, 5. 

Robert A. Starek (A'43), formerly com-
mercial engineer, has been appointed field 
engineer for the Radio Tube Division of 
Sylvania Electric Products Inc., at Empor-
ium, Pa. Mr. Starek will make his head-
quarters in the Cincinnati office. 
He became affiliated with Sylvania im-

mediately after receiving the B.S. degree in 
electrical engineering from Iowa State Col-
lege in 1943. 

4, 

Joshua Sieger (A'29-SM'49) has been 
elected vice-president in charge of engineer-
ing by the Board of Directors of Freed 
Radio Corp., New York, N. Y., manufac-
turer of Freed-Eisemann Television Consoles 
and Radio-Phonographs. An international 
authority on television and radar, Mr. 
Sieger joined Freed Radio as Director of 
Research and Development in 1948. 
Mr. Sieger will direct the activities of 

Freed Radio's new electronic research lab-
oratories, and will supervise the engineering 
and development of the company's tele-
vision receivers and other commercial prod-
ucts. 
Prior to his association with Freed 

Radio, Mr. Sieger was Divisional Leader in 
charge of Engineering at the British Govern-
ment's Telecommunications Research Es-
tablishment where he served during the war. 
He has been active in television since 1930, 
when he was responsible for development of 
optical-mechanical large-screen television 
projection for the Scophany Corporation. 
He holds many patents in radio, radar, and 
television, and has made contributions in 
techniques of radar display and ultrasonic 
light control for television and delay systems. 

•14 

William W. Eitel (A'39) and Jack A. 
McCullough (A'39) have been awarded the 
Distinguished Public Service Award, the 
highest honor given to civilians by the Navy, 
for their contributions to Navy Research 
and Development. Presentation was made 
at a ceremony on February 13 at Eitel-
McCullough, Inc., of which Mr. Eitel is 
president and Mr. McCullough, vice-presi-
dent, at San Bruno, Calif. 

Harald Schutz (M'44-SM'46) has been 
placed in charge of radio-frequency engineer-
ing in the electronics department of the 
Glenn L. Martin Company, Baltimore, Md. 
Recently the electronics section was given 
full departmental status in the company. 
Dr. Schutz will be responsible for circuitry 
and antenna development over the entire 
radio-frequency spectrum. 
Other appointments in the new depart-

ment include that of John M. Pearce 
(SNI'49), formerly head of the electronics 
section of the special weapons department, 
as chief electronics engineer, and of Jobe 
Jenkins (A'43-M'47), who has been placed 
in charge of the systems development and 
analysis group. He will be responsible for 
system studies and designs of new equip-
ment, and for the solution of analytical prob-
lems arising on existing projects. 
Dr. Schutz holds degrees of Electrical 

Engineer and Doctor of Technical Science 
from the Technische Hochschule, Vienna, 
Austria. During the war, he was in charge 
of electrical and radio engineering training 
at the Thayer School of Engineering, Dart-
mouth College, and later joined the engineer-
ing department of the Raytheon Manufac-
turing Company to do microwave develop-
ment work. 
Mr. Pearce has extensive experience in 

the radio and electronic field, having been 
associated with WGN, Inc., from 1925 to 
1942; during the war he joined the staff of 
the Applied Physics Laboratory, Johns 
Hopkins University, and was unit super-
visor of their proximity-fuze program in 
1944 and 1945. He received the Presidential 
Certificate of Merit for this work. Prior to 
joining the Martin organization, he was 
chief engineer of the special products de-
velopment department of Bendix Aircraft 
Corporation, Pacific Division, North Holly-
wood, Calif. 
Mr. Jenkins received the B.S. degree in 

electrical engineering from Carnegie Insti-
tute of Technology in 1941, and the M.S. in 
electrical engineering from the same institu-
tion in 1942. From 1942 to 1944, Mr. Jenkins 
was an instructor in the electrical engineer-
ing department of Case Institute of Tech-
nology, Cleveland, Ohio. 
For the next tvk o years, he served with 

the U. S. Navy as Lt. (j.g.) and was asso-
ciated with the "Bat" homing missile pro-
gram. In 1946 Mr. Jenkins joined the 
Electronics Laboratory of the Glenn L. 
Martin Company, where he has been in 
charge of the development and design of the 
airborne equipment for a guided missile 
program. 

Donald R. DeTar (A'25-SM'47) and 
H. T. Lyman (A'38-SM'45) who are asso-
ciated with the Johnson Laboratories Divi-
sion of Aladdin Industries, formerly at 207 
East 37 St., New York, N. Y., have moved 
to new quarters at 15 Crescent St., Glen-
brook, Conn. 
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419 N. Spruce St. 
Winston Salem, N. Car. 

M. W. Bullock 
Capital Broadcasting Co. 
501 Federal  Securities 
Bldg. 

Lincoln 8, Neb. 

A. W. Y. Des Brisay 
240 Clemow Ave. 
Ottawa, Ont., Canada 

J. T. Brothers 
Philco Radio and Tele-
vision 

Tiogo and 'C' Sts. 
Philadelphia 34, Pa. 

M. Glenn Jarrett 
416 Seventh Ave. 
Pittsburgh 19, Pa. 

F. E. Miller 
3122 S.E. 73 Ave. 
Portland 6, Ore. 

E. W. Herold 
RCA Laboratories 
Princeton, N. J. 

K. J. Gardner 
201 Humbolt St. 
Rochester 10, N. Y. 

N. D. Webster 
515 Blackwood 
N. Sacramento, Calif. 

L. A. Moll min 
Union Electric Co. 
12 and Locust Sts. 
St. Louis 1 Mo. 

C. R. Evans 
Radio Station KSL 
Salt Lake City Utah 

F. E. Brooks 
143 Eng. Bldg. 
University of Texas 
Austin, Texas 

E. W. Thatcher 
2661 Poinsettia Dr. 
San Diego 6, Calif. 

W. R. lievilett 
395 Page Mill Rd. 
Palo Alto, Calif. 

Secretary 
G. R. Hosker 
Richards- Wilcox 
London, Ont., Canada 

W. G. Hodson 
524 Hampton Rd. 
Burbank, Calif. 

(5)  R. B. McGregor 
2100 Confederate Pl. 
Louisville, Ky. 

W. H. Elliot 
4747 N. Larkin St. 
Milwaukee 11. Was 

MONTREAL, QUEBEC H. A. Audet 
(8)  Canadian Broadcasting 

May 10 

New MEXICO (7) 

New YORK (2) 

NORTH CAROLINA-
VIRGINIA (3) 

OMAHA-LINCOLN 
(5) 

OTTAWA, ONTARIO 
(8) 

May 18 

PHILADELPHIA (3) 
May 4 

PITTSBURGH (4) 
May 8-June 12 

PORTLAND (7) 

PRINCETON (3) 

ROCHESTER (4) 
May 18 

SACRAMENTO (7) 

ST. Lours (5) 

Corp. 
1231 St. Catherine St. 
Montreal, Que, Canada 

T. S. Church 
3230 B 'A' St. 
Sandia Base Branch 
Albuquerque, N. M 

Earl Schoenfield 
W. L. Maxson Corp. 
460 W. 34th St. 
New York I, N. Y. 

V. S. Carson 
Elec. Eng. Dept. 
N. C. State College 
Raleigh, N. Car. 

C. W. Rook 
Dept. of Elec. Eng. 
Univ. of Nebraska 
Lincoln, Nebr. 

SALT LAKE (7) 

SAN ANTONIO (6) 

SAN DIEGO (7) 

SAN FRANCISCO (7) 

A. G. Sheffield 
11 Fern Ave. 
Ottawa, Ont., Canada 

L. M. Rodgers 
400 Wellesley Rd. 
Philadelphia 19, Pa. 

W. P. Caywood, Jr. 
23 Sandy Creed Rd. 
Pittsburgh 21, Pa. 

Henry Sturtevant 
8211 S. W. Westgard Ave. 
Portland 1, Ore. 

W. H. Bliss 
300 Western Way 
Princeton, N. J. 

Gerrard Mountjoy 
Stromberg Carlson Co 
100 Carlson Rd. 
Rochester, N. Y 

J. R. Miller 
3991 3rd Ave. 
Sacramento, Calif. 

H. G. Wise 
1705 N. 48 St. 
E. St. Louis, 

E. C. Madsen 
Dept. of Elec. Eng. 
University of Utah 
Salt Lake City. Utah 

A. H. La Grone 
Box F 
University Sta. 
Austin 12, Texas 

J. P. Day 
3565 Ingraham St. 
San Diego 9, Calif. 

J. R. Whinnery 
Engr. Dept. 

University of Calif. 
Berkeley, Calif. 

• Numerals In parentheses following Section designate Region wimber. 
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Sections 

Chairman 
S. D. Bennett 
3437-36 Ave W. 
Seattle 99, Wash. 
H. L. Thorson 
General Elec. Co. 
Bldg. 269 
Schenectady, N. V. 
L. R. Fink 
416 Cherry Rd. 
Syracuse 9, N. V 

A. M. Okun 
344 Boston Pl. 
Toledo 10, Ohio 
C. Graydon Lloyd 
Canadian General Electrc 
Co., Ltd. 

212 King St., %V. 
Toronto, Ont., Canada 
W. G. Pree 
2500 %V. 66 St. 
Minneapolis, Minn 
H. W. Wells 
Carnegie Inst. of Wash. 
5241 Broad Branch Rd. 
N. W. 

Washington, D. C. 

G. C. Larson  WILLIAMSPORT (4) R. C. Walker 
Westingnouse Elec Corp  May 3-June 7  Box 414, Bucknell Univ. 
Sunbury, Pa.  Lewisburg. Pa. 

SUBSECTIONS 

SEATTLE (7) 

May 11-June 8 

SCHENECTADY 

SYRACUSE (4) 

TOLEDO (4) 

Secretary 
J. E. Mason 
2318 Tenth St. 
Bremerton, Wash. 
J. D. Cobine 
General Elec. Co. 
The Knolls 
Schenectady, N. Y. 
S. E. Clements 
Dept. of Elec. Engr. 
Syracuse Univertity 
Syracuse, N. Y. 
R. G. Larson 
2647 Scottwood Ave. 
Toledo 10, Oa.° 

fORONTO, ONTARIO W alter 'aid 
(8)  Canadian Ceneral Electric 

Co., Ltd. 
212 King St., W. 
Toronto, Ont.. Can,. I. 

(5, 0. A. Schott 
4224 Elmer Ave. 
Minneapolis 16. Minn 

ASHINGTON (3) Mark Swanson 
May 8-June 12  8704 Maywood Ave. 

Silver Spring, Md. 

TWIN CITIES 

Chairman 
C. E. Houston 
Dept. of Elec. Engr. 
Texas Tech. College 
Lubbock, Texas 

Secretary 
A MARILLO-LUBBOCK R. F. Lee 

(6)  2704-31 St. 
(Dallas-Ft. Worth Lubbock, Texas 
Subsection) 

Books 

Chairman 
F. T. Hall 
Dept. of Elec. Engr. 
Pennsylvania St. College 
State College, Pa. 

A. H. Sievert 
Canadian  Westinghouse 
Co. 

Hamilton, Ont., Canada 

R. B. Ayer 
RCA Victor Division 
New Holland Pike 
Lancaster, Pa. 

0. M. Dunning 
Hazeltine Elec. Corp. 
5825 I.ittle Neck Pkwy. 
Little Neck, L. I., N. V 

H. Sherman 
Watson Labs -ENRPS 
Red Bank N. I. 

N. Young. Jr 
F.C.C. 
Nutley. N. J. 

George Weiler 
1429 E. Monroe 
South Bend, Ind. 

R. M. Wainwrigat 
Elec. Eng. Department 
University of Minas 
Urbana, Ill. 

R. D. Cah3on 
C.B.C. 
Winnipeg, Man.. Canada 

• 

CENTRE COUNTY 

(4) 
(Emporium 
Subsection) 

HAMILTON (8) 
(Toronto Sub-
section) 

LANCASTER (3) 
(Philadelphia 
Subsection) 

LONG ISLAND (2) 
(New York 
Subsection) 

M ONMOUTH (2) 
(New York 
Subsection) 

NORTHERN N. J. 
(2) 

(New York 
Subsection) 

S')UTII BEND (3) 
(Chicago 

Subsec  n) 
May 18-June 15 

URBANA (3) 
(Chicago 
Subsection) 

WINNIPEG (8) 
(Toronto 

Subsection) 

Secretary 
J. II. Sl.tton 
Dept. of Eng. Research 
Pennsylvania St. College 
State College, Pa. 

J. H. Pickett 
Aerovox Canada Ltd. 
1551 Barten St. E. 
Hamilton, Ont. Canada 

J. L. Quinn 
RCA Victor Division 
New Holland Pike 
Lancaster, Pa. 

David Dettinger 
Wheeler Labs. 
259-09 Northern Blvd. 
Great Neck, L  N. V. 

W. L. Rehm 
Signal Corps Eng. Lai s 
Rm. 247, Squier Lab. 
Fort Monmouth, N J. 

J. H. Redington 
Measurements Corp 
Boonton, N. J. 

A. R. O'Neil 
Radio Sta. WSBT 
1525 N. Adams 
South Bend 16, Ind. 

M. II. Crotli?rs 
Elec. Eng. D.!partment 
University of Illinois 
Urbana, 

J. R. B. Brown 
Suite 2 
642 St. Marys Rd. 
Winnipeg, Man., Canada 

Matrix Analysis of Electric Networks by 
P. Le Corbeiller 

Published t I oSil by the Harvard University Press 
and John Wiley and Sons. Inc.. 440 Fourth Ave.. New 
York 16. N. Y. 108 pages +2-page index -}xi pages. 
49 figures. S fXXI. $3.00. 

This is the first of a series of monographs 
in applied science to be published by Har-
vard University in order to make the results 
of University research available to a wider 
audience than would be reached by individ-
ual professional journals. Judging by this 
first little book, the series will be of great 
interest to all engineers concerned a ith re-
search in the applied physical sciences. Its 
purpose is to offer a simplified and gradual 
approach to Kron's method of analysis of 
stationary electric networks. This the author 
wishes to accomplish with a minimum of 
mathematical symbolism, which in fact he 
limits to the essentials of matrix algebra, 
very clearly reviewed in the first chapter. 
Chapter II leads from the classical Kirch-
hoff and Maxwell (mesh) methods of dealing 
with electrical networks to the more general 
mesh method introduced by Gabriel Kron, 
which includes both symmetric and asym-
metric couplings, the latter being obtained 
by means of vacuum tubes. Chapter III 
shows that the method is also applicable to 
a dual set of concepts, in which node pairs, 
node-pair voltages, admittances, and con-
stant current generators play a similar role 
to meshes, mesh currents, impedances, and 

constant voltage generators. Chapter IV 
extends the analysis to systems where 
branches are coupled to each other, and both 
voltage and current courses applied to the 
most general way. 
The author presents the monograph 

very modestly as being helpful rather than 
original. It will be apparent to readers, how-
ever, that it is the result of much experience 
in teaching as well as no little ingenuity in 
mathematical demonstrations. It can be 
highly recommended to all radio engineers 
who want to keep in touch with modern 
advances in network theory, and study 
Kron's method of analyzing rotating elec-
trical machinery which the author considers 
to be the most significant progress in elec-
trical engineering analysis since the intro-
duction of impedances by Kennelly and 
Steinmetz and of the two reaction method 
by Andre Blonde!. 

A. G. CLAVIER 
Federal Telecommunication Laboratories 

500 Washington Avenue 
Nutley, N. J. 

The Characteristics of Electrical Discharges 
in Magnetic Fields, (Edited by A. Guthrie 
and R. K. Wakening) 

Published (1949) by McGraw-Hill Book Co.. Inc.. 
330 West 42 St.. New York 18. N. Y. 369 pages +6-
page index +xviii pages. 234 figures. 9 X6. $3.50. 

This book, which is Volume 5 in Division 
I of the Nuclear Energy Series, reports the 
principal results of the investigations car-

ried out from about 1943 to 1946 at the Uni-
versity of California Radiation Laboratory 
on the fundamental processes of gas dis-
charges in magnetic fields. Much of the work 
was done by a British scientific mission un-
der the leadership of H. S. W. Massey. 
Thirteen in,‘Iividuals contributed to the 
book, either as an author or a co-author of 
one of the chapters. 
The aim of the investigations was to de-

velop the basic theory of the type of arc dis-
charge used as the ion source in a mass spec-
trometer when it is operated in a strong 
magnetic field. In these experiments a 
stream of primary electrons of, say, 150 ev 
energy was admitted into a box-like chamber 
through a slot. The magnetic field was di-
rected parallel to the electron stream. Under 
the conditions used, for example, in argon 
gas at a pressure of 10-3 mm Hg and a field 
strength of 30,000 gauss, an arc plasma was 
set up along the electron stream within the 
box. At first sight it might be thought that 
the stream would remain constricted to a 
narrow beam on account of the small radius 
of curvature of the path of any electron 
that acquires a component of velocity away 
from the beam. Experiments proved, how-
ever, that the decay of the plasma ion dens-
ity in a direction perpendicular to the mag-
netic field was gradual rather than abrupt, 
so it became desirable to investigate the 
mechanism by which electrons could move 
across the magnetic field. A preliminary step 



195o Institute News and Radio Notes 577 

I. 

Books 
was to study the character  s or probes for 
use in the magnetic fields. A detailed report 
is given of probe studies in these discharges, 
mostly in argon but some results are given 
for chlorine. Other aspects of the problem 
that receive attention are (1) the conditions 
for a stable ion sheath, (2) minimum pres-
sure for stable arc operation, (3) cross sec-
tions for ionization, aad ionization and dis-
sociation of uranium tetrachloride and 
uranium hexafluoride, (4) discharge cath-
odes, and (5) experiments on the Philips 
ionization guage type of discharge. 
An interesting aspect of the results is that 

the behavior of the plasma seems to be deter-
mined, in many cases, by the presence of 
fluctuations in plasma potentials, ion densi-
ties, etc. These were studied by observing 
the fluctuations, termed "hash," in the cur-
rents to the electrodes by means of a 
cathode-ray oscilloscope. Various types of 
hash were observed, including relaxation os-
cillations as well as fluctuations whose prin-
cipal frequency components seemed to lie in 
the ranges from 20 to 60 kc or 100 to 300 kc, 
with lesser components in the range of 1 to 
2 Mc. 
The book consists primarily of a series of 

research reports of varying lengths on the 
topics indicated in the foregoing paragraphs. 
These reports cover a field that is relatively 
new and somewhat narrow, but the results 
have a wider applicability owing to the light 
that is thrown on some of the complex prob-
lems associated with the arc plasma. 

R. RALPH BENEDICT 
University of Wisconsin 

Madison. Wis. 

Introduction to the Luminescence of Solids 
by Humboldt W. Leverenz 

Published (1950) by John Wiley and Sons. Inc.. 
440 Fourth Ave.. New York 16. N. Y. 471 pages +30-
page index +14-page appendix +xv pages. 140 figures. 
9X6. $12.00. 

It is not often that a book appears con-
taining the distillation of twenty years' ex-
perience in a difficult field. The author was 
already well started on his work with phos-
phors when this reviewer was struggling 
with the synthesis of willemite. In the two 
decades since then, well over 100,000 phos-
phors have been synthesized and tested in 
laboratories here and abroad. A detailed 
discussion of the preparation and properties 
of each phosphor would be impossible in a 
single volume. Instead, the author has 
wisely chosen to describe them generally in 
terms of preparations, compositions, struc-
tures, and physical characteristics, using 
individual phosphors to illustrate each fea-
ture. In this way, a co-ordinated view of the 
entire subject is obtained, without sacrificing 
the utility of adequate descriptions of inter-
esting and useful phosphors. 
The first chapter reviews the elementary 

physical concepts leading to energy levels 
in atoms, molecules, gases, liquids a nd 
The second chapter gives the necessAry 
background from crystallography, including 
a discussion of ideal and real crystals, and 
introducing the concept of electron trapping 
in imperfect crystals. 

The third chapter discusses some repre-
sentative chemical procedures used in the 
synthesis of phosphors, and introduces a 
symbolism for their indentification, a desir-
able step which has not been taken before in 
this rapidly growing field. In a section on 
devising new phosphors, the author points 
out that present physical theories of their 
action are too qualitative in nature to allow 
accurate prediction of the properties of a 
new phosphor, and that scientific intuition 
must continue to play a large part in deter-
mining the progress of phosphor research. 
The fourth chapter treats the constitu-

tions, structures, and energy levels in phos-
phors. The fifth, and longest, chapter dis-
cusses luminescence in terms of excitation 
processes, energy transformations and stor-
age processes, emissions processes and spec-
mai characteristics, exponential and power-
law decays, stimulation and quenching of 
phophorescence, and luminescence efficiency 
of phosphors. Correlations and interpreta-
tions are interwoven where they exist and 
are pertinent. Attempts are also made to 
direct attention to some major experimental 
and theoretical problems whose solutions 
would be particularly useful in advancing 
the art of phosphors toward the goal of a 
quantitative science. 
Those readers who are interested pri-

marily in the applications of phosphors will 
find the last two chapters extremely useful. 
A complete summary is given of the proper-
ties and limitations of some of the most use-
ful phosphors and descriptions of procedures 
for their applications. The uses of phosphors 
in fluorescent lamps, cathode ray tubes, 
electron microscopes, nuclear particle count-
ers, and icaroscopes are discussed in con-
siderable detail. Phosphors may now be de-
signed for specific applications, and the 
author gives on page 404, a general question-
naire for prospective phosphor users. 
Much of the author's original work is 

presented in this volume, together with ex-
tensive references to the available literature 
(the bibliography contains over 1,000 refer-
ences). The book is written in language eas-
ily comprehensible to science graduates. Al-
though it is intended for nonspecialists in 
luminescence, it will be invaluable as a test 
in training future specialists and in aiding 
scientists who wish to refresh and increase 
their knowledge of solid matter and its inter-
actions with radiations, and changed mate-
rial particles, or who wish to use phosphors 
for doecting radiation and material par-
ticles. To the radio and radar engineers 
whose curiosities have been aroused by the 
various types of luminescent screens before 
which they spend much of their time, this 
book will be a refreshing and challenging 
experience. 

C. W . CARNAHAN 
Sandia Corporation 
Alouquerque, N. M. 

Communication Circuit Fundamentals by 
Carl E. Smith 
toubhabed (1949) by McGraw-Hill Book Co. Inc., 

330 West 42 St., New York 18. N. V., 320 pages 
+10-page index +x pages +46-page appendix. 102 
figures. 9 X6. $5.00. 

This is the second of four bookswhich will 
comprise an advanced radio and communica-
tions engineering course for home study. In 

the author's words, "The texts are intended 
to serve as study fundamentals in residence 
or correspondence courses in which a plan of 
directed study helps the student learn the 
subject matter correctly and rapidly." 
On the whole, the extent of the topics 

covered in this book is quite impressive. It 
includes a discussion of topics which run the 
gamut from matter and energy, electrical 
quantities, direct-current circuits and net-
works, magnetic circuits and fields, gen-
erator and motor action, inductance, electro-
static capacity, sinusoidal alternating cur-
rents, chapters covering ac circuit elements, 
impedance, power, series circuits, parallel 
circuits, network theorems. The last five 
chapters of the text cover the funda-
mentals of electron tubes. This is a very 
readable book, which contains a clear ex-
position of most topics. It could serve as an 
aid to students when they first study circuit 
theory and analysis, but it does not appear 
suitable as a college level text. 
There are a number of faults to be found 

with the book. Perhaps the most glaring 
weaknecs is the lack of discussion of po-
tential and current reference directions, and 
their relation to network analysis. The in-
troduction of the concept of unit magnetic 
poles in Chapter 5 on magnetic circuits and 
fields seems rather unfortunate in present-
day writings. The discussion of mutual in-
ductance in Chapter 7 is completely inade-
quate, both because of its brevity and also 
as it fails to mention such fundamental 
considerations as relative winding directions, 
and the importance of current and potential 
reference directions before writing Eq. (7-8). 
Through the book, the author shows im-
pedance triangles with arrow-heads, as for 
voltage and current diagrams. It might have 
been better to have shown these impedance 
diagrams without arrow heads, as such di-
agrams are fundamentally different from the 
voltage and current representations. It is 
stated on page 256 that Norton's theorem 
is in reality another form of Thevenin's the-
orem. While these theorems are the equiva-
lents of each other, they are not the same. 
In the discussion of vacuum-tube pa-

rameters in Chapter 18, the symbolism for 
partial derivatives is incomplete, as the 
parameters that are maintained constant 
during differentiation are not indicated. A 
relatively minor point is that relating to 
Section 19-10, Variable-it Pentode. There 
has been considerable discussion, particu-
larly in the editorials in Wireless Engineer, 
as to whether such pentodes should be called 
variable-µ or variable-mu, the latter term 
being a contraction of variable mutual con-
ductance. Perhaps Fig. 19-8 (b), the usual 
graphical representation ((ibee) plane) to 
illustrate differences between the sharp-
cutoff and remote cutoff tubes might be used 
as some evidence in favor of variable-mu. 
Finally a word about the Appendix. This 

is 45 pages long, and contains a wide range of 
topics, principally mathematics tables and 
tabulations. Such handbook tabulations un-
doubtedly prove useful in general radio and 
ommunication engineering work. However, 
in so far as any relation within the text is 
concerned, much of this is filler only. 

SAMUEL SF-ELY 
Syracuse University, 

Syracuse. N. V. 
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Books (continued) 

Vacuum Equipment and Techniques, Edited 
by A. Guthrie and R. K. Waklerling 

Published (1949) by McGraw-Hill Book Co.. Inc.. 
330 West 42 St.. New York 18. N. Y. 242 pages+ 
6-Page index +xviii pages-I-16-page appendix. 102 
figures. 9 X6. $2.50. 

This book is concerned primarily with 
the development and study of high-vacuum 
equipment made by personnel of the Uni-
versity of California Radiation Laboratory. 
The routine production of high vacuum in 
large systems on a scale never previously 
undertaken was required in the operation 
of the electromagnetic separation process, 
and as a consequence the problems involved 
were of magnitude which required a con-
siderable amount of work on both equip-
ment and testing procedures. While these 
problems apparently constitute the frame-
work around which the book was written, 
the problem is fundamental and the dis-
cussion comprehensive. 
Of the five chapters, the first, written by 

Robert Loevinger, is concerned with funda-
mental principles: The treatment is straight-
forward and rigorous, providing an adequate 
basis for the design of vacuum systems. 
The second chapter, by W. E. Bush, de-

scribes the operating principles of high-
vacuum and booster pumps. Methods of 
computing pumping speed and speed re-
quirements are included. 
Chapter III, by K. M. Simpson, covers 

vacuum gauges with thoroughness, this por-
tion of the book occupying 41 pages and 
providing a list of 62 references. In addition 
to discussions covering the usual McLeod, 
Pirain, Knudsen, and ionization gauges, 
other lesser-known varieties are evaluated 
and a description given of development work 
on special gauges at the California Radia-
tion Laboratory. 
Chapter IV, also written by %V. E. Bush, 

constitutes a discussion of special topics re-
lating to materials and the design of auxil-
iary equipment including gaskets, seals, 
valves, etc. Included are notes conceining 
the use of a bellows for producing mechan-
ical motion within the evacuated system. 
The last chapter is by R. Loevinger and 

A. Guthrie and is entirely devoted to leak-
detection instruments and techniques. The 
flow of gas in small capillaries is treated 
quantitatively as an introduction to the 
more practical aspects of the problem. Con-
ventional methods of leak detection are dis-
cussed while the operation of the mass-
spectrometer type of leak-detection system 
is covered in considerable detail. 
While, as might be imagined, the volume 

does not cover fully all problems likely to 
be encountered in vacuum processes, it is a 
nice piece of work. Readers engaged in the 
electron tube and lamp industries and other 
workers in high-vacuum electronics should 
find it to be well worth their attention. 

GEORGE D. O'NEILL 
Sylvania Electric Products Inc. 

Physics Laboratories 
Bayside. N. Y. 

Fundamentals of Radio-Valve Techniques— 
Book I by J. Deketh 
Published (1949) by Philips Technical Library. 

Gloeilampenfabrieken. Eindhoven. Netherlands. 469 
pages +41-page index +384 figures. 9 X6. $5.00. 

This is the first member of a series of 
books having to do with the construction 
and uses of radio receiving tubes that is to 
be published by the Philips Technical 
Library. This first volume covers method 
of construction and general principles of 
operation, while subsequent volumes are 
to include data and circuits for particular 
tube types as well as full treatment of appli-
cations. The emphasis throughout is on the 
tube types and methods used or produced 
by the Philips Laboratories. This does affect 
the value of the book somewhat for an Amer-
ican audience, in that all of the tubes used 
as concrete examples of the principles under 
discussion are unfamiliar and obtainable 
only with more or less difficulty. 
The level of treatment is well chosen, 

neither excessively mathematical nor un-
duly qualitative. The list of topics covered 
is practically encyclopedic in its complete-
ness. Such matters as the complicated space-
charge interaction in multi-element fre-
quency converters are described for most of 
the possible arrangements of electrodes and 
voltages that have found use. The transla-
tion is well done, being both clear and read-
able with only a gentle European flavor 
typified by the use of valve for tube and a few 
other obvious differences in colloquial ex-
pression on the two sides of the ocean. There 
are very few errors in evidence, the only one 
of any consequence noted being the use of an 
unjustified approximation in the calculation 
of the effect of incomplete bypassing of a 
screen resistor. 
The book should be of considerable value 

as a reference work to those concerned with 
the design of radio receiving equipment and 
similar apparatus, though it might not be so 
well suited as a textbook for the usual course 
in electronics. 

S. N. VAN VOORHIS 
Department of Physics 
University of Rochester 

Rochester. N. Y. 

Acoustic Measurements by Leo L. Beranek, 
S.D., D.Sc. (Hon.) 

Published (1949) by John Wiley and Sons. Inc.. 
440 Fourth Ave.. New York 16. N. Y. 896 pages +12-
page index +5-page author index +vii pages. 523 
figures 8f X5f. 87.00. 

This volume covers methods of acoustic 
measurement, and the apparatus used for 
such measurements, and includes a very 
comprehensive background of theory. The 
contents are very well arranged by chapters, 
whose titles in conjunction with the subject 
and author index, make it easy to find the 
information desired. 
The book is designed as a reference vol-

ume for workers in the acoustical field and 
should be eminently satisfactory for those 
working with sound measurements. The 
volume includes net work published for the 

first time along with excellent references and 
excerpts from the prior art. It is compre-
hensive and up-to-date in its coverage. 
Chapter 1 contains 24 pages of acoustic 

terminology which definitions are unusually 
complete, clear, and concise. 
A minor criticism is that in Chapter 5 

in the discussion of the human ear "as a 
background to sound measuring devices," 
the measurement of the basic characteristics 
of the ear in the perception of pitch, loud-
ness, timbre, and time are not mentioned. 
Some references to the Seashore tests would 
have been informative. Although all 20 
chapters of the volume are regarded as ex-
cellent, the following chapters seem worth 
singling out in particular: Chapter 12 on the 
Analysis of Sound Waves is outstanding in 
its scope and completeness; Chapter 17 is, 
as stated in its introduction, an instruction 
manual for conducting Articulation Tests. 
It contains many test lists of syllables, 
words, and sentences with full instructions 
in their use and analysis. This chapter is 
based on the work of Dr. James P. Egan. 
Chapter 15 devotes 45 interesting pages to 
Loud Speaker Tests. This chapter, accredited 
to Dr. R. H. Nichols of the Bell Telephone 
Laboratories, should be of particular interest 
to radio engineers. 
Many of the author's original contribu-

tions seem to be contained in Chapter 9 on 
Sound Sources and Chapter 19 on the Meas-
urement of Materials. Both are long chap-
ters, over fifty pages, and present clear and 
complete expositions of their subject matter. 
Dr. Beranek has made a valuable addi-

tion to our technical literature and his 
reference volume should have a long life in 
the libraries of all engineers whose work 
touches on sound measurements. 

JOHN D. REID 
Crosley Division 
AVCO Mfg. Corp. 
Cincinnati 25. Ohio 

Terrestrial Radio Waves, Theory of Propa-
gation by H. Bremmer 

Published (1949) by Elsevier Publishing Co.. Inc.. 
215 Fourth Avenue. New York 3. N. Y. 336 pages 
+6-page index +x pages. 91 figures. 6f X91. 66.75. 

As the title implies, this book is essen-
tially a treatise on various aspects of the 
theory of wave propagation. The first part 
deals with the "ground wave" problem sim-
plified by omitting the influences of the 
ionosphere and atmospheric refraction, but 
taking into account the curvature of the 
earth's surface. In the following chapters the 
effects of the ionosphere and refraction are 
dealt with. 
Relationships between rigorous solutions 

and working approximations are given. The 
application of the mathematical solutions 
to the calculation of field strength is well 
illustrated by numerous examples and cal-
culated curves, covering a frequency range 
from about 15 kc to about 10,000 Mc. 

H. 0. PETERSON 
RCA Laboratories 
140 Moriches Road 
Riverhead. N. Y. 
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liCOUSTICS AND AUDIO FREQUENCIES 

;34.22 :1546.212 +546.212.02  796 
Velocity of Sound in Water and in Heavy 

Water as dependent upon Temperature — 
'. P. Heusinger. (Naturwissenschaften, vol. 36, 
m. 279-280; September, 1949.) Measurements 
vere made at a frequency of 6.45 Mc in the 
emperature range 0°-100°C. The results are 
abulated. For H20 the velocity has a maxi-
num value of 1,555.5 meters per second at 
'3.4°C.  For  D20 the maximum  velocity 
1461.1 meters per second) is at 75.1 °C. 

34.231  797 
Elementary Treatment of the Fundamental 

tquations for the Radiation and Propagation 
of Sound —F. A. Fischer. (Frequenz, vol. 3, 
ap. 320-328; November, 1949.) Discussion of 
a) the two fundamental propagation equa-
ions, (b) spherical waves and their propagation 
hrough a sphere whose radius is small corn-
nred with the wavelength, (c) radiation from a 
Aston membrane in an infinite rigid wall, (d) 
lirected radiation, and (e) radiation resistance. 

534.231  798 
Experimental Demonstration of a Theoerm 

if Lord Rayleigh relative to the Production of 
Plane Waves -J. Grunenwaldt. (Ann. Tile-
:ommun, vol. 4, pp. 203-209; June, 1949.) 

534.6 : 621.395.623 : 534.771  799 
Harmonic Distortion of Sound-Receivers 

and Its Practical Consequences in Audiometry 
—P. Chavasse, R. Causal., and It. Lehmann. 
.Ann.  Teliconsmun.,  vol.  4, pp.  156-168; 
May, 1949.) The results of measurements of 
'requency response and harmonic distortion 
:!or high-quality receivers are presented in 
I ;able, and curves as functions of frequency. 
!The receivers included electrodynamic, plezo-

The Annual Index to these Abstracts and References, covering those published 
in the PROC. I.R.E. from February, 1949, through January, 1950, may be obtained 
for 2s.8d. postage included from the Wireless Engineer, Dorset House, Stamford 
St., London S. E., England. This index includes a list of the journals abstracted 
together with the addresses of their publishers. 

electric, and magnetic types. The response 
curves of the first two of these are regarded as 
satisfactory for audiometry purposes, though 
the piezoelectric receiver showed an anti-
resonance near 1,000 cps. A telephone earpiece, 
however, showed a very pronounced resonance 
peak near 1,000 cps above which _frequency 
the response decreased practically to zero at 
5,000 cps, making it quite unsuitable for any 
audiometry tests. 

534.771  800 
The Measurement of Hearing Loss —J. T. 

Story. (Marconi Instrumentation, vol. 2, pp. 
67-70; November and December, 1949.) Gen-
eral description of an audiometer,  Type 
TF895, designed to the specification embodied 
in the Medical Research Council report on 
hearing aids (1245 of 1948). Ten tones in the 
range 125 to 8,000 cps are provided, with simple 
intensity control which is calibrated relative 
to the normal threshold of hearing. 

534.851+534.861/.862+621.395.625.3  801 
New Audio Trends —J. M. (Electronics, 

vol. 23, pp. 68-71; January, 1950.) Three 
methods of synchronizing magnetic-tape rec-
ords with cinema film are described. A new 
directional ribbon microphone, designed to 
eliminate the microphone-boom problem in 
television studios, has a pick-up distance of up 
to 12 feet and a frequency range of 50 to 15,000 
cps. A 78 rpm disc-recording technique ca-
pable of reproduction up to 20,000 cps is men-
tioned. 

534.86:534.322.1  802 
Influence of Reproducing System on Tonal-

Range Preference -11. A. Chinn and P. Eisen-
berg. (Proc. I.R.E. (Australia), vol. 10, pp. 297-
306; November, 1949.) Reprint. See 2695 of 
1948. 

534.862.4:621.383.4  803 
Lead-Sulfide  Photoconductive  Cells  in 

Sound Reproducers--Lee. (See 1027.) 

534.862.4:621.395.625.3  804 
The Reciprocal Relations between Mag-

netic Tape and Ring Head as affecting the 
Reproduction —W. Guckenburg. (Funk. und 
Ton., vol. 4, pp. 24-33; January, 1950.) Dis-
cussion of the effect of the magnetic properties 
of the tape, and of the gap width used in the 
reproducing head, on the quality of the repro-
duction. 

621.395.61  805 
The Bantam Velocity Microphone -L. J. 

Anderson and L. M. Wigington. (Audio Eng., 
vol. 34, pp. 12-14, 31; January, 1950.) Design 
of the KB-2C microphone is discussed; op-
erational characteristics approximate to those 

of a conventional velocity microphone. Wind-
screening, which is lower than normal due to 
proximity of screens to ribbon, is improved by 
addition of cotton or fiber-glass between the 
inner and outer screens, but with some re-
sulting reiluction in low-frequency response. 

621.395.623.7  806 
A Loudspeaker for the Range from 5 to 20 

kcs —B. H. Smith and W. T. Selsted. (Audio 
Eng., vol. 34, pp. 16-18; January, 1950.) 
Theoretical design considerations and con-
structional details of a loudspeaker with a fre 
quency response level to within ± 2.5 db and 
an average efficiency of about 28 per cent; it 
will handle a peak power of 5 w. 

621.395.92  807 
American  Hearing  Aids —A.  Dinsdale. 

(Wireless World, vol. 56, pp. 2-5; January, 
1950.) Discussion of requirements and cur-
rent practice in design and fitting. For com-
parable British information, see 1245 and 1246 
of 1948. 

ANTENNAS AND TRANSMISSION LINES 

621.315.012.3  808 
R.F. Transmission Line Nomographs— 

P. 11. Smith. ( Telev. Franc., no. 55, pp. 15-19; 
January and February, 1950.) French version 
of 1274 of 1949. 

621.315.212  809 
Reflection-Free Supporting Disks in Co-

axial Cables—H. Kaden and G. Ellenberger. 
(Arch. elek. Obertragung, vol. 3, pp. 313-322; 
December, 1949.) For nonreflection the di-
ameter ratio for the disks must be made 
larger than that of the conductors. The outer 
and inner conductors must therefore be re-
cessed where the supports fit. The necessary 
groove depth, which depends on the dielectric 
constant of the disk material, is calculated. To 
avoid field distortion the disks must be specially 
shaped. Exact mathematical determination of 
the optimum shape appears impracticable, but 
an approximate solution is obtained by a con-
formal transformation method. Experimental 
results confirm the theory. 

621.317.336+621.396.67  810 
Antennas and Open-Wire Lines. Part 3— 

Image-Line Measurements —P. Conley. (Jour. 
Appi. Phys., vol. 20, pp, 1022-1026; Novem-
ber, 1949.) An open-wire line is formed by a 
single wire and its image in a reflecting sheet. 
This line is inherently balanced and well-
shielded. By loading at the center and feeding 
at the ends, discontinuity at the load and the 
need for dielectric supports are avoided. Meas-
urements on a symmetrical line give a simple 
method of determining the load impedance. A 
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description is given of apparatus for laboratory 
investigation and of its application to the study 
of the coupling between a dipole and an open-
wire line. Characteristics of the line compared 
favorably with those of a good coaxial measur-
ing-line. Parts 1 and 2: 281 and 399 of March 

• 
621.317.336  811 

Antenna Impedance Measurement by Re-
flection Method  Istvanfly. (Elec. Corn-
must., vol. 26, pp. 285-291; December, 1949.) 
Reprint. See 2559 of 1949. 

621.392.26t  812 
Principal Waves in Electromagnetic Wave-

guides —J. Ortusi and J. C. Simon. (Ann. Ra-
dioilec., vol. 5, pp. 12-20; January, 1950.) 
The application of Maxwell's equations to 
guided waves is considered and the general 
solution is applied to the transverse em wave 
as defined by a velocity of propagation equal 
to that of light in free space. The characteristic 
functions of such waves (power, voltage, cur-
rent, characteristic impedance) are invariant 
in any conformal transformation of coordinates. 
This theorem is proved and then used to evalu-
ate the iterative impedance of coaxial and 
multi-wire lines from the characteristic im-
pedance of two strips of unbounded plane, 
which  corresponds to  the simplest  TE M 
wave. 

621.392.26t  813 
Waveguides (operating) beyond the Cut-

Off Frequency: Application to Piston At-
tenuators —A. Briot. (Onde Elec., vol. 29, pp. 
57-63; January, 1950.) A detailed treatment is 
given of the characteristics of cylindrical piston 
attenuators for E0 and for 11  waves and of 
rectangular attenuators for Ho % waves. Match-
ing of attenuators to waveguides or coaxial 
lines for a given frequency band is also dis-
cussed. See also 551 of April. 

621.392.26t :621.306.67  814 
Slotted Waveguides and their Application 

as Aerials —NI. Bouix. (Ann. Tilicommun., 
vol. 4, pp. 75-86; March, 1949.) A transmission 
line with "small loads" distributed along it is 
first discussed. These loads are in the form of 
quadripoles whose shunt admittance and series 
impedance are small compared with the char-
acteristic impedance of the line. Representation 
of such loaded lines by means of circle diagrams 
leads to the concept of an equilibrium cycle. A 
study is made of resonant slots in the wall of a 
waveguide, these slots constituting the "small 
loads." The disposition of slots for a desired 
radiation distribution is considered, in particu-
lar that giving (a) uniform distribution and (b) 
a 1:4:1 "gable" distribution. The relation 
between squint angle and the spacing of the 
slots is determined for different waveguides 
of American standard dimensions. A method 
of designing slot systems is outlined and the 
case is considered of a system of slots with 
Xd2 spacing, the waveguide being terminated 
by a short-circuiting plunger at a distance of 
T.5/4 from the end slot. Applications of slotted 
antennas are briefly reviewed. 

621.392.43.012.2:  815 
A Graphic Procedure for Calculations in-

volving Transmitting Line Systems —de Onis. 
(See 837.) 

621.396.67  816 
Application of a Variational Principle to Bi-

conical Antennas—C. T. Tai. (Jour. Appl. 
Phys., vol. 20, pp.  1076-1084; Novembtr, 
1949.) A theoretical examination is made of 
the impedance of a biconical antenna, using a 
method devised by Schwinger. An integral 
equation for the aperture field is obtained by 
fulfilling boundary conditions on a sphere. 
Hence an expression is derived for the effective 

terminating admittance. The solution of zero 
order is shown to be identical with that ob-
tained by Smith by neglecting higher modes 
than the principal mode in the interior of the 
boundary sphere. Fiat cones of small angle, the 
result agrees with exact solutions obtained by 
other methods. For cones of any angle, a first-
order solution is obtained, and realized nu-
merically for certain angles. See also 1588 of 
1949. 

621.396.67  817 
Omnidirectional Wide-Band  Aerials for 

Decametre  and  Metre  Waves -0.  Zink,. 
(Radio Franc., no. 12, rp. 7-12; December, 
1949.) The construction and impedance char-
acteristics of different t)p,s of such ant l•TI MIS 

are considered. For a frequency coverage 
of 1:2 or 1:3, the diameter., length 

ratio should be large (about 0.5). The use of 
plates, tubes, wire mesh, and multi-wire an-
tennas to obtain such a ratio is illustrated. 

621.396.67:621.316.761.2  818 
Wide-Band Aerials and Resonant Circuits 

with  Simple and  Double  Compensation --
0. Zinke. (Radio Franc., no. 12, pp. 13-17; 
December, 1949.) The compensating reactance 
ratios for series and parallel circuits are deter-
mined. A SWR of 2.6 can be reduced to 1.4 
by the use of one equalizing circuit, and to 1.25 
by using two circuits. Their application to a 
fan-type antenna of length <X, 14 is consid-
ered, and shows that the SWR may be kept 
constant for variations of frequency from 
—16 per cent to +14 per cent of the resonance 
frequency. Near antiresonance a much wider 
frequency band is obtained. with a similar 
SWR. The equivalence of these compensating 
circuits to T and r filters is noted. 

621.396.67:621.397.62  819 
Built-in  Antennas  for  Television  Re-

ceivers — K. Schlesinger. (Electronic ,. vol. 23. 
pp. 72-77; January, 195(1.1 Flectrical designs 
for three types of built-in antennas it. given: a 
short dipole, a bi-resonant loop an fl  /b(uble 
loop. The characteristics of the antennas are 
described and their performance is compared 
with that of a X/2 dipole. Measured ealu ,sit 

signal attenuation at various locations in a 3-
story brick/steel building are given for three 
frequencies. 

621.396.671  820 
Gain of Aerial Systems— D. A. Bell  Wire-

less Eng., vol. 27, p. 32; January, 1950  Com-
ment on 287 of March (Brown). 

621.396.677  821 
Aluminum Aids Television —( Metal 

(London), vol. 76, pp. 71-73; January 22, 1950. 
Details are given of the construction of the 
14-ft paraboloid grid-type reflectors for the 
London/Birmingham link.  These  are con-
structed from Al-alloy tubes and castings, the 
tubes forming the actual reflectors being 3'4 in. 
in diameter and spaced 3 in. between center:. 
Insulated heater cables are fitted inside the- re-
flector tubes to prevent icing, the !water sys-
tem being divided into four sections; maxim = 
power dissipated in either the two inner or tile 
two outer sections is 6 kw. 

621.396.67  822 
Aerials for Metre and Decimetre Wave-

lengths (Book Review)- -R. A. Smith. Pub-
lishers: Cambridge University Press, London, 
218 pp., 18s. (Wireless Eng., vol. 27, pp. 30-31; 
January, 1950.) "The antenna systems de-
scribed are mainly those which have been de-
veloped for the wavelength range of 12 m to 
1 m, and only one short chapter is devoted 
specifically to decimeter-wave antennas.... a 
most lucid and valuable account of the subject. 

• 

The book . . . may be unreservedly recoin-
mended." 

CIRCUITS AND CIRCUIT ELE MENTS 

621.3.015.3:517.63 +517.432.1  823 
The Laplace Transformation and the Study 

of Transient Phenomena —Colombo. (See 914.) 

621.3.016.35  824 
On the Stability Criterion of H. Nyquist— 

F. Kirschstein. (Arch. elek. eberirogung, vol. 
3, pp. 195-198; September, 1949.) A discus-
sion of Nyquises rule that an automatic reg-
ulating de-vice is stable against self-excita-
tion it its "C-curve" does not embrace the 
critical point (1.0) in the complex plane. It is 
proved by an example that this rule does not 
always hold, and a practical criterion of stabil-
ity is given. 

621.3.016.35: 621.3.012.2  825 
Practical Stability Tesing by Means of 

Circle Diagrams —F. Strecker. (Elektroiecnosik 
Berlin . vol. 3, pp. 379-388; December, 1949.) 

621.314.2.012.3  826 
Abacs for Output-Transformer Design— 

P. I.. (ourier. k TSF Pour Thus., vol. 26, pp. 
13-17; January, 1950.) The first abac gives the 
transformation and load distribution for opti-
mum impedance matching; the second pre-
sents sets of curves from which the If and hf 
attenuation and the circuit constants can be 
determined. Practical numerical examples are 
given. 

621.314.26  827 
On the Frequency Conversion of Technical 

Alternating Currents to High Frequency by 
Means of Valves —E. Prokott. (Fernmeldeleck 
Z., vol. 2, pp. 301-308; October, 1949.) A 
push-pull transmitter-amplifier is described 
which is fed with ac and gives a hf output 
modulated by a frequency which is twice the 
supply frequency. With two or more amplifier 
stages, good efficiency can be obtained. If high-
emission tubes are used, considerable power can 
be handled. The transmitter can be keyed and 
phase modulation or FM can be applied. If  ! 
tone-frequency energy is used for supplying a 
push-pull stage, sidebands can be produced. 

621.316.761.2: 621.396.67  828 
Wide-Band Aerials and Resonant Circuits 

with  Simple  and  Double  Compensation — 
Zinke.  818.) 

621.318.4  829 
The Frequency Dependence of the Distor-

tion for Coils with Laminated-Iron Cores— 
K:itrimerer.  elek. I' Yriragu ng,  vol. 

3. PP. 240 256; october, 1949.) Starting from 
the Rayh•igh hysteresis formula and eddy 
current theory, the frequency characteristic of 
the distortion factor is determined graphically. 
For very small field strengths, the calculated 
values agree %yell with measurements of the dirt-
tort ion for permenorm under no-load condi-
tions. For larger field strengths, the measured 
distortion is less than the calculated value. 

621.318.572  830 
A Stepping Scale-of-Ten Counting Unit— 

I. A. D. Lewis and J. F. Raffle. (Jour. Sea. 
Instr., vol. 27, pp. 7-10; January, 1950.) The 
principle, Operation, and performance of the 
circuit are discussed in some detail with the aid 
of a circuit diagram and waveforms. Devel-
oped along the lines of the Miller integrator, 
the circuit comprises two pentodes and five 
diodes. It is primarily designed for connection 
to the output of a comme rcial scale-of-100 
unit. Counting is achieved by the collection of 
discrete quantities of charge on a capacitor. 
The mechanical counter sets an upper limit of 
9 counts per sec at the output. 

Al 
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21.318.572  831 
Electronic Amplitude Selector with a Seal-

sg-Down Circuit —T. Kahan and A. Kwarti-
'ff. (Jour. Phys. Radium, vol. 7, pp. 357- 
59; December, 1946.) Description with com-
lete circuit diagram of apparatus which will 
elect and record pulses irrespective of pulse 
hape, phase, or duration. The associated n-
.=le circuit controls the number recorded 
ccording to the scale set. 

21.318.572:621.384.5  832 
Neon Diode Ring Counter —J. C. Manley 

nd E. F. Buckley. (Electronics, vol. 23, pp. 
4-87; January, 1950.) An inexpensive 3-
ecade instrument with a counting speed up 
o 500 impulses per sec. Neon glow-discharge 
ubes and Ge diodes are used. Circuit details 
nd the mode of operation are described. The 
ounter can be reset instantaneously and the 
ction can be reversed for subtraction. An ar-
angement is included which produces a special 
ignal when any selected number up to 999 is 
.eached. 

.21.392  833 
Network Theorem —V. Belevitch. (Wire-

ess Ens., vol. 27, p. 33; January, 1950.) The 
heorem discussed by Wigan (305 of March) 
las been proved by Cauer (392 of 1942) and 
.pplied to various problems in filter design. 

i21.392  834 
Electrical Analogs of Linear Systems 

.. I'. Corbett. (Elec. Eng., vol. 68, p. 1075; 
)ecember, 1949.) Summary only. Discussion 
if transformations which can be used to 
;Flange a linear system into one capable of 
, wing more easily represented electrically. 

1121.392:621.396.813  835 
Some Aspects of the Theory of Bode-

4. Familier. (A rm. Radioilec., vol. 5, pp. 36-
!i3; January, 195().) The general principles of 
.he theory (3381 of 1948) are summarized and 
I Iree basic relations between the real and imag-tnary components of the principal circuit func-
ion 0= A-FjB are derived. These expressions 
ire developed further to determine the attenua-
:ion curve corresponding to a given phase curve 
' n the study of distortion in a selective circuit. 
The theoretical relations are then applied to 
egative-feedback amplifiers to determine their 
:haracteristics (gain, impedances, etc.) and sta-
glity. As an example, a wide-band video am-
plifier is studied and the optimum total feed-
back is calculated from given specifications. 
Two appendices deal respectively with (a) 
theorems relating to the physical realizability 
g circuits, and (b) integration in the complex 
plane, with application of Cauchy's theorem. 

621.392.43  836 
The Exponential Line as a Transformer — 

O. Zinke. (Radio Franc., no. 1, pp. 9 -13; 
January, 1950.) See 672 of 1948. 

621.392.43.012.2  837 
A Graphic Procedure for Calculations in-

volving Transmitting Line Systems -A. de 
Onis. (Commas. News, vol. 10, pp. 87-97; 
October, 1949.) A detailed account of the 
practical use of circle diagrams in calculations 
involving such devices as matching stubs or 
transmission-line transformers. Symmetrical 
branching of the line is also considered. The 
line is assumed to be lossless and to have a 
purely  resistive  characteristic  impedance. 
These conditions are usually satisfied approxi-
mately by rf feeders, for which the methods 
described are particularly intended. 

621.302.5  838 
On Quadripoles having their Iterative Im-1pedances Proportional  to Those of a Given 

Quadripole —M. Parodi. (Jour. Phys. Radium, 
vol. 8, pp. 140-142; May, 1947.) 

621.392.5  839 
Analytical Conditions for Damping in an 

Electiical Network of n Independent Meshes. 
(Note on Hurwitz Polynomials in the Form 
of Determinants) —M. Parodi and F. Ray-
mond. (Ann. Telecommun., vol. 4, pp. 231-232; 
June, 1949.) The necessary and sufficient con-
ditions are determined for a symmetrical deter-
minant, with real elements, of order n, 
+b,kz-l-c)31, to be a Hurwitz polynomial in z. 
A classical result in the theory of electrical net-
works is thus established. This result is gen-
eralized. 

621.392.5.018.1:621.396.615  840 
The  Design of RC Oscillator  Phase-

Shifting Networks —W.  R.  Hinton. (Elec-
tronic Eng., vol. 22, pp.13-17; January, 1950.) 
A method of applying matrix algebra to deter-
mine the coefficients used in the equations 
giving the operating frequency and the gain 
required to maintain oscillation in RC oscilla-
tors. Coefficients for the design equations for a 
number of different networks are given. 

621.392.52  841 
Design of Absorption Traps —J. Avins. 

(Electronics, vol. 23, pp. 105-108; January, 
1950.) Universal response curves show the ra-
tio of the response of a tuned circuit, to which 
a trap circuit is inductively coupled, to the re-
sponse without the trap, for typical values of 
attenuation and frequency separation. An abac 
for determination of the coupling factor is 
given. The response curves indicate that opti-
mum performance is obtained when an absorp-
tion trap is coupled to a circuit which is rela-
tively close in frequency. 

621.392.52  842 
Calculation of Band-Pass Filters using 

Piezoelectric Crystals in Lattice Structures — 
A. Fromageot and M. A. Lalande. (Elec. 
Commun., vol. 26, pp. 305-318; December, 
1949.) Theory is developed and applied to the 
practical design of wide- and narrow-band fil-
ters. The attenuation curves are given of a filter 
for separating the channels in a ssb R/T sys-
tem, and also for the pilot-selecting filter for 
the receiver used in that system. 

621.392.52  843 
A Three-Stage High-Frequency Filter with 

Variable Bandwidth, and its Practical Reali-
zation-- W. Pfost. (Arch. rick.  Clbertragung, 
vol. 3, pp. 199-202 and 257-264; September 
and October, 1949.) The construction of the 
filter is described and performance figures are 
discussed. These indicate that the selective gain 
of such a filter is nearly independent of the ef-
fective bandwidth. With given maximum Q 
values for coils and circuit, maximum gain is 
obtained for N=5, where N is the ratio of the 
su m of the loss angles of all circuits to that of 
the best circuit. It is advantageous to deviate 
slightly from the shape of the exact Tcheby-
cheff attenuation curve within the pass band. 
Filters with N from 4 to 4.5 can then be de-
signed with the same bandwidth and a sharper 
cutoff, without appreciable reduction in gain. 
Experiments confirm these conclusions. 

621.392.52:621.3.094.1.2:621.396.813  844 
Modulation Distortion by Band-Pass Fil-

ters—u. I inkbein. (Funk. ,nd Ton., vol. 4, 
pp. 11 IS; January, 1950.) Attenuation- and 
phase-distortion of the modulation frequency 
in a hf filter are calculated, for the steady state, 
from the amplitude and phase characteristics 
of the filter. With a symmetrical filter curve and 
accurate tuning, distortion is at a minimum. 
The use of a low modulation depth and quad-
ratic rectification is also advantageous. 

621.392.42:621.396.823  845 
The Design of L-Type Inductance-Ca-

pacitance High-Fre:aiency Filters for Sup-
pressing Industrial Interference —S. A. Lyu-
tov. (Radiotekhnika (Moscow), vol. 4, pp. 28-
40; September and October, 1949. In Russian.) 

621.392.53  846 
The Design of Reactive Equalizers —A. P. 

Brogle, Jr. (Bell Sys. Tech. Jour., vol. 28, pp. 
716-750; October, 1949.) "This paper de-
scribes a systematic method of approximating 
with a finite number of network elements a 
transfer characteristic which is a prescribed 
function of frequency, rather than a constant, 
over the useful frequency band. Although ap-
plied here only to input and output coupling 
networks as reactive equalizers and where loss 
equalization to an extremely high degree of pre-
cision over a wide frequency band is desired, 
the mathematical expressions which form the 
basis for the design are applicable to any 4-
terminal network whose transfer characteristic 
is specified in a similar manner over the real 
frequency range. 

"The selection of the appropriate form of 
the transfer function for equalization purposes 
is the fundamental consideration. A squared 
Tchebycheff polynomial is found to be par-
ticularly suitable to produce a desired cut-off 
characteristic without impairing the precision 
of equalization in the useful band. 

"A method of polynomial approximation 
based on the transformation w= tan c5/2 is used 
to obtain the coefficients of the in-band ap-
proximating function. Predistorting the trans-
fer specification and minimizing the mean-
square error, the coefficients become the Fourier 
cosine coefficients for an infinite frequency 
range; and are the solutions of a linear set for 
a finite range, 0 SOS 7/2." 

621.396.611.1:517.93  847 
Harmonic and Subharmonic Response for 

the  Duffing  Equation —M.  E.  Levenson. 
(Jour. A ppt. Phys., vol. 20, pp. 1045-1051; 
November,  1949.)  The  Duffing  equation 
i=ax-Ftlx3=F cos uS, in which a -=0, pos-
sesses periodic solutions with frequency win 
for all integral values of n, provided 0 is suf-
ficiently small. Two types of harmonic solutions 
and two types of subharmonic solutions exist 
if 0 is small enough. The perturbation method 
is used to find the approximate response 
curves for each of the four types of solution. 
The response curves obtained in the nonlinear 
case (0*0) and in the linear case (0=0) are 
compared and some properties of the solutions 
in the nonlinear case are discussed. For one 
particular type of subharmonic solution a com-
parison is made between the perturbation 
method and the iteration method used by 
Rauscher, in which F is assumed small instead 
of fl. The main result obtained is that the 
two methods yield similar results for larger 
values of 0 than might be expected. See also 
582 of April (Elias and Duinker). 

621.396.615 : 621.392.52  848 
Oscillators of High Frequency-Constancy — 

W. Herzog. (Arch. rick. Obrriragung, vol. 3, 
pp. 203-207; September, 1949.) The Q value of 
an oscillator is defined in terms of the product 
of the feedback and amplification vectors. Os-
cillators developed from filter circuits can be 
much improved by Increasing the amplification 
and also by increasing the steepness of the 
sides of the filter attenuation curve. Improved 
forms of oscillators of the bridge and lieegner 
types are discussed. 

621.396.615.029.63  849 
On a Particular Characteristic of Disk-Seal 

Valves 2C40 and 2C43 —Liot. (See 1033.) 
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Books (continued) 

Vacuum Equipment and Techniques, Edited 
by A. Guthrie and R. K. Waklerling 

Published (1949) by McGraw-Hill Book Co.. Inc., 
330 West 42 St.. New York 18. N. Y. 242 pages+ 
6-page index -Fxviii pages +16-page appendix. 102 
figures. 9 X6. $2.50. 

This book is concerned primarily with 
the development and study of high-vacuum 
equipment made by personnel of the Uni-
versity of California Radiation Laboratory. 
The routine production of high vacuum in 
large systems on a scale never previously 
undertaken was required in the operation 
of the electromagnetic separation process, 
and as a consequence the problems involved 
were of magnitude which required a con-
siderable amount of work on both equip-
ment and testing procedures. While these 
problems apparently constitute the frame-
work around which the book was written, 
the problem is fundamental and the dis-
cussion comprehensive. 
Of the five chapters, the first, written by 

Robert 1.oevinger, is concerned with funda-
mental principles: The treatment is straight-
forward and rigorous, providing an adequate 
basis for the design of vacuum systems. 
The second chapter, by W. E. Bush, de-

scribes the operating principles of high-
vacuum and booster pumps. Methods of 
computing pumping speed and speed re-
quirements are included. 
Chapter III, by K. M. Simpson, covers 

vacuum gauges with thoroughness, this por-
tion of the book occupying 41 pages and 
providing a list of 62 references. In addition 
to discussions covering the usual McLeod, 
Pirain, Knudsen, and ionization gauges, 
other lesser-known varieties are evaluated 
and a description given of development work 
on special gauges at the California Radia-
tion Laboratory. 
Chapter IV, also written by \V. E. Bush, 

constitutes a discussion of special topics re-
lating to materials and the design of auxil-
iary equipment including gaskets, seals, 
valves, etc. Included are notes concet fling 
the use of a bellows for producing mechan-
ical motion within the evacuated system. 
The last chapter is by R. Loevinger and 

A. Guthrie and is entirely devoted to leak-
detection instruments and techniques. The 
flow of gas in small capillaries is treated 
quantitatively as an introduction to the 
more practical aspects of the problem. Con-
ventional methods of leak detection are dis-
cussed while the operation of the mass-
spectrometer type of leak-detection system 
is covered in considerable detail. 
While, as might be imagined, the volume 

does not cover fully all problems likely to 
be encountered in vacuum processes, it is a 
nice piece of work. Readers engaged in the 
electron tube and lamp industries and other 
workers in high-vacuum electronics should 
find it to be well worth their attention. 

GEORGE D. O' NEILL 
Sylvania Electric Products Inc. 

Physics Laboratories 
Bayside. N. Y. 

Fundamentals of Radio-Valve Techniques — 
Book I by J. Deketh 

Published (1949) by Philips' Technical Library. 
Gloeilampenfabrieken. Eindhoven. Netherlands. 469 
pages +41-page index +384 figures. 9 X6. $5.00. 

This is the first member of a series of 
books having to do with the construction 
and uses of radio receiving tubes that is to 
be published by the Philips Technical 
Library. This first volume covers method 
of construction and general principles of 
operation, while subsequent volumes are 
to include data and circuits for particular 
tube types as well as full treatment of appli-
cations. The emphasis throughout is on the 
tube types and methods used or produced 
by the Philips Laboratories. This does affect 
the value of the book somewhat for an Amer-
ican audience, in that all of the tubes used 
as concrete examples of the principles under 
discussion are unfamiliar and obtainable 
only with more or less difficulty. 
The level of treatment is well chosen, 

neither excessively mathematical nor un-
duly qualitative. The list of topics covered 
is practically encyclopedic in its complete-
ness. Such matters as the complicated space-
charge interaction in multi-element fre-
quency converters are described for most of 
the possible arrangements of electrodes and 
voltages that have found use. The transla-
tion is well done, being both clear and read-
able with only a gentle European flavor 
typified by the use of valve for tube and a few 
other obvious differences in colloquial ex-
pression on the two sides of the ocean. There 
are very few errors in evidence, the only one 
of any consequence noted being the use of an. 
unjustified approximation in the calculation 
of the effect of incomplete bypassing of a 
screen resistor. 
The book should be of considerable value 

as a reference work to those concerned with 
the design of radio receiving equipment and 
similar apparatus, though it might not be so 
well suited as a textbook for the usual course 
in electronics. 

S. N. VAN VOORHIS 
Department of Physics 
University of Rochester 

Rochester, N. Y. 

Acoustic Measurements by Leo L. Beranek, 
S.D., D.Sc. (Hon.) 

Published (1949) by John Wiley and Sons. Inc., 
440 Fourth Ave., New York 16. N. Y. 896 pages +12. 
page index +S-page author index +vii pages. 523 
figures 8i X51. 87.00. 

This volume covers methods of acoustic 
measurement, and the apparatus used for 
such measurements, and includes a very 
comprehensive background of theory. The 
contents are very well arranged by chapters, 
whose titles in conjunction with the subject 
and author index, make it easy to find the 
information desired. 
The book is designed as a reference vol-

ume for workers in the acoustical field and 
should be eminently satisfactory for those 
working with sound measurements. The 
volume includes net work published for the 

first time along with excellent references and 
excerpts from the prior art. It is compre-
hensive and up-to-date in its coverage. 
Chapter 1 contains 24 pages of acoustic 

terminology which definitions are unusually 
complete, clear, and concise. 
A minor criticism is that in Chapter 5 

in the discussion of the human ear "as a 
background to sound measuring devices,' 
the measurement of the basic characteristics 
of the ear in the perception of pitch, loud-
ness, timbre, and time are not mentioned. 
Some references to the Seashore tests would 
have been informative. Although all 20 
chapters of the volume are regarded as ex-
cellent, the following chapters seem worth 
singling out in particular: Chapter 12 on the 
Analysis of Sound Waves is outstanding in 
its scope and completeness; Chapter 17 is, 
as stated in its introduction, an instruction 
manual for conducting Articulation Tests. 
It contains many test lists of syllables, 
words, and sentences with full instructions 
in their use and analysis. This chapter is 
based on the work of Dr. James P. Egan. 
Chapter 15 devotes 45 interesting pages to 
Loud Speaker Tests. This chapter, accredited 
to [Jr. R. H. Nichols of the Bell Telephone 
Laboratories, should be of particular interest 
to radio engineers. 
Many of the author's original contribu-

tions seem to be contained in Chapter 9 on 
Sound Sources and Chapter 19 on the Meas-
urement of Materials. Both are long chap-
ters, over fifty pages, and present clear and 
complete expositions of their subject matter. 
Dr. Beranek has made a valuable addi-

tion to our technical literature and his 
reference volume should have a long life in 
the libraries of all engineers whose work 
touches on sound measurements. 

JOHN D. REID 
Crosley  Division 
AVCO Mfg. Corp. 
Cincinnati 25, Ohio 

Terrestrial Radio Waves, Theory of Propa-
gation by H. Bremmer 

Published (1949) by Elsevier Publishing Co.. Inc.. 
215 Fourth Avenue. New York 3, N. Y. 336 Pages 
+6-page index +x pages. 91 figures. 61 X91. 86.15. 

As the title implies, this book is essen-
tially a treatise on various aspects of the 
theory of wave propagation. The first part 
deals with the "ground wave" problem sim-
plified by omitting the influences of the 
ionosphere and atmospheric refraction, but 
taking into account the curvature of the 
earth's surface. In the following chapters the 
effects of the ionosphere and refraction are 
dealt with. 
Relationships between rigorous solutions 

and working approximations are given. The 
application of the mathematical solutions 
to the calculation of field strength is well 
illustrated by numerous examples and cal-
culated curves, covering a frequency range 
from about 15 kc to about 10,000 Mc. 

H. 0. PETERSON 
RCA Laboratories 
140 Moriches Road 
Riverhead, N. Y. 
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ACOUSTICS AND AUDIO FREQUENCIES 

534.221546.212+546.212.02  796 
Velocity of Sound in Water and in Heavy 

Water as dependent upon Temperature — 
P. P. Heusinger. (Naturwissenschaften, vol. 36, 
pp. 279-280; September, 1949.) Measurements 
were made at a frequency of 6.45 Mc in the 
temperature range 0°-100°C. The results are 
tabulated. For 1120 the velocity has a maxi-
mum value of 1,555.5 meters per second at 
73.4°C.  For D20 the  maximum  velocity 
(1461.1 meters per second) is at 75.1°C. 

534.231  797 
Elementary Treatment of the Fundamental 

Equations for the Radiation and Propagation 
of Sound —F. A. Fischer. (Frequenz, vol. 3, 
pp. 320-328; November, 1949.) Discussion of 
(a) the two fundamental propagation equa-
tions, (b) spherical waves and their propagation 
through a sphere whose radius is small com-
pared with the wavelength, (c) radiation from a 
piston membrane in an infinite rigid wall, (d) 
directed radiation, and (e) radiation resistance. 

534.231  798 
Experimental Demonstration of a Theoerm 

of Lord Rayleigh relative to the Production of 
Plane Waves -J. Grunenwaldt. (Ann. Tile-
commun., vol. 4, pp. 203-209; June, 1949.) 

534.6:621.395.623:534.771  799 
Harmonic Distortion of Sound-Receivers 

and Its Practical Consequences in Audiometry 
—P. Chavasse, R. CaustO, and R. Lehmann. 
(Ann.  Telicommun.,  vol. 4, pp.  156-168; 
May, 1949.) The results of measurements of 
frequency response and harmonic distortion 
for high-quality receivers are presented in 
tables and curves as functions of frequency. 
The receivers included electrodynamic, plezo-

The Annual Index to these Abstracts and References, covering those published 
in the PROC. I.R.E. from February, 1949, through January, 1950, may be obtained 
for 2s.8d. postage included from the Wireless Engineer, Dorset House, Stamford 
St., London S. E., England. This index includes a list of the journals abstracted 
together with the addresses of their publishers. 

electric, and magnetic types. The response 
curves of the first two of these are regarded as 
satisfactory for audiometry purposes, though 
the piezoelectric receiver showed an anti-
resonance near 1,000 cps. A telephone earpiece, 
however, showed a very pronounced resonance 
peak near 1,000 cps above which _frequency 
the response decreased practically to zero at 
5,000 cps, making it quite unsuitable for any 
audiometry tests. 

534.771  800 
The Measurement of Hearing Loss —J. T. 

Story. (Marconi Instrumentation, vol. 2, pp. 
67-70; November and December, 1949.) Gen-
eral description of an audiometer,  Type 
TF895, designed to the specification embodied 
in the Medical Research Council report on 
hearing aids (1245 of 1948). Ten tones in the 
range 125 to 8,000 cps are provided, with simple 
intensity control which is calibrated relative 
to the normal threshold of hearing. 

534.851+534.861/.862+621.395.625.3  801 
New Audio Trends —J. M. (Electronics, 

vol. 23, pp. 68-71; January, 1950.) Three 
methods of synchronizing magnetic-tape rec-
ords with cinema film are described. A new 
directional ribbon microphone, designed to 
eliminate the microphone-boom problem in 
television studios, has a pick-up distance of up 
to 12 feet and a frequency range of 50 to 15,000 
cps. A 78 rpm disc-recording technique ca-
pable of reproduction up to 20,000 cps is men-
tioned. 

534.86: 534.322.1  802 
Influence of Reproducing System on Tonal-

Range Preference -11. A. Chinn and P. Eisen-
berg. (Proc. I.R.E. (Australia), vol. 10, pp. 297-
306; November, 1949.) Reprint. See 2695 of 
1948. 

534.862.4:621.383.4  803 
Lead-Sulfide  Photoconductive  Cells  in 

Sound Reproducers—Lee. (See 1027.) 

534.862.4:621.395.625.3  804 
The Reciprocal Relations between Mag-

netic Tape and Ring Head as affecting the 
Reproduction--W. Guckenburg. (Funk. and 
Ton., vol. 4, pp. 24-33; January, 1950.) Dis-
cussion of the effect of the magnetic properties 
of the tape, and of the gap width used in the 
reproducing head, on the quality of the repro-
duction. 

621.395.61  805 
The Bantam Velocity Microphone —L. J. 

Anderson and L. M. Wigington. (Audio Eng., 
vol. 34, pp. 12-14, 31; January, 1950.) Design 
of the KB-2C microphone is discussed; op-
erational characteristics approximate to those 

of a conventional velocity microphone. Wind-
screening, which is lower than normal due to 
proximity of screens to ribbon, is improved by 
addition of cotton or fiber-glass between the 
inner and outer screens, but with some re-
sulting .eduction in low-frequency response. 

621.395.623.7  806 
A Loudspeaker for the Range from 5 to 20 

kcs —B. H. Smith and W. T. Selsted. (Audio 
Eng., vol. 34, pp. 16-18; January, 1950.) 
Theoretical design considerations and con-
structional details of a loudspeaker with a fre 
quency response level to within ± 2 5 db and 
an average efficiency of about 28 per cent; it 
will handle a peak power of 5 w. 

621.395.92  807 
American  Hearing  Aids —A.  Dinsdale. 

(Wireless World, vol. 56, pp. 2-5; January, 
1950.) Discussion of requirements and cur-
rent practice in design and fitting. For com-
parable British information, see 1245 and 1246 
of 1948. 

ANTENNAS AND TRANSMISSION LINES 

621.315.012.3  808 
R.F. Transmission Line Nomographs— 

P. II. Smith. (They. Franc., no. 55, pp. 15-19; 
January and February, 1950.) French version 
of 1274 of 1949. 

621.315.212  809 
Reflection-Free Supporting Disks in Co-

axial Cables—H. Kaden and G. Ellenberger. 
(Arch. elek. Obertragung, vol. 3, pp. 313-322; 
December, 1949.) For nonreflection the di-
ameter ratio for the disks must be made 
larger than that of the conductors. The outer 
and inner conductors must therefore be re-
cessed where the supports fit. The necessary 
groove depth, which depends on the dielectric 
constant of the disk material, is calculated. To 
avoid field distortion the disks must be specially 
shaped. Exact mathematical determination of 
the optimum shape appears impracticable, but 
an approximate solution is obtained by a con-
formal transformation method. Experimental 
results confirm the theory. 

621.317.336+621.396.67  810 
Antennas and Open-Wire Lines. Part 3— 

Image-Line Measurements —P. Conley. (Jour. 
Appi. Phys., vol. 20, pp, 1022-1026; Novem-
ber, 1949.) An open-wire line is formed by a 
single wire and its image in a reflecting sheet. 
This line is inherently balanced and well. 
shielded. By loading at the center and feeding 
at the ends, discontinuity at the load and the 
need for dielectric supports are avoided. Meas-
urements on a symmetrical line give a simple 
method of determining the load impedance. A 



rdescription is given of apparatus for laboratory 
580 

investigation and of its application to the study 
of the coupling between a dipole and an open-
wire line. Characteristics of the line compared 
favorably with those of a good coaxial measur-
ing-line. Parts 1 and 2: 281 and 399 of March 

621.317.336  811 
Antenna Impedance Measurement by Re-

, flection Method —E. Istvanffy. (Elec. Com-
mun., vol. 26, pp. 285-291; December, 1949.) 

) Reprint. See 2559 of 1949. • 
621.392.26t  812 

Principal Waves in Electromagnetic Wave-
guides —J. Ortusi and J. C. Simon. (Ann. Ra-
dioelec., vol. 5, pp. 12-20; January, 1950.) 
The application of Maxwell's equations to 
guided waves is considered and the general 
solution is applied to the transverse em wave 
as defined by a velocity of propagation equal 
to that of light in free space. The characteristic 
functions of such waves (power, voltage, cur-
rent, characteristic impedance) are invariant 
in any conformal transformation of coordinate;. 
This theorem is proved and then used to evalu-
ate the iterative impedance of coaxial and 
multi-wire lines from the characteristic im-
pedance of two strips of unbounded plane, 
which corresponds to the simplest TEM 
wave. 

621.392.26t  813 
Waveguides [operating] beyond the Cut-

Off Frequency: Application to Piston At-
tenuators —A. Briot. (Onde Alec., vol. 29, pp. 
57-63; January, 1950.) A detailed treatment is 
given of the characteristics of cylindrical piston 
attenuators for .E0 and for Hi waves and of 
rectangular attenuators for Hot waves. Match-
ing of attenuators to waveguides or coaxial 
lines for a given frequency band is also dis-
cussed. See also 551 of April. 

621.392.26t:621.396.67  814 
Slotted Waveguides and their Application 

as Aerials —M. Bouix. (Ann. Tilicommun., 
vol. 4, pp. 75-86; March, 1949.) A transmission 
line with "small loads" distributed along it is 
first discussed. These loads are in the form of 
quadripoles whose shunt admittance and series 
impedance are small compared with the char-
acteristic impedance of the line. Representation 
of such loaded lines by means of circle diagrams 
leads to the concept of an equilibrium cycle. A 
study is made of resonant slots in the wall of a 
waveguide, these slots constituting the "small 
loads." The disposition of slots for a desired 
radiation distribution is considered, in particu-
lar that giving (a) uniform distribution and (b) 
a 1:4:1 "gable" distribution. The relation 
between squint angle and the spacing of the 
slots is determined for different waveguides 
of American standard dimensions. A method 
of designing slot systems is outlined and the 
case is considered of a system of slots with 
7/2 spacing, the waveguide being terminated 
by a short-circuiting plunger at a distance of 
Xd4 from the end slot. Applications of slotted 
antennas are briefly reviewed. 

621.392.43.012.2:  815 
A Graphic Procedure for Calculations in-

volving Transmitting Line Systems —de Onis. 
(See 837.) 

621.396.67  816 
Application of a Variational Principle to Bi-

conical Antennas—C. T. Tai. (Jour. App!. 
Phys., vol. 20, pp. 1076-1084; Novembcr, 
1949.) A theoretical examination is made of 
the impedance of a biconical antenna, using a 
method devised by Schwinger. An integral 
equation for the aperture field is obtained by 
fulfilling boundary conditions on a sphere. 
Hence an expression is derived for the effective 
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terminating admittance. The solution of zero 
order is shown to be identical with that ob-
tained by Smith by neglecting higher modes 
than the principal mode in the interior of the 
boundary sphere. Fot cones of small angle, the 
result agrees with exact solutions obtained by 
other methods. For cones of any angle, a first-
order solution is obtained, and realized nu-
merically for certain angles. See also 1588 of 
1949. 

621.396.67  817 
Omnidirectional Wide-Band Aerials for 

Decametre and  Metre  Waves -0.  Zinke. 
(Radio Franc., no. 12, pp. 7-12; December, 
1949.) The construction and impedance char-
acteristics of different types of such antennas 
are considered. For a frequency coverage 

of 1:2 or 1:3, the diameter/length 
ratio should be large (about 0.5). The use of 
plates, tubes, wire mesh, and multi-wire an-
tennas to obtain such a ratio is illustrated. 

621.396.67:621.316.761.2  818 
Wide-Band Aerials and Resonant Circuits 

with Simple and  Double Compensation — 
0. Zinke. (Radio Franc., no. 12, pp. 13-17; 
December, 1949.) The compensating reactance 
ratios for series and parallel circuits are deter-
mined. A SWR of 2.6 can be reduced to 1.4 
by the use of one equalizing circuit, and to 1.25 
by using two circuits. Their application to a 
fan-type antenna of length <X/4 is consid-
ered, and shows that the SWR may be kept 
constant for variations of frequency from 
—16 per cent to +14 per cent of the resonance 
frequency. Near antiresonance a much wider 
frequency band is obtained, with a similar 
SWR. The equivalence of these compensating 
circuits to T and 7r filters is noted. 

621.396.67:621.397.62  819 
Built-in  Antennas  for. Television  Re-

ceivers —K. Schlesinger. (Electronicc, vol. 23, 
pp. 72-77; January, 1950.) Electrical designs 
for three types of built-in antennas are given: a 
short dipole, a bi-resonant loop and a double 
loop. The characteristics of the antennas are 
described and their performance is compared 
with that of a X/2 dipole. Measured values of 
signal attenuation at various locations in a 3-
story brick/steel building are given for three 
frequencies. 

621.396.671  820 
Gain of Aerial Systems—D. A. Bell (Wire-

less Eng., vol. 27, p. 32; January, 1930.) Com-
ment on 287 of March (Brown). 

621.396.677  821 
Aluminum Aids Television—( Melol Ind., 

(London), vol. 76, pp. 71-73; January 22, 1950.) 
Details are given of the construction of the 
I4-ft paraboloid grid-type reflectors for the 
London/Birmingham link. These are con-
structed from Al-alloy tubes and castings, the 
tubes forming the actual reflectors being 3/4 in. 
in diameter and spaced 3 in. between centers. 
Insulated heater cables are fitted inside the re-
flector tubes to prevent icing, the heater sys-
tem being divided into four sections; maximum 
power dissipated in either the two inner or the 
two outer sections is 6 kw. 

621.396.67  822 
Aerials for Metre and Decimetre Wave-

lengths [Book Review]l—R. A. Smith. l'ub-
lishers: Cambridge University Press, London, 
218 pp., 18s. (Wireless Eng., vol. 27, pp. 30-31; 
January, 1950.) "The antenna systems de-
scribed are mainly those which have been de-
veloped for the wavelength range of 12 m to 
1 m, and only one short chapter is devoted 
specifically to decimeter-wave antennas.... a 
most lucid and valuable account of the subject. 

• 

May 

The book ... may be unreservedly recom-
mended." 

CIRCUITS AND CIRCUIT ELEMENTS 

621.3.015.3:517.63+517.432.1  823 
The Laplace Transformation and the Study 

of Transient Phenomena  Colombo. (See 914.) 

621.3.016.35  824 
On the Stability Criterion of H. Nyquist — 

F. Kirschstein. (Arch. elek.  bertragung, vol. 
3, pp. 195 -198; September, 1949.) A discus-
sion of Nyquist's rule that an automatic reg-
ulating device is stable against self-excita-
tion if its "C-curve" does not embrace the 
critical point (1.0) in the complex plane. It is 
proved by an example that this rule does not 
always hold, and a practical criterion of stabil-
ity is given. 

621.3.016.35: 621.3.012.2  825 
Practical Stability Tesing by Means of 

Circle Diagrams —F. Strecker. (Elektrotecnnik 
(Berlin), vol. 3, pp. 379-388; December, 1949.) 

621.314.2.012.3  826 
Abacs for Output-Transformer Design — 

P. L. Courier. (TSF Pour Tons., vol. 26, pp. 
13-17; January, 1950.) The first abac gives the 
transformation and load distribution for opti-
mum impedance matching; the second pre-
sents sets of curves from which the if and lif 
attenuation and the circuit constants can be 
determined. Practical numerical examples are 
given. 

621.314.26  827 
On the Frequency Conversion of Technical 

Alternating Currents to High Frequency by 
Means of Valves —E. Prokott. (Fernmeldetech. 
Z., vol. 2, pp. 301-308; October, 1949.) A 
push-pull transmitter-amplifier is described 
which is fed with ac and gives a hf output 
modulated by a frequency which is twice the 
supply frequency. With two or more amplifier 
stages, go od efficiency can be obtained. If high-
emission tubes are used, considerable power can 
be handled. The transmitter can be keyed and 
phase modulation or FM can be applied. If 
tone-frequency energy is used for supplying a 
push-pull stage, sidebands can be produced. 

621.316.761.2:621.396.67  828 
Wide-Band Aerials and Resonant Circuits 

with Simple and  Double  Compensation — 
Zinke. (See 818.) 

621.318.4  829 
The Frequency Dependence of the Distor-

tion for Coils with Laminated-Iron Cores — 
H. Kammerer. (Arch. elek. ehertragung, vol. 
3, pp. 249-256; October, 1949.) Starting from 
the Rayleigh hysteresis formula and eddy 
current theory, the frequency characteristic of 
the distortion factor is determined graphically. 
For very small field strengths, the calculated 
values agree well with measurements of the dis-
tortion for permenorm under no-load condi-
tions. For larger field strengths, the measured 
distortion is less than the calculated value. 

621.318.572  830 
A Stepping Scale-of-Ten Counting Unit— 

I. A. D. Lewis and J. F. Raffle. (Jour. Sci. 
lush'., vol. 27, pp. 7-10; January, 1950.) The 
principle, operation, and performance of the 
circuit are discussed in some detail with the aid 
of a circuit diagram and waveforms. Devel-
oped along the lines of the Miller integrator, 
the circuit comprises two pentodes and five 
diodes. It is primarily designed for connection 
to the output of a commercial scale-of-100 
unit. Counting is achieved by the collection of 
discrete quantities of charge on a capacitor. 
The mechanical counter sets an upper limit of 
9 counts per sec at the output. 

• 
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621.318.572  831 
Electronic Amplitude Selector with a Scal-

ing-Down Circuit —T. Kahan and A. Kwarti-
roff. (Jour. Phys. Radium, vol. 7, pp. 357-
359; December, 1946.) Description with com-
plete circuit diagram of apparatus which will 
',elect and record pulses irrespective of pulse 
shape, phase, or duration. The associated n-
scale circuit controls the number recorded 
according to the scale set. 

621.318.572:621.384.5  832 
Neon Diode Ring Counter —J. C. Manley 

i   

and E. F. Buckley. (Electronics, vol. 23, pp. 
84-87; January, 1950.) An inexpensive 3-
decade instrument with a counting speed up 

, to 500 impulses per sec. Neon glow-discharge 
tubes and Ge diodes are used. Circuit details 
and the mode of operation are described. The 
counter can be reset instantaneously and the 
action can be reversed for subtraction. An ar-

, rangement is included which produces a special 
- signal when any selected number up to 999 is 
. reached. 

621.392  833 
Network Theorem —V. Belevitch. (Wire-

less Eng., vol. 27, p. 33; January, 1950.) The 
theorem discussed by Wigan (305 of March) 
has been proved by Cauer (392 of 1942) and 
applied to various problems in filter design. 

621.392  834 
Electrical Analogs of Linear Systems 

J. P. Corbett. (Elec. Eng., vol. 68, p. 1075; 
December, 1949.) Summary only. Discussion 
of transformations which can be used to 
change a linear system into one capable of 
being more easily represented electrically. 

621.392:621.396.813  835 
Some Aspects of the Theory of Bode — 

H. Families-. (Ann. Radioilec., vol. 5, pp. 36-
53; January, 195(1.) The general principles of 
the theory (3381 of 1948) are summarized and 
three basic relations between the real and imag-
inary components of the principal circuit func-
tion 0= A-ffil are derived. These expressions 
are developed further to determine the attenua-
tion curve corresponding to a given phase curve 
in the study of distortion in a selective circuit. 
The theoretical relations are then applied to 
negative-feedback amplifiers to determine their 
characteristics (gain, impedances, etc.) and sta-
bility. As an example, a wide-band video am-
plifier is studied and the optimum total feed-
back is calculated from given specifications. 
Two appendices deal respectively with (a) 
theorems relating to the physical realizability 
of circuits, and (b) integration in the complex 
plane, with application of Cauchy's theorem. 

621.392.43  836 
The Exponential Line as a Transformer -

0.  (Radio Franc., no. 1, pp. 9-13; 
January, 1950.) See 672 of 1948. 

621.392.43.012.2  837 
A Graphic Procedure for Calculations in-

volving Transmitting Line Systems--A. de 
OniR. (Comma's. News, vol. 10, pp. 87-97; 
October, 1949.) A detailed account of the 
practical use of circle diagrams in calculations 
involving such devices as matching stubs or 
transmission-line transformers. Symmetrical 
branching of the line is also considered. The 
line in assumed to be !makes and to have a 
purely  resistive  characteristic  impedance. 
These conditions are usually satisfied approxi-
mately by rf feeders, for which the methods 
described are particularly Intended. 

621.362.5  838 
On Ouadripoles having their Iterative Im-

pedances Proportional to Those of a Given 
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Quadripoie —M. Parodi. (Jour. Phys. Radium, 
vol. 8, pp. 140-142; May, 1947.) 

621.392.5  839 
Analytical Conditions for Damping in an 

Electrical Network of a Independent Meshes. 
(Note on Hurwitz Polynomials in the Form 
of Determinants) —M. Parodi and F. Ray-
mond. (Ann. Telecommun., vol. 4, pp. 231-232; 
June, 1949.) The necessary and sufficient con-
ditions are determined for a symmetrical deter-
minant, with real elements, of order n, lame 
-1-bikz-Fc,k1, to be a Hurwitz polynomial in z. 
A classical result in the theory of electrical net-
works is thus established. This result is gen-
eralized. 

621.392.5.018.1:621.396.615  840 
The Design of RC Oscillator Phase-

Shifting Networks —W.  R.  Hinton. (Elec-
tronic Eng., vol. 22, pp.13-17; January, 1950.) 
A method of applying matrix algebra to deter-
mine the coefficients used in the equations 
giving the operating frequency and the gain 
required to maintain oscillation in RC oscilla-
tors. Coefficients for the design equations for a 
number of different networks are given. 

621.392.52  841 
Design of Absorption Traps —J. Avins. 

(Electronics, vol. 23, pp. 105-108; January; 
1950.) Universal response curves show the ra-
tio of the response of a tuned circuit, to which 
a trap circuit is inductively coupled, to the re-
sponse without the trap, for typical values of 
attenuation and frequency separation. An abac 
for determination of the coupling factor is 
given. The response curves indicate that opti-
mum performance is obtained when an absorp-
tion trap is coupled to a circuit which is rela-
tively close in frequency. 

621.392.52  842 
Calculation of Band-Pass Filters using 

Piezoelectric Crystals in Lattice Structures — 
A. Fromageot and M. A. Lalande. (Elec. 
Commun., vol. 26, pp. 305-318; December, 
1949.) Theory is developed and applied to the 
practical design of wide- and narrow-band fil-
ters. The attenuation curves are given of a filter 
for separating the channels in a ssb R/T sys-
tem, and also for the pilot-selecting filter for 
the receiver used in that system. 

621.392.52  843 
A Three-Stage High-Frequency Filter with 

Variable Bandwidth, and its Practical Reali-
zation— W. Pfost. (Arch. elek.  Vbertragung, 
vol. 3, pp. 199-202 and 257-264; September 
and October, 1949.) The construction of the 
filter is described and performance figures are 
discussed. These indicate that the selective gain 
of such a filter is nearly independent of the ef-
fective bandwidth. With given maximum Q 
values for coils and circuit, maximum gain is 
obtained for N =5, where N is the ratio of the 
sum of the loss angles of all circuits to that of 
the best circuit. It is advantageous to deviate 
slightly from the shape of the exact Tcheby-
cheff attenuation curve within the pass band. 
Filters with N from 4 to 4.5 can then be de-
signed with the same bandwidth and a sharper 
cutoff, without appreciable reduction in gain. 
Experiments confirm these conclusions. 

621.392.52:621.3.094.1.2:621.396.813  844 
Modulation Distortion by Band-Pass Fil-

ters —U. Finkbein. (Funk. und Ton., vol. 4, 
pp. 11 -15; January, 1950.) Attenuation- and 
phase-distortion of the modulation frequency 
in a hi filter are calculated, for the steady state, 
from the amplitude and phase characteristics 
of the filter. With a symmetrical filter curve and 
accurate tuning, distortion is at a minimum. 
The use of a low modulation depth and quad-
ratic rectification Is also advantageous. 

621.392.42:621.396.823  845 
The Design of L-Type Inductance-Ca-

pacitance High-Frequency Filters for Sup-
pressing Industrial Interference —S. A. Lyu-
tov. (Radiotekhnika (Moscow), vol. 4, pp. 28-
40; September and October, 1949. In Russian.) 

621.392.53  846 
The Design of Reactive Equalizers—A. P. 

Brogle, Jr. (Bell Sys. Tech. Jour., vol. 28, pp. 
716-750; October, 1949.) "This paper de-
scribes a systematic method of approximating 
with a finite number of network elements a 
transfer characteristic which is a prescribed 
function of frequency, rather than a constant, 
over the useful frequency band. Although ap-
plied here only to input and output coupling 
networks as reactive equalizers and where loss 
equalization to an extremely high degree of pre-
cision over a wide frequency band is desired, 
the mathematical expressions which form the 
basis for the design are applicable to any 4-
terminal network whose transfer characteristic 
is specified in a similar manner over the real 
frequency range. 

"The selection of the appropriate form of 
the transfer function for equalization purposes 
is the fundamental consideration. A squared 
Tchebycheff polynomial is found to be par-
ticularly suitable to produce a desired cut-off 
characteristic without impairing the precision 
of equalization in the useful band. 

"A method of polynomial approximation 
based on the transformation w = tan cj)/2 is used 
to obtain the coefficients of the in-band ap-
proximating function. Predistorting the trans-
fer specification and minimizing the mean-
square error, the coefficients become the Fourier 
cosine coefficients for an infinite frequency 
range; and are the solutions of a linear set for 
a finite range, 0505r/2." 

621.396.611.1:517.93  847 
Harmonic and Subharmonic Response for 

the  Duffing  Equation —M.  E.  Levenson. 
(Jour. Appl. Phys., vol. 20, pp. 1045-1051; 
November,  1949.)  The  Duffing  equation 
f=ax-1-13x3=F cos oil, in which a-=0, pos-
sesses periodic solutions with frequency win 
for all integral values of n, provided 13 is suf-
ficiently small. Two types of harmonic solutions 
and two types of subharmonic solutions exist 
if fi is small enough. The perturbation method 
is used to find the approximate response 
curves for each of the four types of solution. 
The response curves obtained in the nonlinear 
case VI *0) and in the linear case (3=0) are 
compared and some properties of the solutions 
in the nonlinear case are discussed. For one 
particular type of subharmonic solution a com-
parison is made between the perturbation 
method and the iteration method used by 
Rauscher, in which F is assumed small instead 
of ff. The main result obtained is that the 
two methods yield similar results for larger 
values of ft than might be expected. See also 
582 of April (Elias and Duinker). 

621.396.615:621.392.52  848 
Oscillators of High Frequency-Constancy — 

W. Ilerzog. (Arch. elek. Cberiragung, vol. 3, 
pp. 203-207; September, 1949.) The Q value of 
an oscillator is defined in terms of the product 
of the feedback and amplification vectors. Os-
cillators developed from filter circuits can be 
much improved by increasing the amplification 
and also by increasing the steepness of the 
sides of the filter attenuation curve. Improved 
forms of oscillators of the bridge and Heegner 
types are discussed. 

621.396.615.029.63  849 
On a Particular Characteristic of Disk-Seal 

Valves 2C40 and 2C43 —1.1ot. (.Src 10.33.) 
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621.396.615.14  850 
Coaxial Oscillator Circuit for Decimetre 

Waves —L. Liot. (Radio Franc., no. 1, pp. 14-
17; January, 1950.) A scale diagram and de-
scription of a 600-Mc oscillator giving a useful 
output of 18 w. The oscillator comprises a 
grounded-grid triode Type T3OH (783 of 
April) with a X/2 coaxial-line anode circuit 
and  a 3X/4  coaxial-line cathode circuit. 
Maximum operating frequency is 714 Mc. 
Practical rules for simplifying design calcula-
tions for this type of oscillator will be given 
later. 

621.396.615.17  851 
A Flexible  High-Voltage  Square- Wave 

Generator—L. C. Hedrick. (Rev. Sci. Instr., 
vol. 20, pp. 781-783; November, 1949.) De-
scription of a generator suitable for modulating 
the absorption cell of a microwave spectro-
graph. Peak-to-peak voltages up to 1,800 v 
have been produced at 100 kc, feeding into a 
capacitive load of 800 pF. Voltage adjustment 
is effected by variation of a single component. 
The instrument is kept effectively at ground 
potential automatically. 

621.396.615.17  852 
Transitron Relaxation Oscillators and the 

Transitron  Integrator —J.  Moline.  (Radio 
Franc., no. 12, pp. 20-23; December, 1949.) 
The principles of operation of the transitron 
relaxation circuit and of the Miller integrator 
are described. The combination of the two sys-
tems in one circuit is illustrated. This circuit 
generates a pure sawtooth waveform with good 
stability. Component values for such a circuit 
using an EF50 tube are noted. 

621.396.615.17  853 
Variable-Pulse-Length Generator —J. C. 

May. (Electronics, vol. 23, pp. 109-111; Janu-
ary, 1950.) A cathode-coupled clipper circuit 
with regeneration provides pulses of width lin-
early variable from 0.5 us to 24 As and with 
peak voltages of 4.5-6.5 v. 

621.396.619.16  854 
Development in Pulse-Modulation Cir-

cuits—F. Butler. (Wireless Eng., vol. 27, pp. 
12-16; January, 1950.) The pulses ate gen-
erated across the common anode load of two 
tubes fed in push-pull from a low-power pri-
mary oscillator whose frequency equals the de-
sired recurrence frequency. Reactance modula-
tor tubes are used to vary the phase of the 
grid-cathode voltage of one tube with respect to 
that of the other, giving width-modulation of 
the pulses. The system is suitable for speech 
transmission and can be adapted to give several 
channels on a time-allocation multiplex basis. 

621.396.621.5  855 
Methods of Calculating the Sensitivity of 

Mixer Stages for Decimetre and Centimetre 
Waves —H. F. Matare. (Arch. elek. Obertra-
guns, vol. 3, pp. 241-248; October, 1949.) A 
knowledge of diode theory is assumed; previous 
work on the subject is reviewed and methods of 
calculating sensitivity are discussed. The ap-
plication of these methods in the case of diode 
mixing is considered. A methematical analysis 
shows that by introducing mean values into the 
expression for the noise function of the network, 
calculation of sensitivity and receiver circuit 
design are simplified. A numerical treatment of 
the mixer-stage equation, together with a com-
parison of calculated and experimental results, 
will be given in a later paper. 

621.396.645  854 
Design of an Amplifier with Circuits Tuned 

to Different Frequencies and such that the 
Phase/Frequency Function is Linear in a Given 
Range of Frequencies—A Fromageot and 
P. Belgodere. (Ann. Telecommun., vol. 4, pp. 

169-176; May, 1949.) Expressions for the 
modulus and phase of the transfer constant of 
an n-stage stagger-tuned amplifier are derived 
which involve the Newtonian potential func-
tion and its conjugate. Certain properties of 
these functions are reviewed, in particular 
their behavior with regard to conformal trans-
formation. The continuous distribution of 
charge which corresponds to a linear variation 
of the phase function with frequency in a lim-
ited frequency band is considered, and an 
estimate is made of the order of approximation 
resulting from the adoption of a discontinuous 
distribution of point charges. The method of 
calculation enables the tuning frequencies and 
the Q values of the different circuits to be de-
termined for an amplifier of given gain in a 
given frequency band. 

621.396.645  857 
High-Quality Amplifier—D. T. N. Wil-

liamson. (Wireless World, vol. 56, p. 24; Janu-
ary. 1950.) Replies to readers' queries on 3101 
of 1949 and 335 of March. 

621.396.645  858 
Reducing the Effect of Capacitance in 

Screened Cable—G. H. Rayner. (Electronic 
Eng., vol. 22, p. 333; January, 1950.) The in-
put capacitance at af of a cathode follower with 
customary connections is about 10 pF. To re-
duce this the tube should be mounted within a 
screen that can be connected to the cathode 
and the screen-grid should be coupled to the 
cathode and not by-passed to earth. The input 
capacitance can thus be reduced by a factor 
of about 10. 

621.396.645: 621.391.52  859 
RC-Amplifier Filters —C. H. Miller. (Wire-

less Eng., vol. 27, pp. 26-29; January, 1950.) 
"Simple expressions are derived for the ap-
proximate  cutoff frequencies of amplifiers 
which use resistance-capacitance feedback net-
works to produce high-pass, low-pass, or band-
pass frequency characteristics similar to those 
of conventional filters. The design of such am-
plifiers is discussed, and illustrations are given 
of the results obtained with simple amplifiers 
of this type." 

621.396.645:621.392.52  860 
On the Problem of Bandwidth Control 

J. Harmans. (Funk. und Ton., vol. 3, pp. 570-
574; 1949.) The conditions necessary for an 
optimum  frequency/amplification  response 
curve (see 1889 of 1948) are realized by the 
use of two 2-stage filters with variable cou-
pling. Sensitivity, selectivity, and bandwidth 
are considered for two cases: (a) with one filter 
variable, the other fixed; and (b) with both 
variable. With an over-all bandwidth of 21.7 
kc, a deviation of less than +5 per cent from 
the ideal response curve is obtainable. 

621.396.645: 621.396.611.3  861 
On the Connection between Amplification 

and Bandwidth in a Multi-Stage Amplifier with 
Circuits of the Same Resonance Frequency — 
W. Kleen. (Funk. and Ton., vol. 3, pp. 584-
591; 1949.) The circuit considered uses a single 
type of tube with given characteristics. The 
tubes are connected in cascade and are coupled 
by simple rejection circuits. A formula is de-
rived which gives the maximum attainable 
amplification for a given bandwidth, and the 
corresponding values are determined for num-
ber of stages, amplification per stage, load re-
sistance, and bandwidth for a single stage. A 
numerical example is calculated. Similarly, the 
maximum bandwidth for a given over-all ampli-
fication is determined. 

621.396.645.37:621.3.016.35  862 
Investigation of the Conditional Stability 

of Feedback Amplifiers—K. H. R. Weber. 

(Frequenz, vol. 3, pp. 253-259; September, 
1949.) A theoretical and experimental inves-
tigation of the dependence of the stability on 
the parameter yK, where v is the voltage gain 
of the amplifier without feedback and K is the 
gain in the feedback path. For the amplifier 
used, conditional stability existed for values of 
vK between 4,000 and 100,000. The conditions 
for instability to exist and hence for self-os-
cillation to occur when switching on or off are 
summarized. The smaller the distance of the 
v K characteristic from the point (I, 0), the lower 
is the maximum permissible input voltage for 
self-oscillation not to occur. With the experi-
mental amplifier, self-excitation commenced 
at an input voltage of 700 my for v=100,000, 
K=1, but at 180 my for v=100,000, K=0.5. 

621.396.645.371  863 
Negative-Feedback Amplifiers —E.  Cha-

magne and G. Guyot. (Ann. Telicommun., 
vol. 4, pp. 119-122; April, 1949.) Formulas 
are derived for the amplification factor and out-
put impedance of a feedback amplifier and also 
for the transient response. Results are given for 
an amplifier designed to transmit a band of 
width 3 Mc. 

621.396.662  864 
A High-Power Attenuator for Microwaves — 

D. Alpert. (Rev. Sci. Instr., vol. 20, pp. 779-
781; November, 1949.) The attenuator is for 
use with waveguides working at X 10 cm. The 
attenuating material is a mixture of ethylene  r, 
glycol and water which serves also to remove 
the absorbed energy. The variation in attenu-
ation and power SWR, with mixture concen-
tration are shown. Power up to 100 w can be 
absorbed. Attenuation is variable from 1.5 
db to 40 db and power SWR is less than 1.1 at 
all settings. 

621.392  865 
Networks, Lines and Fields [Book Review] 

—J. D. Ryder. Publishers: Prentice-Hall, New 
York, 194Z 462 pp., $7.35. (Electronics, vol. 
23, pp. 208, 210; January, 1950.) "A rather 
complete treatment of the undergraduate level 
of elementary network theory, filters, trans-
mission lines at low and high frequencies, Max-
well equations, reflection of waves, and wave-
guides." " . . . will be useful not only to under-
graduates but also to an average engineer for 
direct consultation." 

1 

621.396.662.3+621.396.645+621.396.62 
Applications of the Electronic Valve in Re-

ceiving Sets and Amplifiers [Book Reyiewl — 
Dammers, Ilaantjes, Otte and van Suchtelen. 
(See 991.) 

GENERAL PHYSICS 

53.081+537.713  867 
The Rationalized Giorgi System and its 

Consequences —P.  Cornelius  and  H.  C. 
Hamaker. (Philips Res. Rep., vol. 4, pp. 123-
142; April, 1949.) 

530.12  868 
Equations of Motion and Tensor of Matter 

for the System of Finite Mass in the General 
Theory of Relativity —N. M. Petrova. (Zh. 
Eksp. Teor. Fiz., vol. 19, pp. 989-999; Novem-
ber, 1949. In Russian.) 

534  869 
On Certain Cases of the General Problem 

of the Theory of Steady-State Oscillations— 
D. I. Sherman. (Compt. Rend. Acad. Sci. 
(URSS), vol. 56, pp. 567-570; August 21, 1947. 
In Russian.) An investigation of solutions of 
the two-dimensional wave equation which sa-
tisfy mixed boundary conditions containing 
derivatives of the wave function up to any 
finite order. The problem depends on the solu-
tion of an integral equation. 



1950 Abstracts and References 583 

3 

535.43  870 
The Scattering Cross Section of Spheres for 

Electromagnetic Waves —L. Brillouin. (Jour. 
Appl. Phys., vol. 20, pp. 1110-1125; Novem-
ber, 1949.) For the case of large spheres, where 
geometrical optics should apply, the rigorous 
classical theory yields a scattering cross-sec-
tion equal to twice the actual cross-section of 
the sphere. The same holds good for large 
cylinders. An explanation of this anomalous re-
sult is given which shows the role played by 
the shadow and by the diffraction fringes sur-
rounding the shadow. A reasonable system of 
approximations yields the well-known Babi-
net's principle. The physical interpretation is so 
general that it must apply to similar problems 
in acoustics or wave mechanics. Experiments 
designed by Sinclair and LaMer gave an ac-
curate check of the theory. 

537.291:537.525.92  871 
Electron Flow in Curved Paths under 

Space-Charge Conditions —B. Meltzer. (Proc. 
Phys. Soc., vol. 62, pp. 813-817; December 1, 
1949.) A theoretical treatment of a particular 
example of 3-dimensional flow for which the 
electron trajectories all lie on hyperboloids and 
the equipotential surfaces are ellipsoidal. Some 
general theorems are deduced from the results 
of an earlier paper (3120 of 1949). Distinction 
is made between "normal" flow, in which all 
electrons on a given equipotential have the 
same speed, and "abnormal" flow in which the 
speeds are not the same. It is shown that in 
normal flow the velocity vector obeys the law 
vXcurl v=0. 

537.311.62  872 
Anomalous Skin Impedance as a Function 

of the Field Strength —K. F. Niessen. (Philips 
Res. Rep., vol. 4, pp. 143-153; April, 1949.) 
A study of the skin effect in a metal of high 
conductivity subjected to a strong hf field. 
See also 3404 of 1949. 

537.525  873 
Breakdown in Cold-Cathode Tubes at Low 

Pressure —F. G. Heymann. (Proc. Phys. Soc., 
vol. 63, pp. 25-41; January 1, 1950.) 

537.525.92:621.385.029.631.64  874 
Increasing Space-Charge Waves —J. R. 

Pierce. (Jour. Appl. Phys., vol. 20, pp. 1060-
1066; November, 1949.) The equation for the 
gain per unit length of increasing waves in the 
presence of two streams of charged particles 
has been solved numerically for a wide range 
of values of plasma frequencies and stream 
velocities. The solutions are presented as 
curves of a gain parameter versus the ratio 
of the frequency to the plasma frequency of 
the faster stream, for various ratios of the 
stream velocities. Each graph corresponds to a 
different ratio of plasma frequencies. These 
curves apply to such effects as ion noise and 
double-stream  rf amplification  and  it is 
shown that in certain circumstances the latter 
may occur in tubes intended to have only a 
single electron stream. The case of streams 
moving in opposite directions is also consid-
ered. See also 3406 of 1949 (Bailey) and back 
references, 2486 of 1949 (Pierce and Heben-
'trek). 

537.562  875 
Measurement of the Complex Conductivity 

of an Ionized Gas at Microwave Frequencies— 
F. P. Adler. (Jour. A ppl. Phys., vol. 20, pp. 
1125-1129; November, 1949.) "The positive 
column of a glow discharge Is placed along the 
axis of a cylindrical cavity excited in the 
TMoto mode. The transmission of 3-cm waves 
through the cavity and the shift in resonance 
frequency are observed as a function of dis-
charge current. It is shown that from these 

I. measurements values of the complex conduc-

tivity, ay-Fiai, of the electron gas can be cal-
culated. Curves of the measured conductivity 
components as functions of pressure and cur-
rent are given. Using a theoretical formula for 
the conductivity [Margenau: 3246 of 19461 
values of electron density can in turn be cal-
culated from both a, and cri. Langmuir probe 
studies are carried out to check the results 
obtained, and adequate agreement is found." 

538.56:537.71  876 
Concerning  "The  Impedance  of  Free 

Space" —A. Foch. (Onde Elec., vol. 29, pp. 5-7; 
January, 1950.) Comment on the anomalies of 
the two systems of units, classical, and ration-
alized, with an explanation of the apparent 
discrepancy between the values of free-space 
impedance for the two systems. See also 607 of 
April (Budeanu) and 877 below. 

538.56:537.71  877 
On the Impedance  of Free  Waves — 

E. Brylinski. (Bull. Soc. Franc. Elec., vol. 10, 
pp. 37-40; January, 1950.) The ratio Zo of the 
es field E.to the em field H of a free-space em 
wave has the dimensions of a resistance but 
is not a true impedance. It is suggested that it 
should be called the pseudo-impedance of free 
space and measured in pseudohms. In the 
classic (non-rationalized) Giorgi system Zo 
would have the value 30 pseudohms. In the-
rationalized Giorgi system Zo'  4wZo = 377 
pseudohms and Zo' can be distinguished by 
calling it the pseudo-impedance of free waves 
It should be noted that Zo, like the velocity c 
to which it is closely related, can be either a 
scalar or a vector quantity. 

539.11  878 
Some Electronic Properties of a One-Di-

mensional Crystal Model —D. S. Saxon and 
R. A. Hutner. (Philips Res. Rep., vol. 4, pp. 
81-122; April, 1949.) "The Kronig-Penney 
model of a one-dimensional crystal is studied 
further with the aid of the formalism of the 
Dirac 6-function. Both a Green's function 
method and a scattering-matrix method are 
used to derive the energy levels and wave func-
tions for the monatomic and the diatomic lat-
tices. The scattering-matrix method is used to 
study the problems of a single impurity, both 
substitutionally and interstitially located, and 
the coupling between impurities. In the last sec-
tion the general problem of a solid solution is 
discussed." 

548.0: 539.11 : 537.529  879 
On the Theory of Electron Multiplication 

in Crystals—F. Seitz. (Phys. Rev., vol. 76, pp. 
1376-1393; November 1, 1949.) The non-polar 
coupling between electrons and lattice has an 
important effect on the retardation of elec-
trons. This retardation is a maximum when the 
energy of the electron corresponds to the en-
ergy level near the boundary of the Brillouin 
zone. The retardation arising from purely polar 
interaction in polar crystals is a maximum 
when the energy is near that of the polar modes. 
Statistical fluctuations in the velocity of the 
electrons largely determine electron multipli-
cation, and the value of the field producing 
breakdown in a standard specimen is no more 
than a fifth of that obtained from the criteria of 
von Hippel and Frohlich. 

621.3.011.4:513.466  880 
Potential Problems and Capacitance for a 

Conductor  Bounded  by  Two  Intersecting 
Spheres—C. Snow. (Bur. Stand. Jour. Res., 
vol. 43, pp. 377-407; (Ictober, 1949.) Formal 
expressions, as series and integrals, are derived 
for the external potential, which takes on as-
signed values on the two spherical boundary 
surfaces, either when the body Is alone or when 
it is in any given axially symmetric es field. 
This is effected by representing a given func-

tion f(x), for 1<x< so, as a complex integral 
whose variable is the parameter µ of a Legendre 
function Pµ-1(x) or Qp-i(x). The capacitance 
of the conductor is found as a series whose 
terms involve psi-functions. In case the two 
spheres intersect at an angle co which is a ra-
tional function of 2w, the capacitance is given 
in finite terms involving complete elliptic in-
tegrals. The field or es potential is given in 
finite terms when ca= ?swim, where m is any 
positive integer, and n=1, 2, 3, or 4. The cases 
n=3, n=4 involve elliptic functions. These 
would permit the exact computation in finite 
terms of the penetration of an external applied 
field into a cavity with any angular aperture. 

53  881 
The Physical Society Reports on Progress 

in Physics. Vol. 12 (1948-49) [Book Review] — 
Publishers: The Physical Society, London, 42s. 
(Phil. Meg., vol. 40, p. 1178; November, 1949.) 
"The Physical Society has been remarkably 
successful in obtaining excellent articles on 
subjects of current interest from authors of 
eminence." A list of the articles, with authors, 
is given. 

534.1+538.56  882 
Einitihrung in die Lehre von den Schwin-

gungen  4nd Wellen  (Introduction  to  the 
Theory of Vibrations and Wave- Motion) [Book 
Reviewi—K. W. Wagner. Publishers: Die-
terichsche Verlagsbuchhandlung, Wiesbaden, 
1947, 640 pp., 34 DM (Arch. elek. Ober:rag-
ung, vol. 3, pp. 230-231; September, 1949). 
A second edition of the full course of lec-
tures given by the author in the Technische 
Hochschule, Berlin. It is a book rot the ris-
ing engineer and physicist, with a wealth of 
material for the teacher and professional man. 
Aspects dealt with are: forms of oscillation; 
dynamics of vibration; oscillations and waves 
in continuous systems; em waves in the 
ionosphere; vibration systems; and nonlinear 
systems. Examples of both mechanical and elec-
trical oscillations are considered and the two 
types related. The book is considered by the re-
viewer to fill a former gap in the literature on 
the subject. 



584 PROCEEDINGS OF THE I.R.E. 

reflection from the inner corona. The larger 
bursts are usually associated with solar flares. 

523.72:621.396.822  885 
The Noise-Like Character of Solar Radia-

tion at Metre Wavelengths —R. Payne-Scott. 
(Aust. Jour. Sci. Res., Ser. A, vol. 2, pp. 228-
231; June, 1949.) Observations were made of 
the enhanced radiation on August 5 and 6, 
1948. The output on 60 and 85 Mc of a re-
ceiver having a bandwidth of 1.5 Mc was fed 
into a biased diode detector whose current/bias 
curve was measured. Ni  difference was ob-
served in the amplitude distribution of solar 
and thermal noise. Solar radiation does not 
reach us as a series of discrete frequencies 
separated at intervals of more than 2 Mc. 

523.72:621.396.822]: 538.566.2  886 
The Wave Equations for Electromagnetic 

Radiation in an Ionized Medium in a Magnetic 
Field —(See 976). 

523.854:621.396.822  887 
The Position and Probable Identification 

of the Source of Galactic Radio-Fre;uency 
Radiation Taurus-A —J. G. Bolton and G. J. 
Stanley. (Aust. Jour. Sci. Res., Ser. A, vol. 
2, pp. 139-148; June, 1949.) The source was 
discovered by an interference method (412 of 
1948), using a frequency of 100 Mc. It has a 
width of less than 6' and coincides with the 
Crab nebula —a former supernova. 

551.510.535  888 
Measurement of Height Distribution of 

Ionization in the Ionosphere —G. Goubau. 
(Arch. Tech. (Measen), no. 166, pp. T99-T100; 
November, 1949.) Description of a method and 
apparatus used at Herzogstand for vertical-
incidence measurements.  Frequency ranges 
are 1-3 Mc and 3-9.5 Mc. 

551.510.535  889 
The Distribution of Ionization according to 

Height and the Recombination Coefficient of 
the Ionosphere F Layer —A. A. Aynberg. 
(Zh. Eksp. Teor. Fiz., vol. 19, pp. 515-520; 
June, 1949. In Russian.) From experimental 
critical-frequency/height characteristics of the 
F layer the distribution of ionization a with 
height is determined. Two curves showing the 
daily variation of a at various heights from 
230 to 350 km are plotted for July and Novem-
ber (Figs. 2a and 2b). A table is also given 
showing the day and night values of the re-
combination coefficient ..t various heights for 
the same two months. These values were cal-
culated on the basis of the law of simple re-
combination. The results obtained in this paper 
are only approximate. 

551.510.535  890 
The Height of the F: Ionospheric Layer and 

the Relative Sunspot Number —R.  Eyfrig. 
(Rev. Sci. (Paris), vol. 86, pp. 673 674; Novem-
ber, 1948.) The Huancayo monthly median 
values of the ratio of muf to critical frequency 
for the F5 layer, for a reference distance of 
3,000 km, are correlated with the corresponding 
Zurich mean values of the relative sunspot 
number for the period January, 1944 to April, 

1949. Both noon and midnight data are con-
sidered. The results show that the height of 
the F: layer increases during the increasing 
phase of the solar cycle and diminishes during 
the decreasing phase. 

551.510.535:550.385  891 
World Morphology of Ionospheric Storms — 

E. V. Appleton and W. R. Piggott. (Nature 
(London), vol. 165, pp. 130-131; January 28, 
1950.) Superposed epoch analyses were made 
of noon f°F2 values during ionospheric storms. 
In temperate latitudes there is a marked rise 
in f°F2 for two days, followed by a sudden 

drop; recovery to normal takes several days. 
Near the equator, only the rise is found and 
this coincides with the drop at higher latitudes. 

In temperate and high latitudes, sudden 
commencements are often accompanied by a 
rapid fall in f°F2 followed by a rise; this is 
often missed because it seldom lasts more 
than half an hour. Ionospheric storms are 
usually confined to a limited longitude range 
and are not equally developed in the North and 
South hemispheres. 

551.510.535 : 621.3.087.4  892 
Ionospheric Sounding Experiments in Ger-

many — W.  Dieminger.  (Research (London), 
vol. 2, pp. 571-576; December, 1949.) A survey 
of recent experiments using high-power pulse 
transmitters (15-150 kw). The transmitters 
use  master-oscillator  and  power-amplifier 
tubes whose anodes are pulsed by a charged-
line triggered-thyratron modulator. A variable-
frequency sounder uses a servo motor to keep 
the transmitter in step with the receiver. For 
oblique-incidence work, transmitter pulse fre-
quency and receiver timebase are controlled 
by crystal clocks to keep them in synchronism. 

Experiments on the echoes scattered back 
to the transmitter via the E or the F regions 
and ground irregularities, and observations of 
the screening effect of the E region in oblique 
incidence transmission, preventing single-hop 
transmission via the F layer while permitting 
double-hop transmission, are described. 

551.594.6  893 
Study of the Wave-Forms of Atmospherics 

—S. R. Khastgir and R. Roy. (Phil. Mag., 
vol. 40, pp.  1129-1143; November,  1949.) 
Variations in the field strength from at-
mospherics were amplified in a wide-band 
amplifier (100-10,000 cps) and applied to a 
cro with a linear timebase of duration normally 
between 1 and 10 ms. Drawings of the traces 
were made by hand. The waveforms Were 
divided into eight types and their frequencies 
of occurrence determined. The main charac-
teristics of these types are tabulated and dis-
cussed in relation to the physical properties 
of the lightning discharge. 

LOCATION AND AIDS TO 
NAVIGATION 

621.396.9  894 
Surveillance Radar System at the Port of 

Le Havre —R. Pdicant. (Election: 0 z t 
no. 38, pp. 8-12; December, 1949.) A descrip-
tion of the shore-based installation which scans 
an area of 50-km radius around the port. The 
horizontal spreading of the beam precludes its 
use for precise navigation but it is in continual 
use at times of bad visibility for locating vessels 
and obstacles. Peak power is 180 kw; wave-
length 10 cm; pulse duration 2 us with 1,000 
pulses per sec; antenna height 45 m; angle of 
spread 3°; 4 different rotation speeds, the 
fastest being 10 rpm. 

621.396.93  895 
A Voltage Discriminator; Its Application to 

Direction Discrimination--J. Loeb, M. Jezo, 
and C. Lombard. (Ann Telecommun., vol. 4. 
pp. 57-63; February, 1949.) A description of 
the principles, construction and performance of 
a vhf df device which has an angular sensi-
tivity of 10-4  radian. The apparatus is basically 
a goniometer which compares two low-level 
hi voltages and gives a signal which actuates 
a motor in a direction determined by the sense 
of the input voltage. Signal-voltage difference 
sensitivity is of the order of 1 ov. 

621.396.933  896 
Crystal Control at 1000 Megacylces for 

Aerial Navigation —S. H. Dodington. (Elec. 
Commun., vol. 26, pp. 272-278; December, 

1949.) 1949 IRE National Convention paper. 
A description of distance-measuring equipment 
using the ground-beacon interrogation system, 
which is suitable for multiplex operation. Fifty-
one 2-way channels are provided with a spac-
ing of 2.4 Mc. Adjacent channel rejection is 
better than 70 db, while image rejection and 
all spurious responses within the distance-
measuring band are at least 60 db down in 
both air and ground equipments. The ranging 
circuits provide an indication of distance up 
to 115 nautical miles; accuracy is within 0.2 
mile. 

629.13.052:621.396.933  897 
Aircraft Radio Altimeters —B. A. Sharpe. 

(Jour. lust . .Var., vol. 3, pp. 79-89; January. 
1950.) A description of altimeters using at 
pulse radar systems, and (b) FM of a cw car-
rier. Accuracy and sources of error are dis-
cussed. It is necessary to use both systems in 
order to cover the range 0 to 50.000 It. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

533.5  898 
Symposium  on  High  Vacuum  Indus. 

Eng. Chetn. vol. 40, pp. 778-847 and 938 -944. 
May, 1948.) Papers presented at a symposium 
arranged by the National Research Corpora-

tion and the American Chemical Society. 
Cambridge, Mass., October 30 and 31, 1947. 
These include: —Development of High-Vacuum 
Technique —S.  Dushman; Design of High-
Vacuum  Engineered  Plants —H.  C.  Wein-
gartner; Design of High-Vacuum Systems- C.E. 
Normand; New Techniques in the Measure-
ment of Pressures below 10 mm —G. L. Mellen; 
Measurement and Control of Leakage in High-
Vacuum Systems —R. B. Jacobs; Measurement 
and Comparison of Pumping Speeds -  B. 
Dayton; and Surface Phenomena useful in 
Vacuum Technique —L. Apker. Eight papers on 
practical industrial applications of vacuum 
technique are also included. 

535.312:546.212:621.396.11  899 
Measurements of the Reflection Coefficient 

of Water at a Wavelength of 8.7 mm -D. G. 
kiely. (Pro. Phy.,. Soc., vol. 63, pp. 46-48; 
January 1, 1950.) An account is given of 
nicasurentents tearried out in March, 1947) of 
the reflection coefficient of water at a waves 
length of 8.7 mm over a range of angles of 
incidence. The method employed is to measure 
the relative field strengths of the direct wave 
and waves reflect l from a trough of water. 
using free-space propagation and high-gain 
antennas. The following electrical constants of 
water have been computed from the measured 
results (water temperature 11.1°C): retractive 
index 4.40+0.24, dielectric constant  10.86 
± 2.21, absorption coefficient 2.91+0.06, con-
ductivity 'frequency  12.82+0.42,  Brewster 
angle 79°. 

535 .312 :546.212-16 621.396.11  coo 
Reflection coefficient of Snow and Ice at 

V.H.F.  J. A. Saxton. (Wireless Eng_ vol. 27, 
pp. 17-25; January, 1950.) A general formula 
is given for the reflection coefficient of plane 
eaves incident on a layer of ice or snow on the 
earth's surface, taking account of the multiple 
reflections within the layer. The reflection 
coefficients of ice on sea water and of snow on 
land are calculated for frequencies of 300 and 
3,000 Mc, for three angles of incidence, both 
for vertically and for horizontally polarized 
waves. The presence of such layers may mat(•., 
rially affect the reflection coefficient and hence 
the vertical-coverage diagram of a vhf trans-
mitter. 

537 .228.1:546.431.82  901 
The Piezoelectric Effect in Barium Titanate 

—.X. V.  Rzlianov.  (Zh.  Eksp.  Te.(r  it 
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vol. 19, pp. 502-506; June, 1949. In Russian.) 
Experiments were conducted with polycrystal-
line samples of barium titanate and the piezo-
effect was investigated under static conditions 
when pressure was applied to the sample, and 
also under dynamic conditions when longi-
tudinal vibrations were excited. A number of 
experimental curves are plotted and the values 
are determined of the piezo-moduli correspond-
ing to the application of the force in the direc-
tion of polarization and at right angles to it. 
The material is quite suitable for use in piezo-
electric transducers. 

• 
538.22  902 

On the Variation of Thermo-Remanent 
and Isothermally Remanent Magnetization of 
Fired Earths as a Function of the Applied Field 

• —J. Roquet. (Compt. Rend. Acad. Sci. (Paris), 
vol. 229, pp. 1135-1137; November 28, 1949.) 

538.221  903 
Magnetic Properties of Nickel-Cobalt and 

I Related Alloys—E. P. Wohlfarth. (Phil. Mag., 
vol. 40, pp. 1095-1111; November, 1949.) 

538.221  904 
Investigation of the Magnetic After-Effect 

in Commercial Silicon- and Nickel-Iron Lami-
nations —H. Wilde. (Frequenz, vol. 3, pp. 309-
319 and 348-353; November and December, 
1949.) 

538.221  905 
Some Ferromagnetic Properties of Mixed 

Ferrites of Nickel and Zinc —G. Guillaud and 
M. Roux. (Comm. Rend. Acad. Sci. (Paris), 
vol. 229, pp. 1133-1135; November 28, 1949.) 

538.221  906 
Macroscopic Magnetic Texture of Permal-

P loy Tape—I. Epelboim and A. Marais. (Corn pi. 
I Rend. Acad. Sci. (Paris), vol. 229, pp. 1131-
I 1133; November 28, 1949.) 

; 538.221:061.3  907 
Ferro-Magnetic Materials —(Elec. Times, 

vol. 116, pp. 655-660; November 10, 1949.) 
A complete list of titles and authors of 20 
papers read at a recent IEE symposium, with 
brief summaries of 10 of these papers. 

538.221: 621.318.22  908 
Structure and Properties of the Perma-

nent-Magnet Alloys —A. H. Geisler. (Elec. 
Eng., vol. 69, pp. 37-44; January, 1950.) 
Essentially the full text of a paper presented 
at the symposium on magnetics at the 1949 
AIEE Winter Meeting, New York. The reac-
tions during the formation of such alloys, and 
their properties during and after formation, 
are described. 

621.315.59  909 
The Mechanism of Electrical Conduction in 

Semiconductors, and their Technical Applica-
tion —K. Grosskurth. (Fernmeldelech. Z., vol. 
3, pp. 22-27; January, 1950.) 

621.315.59  910 
The Electrical Conductivity of Simple Semi-

conductors —W.  Elirenberg.  (Proc.  Phys. 
Soc., vol. 63, pp. 75-76; January 1, 1950.) By 
combining an approximate expression for f of 
the Busch-Labhart type (1820 of 1947) with 
Shifrin's results (2218 of 1946), an analytical 
expression for the conductivity of semiconduc-
tors valid for all temperatures becomes avail-
able, as well as a simple procedure for de-
termining the constants. The expression is 
derived under certain limiting assumptions. 

621.315.612.4  911 
Alkaline-Earth Titanates as Dielectrics and 

a New Group of Piezoelectric Materials—W. 
M. H. Schulze. (Elektrotecknik (Berlin), vol. 
3, pp. 365-372; December, 1949.) A detailed 

discussion of the physical and electrical proper-
ties of these ceramics, with explanatory theory. 

621.318.33  912 
A Simply-Constructed Small Electromagnet 

of High Performance —R. P. Hudson. (Jour. 
Sci. Instr., vol. 26, pp. 401-404; December, 
1949.) A Weiss-type electromagnet is described 
which will produce fields of 20 kilogauss in a 
pole gap of width 3 to 5 cm. The coils, designed 
to dissipate 100 kw, are layer wound with 
enamelled copper strip and encased in insulat-
ing material. Cooling is provided by circulating 
distilled water through a heat exchanger which 
is cooled by mains water. The coil cases are 
made watertight by means of rubber gaskets 
and can be dismantled easily for inspection. 

668.3:621.396.611.21  913 
Uses of a New Adhesive in Production of 

Piezoelectric Vibrators —J. E. T. (P.O. Elec. 
Eng. Jour., vol. 42, pp. 187-188; January, 
1950.) An account of various applications of a 
thermosetting adhesive, Araldite, in the pro-
duction of crystal vibrators. Araldite makes 
very strong joints between glass, ceramic, and 
metal surfaces when cured at 160*-240°C. 
It has been used (a) for attaching thin wires to 
crystal plates to act as supports and connec-
tions to electrodes, and (b) for cementing 
abrasive powders to the rim of disks used fo? 
cutting crystal slices. See also 3450 of 1949. 

MATHEMATICS 

517.63+517.432.1:621.3.015.3  914 
The  Laplace  Transformation  and  the 

Study of Transient Phenomena —S. Colombo. 
(Ann. Telicommun., vol. 4, pp. 210-222 and 
233-249; Errata, nos. 8/9, p. 306 and p. 328. 
Appendices, no. 10, .pp. 358-362. June and 
July, 1949.) The first part of this article is 
concerned with generalities relating to func-
tional analysis and to the mathematical study 
of transient electrical phenomena. Part 2 
discusses the operational methods of Heaviside 
and the Bromwich- Wagner integral. In Part 
3 the theories of the symbolic calculus are 
outlined and their application to various prob-
lems of wave propagation is considered. The 
methods of the symbolic calculus are applied 
to the solution of integral equations and to the 
determination of certain asymptotic develop-
ments which occur in the mathematical treat-
ment of transients in electrical circuits. 

517.93: 621.396.611.1  915 
Harmonic and Subharmonic Response for 

the Duffing Equation—Levenson. (See 847.) 

681.142  916 
Mathematical Machines —H. M. Davis. 

(Sci. Amer., vol. 180, pp. 28-39; April, 1949.) 
A general discussion of the historical develop-
ment of calculation machines, with some specu-
lations about future developments. 

681.142  917 
The EDSAC —An Electronic Calculating 

Machine —M. V. Wilkes and W. Renwick. 
(Jour. Sci. Instr., vol. 26, pp. 385-391; De-
cember, 1949.) A large-scale electronic calcu-
lator which works in the binary system and 
uses ultrasonic delay units for the storage of 
orders and numbers. Punched tape is used for 
the input and a teleprinter for the output. The 
functions of the various units are described 
and the means by which orders are taken one 
by one from the store and executed are ex-
plained. See also 3448 of 1948, 1425, 2823, and 
3458 of 1949. 

681.142  918 
Nonlinear Functions in an Analog Com-

puter —G. D. McCann, C. H. Wilts, and B. N. 
Locanthi. (Elec. Eng., vol. 69, p. 26; January, 
1950.) Summary of a paper presented at the 

1949 AIEE Summer Meeting on "Application 
of the California Institute of Technology 
Computer to Nonlinear Mechanics and Servo-
mechanisms." Two basic types of device have 
been developed for use with the computer. 
These are (a) resistance-switching Ge-diode 
circuits; and (b) a cr tube/template/photocell 
servo system. Both devices can be used to 
represent general nonlinear impedances or 
amplification factors. Their application in 
different analyses is described. See also 3176 
of 1949. 

681.142:621-526  919 
Electronics and Experimental Mathematics 

—F. H. Raymond. (Onde Elec., vol. 29, pp. 
30-44; January, 1950.) The basic principles of 
mathematical machines of the algebraic (ana-
logue) and arithmetical types are briefly dis-
cussed. A general theory of linear servomech-
anisms with many variables is presented, their 
accuracy and stability are assessed, and their 
application in the analogue type of computer 
is considered. The construction of computers 
of the type OME (Operateur Mathematique 
et tlectronique), made by the Societe d'tlec-
tronique et d'Automatisme, is based on servo-
mechanism theory. These computers are de-
signed for obtaining integro-differential equa-
tion solutions which satisfy either the condi-
tions of Cauchy or given initial conditions. 
Nonlinear equations can be solved. The func-
tional characteristics of the OME are described 
and its stability conditions are analyzed. 

517.53:621.392  920 
Applications Physiques de la Transforma-

tion de Laplace [Book Reviewj —M. Parodi. 
Publishers: Centre National de la Recherche 
Scientifique,  Paris,  1948,  174 pp.  (Ann. 
Telecommun., vol. 4, p. 104; March, 1949.) The 
first of a series of monographs on mathe-
matical processes undertaken by the Centre 
of Mathematical Studies. It presents in con-
densed form the principal practical aspects of 
the Laplace transformation. 

MEASUREMENTS AND TEST GEAR 

531.76  921 
Electrostatic Short-Time Measurement — 

W. Schaaffs. (Frequenz, vol. 3, pp. 295-299; 
October, 1949.) Description of several simple 
capacitor methods for the measurement of 
times down to 0.5 ms. 

531.764.5:621.396.91  922 
On the Monitoring of the Rate of Quartz 

Clocks by means of Time Signals —F. Conrad. 
(Frequenz, vol. 3, pp. 270-273; September, 
1949.) Discussion of accuracy attainable. An 
example is given of records, for the month of 
September, 1948, of time signals from Rugby 
(GBR), and Washington (W WV); the two 
curves are essentially parallel. 

531.765  923 
Millisecond Measurements in Research — 

D. W. Gillings. (Instr. Practice, vol. 3, pp 
277-287 and 333-341; May and June, 1949.) 
A comparative survey of four basic types of 
millisecond chronograph is given, with details 
of the construction and performance of particu-
lar instruments. The recording units usually 
consist either of a moving-film camera which 
photographs the trace given by an ordinary 
oscillograph, or of a static camera in combina-
tion with an oscillograph giving a spiral trace. 
One nonrecording type measures the potential 
of a standard capacitor charged at a known 
constant current during the time interval to be 
measured. Another uses an electronic counter 
to count the oscillations of a fixed-frequency 
oscillator during the required interval, and is 
particularly suitable for making routine meas-
urements "by the thousand." 
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534.1 : 621.317.333.4 : 621.394/.3961.6  924 
Fault Location in Transmission Equipment 

by Vibration Testing and Continuous Moni-
toring —H. G. Myers. (P.O. Elec. Eng. Jour., 
vol. 42, pp. 189-197; January, 1950.) The 
various types of fault in both transmitting and 
receiving equipment that can be readily dis-
covered by means of suitable mechanical-vi-
bration tests are discussed. Vibration test 
methods and apparatus are described and also 
continuous-monitoring methods which provide 
invaluable help to the maintenance engineer 
in solving recurrent-fault:problems. 

538.71  925 
Three-Component Magnetometer—J. W. 

Seaton. (Electronics, vol. 23, pp. 165-171; 
January, 1950.) A small saturable reactor is 
used for each component of the field. Each 
reactor is operated at 800 cps, the magnitude 
and sense of the component being derived from 
observations of the amplitude and phase of the 
resulting 1,600 cps voltage developed in the 
winding. A null method is used in which the 
steady magnetic component under observation 
is balanced out by the field derived from a coil 
carrying dc. Accuracy of measurement is 
within +0.1 milligauss. 

621.3.011.3(083.74) : 621.3.016.35  926 
The Stability of Inductance Standards — 

G. H. Rayner and L. II. Ford. (Jour. Sci. 
Instr., vol. 27, pp. 19-21; January, 1950.) 
Information acquired at the National Physical 
Laboratory since 1917 is reviewed. A brief 
description is given of the present working 
standard of mutual inductance, an oil-immersed 
type with a range of —1 pH to 11,000 pH, 
whose value has remained constant to within 
± 2 parts in 105 during the past twelve years. 
This instrument, when used in a bridge, makes 
possible the certain detection of changes of 2 
parts in 10 in the values of inductance or 
capacitance. The stability with time of sub-
standard self-inductance and fixed mutual-
inductance coils of various types is also dis-
cussed. 

621.317.3:550.371  927 
Apparatus for Measuring the Intensity of 

an Electric Field and its Applications-1. M. 
Imyanitov. (Zn. Tekh. Fiz., vol. 19, pp. 1020-
1031; September, 1949. In Russian.) Many 
papers have been published during the last 
two decades, describing various types of ap-
paratus all utilizing the principle of the es 
generator but designed to measure different 
electrical quantities such as current, voltage, 
charge, field strength, etc. An attempt is made 
to generalize the theory of such apparatus, and 
a report is given together with a theoretical 
discussion of experiments with universal ap-
paratus built by the author, in which an es 
generator is used. The sensitivity of this ap-
paratus is 0.01 v/cm per scale division, the 
area of the measuring plate 225 cm' and the 
minimum input impedance 15 MO Various 
possible applications are discussed. 

621.317.3:621.396.82  928 
Electrical Noise. Eiperimental Correlation 

between Aural and Objective Parameters— 
Maurice. Newell, and Spencer. (See 989.) 

621.317.3: 621.396.822  929 
A Broad-Band Microwave Noise Source — 

W. W. Mumford. (Bell Sys. Tech. Jour., 
vol. 28, pp. 608-618; October, 1949.) The 
theory of measurement of receiver noise figure 
is discussed; an ordinary resistive noise source 
is unsuitable for accurate microwave measure-
ments because it cannot be raised to a suffi-
ciently high temperature. An alternative source 
is an electrical gas discharge, and investigation 
shows that a commercial fluorescent lamp is 
satisfactory. At 4,000 Mc its effective tern-

perature is about 1,000° K, which is convenient 
for measuring noise figures of 20 db or less. The 
noise power is practically independent of the 
fluorescent coating and the current density, 
and is only slightly affected by the room tem-
perature. The lamp lends itself readily to broad-
band impedance matching in a waveguide. 

621.317.3 :621.396.822: 621.396.645  930 
Study of Some Experimental Methods used 

for Measurement of Noise of Centimetre- Wave 
Amplifiers —M. Denis. (Ann. Radioilec., vol. 
5, pp. 27-35; January, 1950.) Noise factor and 
signal-to-noise ratio are defined. The measure-
ment system considered comprises a crystal 
mixer to superimpose uhf on a local oscillator 
signal of several Mc, an amplifier with a rela-
tively very narrow bandwidth at this latter 
frequency, and a quadratic detector (crystal or 
thermocouple). The effect of amplifier and 
detector on the value found for the noise factor 
is discussed. The amplifier and mixer cirLuits 
are described. The measurement of signal-to-
noise ratio where the output signal is large is 
then considered. The method consists of con-
verting the noise frequency to one at which 
comparison can be made with a saturated diode. 
The methods used apply specially to measure-
ments on traveling-wave tubes; a report on 
experimental results will be published later. 

621.317.3.029.64  931 
Dynamical Measurement of 0-Factors and 

Natural Frequencies of Cavity Resonators 
with a Single Coupling Element—M. Denis 
and S. Couybes. (Ann. Radioilec., vol. 5. 
pp. 54-61; January, 1950.) A theoretical analy-
sis and a description of the measurement equip-
ment used. A reflex klystron source has a 16 
db attenuator in an extension of the output 
line. Such an arrangement acts as if a source of 
emf were located at the output end of the at-
tenuator. A detector loosely coupled to the 
attenuator input follows the power variations 
as a function of frequency. A transformer sec-
tion couples the artificial source to the reso-
nator. In this section is a second quadratic de-
tector. Measurements are made by comparison 
of the two detector outputs on an oscillograPh 

screen. The method is especially useful for 
measuring high-Q circuits and affords a quick 
means of obtaining the characteristics of a 
rhumbatron loaded by an electron beam, under 
varying circuit conditions. See also 1076 of 
1948. 

621.317.331  932 
An Absolute Measurement of Resistance 

by the Wenner Method —J. L. Thomas, C. 
Peterson, I. L. Cooter, and F. R. Kotter. (Bur. 
Stand. Jour. Res., vol. 43, pp. 291-353; Oc-
tober, 1949.) A full report of the apparatus and 
method developed for the measurement of 
resistance in terms of length, time, and the 
permeability of free space. A mutual inductor 
was constructed and its inductance determined 
from its dimensions to within a few parts in a 
million.  Using  Wenner's  commutated  dc 
method, the value found for the unit now main-
tained at the Bureau was 0.999994 absolute 
ohm. 

621,317.336+621.396.67  933 
Antennas and Open-Wire Lines. Part 3— 

Image-Line Measurements—Conley. (See 810.) 

621.317.336  934 
Methods for measuring Impedances of 

Circuits shunted with a Negative Resistance — 
Kh. I. Cherne. (Radiotekhniko (Moscow), vol. 
4, pp. 63-70; September and October, 1949. In 
Russian.) 

621.317.336:621.315.6.029.6  935 
Abac of the Function tanh z/z for the Study 

of Dielectrics at U.H.F. —J. Benoit. (Ann. 

Tilicommun., vol. 4, pp. 27-32; January, 1949.) 
This function of the complex number z=u+j 
• 2rrw occurs in measurements of the impedance 
of a section of dielectric inserted at the end 
of a short-circuited line. The method of con-
struction of the abac, which relates measured 
impedance with dielectric characteristics a' 
and a", is described and geometric properties 
are established which greatly simplify the 
plotting of the curves for u=C and w=C. 

621.317.35  936 
Frequency Analyser with Rapid Automatic 

Scanning —L. Pi m onov. (Ann. Telecommun., 
vol. 4, pp. 257-272; July, 1949.) The principal 
automatic analysis systems are reviewed. The 
principle of sound analysis by the heterodyne 
method is illustrated by a detailed description 
of an analyzer comprising (a) input amplifier, 
(b) triode-hexode phase converter, (c) compen-
sated modulator, (d) high-Q oscillator, (e) 
quartz filter, and (f) measuring device. The 
relation of speed of analysis to selectivity is 
considered and the analysis of ultrasonic fre-
quencies is discussed. Different applications of 
the analyzer are considered and records of 
different sound spectra are reproduced. 

621.317.7:621.396.813  937 
Study and Construction of a Distortion 

Meter —F. Haas. (Toute la Radio, vol. 17, pp. 
87-91; February, 1950.) A band-stop filter is 
interposed between an amplifier and a tube 
voltmeter to cut out the fundamental fre-
quency. The filter consists of a resonance 
bridge between two attenuators. Measurement 
is made either on the tube voltmeter or on an 
oscillograph. Full circuit details with com-
ponent values, are given. 

62 1.317.723:621.317.733  938 
The  Electrometer as Bridge [balance) 

Indicator—T. Gast. (Frequents, vol. .3, pp. 264-
270; September, 1949.) Detailed discussion of 
the use of es instruments as null indicators. 
Advantages are that they take no power, are 
practically independent of frequency, and can 
be readily adapted for remote indication or for 
use in self-balancing bridges. 

621.317.725.024.2  939 

A Single-Pulse Voltmeter —G. T. Rado, 
M. H. Johnson, and M. Maloof. (Rev. Sci. 
Instr., vol. 20, pp. 927-929; December, 1949.) 
The instrument consists of a gated cathode-
follower bridge in c!rjunction with a ballistic 
indicator. It measures the average amplitude 
of a single pulse over an arbitrarily selected 
interval of 2 ms, with a random error of 0.2 
per cent of full-scale deflection. 

621.317.73  940 
Impedance Measurements with Directional 

Couplers and Supplementary Voltage Probe — 
B. l'arzen. (Elec. Commun., vol. 26, pp. 338-
343; December, 1949.) Reprint. See 155 of 
February. 

62L317.733  941 
A New Design of Wheatstone Bridge— W. 

L. Surman. (P.O. Elec. Eng. Jour., vol. 42, 
pp. 209-212; January, 1950.) Some disad-
vantages of the Post-Office-Box type of bridge 
have been eliminated in the no. 2 bridge which 
is self-contained, measures resistances from 
1 to 9,990 11, and has an accuracy of ±0.5 
to ± 1 per cent. A commercial version, No. 3, 
has P.O. Box accuracy of + 0.2 per cent. Four 
decade resistor combinations are included in 
the comparison arm; operation of the range 
switch gives a visual indication of the position 
of the decimal point. 

621.317.733  942 
New  Bridge  Technique —T.  Roddam. 

(Wireless World, vol. 56, pp. 8-10; January, 
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1950.) Comment on 2271 of 1949 (Yates). 
Square-wave excitation, instead of sine-wave, 
can be used for measuring complex impedances, 
the bridge output being applied to a cro. The 
waveform obtained gives an indication of the 
type of impedance being measured and so 
facilitates balancing. 

621.317.733  943 
The Impedance Bridge (No. 2135) con-

structed by the S.A.C.M. [Societe Alsacienne 
de Constructions Mecaniquesl for the Service 
of L.S.G.D. [Lignes Souterraines a Grande 
Distancel —G.  Chardon  and  R.  Blonde. 
(Cables and  Transmission (Paris), vol. 4, 
pp. 58-65; January, 1950.) The construction 
of this portable bridge is described and per-
formance figures are given. Its chief features 
are a series arrangement of resistance and ca-
pacitance standards for the measurement of 
impedance, and plug-in resistor and capacitor 
units for measurement of zero and positive 
reactance. A similar system converts the instru-
ment for measuring admittance unbalance. Pre-
cision measurements can be made up to 10,000 
fl between 200 cps and 10 kc and up to 400 
El at 300 kc. 

621.317.733  944 
Capacitance Bridge with Mechanical Recti-

fier and Mirror Galvanometer. Elimination of 
Errors due to Harmonics —F. Koppelmann. 
(Frequenz, vol. 3, pp. 259-264; September, 
1949.) An account of improvements of the 
bridge previously described (3181 of 1948) and 
investigation of sources of error. Adjustment 
of the timing of the rectifier contacts enables 
different harmonics of the supply to be cut 
out. See also 1429 and 3464 of 1949. 

621.317.763: 621.392.26t  945 
Interferometer for Hertzian Microwaves — 

T. Kahan. (Jour. Phys. Radium, vol. 8, p. 
192; June, 1947.) Description of apparatus 
used to measure wavelengths in the 3-cm 
band. Two sections of rectangular waveguide 
(30 X10 mm) are soldered together in the form 
of a cross to make the four arms of the instru-
ment. The ends, A and B, of two opposite 
arms are fitted with horns to concentrate the 
linearly polarized beams. The klystron gen-
erator output is fed into A. A thin trolitul 
plate fitted with parallel strands of wire is 
fixed inside the waveguides diagonally across 
the junction of the four arms. This performs 
the same function as the semi-transparent 
plate in Michelson's interferometer. By means 
of an adjustable reflector R1 facing the end 
B and a fixed, grid-type reflector R2 at the end 
of the third arm, the two reflected waves are 
superimposed in the fourth arm, which is 
terminated with a piston wave trap. Here a 
crystal detector, which is coupled to an oscil-
loacope, can be adjusted in position along a 
fine longitudinal slot. By modulating the gen-
erator input at 1,000 cps and controlling the 
wave-train by adjustment of RI, the wave-
length may be measured on the oscilloscope. 
The reflection coefficient of the disk R2 and 
terminal impedance may also be measured. 

621.396.615  946 
The New General Radio Generator 100I-A 

—A. G. Bousquet. (Toute la Radio, vol. 17, 
pp. 93-96; February, 1950.) A detailed de-
scription of the construction and performance 
of an instrument which replaces the former 
standard model No. 605. It covers from 5 kc 
to 50 Mc in 8 ranges. The output may be modu-
lated in amplitude up to 80 per cent either by 
an external source with a frequency range 
from 20 cps to 15 kc, or by a 400-cps internal 
source. Output jacks provide (a) a voltage 

11  continuously variable between 0.05 pv and 
200 my or (b) a fixed voltage of 2 v. A com-

plete circuit diagram giving all component 
values is shown. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

536.5:621.396.822  947 
An Absolute Noise Thermometer for High 

Temperatures and High Pressures —J. B. 
Garrison and A. W. Lawson. (Rev. Sri. Instr., 
vol. 20, pp. 785-794; November, 1949.) A null 
device for determining the ratio of two ab 
solute temperatures by balancing the thermal 
noise voltages developed across two resistors 
at the relevant temperatures. Temperatures 
up to 1,200° K have been measured with an 
accuracy of 0.1 per cent, with an observation 
time of 2 minutes. Calibration of the ther-
mometer elements is independent of the chemi-
cal composition and past physical history of 
the resistance material used and of the ab-
solute pressure. 

539.16.08  948 
Dead Times of Self-Quenching Counters — 

B. Collinge. (Proc. Phys. Soc., vol. 63, pp. 
15-24; January 1, 1950.) 

551.508.11:621.396.91  949 
The Swiss Radiosonde —J. Lugeon, P. 

Ackermann, and M. Bohnenblust. (Annales 
de la Station centrale suisse de Meteor°toga, 
1948, 17 pp. In French. Reprint.) Illustrated 
description of the different components and 
discussion of their operation. The bimetallic-
spiral thermometer, aneroid barometer, and 
goldbeaters'-skin hygrometer are mechanically 
coupled to pointers carrying at their ends 
small capacitor plates whose location is scanned 
by a similar plate carried on a clockwork-
driven arm rotating once every 30 sec. This 
arrangement is used. for FM of small 100-Mc 
transmitter. The equipment used for receiving 
and recording the transmitted signals is also 

described. 

551.508.5:621.317.755  950 
Acoustic Anemometer-Anemoscope--R. E. 

Corby. (Electronics, vol. 23, pp. 88-90; Janu-
ary, 1950.) An instrument giving an instan-
taneous display of wind direction and velocity 
on a cro screen. 60-cps pulses from an acoustic 
transmitter are received by transducers equi-
distant from the transmitter in the four car-
dinal directions. A discriminator analyzes the 
Doppler effect of the wind on the time of ar-
rival of the signals at the four receivers, and 
actuates an indicator. Wind speed is given by 
the length of the radial trace on the cro screen. 

621.318.572:531.77 951 
Precision Measurement of Rotary Motion 

— H. J. Finden. (Electronic Eng., vol. 22, pp. 
2-8; January, 1950.) The measurement is 
carried out by obtaining a pulsed signal whose 
pulse repetition rate is directly proportional 
to rotation speed, and then electronically 
counting the number of pulses per second, the 
time scale being derived from a reference 
standard. Circuits of frequency dividers, gate 
relays, amplifiers, and counters are given for 
equipment designed to give visual indication 
of rpm for speeds varying from 500 to 20,000 
rpm. A counter sufficiently light and compact 
for flight test work can be constructed to read 
to the nearest 10 rpm over a range of 4,000-
20,000 rpm. 

621.365.54 t :621.314.57  952 
A New Method for Converting D.C. Energy 

into High-Frequency A.C. Energy with a 
High Efficiency, Specially Intended for High-
Frequency Induction  Heating—T.  Douma. 
(Commas. News, vol. 10, pp. 52-68 and 69-
82; June and October, 1949.) The method 
consists essentially in charging the capacitor 
of a resonant circuit from a dc source through 

a special type of Hg-vapor tube. During a 
controllable period following the charging 
process, an oscillatory discharge can take place 
through a load coil. The experimental Hg-
discharge tubes are semicircular in form, with 
ends shaped like large flat dishes to accom-
modate the pools of Hg used for anode and 
cathode. A capacitive igniter projects through 
the cathode pool and positive hv pulses are 
applied to it in order to render the tube con-
ducting. Detailed mathematical theory of the 
operation of such a device is given. An effi-
ciency of 99 per cent is possible at frequencies 
up to about 10 kc. Operational difficulties are 
briefly discussed. An output of 10 kw (4a at 
2,500 V) has been reached with a relatively 
small tube, but after 60 hours operation at 
this loading, operation became unsatisfactory. 
With a larger tube and better cooling arrange-
ments, an output of 40 kw has been obtained 
for 30 hours, an output of 80 kw being reached 
occasionally. Tubes or combinations of tubes 
are aimed at which can handle continuously an 
output of 100 to 300 kw. 

621.365.54t:621.785.6  953 
Automatic Induction Hardening Speeds 

Dodge  Output —C.  H. Wick.  (Machinery, 
vol. 56, pp. 194-198; November, 1949.) Appli-
cations of induction heating in selective sur-
face hardening of countershaft cams, resulting 
in faster heating and reduced distortion and 

scaling. 

621.365.55t  954 
The Physical Principles of Electrical Dielec-

tric Heating of Nonconducting Materials—F. 
Walter. (Frequenz, vol. 3, pp. 290-306; Oc-
tober, 1949.) 

621.38  955 
Papers Summarized for Conference on 

Electronic Instrumentation —(Elec. Eng., vol. 
69, pp. 68-71; January, 1950.) Authors' sum-
maries of the following papers presented at the 
joint A1EE and IRE Conference on Electronic 
Instrumentation in Nucleonics and Medicine, 
New York, 1949: Low-Frequency Spectrog-
raphy: Some Applications in Physiological 
Research —R. R. Riesz; Electrical Methods of 
Blood-Pressure Recording —F. Noble; A Stable 
D.C. Amplifier for Biological Recording —H. 
Grundfelt; a 25-channel Recorder for Mapping 
the Electrical Potential Gradients of the Cere-
bral Cortex: Electro-iconograms— J. C. Lilly; 
Medical Application of Ionizing Radiations — 
E. H. Quimby; An Automatic Isodose Re-
corder —G. J. Hine; The Measurement of 
Low-Energy Beta Ray Emitters —Ionization 
Chamber Techniques—N. A. Bailey; Propor-
tional Counters for the Measurement of Soft 
Radiation —C. J. Borkowski; Small Geiger 
Counters for Biological Applications —C. V. 
Robinson; Phosphors for Scintillation Count-
ers —R. H. Gillette; Solids for Radiation De-
tection—R. M. Lichtenstein; Some Design 
Features of Electrical Counting Systems — 
N. F. Moody; Desirable Improvements in Nu-
cleonics Instrumentation—J. B. H. Kuper; and 
Criteria in the Selection of Radioisotopes for 
Industrial Use —E. T. Clarke. 

621.38.001.8  956 
Electronic Instrument? In Research and 

Industry —(Nature (London), vol.  165, pp. 
181-182; February 4, 1950.) Report of the 
second symposium arranged by the Electronics 
Group of the Scientific Instrument Manufac-
turers' Association, London, November, 1949, 
with short summaries of the papers presented. 
See also below. 

621.38.001.8  957 
Electronic  Equlpment—(Electronic  Eng., 

vol. 22, pp. 34-35; January, 1950.) Descriptions 
of a selection of equipment exhibited at the 
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Scientific Instrument Manufacturers' Associa-
tion Symposium, London, November, 1949. 

621.38.001.8:621.791.7  958 
Some Particular Applications of Electronic 

Circuits to the Control of Resistance- Welding 
Machines —E.  Thirion.  (Bull.  Soc.  Frarc. 
Elec., vol. 10, pp. 47-53; January, 1950.) A 
review of some recent developments in pre-
cision welding technique. 

621.383:621.365.54f:621.791.052  959 
Phototube Controls R.F. Welding —H. H. 

Wittenberg. (Electronics, vol. 23, pp. 91-93; 
January, 1950.) Precise automatic control of 
the welding of small parts is provided by photo-
cell equipment operated by the radiation from 
the glowing weld. The generator is switched 
off half a second after the welding metal flows. 

621.384.611.21'  960 
On the Capture of Particles into Synchro-

tron Orbits -T. R. Kaiser. (Proc. Phys. Soc., 
vol. 63, pp. 52-66; January 1, 1930.) Theory 
is given for the case in which the rf accelerating 
voltage rises from zero to its maximum value 
in a finite time. If this time is long enough, all 
particles originally within a band of width 
1/N, 2 times the maximum width of the final 
stable region for synchrotron phase oscillations 
will be captured, irrespective of the initial 
phase at which they enter the accelerating gap. 
This conclusion appears to be in agreement 
with the observed characteristics of existing 
electron synchrotrons. 

621.385.611.2t  961 
Experiments  on  Electron  Capture  and 

Phase Stability in a 14- MEV Synchrotron — 
T. R. Kaiser, and J. L. Tuck. (Proc. Phys. Soc., 
vol. 63, pp. 67-74; January I, 1950.) Observa-
tions were made of the effects on output of 
interrupting the rf accelerating voltage for 
definite  intervals  during  the  acceleration 
process. Capture is more efficient than expected 
and for short interruption periods the particle 
loss is negligible. The re :nits are in quantitative 
agreement with Kaiser's theory (960 above). 

621.384.612.1 t  962 
Operation of the 184-in. Cyclotron —L, R. 

Henrich, D. C. Sewell, and J. Vale. (Rev. Sci. 
Ins:,'., vol. 20, pp. 887-898; December, 1949.) 
The operation is reviewed in terms of the theory 
developed by Bohm and Foldy (1542 of 1947 
and 793 of 1948). Certain relevant data on the 
properties of the magnet and rotating capacitor 
are presented. 

621.385.38.001.8  963 

Examples of the Industrial Application of 
Gas-Filled Valves —R. Kretzmann. (Z. Ver. 
M ai. big., vol. 91, pp. 457-462; September 
15, 1949.) Specific applications of thyratrons 
and relay tubes for control purposes. An exten-
sive bibliography is given. 

621.385.833  964 
An Electron Gun for an Electron Micro-

scope —V. N. Vertsner. (Compt. Rend. Acad. 
Sci. (URSS), vol. 57, pp. 459-461; August 11, 
1947. In Russian.) Description of a gun de-
veloped at the State Optical Institute. 'I he 
main feature of the gun is that the filament can 
be accurately displaced, horizontally as well 
as vertically, with respect to the diaphragm 
aperture while the microscope is in use. 

621.385.833  965 
Electron Optics of the Three-Stage Elec-

tron Microscope —C. E. Challice. (Proc. Phys. 
Soc., vol. 63, pp. 59-61; January 1, 1950.) 
Calculations by Gaussian optical methods, 
with ray diagrams deduced from the tabulated 
numerical results. 

621.385.833  966 
An Improved Method of Numerical Ray 

Tracing through Electron Lenses —G. Lieb-
mann. (Proc. Phys. Soc., vol. 62, pp. 753-772; 
December 1, 1949.) The general ray equation 
is integrated with the help of Taylor's series, 
including terms up to those of the fourth 
order. The method is first developed for com-
bined es and em lenses and then specialized 
for lenses of pure es or pure em type. Space-

charge effects within the lenses are also con-
sidered. 

621.385.833  967 

Electron-Optical Observation of Magnetic 
Fields —L. Marton and S. H. Lachenbruch. 
(Bur. Stand. Jour. Res., vol. 43, pp. 409-428; 
October, 1949.) A description of the electron 

optical analogue of the schlieren method and a 
related shadow method. See also 199 of Febru-
ary. 

621.396.615: 534-6  908 
An Ultra-Low-Frequency Oscillator —J. E. 

Stone. (Electronics, vol. 23, pp. 94-95; January 
1950.) The thermal lag of a current-carrying 
thermistor enables it to be used as an induct-
ance in the resonant circuit of a subsonic 
oscillator. An approximately sinusoidal wave-
form can be obtained over a frequency range 
of 0.1-0.02 cps. 

621-57:621.318  969 
Magnetic Fluid Clutch —K. E. Wakefiel, I. 

(Gen. Elec. Rev., vol. 52, pp. 39 -43; De,. enther. 
1949.) An account of the results of investiga-
tions with special reference to high-duty de-
vices capable of handling several thousand 
horsepower. See also 50 of February (Parker) 
and 237 of February (Nelson). 

621.791.3:534.321.9  970 
Ultrasonic Soldering Iron for Light Alloys - 

I:Engineer (London), vol. 188, p. 737; Decem-
ber 23, 1949.) A removable copper bit is 
mounted irk front of a magnetostriction trans-
ducer excited  from  a separate  generator. 
Ultrasonic vibrations at about 20 kc destroy 
the oxide film on the working surface. No flux 
is needed. 

621.791.352:621.365.541'  971 
Industrial Brazing by Pulse Techniques 

J. I.. Reinartz. (Electronic,, vol. 23, pp. 78 - 
80; January, 1950.) Extremely high values 01 
peak rf power are applied in short-duration 
pulses in order to reduce the heating, by ther-
mal conduction, of parts near to the joint being 
brazed. The method was developed for tube 
manufacture but may have many other appli-
cations. 

629.13.055.2  972 
A Shielded Hot- Wire Anemometer for Low 

Speeds —L. F. G. Simmons. (Jour. .Sci. Instr., 
vol. 26, pp. 407-411; December, 1949.) "A 
low-speed anemometer is described which 
comprises an electrically heated wire and a 
thermocouple contained in a double-bore silica 
tube. In an air current the temperature change 
caused by heat loss is registered by the thermo-
couple and, when the instrument is suitably 
calibrated, the emf developed serves as a 
measure of the speed of flow. 

621.365.54.55+  973 
Radio-Fre ,uency Heating (Book Review) 

L. Hartshorn, Publishers: Allen and Unwin. 
London, 237 pp., 21s. (Wireless Eng., vol. 27, 
p. 31; January, 1950.) "This book covers both 
induction and dielectric heating and is con-
cerned mainly with the principles ot rf heat-
ing. . . . A good point about the book is that it 
deals mainly with just those points upon %%Well 
general information is lacking —the heating 
coil or electrode and the material itself... . 

Each chapter contains an extensive bibliog-
raphy and the book undoubtedly forms a 
useful contribution to the literature." 

621.38.001.8  974 
Basic Electronics (Book Reviewl —R. G. 

Kloeffler and M. W. Horrell. Publishers: J. 
Wiley and Sons, New York, and Chapman and 

Hall, London, 1949, 435 pp., 35.00. (Elec-
tronics, vol. 23, pp. 211-212; January, 1950.) 
"Coverage of the field of electronics from high-
powered industrial circuits to low-level com-
munications circuits is complete and compre-
hensive without being sketchy. Liberal ref-
erences to the literature suggest further study 

for those whose interests or needs go beyond 
the scope of the general text. 

PROPAGATION OF WAVES 

538.566  975 
The Normal- Wave Method and Its Appli-

cation to Multi-Layer Plane Media--p. E. 
Krasnushkin.  (Compt.  Rend.  Acad.  Sri. 
(URSS ,, vol. 56, pp. 687-690; September I. 
1947. In Russian.) A mathematical investiga-
tion of wave processes due to given currents in 
an unlimited,  isotropic,  nonmagnetic  ideal 
medium. the dielectric constant of which de-
pends only on one Cartesian coordinate. 

538 .566 .2:523.72:621.396.822  976 
The Wave Equations for Electromagnetic 

Radiation in an Ionized Medium in a Magnetic 
Field —K. C. Westfold. (Aust. Jour. Sri. Rec., 
r. .4, vol. 2. pp. 169-183; June, 1949.) In the 

atmospheres of the sun and earth, the refrac-
tive index is. in general, a function of the angle 
between the direction of propagation and the 
magnetic field, the intensity of this field, elec-
tron density, and frequency. Surfaces of con-
stant refractive index cannot be realized and 
the classical theory is inadequate. 

The new treatment is based on axes parallel 
to the principal directions of the medium. A 
new form of the Appleton-Hartree equation 
tor complex refractive index is obtained. Three 
possible types of plasma oscillation and their 

application to solar noise bursts are discussed. 
S4.)• also 884 and 885 (Payne-Scott). 

538.566.2: 621.3S6.II  -  977 
Propagation of Electromagnetic Waves in 

a Stratified  Mecium —G.  Eckart.  (Ann. 
1. ,,,trimun., vol. 4, pp. 142-154 and 223-
230; May and June, 1949.) A mathematical 
treatment for propagation in a medium whose 
dielectric constant e is a linear function of the 
coordinate. The case of waves which trans-

form into plane waves if the slope (a) of the 
e curve tends towards zero is particularly con-
sidered, and also that of a medium consisting 
of two or three layers with different values of 
a. In the latter case teflection occurs at the 
discontinui(ies.  Numerical  calculations  are 
made. 

A solution for the general case, when the 
values of a are small, is developed in powers of 
a, and the coefficients of reflection and trans-
mission are determined. Both horizontal and 
vertical polarization are discussed. Theory is 
also given of the Zenneck surface wave in a 
st rat ified medium. 

621.396.11  978 
Coupling of the Ordinary and Extraor-

dinary Rays in the Ionosphere —T. L. Eckers-
ley. (Proc.  Phys. Soc., vol. 63, pp. 49-58; 
January 1, 1950.) An approximate solution to 
the wave equation is given for propagation in 
an ionosphere in which the gradient of the 
density .V is in the vertical, z, direction only, 
and in which account is taken of the earth's 
magnetic field. It corresponds exactly to the 
ray theory and expresses a quantity Z. which is 
the  derivative of the phase function 8, by a 
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quartic equation. Z can be represented as a 
function of r (which is proportional to N) on 
a four-sheeted Riemann surface, and the branch 
points are studied for the case of vertical inci-

i dence for which Z becomes the refractive index. 
By considering the branch points in the com-
plex ?' plane, the amount of the coupling be-
tween the ordinary and the isolated extraor-
dinary branches of the (Z, r) curves can be 
expressed as a function of the obliquity of the 
magnetic field. The triple splitting of rays Ireflected  from  the  ionosphere,  observable 
where the field is nearly vertical, can thus be 
explained, and the theory is substantiated by 
the observation that the polarizations of the 
echoes on the (P', f) records are ordinary, 
ordinary and extraordinary in order of increas-
ing critical frequencies, as given by the 
branches of the (Z, i') curves. 

621.396.11:535.312:546.212  979 
Measurements of the Reflection Coefficient 

of Water at a Wavelength of 8.7 mm -Kiely. 
• (See 899.). 

621.396.11:535.312:546.212 -16  980 
Reflection Coefficient of Snow and Ice at 

V.H.F. -Saxton. (See 900.) 

621.396.11:550.837.7  981 
Propagation of Electromagnetic Waves in 

Earth -O. C. Haycock, E. C. Madsen, and 
S. R. Hurst. (Geophys., vol. 14, pp. 162-171; 
April, 1949.) Consideration of attenuation, 
present-day transmitter technique, and an-
tenna-length limitations, indicates that fre-
quencies in the range 300-1,000 kc are the most 
practical for propagation through considerable 
thicknesses of ground. 

621.396.11:621.396.81.029.6  982 
The Propagation of Ultra-Short (Quasi-

Optical) Waves -VV. Lelifeldt. (Arch. tick. 
, Clbertragung, vol. 3, pp. 137-142, 183-186, 
221-228, 265-269, 305-312, 339-346; July-1 December, 1949.) A comprehensive review in-
cluding both theory and experimental results. 
Part 1 discusses (a) sw propagation character-
istics (X<10 m); (b) refraction in a homo-
geneous troposphere and calculation of range; 
(c) discontinuities in refractive index causing 
reflection, and fading or extreme ranges of sw 
signals; (d) steep refraction gradients leading 
to total reflection; (e) an estimation of the lim-
iting wavelength (about 5 m) for sky-wave 
propagation; effects due to ion concentration; 
and (f) scattering and absorption by water 
drops. 

Part 2 deals with propagation measure-
ments for wavelengths from about 6 m to 
9 cm. The experiments were conducted in both 
hilly and flat country and also over the Baltic 
Sea. Equipment and measurement technique 
are described. A special section discusses the 
statistical evaluation of the distribution of 
atmospherics. Abnormal ranges are noted. 
Theoretical and experimental results are com-
pared. 

621.396.812.029.63  983 
Interference Fading in the Decimetre-

Wave Band Caused by Humidity and Tempera-
ture Changes in the Lower Layers of the At-
mosphere -A. (.,run and W. Kleinsteuber. 
(Arch. elek.  Obertragung, vol. 3, pp. 209-
219; September, 1949.) Observed interference 
phenomena are explained in terms of (a) the 
bending of rays caused by gradients of the re-
fractive index due to weather conditions, and 
(b) the interaction between the direct ray and 
the ray reflected from the earth. Consideration 
of the path difference of the two rays confirms 
that field strength variations may be calculated 
from the known behavior of the refractive in-
dex. Graphical methods of calculation are de-
scribed. Mean values and variations of the re-

fractive-index gradients derived from obser-
vations of received signals are in good agree-
ment with meteorological observations. A 
wavelength of about 50 cm appears especially 
advantageous for communication. The possible 
application of such observations for meteoro-
logical purposes is indicated. 

621.396.97:621.396.619.13:621.396.8  984 
Propagation Measurements near Geneva 

for Experimental F. M. Broadcasting Transmis-
sions on 93 Mc/s -W. Ebert. (Tech. Mitt. 
Schweiz. Telegr.-Teleph. Verw., vol. 27, pp. 209-
223; October 1, 1949.  In German.)  The 
Philips' equipment used for these tests is de-
scribed; circuit diagrams of the Type-FZ115a 
transmitter and Type-FM46 receiver are given. 
During the measurements the 750- W trans-
mitter was operated at about half power. Field 
strength and quality of reception are recorded 
for 49 locations within a radius of 60 miles 
from the transmitter, (a) using a X/2 dipole with 
vertical polarization, and (b) using a horizon-
tally polarized turnstile array. The latter gave 
appreciably better results, the field strength 
at any particular point being approximately 
2.5 times that obtained with a vertical dipole 
and the same transmitter power. A further re-
port is to be given later. 

621.395.11  985 
Radio Research Special Report No. 19. 

Lateral Deviation of Radio Waves Reflected 
at the Ionosphere [Book Noticej -W. Ross. 
Publishers: H.M. Stationery Office, London, 
9d (Govt. Publ. (London), p. 19; November, 
1949.) 

RECEPTION 

621.396.621 621.385  986 
The Sensitivity ' of Receiving Valves - 

H. Rothe. (Arch. tick. Obertragung. vol. 3, 
pp. 233-240; October, 1949.) The noise factor 
which limits receiver sensitivity is calculated 
for  grounded-cathode,  grounded-grid,  and 
grounded-anode amplifier circuits. Neglecting 
the reactive effect of the output circuit, all 
three types of circuit have the same noise 
factor. The characteristics of various tubes are 
compared and discussed with reference to op-
eration at high frequencies. The grounded-grid 
triode circuit, on account of its lower equiva-
lent noise resistance, gives at vhf a greater sen-
sitivity than the grounded-cathode pentode 
circuit. 

621.396.621.029.62:621.396.933  987 
Airways V.H.F. Communications Receiver 

-A. H. Wulfsberg. (Electronics, vol. 23, pp. 81-
83; January, 1950.) A receiver covering the 
range 108-136 Mc and using the double super-
heterodyne principle has a 100-db image-re-
jection ratio and an 80-db attenuation of other 
spurious responses. Series and shunt noise lim-
iters are used in a special noise-balancing cir-
cuit, full details of which are given. Both the 
first and second local-oscillator frequencies are 
crystal controlled. Output is 1w into a 60041 
load. 

621.396.621.5  988 
Methods of Calculating the Sensitivity of 

Mixer Stages for Decimetre and Centimetre 
Waves -Matare. (See 855.) 

621.396.82: 621.317.3  989 
Electrical Noise. Experimental Correlation 

between Aural and Objective Parameters - 
D. Maurice, G. F. Newell, and J. G. Spencer. 
(Wireless Eng., vol. 27, pp. 2-12; January, 
1950.) The dependence of the amount of annoy-
ance, defined as the disturbance caused by noise 
interference in the presence of a broadcast 
program, upon the objective parameters of the 
noise was studied in order to devise a suitable 
measuring instrument which will simulate a lis-

tener's ear. The significant parameters are the 
receiver bandwidth and the pulse repetition fre-
quency, considering the noise as repeated 
Heaviside unit impulses and the effect of the 
peak value on the annoyance to be logarithmic. 
Random fluctuation noise in the band 250 cps 
to 10 kc was used as a standard; a number of 
observers compared this with seventeen differ-
ent types of test noise under various combina-
tions of the parameters. Simultaneously, the 
noise levels were recorded on six different types 
of noise meters preceded by aural-weighting 
networks. The results showed that a meter in-
dicating the mean square value of the input 
waveform less the mean value was the most 
suitable of those available for the subjective 
measurement of the interference; suggestions 
for its improvement are given. 

621.396.82 : 621.396.619.13  990 
Investigation of Interference Phenomena in 

the Region between Two F.M. Common- Wave 
Transmitters -H. Fricke, L. Pungs, and K. H. 
Scinnitter. (Frequenz, vol. 3, pp. 277-289; 
October, 1949.) The output voltage curve of a 
receiver situated between two FM transmitters 
operating on the same carrier frequency ex-
hibits pronounced peaks which are due to hf 
and If phase shifts. The number of these peaks 
within a given frequency band serves as a meas-
ure of the interference to program reception. 
Harmonic analysis indicates that with increas-
ing number of such peaks the energy distribu-
tion trends more and more towards the higher 
frequencies, so that by using a suitable low-pass 
filter the interference can be almost com-
pletely eliminated. Measurements on model 
equipment are described which confirm the 
theoretical conclusions. 

621.396.62+621.396.662.3+621.396.645  991 
Applications of the Electronic Valve in Re-

ceiving Sets and Amplifiers [Book Review] - 
B. G. Dammers, J. Haantjes, J. Otte, and 
H. van Suchtelen. Publishers: Philips Telecom-
munication Industries, Hilversum, Holland, 
467 pp. (Commun. News, vol. 10, pp. 98-100; 
October, 1949.) The first volume of a series of 
three books on this subject. Only AM is con-
sidered. The various sections deal with (a) rf 
and if amplification, (b) frequency changing, 
(c) determination of the tracking curve, (d) 
parasitic effects apd distortion due to curvature 
of tube characteristics, and (e) detection. "A 
work which should not be absent from any 
echnical library." 

STATIONS AND CO M MUNICATION 
SYSTE MS 

061.3:621.396.1:621.396.97  992 
Results of the Conferences in Copenhagen 

and Mexico -E. Metzler. (Tech. Mitt. Schweiz. 
Telgr.-Teleph. Verw., vol. 27, pp. 233-231; 
October 1, 1949. In German.) Comment on 
these two conferences, the first on reorganiza-
tion of European broadcasting channels, the 
second on international sw broadcasting. 

621.39.001.11  993 
Communication Theory of Secrecy Systems 

-C. E. Shannon. (Bell Sys. Tech. Jour., vol. 
28, pp. 656-715; October, 1949.) Analysis of the 
basic mathematical structure of secrecy sys-
tems and discussion of "theoretical secrecy" 
and "practical secrecy." See also 1361 of 1949. 

621.395  994 
15th Plenary Session of the Comite Con-

sultatif International Telephonique (C.C.I.F.), 
Paris, July 1949 -R. Sueur. (Cables and Trans-
mission (Paris), vol. 4, pp. 3-8; January, 1950.) 
Summaries of the discussions on various sub-
jects. 
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621.395.44:621.315.052.63  995 
Single-Sideband Methods or Frequency 

Modulation  for  Power-Line  Telephony — 
J. Herrmann and J. Erben. (Frequenz, vol. 3, 
pp. 341-348; December, 1949.) Discussion of 
the relative merits of the two systems, with 
particular reference to corona interference and 
to distortion due to sideband clipping in FM 
systems. 

621.396.41.029.63:621.396.97  996 
Experimental Ultra-High-Frequency Multi-

plex Broadcasting System —A. G. Kandoian 
and A. M. Levine. (Elec. Commun., vol. 26, 
pp. 292-304; December, 1949.) Reprint. See 
2629 of 1949. 

621.396.5/.6  997 
Description and General Characteristics of 

[12-channel] Pulse Multiplex Equipment Stud-
ied and Perfected at the C.N.E.T. (Centre 
National d'Etude des Telecommunications) — 
J. Icole and G. Potier. (Ann. Tilicommun., 
vol. 4, pp. 315-318; August and September, 
1949.) 

621.396.5: 621.396.619.16  998 

Pulse Multiplex Equipment for 24-Channel 
Telephony —L. J. Libois. (Onde Elec., vol. 29, 
pp. 23-29; January, 1950.) 0.5-us pulses with a 
repetition frequency of 8,000 per sec are used. 
Time distribution of the pulses is effected by 
means of delay lines. Amplitude modulation of 
the channel pulses is transformed into pulse-
position modulation, a common modulation 
transformer being used for (a) the even-num-
bered, and (b) the odd-numbered channels. The 
transformation procedure is reversed in the re-
ceiver.  Synchronization  pulses  are  distin-
guished by their longer duration. Operation of 
the equipment is satisfactory with a non-
stabilized supply. Component tolerances are 
quite large and though similarity of transmit-
ter and receiver delay lines is important, the 
precision required does not rule out the pos-
sibility of mass production. 

621.396.5.029.62 : 621.396.902  999 
The Thames Radio Service —J. Neale and 

D. W. Burr. (P.(). Elec. Eng. Jour., vol. 42, 

pp. 213-220; January, 1950.) A description of 
the recently developed public R/T service for 
small craft. Full duplex operation is provided. 
Low-power  crystal-controlled  transmitters 
operating in the 160 Mc band are used both 
for the shore-station and the mobile equip-
ments. Mainly because of ease of maintenance 
and relative cost of equipment, AM was 
adopted for the service in preference to FM. A 
selective-calling system is being developed. De-
tails of signalling systems, precautionary meas-
ures, and maintenance facilities are given. The 
use of more than one shore transmitter is con-
sidered. 

621.396.6 : 62L396.932  1000 

The Radio Equipment of the Liner "Ile-
de-France" —J.  Leclere-Courbe.  (Ann.  Re-
dioilec., vol. 5, pp. 21-26; January, 1950.) 
General description of the functions and dis-
position of new apparatus which, except for the 
emergency equipment, is all grouped in one 
room. It includes magnetostrictlon and piezo-
electric depth-sounding recorders, radar equip-
ment, general communication equipment for 
both  telegraphy and  telephony,  and  ra-
diogoniometer. 

621.396.619.13  1001 
Quality Gain in Carrier-Frequency Sys-

tems using Frequency Modulation of Metre 
and Decimetre Waves —P. Barkow. (Arch. 
elek. ebertragung, vol. 3, pp. 287-292; No-
vember, 1949.) Formulas are derived for the 
improvement factors, which are dependent on 
relative frequency swing and which are repre-

sented graphically for different numbers of 
channels. A numerical example is calculated 
and two methods are suggested by which 
equalized signal-to-noise ratio and additional 
gain in quality may be obtained, especially for 
the upper channels. 

621.396.619.13:621.395.813  1002 
Method of Calculating the Nonlinear Dis-

tortion of F. M. Signals as a Function of Ampli-
fier Propagation-Time Variations —J. Fagot. 

(Ann. Radioilec., vol. 5, pp. 8-11; January, 
1950.) Phase variation and propagation time of 
an FM signal are defined mathematically and 
the following simple relation is derived for 
third-harmonic distortion: Ds = cs).1 0, where w 
is 27r times the modulation frequency and At 
the variation of propagation time. The for-
mula is used to find the maximum permissible 
variation of  for a given distortion in a 12-
channel and a 240-channel carrier-current 
telephony system. 

621.396.619.16  1003 
Pulse-Code Modulation and Its Distortion 

with  Logarithmic  Amplitude  Sampling —H. 
Holzwarth. (Arch. elek. ebertragung, vol. 3, 
pp. 277-285; November, 1949.) A characteris-
tic of pcm is the increase in distortion with 
decreasing modulation. This may be partly 
compensated by a logarithmic pre-distortion 
of the signals; this acts as a logarithmic sam-
pling of the undistorted signal. Under certain 
conditions, distortion may be kept at an almost 
constant value throughout a wide modulation 
band. An approximate formula is given for the 
distortion in terms of the degree of pre-dis-
tortion and the sampling rate. The method also 
gives an increased volume range. For the same 
number of channels, a 7-unit PC M system re-
quires about the same minimum bandwidth as 
a PPM system. With a 5-unit code the require-
ments regarding transmission quality could 
probably not be fulfilled.  " 

621.396.65:621.396.5  1004 

A New V.H.F. Multi-Circuit Radio Tele-
phone System: part 1—J. J. E. Aspin. (GEC 
Telecommun., vol. 4, pp. 62-78; 1949.) The 
possibilities of the application of vhf trunk 
radio systems are summarized, the features of 
vhf propagation are outlined, and frequency 
separation is discussed. The effect of sites and 
antenna heights is explained and figures for at-
tenuation due to the radio path are quoted. An 

outline of design requirements leads to an il-
lustrated description of equipment of two 
types: (a) the 6-circuit system, which handles 
seven channels of width 4 kc; and (b) the 12/24-

circuit system, which handles 24 such channels. 
Power output from terminal and relay trans-
mitters is 20 w or, with an additional ampli-
fier, 100 w. Relay spacing may be up to 60 
miles. Two rows of 4 center-fed dipoles, with 
X/2 dipole spacing and X row spacing, X/4 in 
front of a wire-mesh screen, form the direc-
tional antenna array. Part 2 will describe the 
automatic change-over  and  fault-signalling 
system associated with the duplicate equip-
ment at repeater stations. 

62L396.65: 621.396.619.16  1005 
Port Elizabeth-Uitenhage Time-Sharing-

Modulation  Radio  Link —(Elec.  Commun 
vol. 26, pp. 269-271; December, 1949.) Il-
lustrated description of equipment operating on 
frequencies of 440 Mc and 475 Mc in the two 
directions, with peak power of the pulsed trans-
mitters of 150 w. 

621.396.65:621.397.5  1006 
The London/Birmingham Television on 

Radio-Relay Link —D. C. Espley and R. J. 
Clayton. (GEC Jour., vol 17, pp. 3-10; Janu-
ary, 1950.) An illustrated general description 
of the present single-channel reversible link. A 

more detailed technical account will be given on 
completion of the two-way link. See also 471 of 
March. 

621.396.65(494)  1007 

Transalpine  Communication  by  Radio 
Beams — W.  Gerber.  ( Tech.  Mitt.  Schweiz. 
Telegr.-Teleph. Verw., vol. 27, pp. 231-235; 
October 1, 1949. In French.) General discus-
sion, with suggestions for the development of a 
system linking the regions north and south of 
the Alps. See also 546 of 1948 (Gerber and 
Tank) and 2326 of 1949 (Klein). 

621.396.822:1621.396.65+621.395.44  1008 
Noise Level in F. M. Radio Relay Links for 

Multichannel Carrier Telephone Systems — 
A. van Wed. (Commun. News, vol. 10. pp. 83-
86; October, 1949.) The effective signal-to-
noise ratio of radio links is compared theoret-
ically with that of telephone land lines over the 
same circuits. It is possible to get comparable 
performance for the radio link only by using 
highly directive antennas, involving the use of - 
wavelengths <30 cm. Economic considerations 
favor the radio link, since for land lines a re-
peater is required every 25 km, whereas for the 
radio link the distance is about 45 km. 

621.396.933  1009 
Modern Aircraft Radio Equipment as Fitted 

to Convair Liner —J. 11. Gerrand. (Proc. I.R.E. 
(Australia), vol. 10, pp. 306-310; November, 
1949.) 1948 Australian IRE Convention paper. 
The three main requirements of such equip-

ment are light weight, reliability and ease of 
servicing, and simplicity of operation. Various 
units of the Convair communication and navi-
gation equipment are described, with empha-
sis on the way in which they meet these re-
quirements. 

621.39  1010 
Die Systemtheorie der elektrischen Nach-

richtenilbertragung.  (Theory  of  Electrical 
Communication  Systems) (Book Review) — 
K. Kupfmuller. Publishers: S. Hirzel, Stuttgart, 
386 pp. (Wzreless Eng., vol. 27, p. 30; January, 
1950.) "It is a systematic investigation of the 
transmission of electrical signals of all kinds 
under all possible conditions. It deals with tele-
graphic signals, speech, amplitude, frequency 
and pulse modulation, and all the various types 
of distortion. The amount of material in the 
book is very impressive and the treatment is 
very thorough and detailed and well illustrated 
with numerous diagrams. When any lesser 
known mathematical functions are introduced 
they are carefully explained and illustrated with 
numerical examples and diagrams. This is cer-
tainly a book that can be unreservedly recom-
mended to anyone with a knowledge of Ger-
man." 

SUBSIDIARY APPARATUS 

54 1.136.2:541.133  1011 
The Internal Resistance and the Electro-

lytes of Galvanic Cens —C.  Drotschmann. 
(Punk. Und Ton., vol. 3, pp. 506-524 and 594-
600; 1949.) 

621- 526:681.142  1012 
Electronics and Experimental Mathemat-

ics-- Raymond. (See 919.) 

621.316.722  1013 

Photo-Tube Input Impedance for a Voltage 
Stabilizer —E. N. Strait and %V. %V. Buechner. 
(Rev .Sci. Instr., vol. 20, pp. 783-785; Novem-
ber, 1949.) A photocell under constant illumina-
tion is used as an input impedance, eliminating 
the necessity for dc amplification of the error 
signal, which is applied directly to the control 
grid of a pentode, Type 5693, that is used to 
control corona leakage current to the hv ter-
minal of an es generator. 
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621.384.5  1014 
Variations in the Characteristics of Some 

Glow-Discharge Voltage-Regulator Tubes — 
F. A. Benson, W. E. Cain, and B. D. Clucas. 
(Jour. Sci. Instr., vol. 26, pp. 399-401; Decem-
ber, 1949.) "The variations in the characteris-
tics of two commercial types of glow-discharge 
voltage-regulator tube have been studied in 
detail experimentally. The results of short- and 
long-term tests to determine voltage drift, 
together with measurements of temperature co-
efficient, are presented. The properties of tubes 
run with the cathode potential positive with 
respect to the anode are discussed." 

621.396.69  1015 
Telescopic Mountings in Electronic Equip-

ment —C. H. Davis. (Electronic Eng., vol. 22, 
pp. 27-31; January, 1950.) A description is 
given of different methods of mounting chassis 
on roller bearings or pivots, for easy with-
drawal from racks or other equipment and for 
convenience in servicing. The use of flexible 
cable harness ensures permanent circuit connec-
tions in both open and closed positions. Plug 
and socket connections are used if the equip-
ment is to be "dead" in the open position. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.5  1016 
1029-Line  Television —W.  Dillenburger. 

(Elektrcrn Wiss. Tech., vol. 4, pp. 1-10; Janu-
ary, 1950.) The suitability of different scanning 
methods for high-definition pictures is discussed 
and their efficiency considered. Tests made 
with a 1029-line image dissector tube indicate 
that this line number is too high and that the 
physical limit for scanning tubes is too closely 
approached. The cost of transmitters and re-
ceivers is considered. The proposed 625-line 
system for German television seems a good 
choice, guaranteeing satisfactory picture qual-
ity and being economical. 

621.397.5:621.396.65  1017 
The London/Birmingham Television Radio-

Relay Link—Espley and Clayton. (See 1006.) 

621.397.62  1018 
Technique and Developments of High-

Definition Television Receivers —P. Mandel. 
(Onde Elec., vol. 29, pp. 45-56; January, 1950.) 
Paper presented at the 1949 International 
Television Congress, Milan. An examination of 
problems of technique and economy. The tech-
nical aspects discussed are: antennas and hf 
feeders;  hf  amplification  and  frequency-
changing; if amplifiers and detection; and elec-
tron beam deflection and image distortion. The 
relative cost of high and low-definition receivers 
is considered and the importance of the stand-
ardization of components is stressed. 

621.397.7  1019 
Extending  Television —( Wireless  World, 

vol. 56, pp. 14-15; January, 1950.) Brief de-
scription of Sutton CoIdfield television station, 
which operates at 61.7 Mc, with a power of 35 
kw, and is the second of a chain of 10 stations 
which are planned for extending the service to 
80 per cent of the population of Great Britain 
Kingdom by 1954. 

TRANSMISSION 

621.39.001.11  1020 
Analytical Signals with Limited Spectrum: 

Part 1—J. Ville. (Goblet and Transmission 
(Paris), vol. 4, pp. 9-23; January, 1950.) The 
properties of signals whose spectra lie within a 
given frequency band are studied mathemati-
cally. Such signals are completely defined by 
their values at Instants in arithmetical progres 
sion with a sufficiently small common differ-
ence. The extension of this result to analytical 
signals permits the study of circuits whose 

indicial admittance is distributed in time. This 
enables the relation between the bandwidth and 
the quantity of information carried by the 
signal to be determined. 

621.396.612.1.029.64  1021 
A New Transmitter for Ultra-Short Damped 

Waves —J. Le Rot. (Jour. Phys. Radium, vol. 
8, pp. 142-145; May, 1947.) Description of a 
Hertzian doublet type of oscillator of simple 
construction. Two tungsten or platinum wires, 
of diameter 1 mm and length 4.5 mm, are ar-
ranged as a X/2 doublet with a gap of some 
hundredths of a millimeter which has a 
micrometer adjustment. The doublet is im-
mersed in a mineral oil and fed through fine 
resistance wires connected through a high re-
sistance to an 8-10 kv ac supply. At break-
down the spark discharge carbonizes the oil to 
form an effective short circuit for the hf oscilla-
tion generated. The resistive component of the 
impedance of the doublet being very small, a 
dampled wave-train is radiated at each succeed-
ing half-cycle. The apparatus functions for sev-
eral hours without adjustment. Radiated power 
is of the order of 10-20 mw and wavelength 
about 4.4 cm. Some experiments with cm waves 
are described, using this transmitter coupled 
to a short waveguide and horn radiator. 

621.396.615:621.396.619.13  1022 
Reactance-Tube  Modulation of Phase-

Shift Oscillators —F. R. Dennis and E. P. 
Felch. (Bell Sys. Tech. Jour., vol. 28, pp. 601-
607; October, 1940.) A basic circuit is de-
scribed and the design of suitable oscillators for 
a range of frequencies from af to uhf is dis-
cussed. The phase-shift networks are conven-
iently of the RC, LC and transmission-line 
types for the lower, medium, and higher fre-
quencies respectively. Typical circuits and per-
formance curves are given. 

621.396.619.13  1023 
Calculation of the Bandwidth of a Sinus-

oidal Transmission with Sinusoidal F.M. — 
L. Robin. (Ann. Telicommun., vol. 4, pp. 19-
26; January, 1949.) The bandwidth necessary 
to satisfy the requirements fixed at the Atlantic 
City Convention is determined for any value 
of the modulation index. The treatment in-
volves Bessel functions of the first kind and a 
series formed by the squares of these functions. 
It is found necessary to introduce an asymp-
totic development of Besse' functions for neigh-
boring values of their index and argument. The 
results of the calculations are shown on four 
graphs. Two of these give the ratio of FM 
bandwidth to AM bandwidth for any value of 
the modulation index; the others show the 
relation between the FM bandwidth and the 
frequency swing. 

621.396.619.13  1024 
Reactance Valves and their Use in Fre-

quency-Modulation Circuits—A.  G. Wray. 
(Marconi Instrumentation, vol. 2, pp. 63-67; 
November and December, 1949.) Simple the-
ory is given of the operation of a typical re-
actance-tube circuit. This indicates that a 
tube giving a linear change of mutual con-
ductance with linear variation of control-grid 
voltage is suitable for use as a reactor. Experi-
ments with a variable-As tube showed a reduc-
tion in second-harmonic content but an increase 
of the third harmonic, so that no improvement 
of the total distortion resulted.  With  a 
"straight" tube the third harmonic is prac-
tically non-existent and by careful adjustment 
of bias voltage the second harmonic can also be 
made negligible for a particular tube. Bias re-
adjustment will probably be necessary if the 
tube is changed for one of the same type. Living 
an EF91, EL91, or EF92 tube in the circuit 
given, a deviation of 0.5 per cent of the carrier 
frequency can be obtained. Much better per-

formance is obtained with a push-pull circuit, 
full details of which are given. A deviation of 2 
per cent of the carrier frequency is possible with 
this circuit, using EF9I tubes for both reactor 
and oscillator. Over-all envelope distortion is 
<1 per cent. The system has the advantage 
that random changes due to supply-voltage 
fluctuations are cancelled. 

621.396.619.23  1025 
Study of Rectifier-Type Ring Modulators 

with regard to their Application in Terminal 
Installations for 600- or 960-Channel Coaxial-
Cable Links —P. Moll. (Cables and Transmis-
sion (Paris), vol. 4, pp. 24-46; January, 1950.) 
The characteristics of Westinghouse rectifiers 
30 S9A and 28 S4F and their associated input 
and output transformers are studied at differ-
ent frequencies between 10 kc and 10 Mc. 
Laboratory tests and methods of measurement 
of circuit losses and nonlinear distortion are de-
scribed. Results are tabulated and shown 
graphically. The 30 S9A rectifier is well suited 
for ring-modulator use between 300 cps and 4 
Mc. 

VACUUM TUBES AND THERMIONICS 

537.311.33:621.315.59  1026 
Trarsistors—J. A. Becker. (Elec. Eng., 

vol. 69, pp. 58-64; January, 1950.) Discussion 
of recent advances in the theory, circuit per-
formance, and potential applications of tran-
sistors, based on the following papers presented 
at the 1949 AIEE Summer Meeting: Theory 
of Transistor Action — W. Shockley; Equiva-
lent Circuits for Transistor Action and Noise 
—R. M. Ryder; and The Possible Significance 
of Transistors in the Power Field —J. A. 
Hutcheson. See also 240 of February. 

621.383.4:534.862.4  1027 
Lead-Sulfide  Photoconductive  Cells  in 

Sound Reproducers —R. W. Lee. (Jour. Soc. 
Mot. Pic. Eng., vol. 53, pp. 691-703; Decem-
ber, 1949. Discussion, pp. 703-706.) Results 
are given of measurements of sensitivity or sig-
nal output for a wide range of conditions in a 
standard I6-mm sound projector, using silver, 
silver-sulphide,  dye-image,  and  iron-toned 
sound tracks. The effect of the color tempera-
ture of the exciter lamp on frequency response 
and signal output is also discussed. 

621.384.5  1028 
Variations in the Characteristics of some 

Glow-Discharge Voltage-Regulator Tubes — 
Benson, Cain, and Clucas. (See 1014.) 

621.385: 621.318.572  1029 
Switching Valves — W, Kleen. (Elektron 

Wiss. Tech., vol., 4, pp. 11-16; January, 1950.) 
The principle of operation, application, and de-
velopment of the gas-filled transmit-receive 
switch. 

621.385:621.396.621  1030 
Modern  Receiving  Valves:  Miniature 

Valves—R. Suart. (Radto Franc., no. 1, pp. 
3-8; January, 1950.) An illustrated description 
of their development and of methods of manu-
facture.  Operating characteristics compare 
favorably with those of the corresponding nor-
mal and acorn types of tube. Some 40 types of 
miniature tube are classified. 

621.385:621.396.621  1031 
The Sensitivity of Receiving Valves — 

Rot he. (See 986.) 

621.385.029.63/.64:537.525.92  1032 
Increasing Space-Charge Waves  l'ierce. 

(See 874.) 

621.396.615.029.63  1033 
On a Particular Characteristic of Disk-Seal 

Valves 2C40 and 2C43----L, Liot. (Radio Franc., 
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no. 2, pp. 9-13; February, 1950.) The physical 
construction of these tubes allows them to be 
used as reentrant-cavity oscillators for the fre-
quency range 1,600-2,400 Mc. Maximum out-
put power using a Type-2C40 tube on 2,000 
Mc is 200 mw, falling to 70 mw at the limiting 
frequencies. A scale diagram is given showing 
the construction adopted. 

621.396.615.142  1034 
On the Theory of Velocity-Modulation 

Transit-Time Valves: Part 2—H. Daring. 
(Arch. elek. Obertragung, vol. 3, pp. 293-
300; November, 1949.) The general reflex type 
of tube is investigated. Behind the infinitely 
short alternating field is located the field-free 
drift space Or, and a uniform retarding field 
08 of finite length. This arrangement is com-
parable with the two-field, two-circuit tube 
with fixed reaction, so that discrete oscillation 
regions appear when the static transit-time 
angle is varied. When (4L>egt the oscillation 
regions correspond to those of the Heil genera-
tor with antiphase alternating fields. When 
e3L>laR the motion in the retarding field is pre-
dominant and the oscillation regions coincide 
with the damping regions of the Heil generator. 
For equal transit-time angle in the drift space 
and retarding field (AL =es), only slight dens-
ity modulation occurs and the efficiency of the 
generator tends to zero. Two arrangements 
giving the greatest conversion efficiency are 
described. The first uses an electrical double 
layer for the retarding field (eB=0). In this 
case, oscillation regions and efficiency are iden-
tical with those of the Heil generator. Maxi-
mum efficiency of 26 per cent occurs in the 
second region with 0=0.5 and Eh= 2.3r. In 
the second arrangement ez, =0 and the maxi-
mum efficiency of 25.5 per cent occurs in the 
first region with OB = 1.55x and 0=0.5. Exact 
calculations are made for the first and sixth re-
gions. Approximate formulas may be derived 
for the maximum efficiency in the higher oscil-
lation regions. Part 1: 2175 of 1944. 

621.396.822  1035 
Spontaneous  Fluctuations  in  Double-

Cathode Valves —R. Furth. (Wireless Eng., 
vol. 27, p. 33; January, 1950.) Reply to com-
ment by Knol and Diemer (791 of April) on 
Farth's theory (2418 and 2419 of 1948). See also 
1247 of 1949 (MacDonald). 

621.396.822  1036 
Hum in A.C. Valves —Z. Imre. (Elec-

tronic Eng., vol. 22, p. 33; January, 1950.) See 
also 916 of 1949, where the author's name 
should be as above. 

621.38  1037 
Fundamental  Electronics  and  Vacuum 

Tubes [Book Revievd —A. L. Albert. Pub-
lishers: Macmillan and Co., 2nd edn. 1947, 

499 pp., $6.00. (PRoc. I.R.E., vol. 37, pp. 1304-
1305; November, 1949.) Intended "for use in 
courses in electronics required of all electrical 
engineering students. The treatment is largely 
nonmathematical." The first edition was noted 
in 2783 of 1939. 

621.385  1038 
International Radio Tube Encyclopedia 

[Book Reviewl —B. R. Babani (Ed.). Pub-
lishers: Bernards Ltd., London, 410 pp., 42s. 
(Wireless Eng., vol. 26, p. 412; December, 
1949.) Gives the characteristics and base con-
nections of 15,000 British, American, and Con-
tinental tubes, classified according to type and 
arranged in alphabetical and numerical order. 

621.385  1039 
Les Tubes glectroniques et leurs Applica-

tions: Tome 1—Principes generaux [Book Re-
viewl —H. Bttrkbausen. Publishers: Dunod, 
Paris, 228 pp. (Radio Tech. Dig. (Frarc.), vol. 
3, pp. 377-378; December, 1949.) 2nd French 
edition, being a translation by C. Poitrat of the 
5th German edition. "This book, like the 
earlier edition, will be of great value to radio 
engineers and technicians." Further volumes 
N4 ill deal with amplifiers (vol. 2), self-excitation 
and feedback (vol. 3), and rectifiers and re-
ceivers (vol. 4). 

MISCELLANEOUS 

06.064:621.396  1040 
Amateur Exhibition —( Wireless World, vol. 

56, pp. 12-13; January, 1950.) Brief descrip-
tions of some of the exhibits at the 3rd annual 
show of the Radio Society of Great Britain. 

530.12  1041 
Albert Einstein on His Seventieth Birth-

day —R. A. Millikan. (Rev. Mod. Phys., vol. 21, 
pi,. 343-345; July, 1949.) A short appreciation 
of Einstein and his work. The rest of this num-
ber (pp. 345-540) contains 37 papers on various 
aspects of the theory of relativity. Each of the 
authors would wish to express his debt to 
Einstein, but editorial arrangements made it 
necessary for such expressions to be voiced' 
only by R. A. Millikan, L. de Broglie, M. von 
Laue, and P. Frank. 

621.3:371.3  1042 
Philosophy of the Teaching of Flectricity — 

L. Bouthillon. (Bull. Soc. Franc. Elec., vol. 9, 
pp. 619-640; November, 1949.) 

621.385  1043 
Birth Centenary of Ambrose Fleming--J. 

T. MacGregor-Morris. (Electronic Eng. (Lon-
don), vol. 21, pp. 442-447; December, 1949 and 
vol. 22, pp. 22-26; January, 1950.) A review of 
Fleming's life and work, with particular refer-

ence to the sequence of events leading to his 
invention of the thermionic tube and to its use 
for radio reception. 

621.396.029.64  1044 
Some Experimental Demonstrations with 

Electromagnetic Centimetre Waves —E. Meyer 
and H. Severin. (Z. Phys., vol. 126, pp. 711-
720; August 30, 1949.) Description of simple 
experiments in an auditorium of Gottingen 
University during the course of a lecture on 
"Physical Fundamentals of High-Frequency 
Technique." A 10-cm tone-modulated mag-
netron was used as transmitter. 

621.396.97:061.3  1045 
Proceedings of the Broadcast Engineers 

Conference, May 23-25, 1949 —M. A. Honnell 
(Ed.). (Georgia Inst. Tech. State Eng. Exp. 
Station Circular (Atlanta), vol. 9, 82 pp. Oc-
tober, 1949.) Essential substance of 14 papers 
read at the, conference. 

43-3=2  1046 
Technisches Worterbuch (Deutsch-Eng-

lisch) [Book Review) —R. Ernst. Publishers: 
Tauchnitz Edition, Hamburg. Vol. 1, 612 pp., 
16.50 DM. (Eltlerotechnik (Berlin), vol. 3, p. 
iv; May, 1949.) "The problem of including as 
many technical words as possible in a handy 
volume has been solved surprisingly well. 
Space economies in the case of related words 
and those common to the two languages 
might have been extended to include other less 
familiar equivalents, such as geschwindig-
keitsmodulierte Rare= klystron. More verbs 
are included than is usual in most technical 
dictionaries, and also the principal expressions 
for mathematical operations." 

621.3:43-3=2=4  1047 
Technical Dictionary: Vol. 2, German-

English-French  [Book  Reviewl —H.  Thali. 
Publishers: 11. Thali and Co., Hitzkirch, 
Switzerland, 1948, 311 pp., 35s. (Electronic 
Eng., vol. 21, p. 437; November, 1949.) A 
24,000-word dictionary concerned mainly with 
electrical engineering, radio, television, and 
texcommunications. It includes also the most 
important terms of acoustics, illumination, 
mathematics, materials, optics, heating, etc. 
Vol. I, English-German-French, was noted in 
906 of 1948. 

45-3=2:621.396  1048 
Dizionario Tecnico della Radio. Italiano-

Inglese. Inglese-Italiano [Book Revievd- L. 
Bassetti. Publishers: II Rostro, Milan, 275 pp., 
900 lire. (Radio (Turin) no. 8, pp. 5-6;Novem-
ber, 1949.) Radio terms and terms in physics 
and electronics connected with radio are ex-
plained. A list of abbreviations and symbols for 
circuit diagrams is included. 



ADVENTURES IN ELECTRONIC DESIGN 

Centrolab's Special Electronic Component Parts Design 

Service May Solve a Problem for You 

(.1 c? How many times 
f/ 

have your design engineers 

been called  upon to develop new equipment only to be faced with a new bug 

— 

new gadget seems 

or special problem of one variety or another? Everything about the 

but you need a special part to lick 

special problem. To Centralab Engineers 

special problems are as welcome as a Rolls Royce 
4,7 

They look on these problems as their own 

the 

II 
these queer bugsf y  1  and 

J 
41 411 A'L 2 

o a burlesque queen 

and from their bag 

• it L .)  of 30 years of electronic experience — they always come up with an 

CI: 'II , 

answer. 

for yourself  (7'4_ 

and capacitors 

Take a look 

some of these "Specials" in ceramics, 

ing the past few years 

that CRL 

over the next two pages 

switches 

. See 

has developed to meet special needs dur-

. Maybe you'll see one that can help 

or you'll know where to go with your next . special problem. 

// 

of course! 

DEVELOPMENTS THAT CAN HELP YOU. 

Division of GLOBE-UNION INC. .Milwaukee 



What's your need in 

If you have an unusual electronic or ceramic part design and 
fabrication problem — bring it to Centralab. It may very well 
happen that with a combination of standard CRL parts — or 
a slight modification thereof — we can help you solve it. If 
special requirements warrant — we can design a completely 
new unit and produce it for you. All we need is your exact 
requirements as to purpose, size, capacity, voltage and resist-
ance. Write Dept. "E" outlining your problem. No obligation. 
Centralab Division, Globe-Union Inc., 900 E. Keefe Ave., 
Milwaukee 1, Wisconsin. 

1 A solenoid operated selector switch. 2 Automatic selector switch for automo-
bile radio. 

3 Combination control and selector 
switches. 

4 Front and rear view —push button type  5 Left — dual TV Trimmer. Right — 
tone switch.  TV trimmer combined with ceramic 

coil form. 

7 Special tubular ceramic capacitor 
2200 MMF ± 1%. 

8 Control with offset shaft and operating 
gears. 

6 5000V dual disc ceramic capacitor. 
Actual size, slightly larger than a nickel. 

Front and rear view — C,entralab's min-
iature (smaller than a dime!) Dual 

Model 1 Control. 



13 Steatite ceramic coil form with bond-
ed metal end. 

14 Centralab Steatite ceramic used in  15 CRL Steatite used as part of diffu-
special forms —coils etc.  sion system in hot water heater. 

Special Electronic Parts? 

11 Front and rear view — special type 
by-pass capacitor. 

10 Examples of special "printed circuit' 
parts. Left — a fixed value capacitor. 

Right —an inductance coil. 

16 Special feed-thru by-pass capacitor. 

12 Special ceramic coil form and trim-
mer assembly. 

• 17 Special 5-10 KY hi-voltage capacitor. 11) Spc,il aritcritia  lug v.irionIctcr. 18 Metallized ceramic rods for rotor sec-
tions in hi-voltage variable transmit-

ter capacitors, and resonant lines. 



IMPORTANT BULLETINS FOR YOUR 

ROTARY SWITCH 

• reoovci .tcylivr • 

RilliOaf kiii I 

Choose From This List! 
Centralab Printed Electronic Circuits 

973 — AMPEC — three-tube P. E. C. amplifier. 
42-6 — COUPLATE — P. E. C. interstage coupling plate. 
42-22 — VERTICAL INTEGRATOR — for TV application. 
42-24 — CERAMIC PLATE COMPONENTS — for use in low-

power miniature electronic equipment. 
42-27 — MODEL 2 COUPLATE — for small or portable set 

applications. 
999 — PENTODE COUPLATE — specialized P. E. C. coupling 

plate. 
42-9 — FILPEC — Printed Electronic Circuit filter. 

Centralab Capacitors 
42-3 — BC TUBULAR HI-KAPS — capacitors for use where 

temperature compensation is unimportant. 
42-4 — BC Disc HI-KAps— miniature ceramic BC capacitors. 
42-10 — HI-Vo-1CAps — high voltage capacitors for TV appli-

cation. 
695 — CERAMIC TRIMMERS — CRL trimmer catalog. 
981 — HI-Vo-KAPs — capacitors for TV application. For 

jobbers. 

42-18 - TC CAPACITORS — temperature compensating capaci-
tors. 

814 - - CAPACITORS — high-voltage capacitors. 
975 — FT HI-KAPs — feed-thru capacitors. 

Centralab Switches 
953  SLIDE SWITCH — applies to AM and FM switching 

circuits. 

970 — LEVER SWITCH — shows indexing combinations. 

995 — ROTARY SWITCH — schematic application diagrams. 
722 - - SWITCH CATALOG — facts on CRL's complete line of 

switches. 

Centralab Controls 
42-19 - M ODEL “1" RADIOHM — world's smallest commer-

cially produced control. 
42-85 - - MODEL "2" RADIOHM — Radio and TV controls. 

Centralab Ceramics 
967 — CERAMIC CAPACITOR DIELECTRIC MATERIALS. 
720 — CERAMIC CATALOG—CRL steatite, ceramic products. 

Look to CENTRALAB in 1950! First in component research that means lower costs for the electronic 
industry. If you're planning new equipment, let Centralab's sales and engineering service work with you. For 
complete information on all CRL products, get in touch with your Centralab Representative. Or write direct. 

CENTRALAB 
Division of Globe-Union Inc. 
900 East Keefe Avenue, Milwaukee, Wisconsin 

Yes—I would like to hove the CRL bulletins, checked below, for my technical library! 
O 973  0 42-24  0 42-9  0 42-10  0 42-18 0 953  0 722 

O 42-6  0 42-27  D 42-3  0 42-85  0 814  0 970  0 42-19 

O 42-22  0 999  0 42-4  0 695  D 975  0 995  0 967 

0 981  0 720 

Name  

Address 

City   State   

TEAR OUT COUPON 

for the Bulletins you want   

Division of GLOBE-UNION INC. • Milwaukee 



AKRON 

'Submarine Cable.' by Earl Wilson. Captain. 
United States Army Submarine Service; 'Motor 
Control.' by Edward Romito. Student; January 10. 
1950. 

'Electronic Musical Instruments.' by A. F. 
Knoblaugh. The Baldwin Company; February 21. 
1950. 

ATLANTA 

'High-Speed Distributed Amplifiers." by W. 
R. Hewlett, Hewlett-Packard Company; February 
28. 1950. 

BALTIMORE 

'Characteristics of Airport Traffic Control 
Radar,' by S. F. Clark, Civil Aeronautics Adminis-
tration; March 15, 1950. 

BEAUMONT-PORT ARTHUR 

'A New Electronic Audio-Sweep-Frequency 
Generator,' by Hershel Toomim, Toomim Labora-
tories: February 23. 1950. 

CEDAR RAPIDS 

'The Editorial Policy of The Institute of Radio 
Engineers.' an Open Forum; February IS. 1950. 

CHICAGO 

'Some New Developments in the Field of 
Sound Reproduction.' by H. F. Olson. RCA Labo-
ratories; 'Development and Application of the 
Short 16-Inch Metal Kinescope." by L. E. Swed-
lund, Radio Corporation of America; February 17. 
1950. 

COLUMBUS 

'Television Broadcast Antennas." by R. W. 
Masters. Antenna Laboratory. Ohio State Uni-
versity; January 11. 1950. 

'Radio in Astronomy.' by C. E. Hesthal. 
Faculty. Ohio State University; February 22. 1950. 

DALLAS-FORT WORTH 

'Focusing Sound Waves with  Microwave 
Lenses." by W. E. Kock, Bell Telephone Labora-
tory; February 23, 1950. 

DAYTON 

'The Atomic Clock.' by Harold Lyons. Na-
tional Bureau of Standards; 'Recent Developments 
in Mass Spectrography." by J. A. Hippie. National 
Bureau of Standards; March 2, 1950. 

DETROIT 

'Multiple Voice Superhighways by Carrier 
Waves,' by J. 0. Perrine, American Telephone and 
Telegraph Company; February 15. 1950. 

LONDON 

'Noise and Noise Measurement at VHF.' by 
0. Marshall. Student, University of Western On-
tario; 'Odd Resonance Effects." by J. Lekken. 
Student. University of Western Ontario; 'The 
Pentriode Amplifier." D. Grant, Student. Uni-
versity of Western Ontario; February 13, 1950. 

Los ANGELES 

'Patents." by F. E. Mauritz. Lyon and Lyon 
Law Firm; 'Latest Developments in Radio Inter-
ference Elimination,' by R. R. Stoddart. Striticlart 
Aircraft Radio Company; March 7. 1950. 

NEW Mexico 

'Television Antennas and Transmission Lines.' 
by R. M. Krueger; February 24, 1950. 

NORTH CAROLINA-VIRGINIA 

'Mechanical Filters for Radio-Frequency— 
Theoretical Considerations,' by W. V. B. Roberts. 
RCA Laboratories; 'Mechanical Filters for Radio-
Frequency-Experimental Units.' by L. 1. Burn. 
RCA Laboratories; January 13. 1950. 

(Continued on page 384) 
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HOW TO SO-61e YOUR CARTRIDGE PROBLEMS E .-7 . / 

TO GET EVERYTHING YOU WANT 
57/7  7,141-e* 

O FREQUENCY RESPONSE tailored to the 
requirements of your system. Clean, wide 
range ... roll-off ... or cut-off character-
istics ... to your specifications. 

O OUTPUT VOLTAGE sufficient for full 
power output without sacrificing desired 
compliance. 

O LATERAL COMPLIANCE for excellent 
low frequency tracking at 5-6 grams force. 

El VERTICAL COMPLIANCE to minimize 
record and tip wear. 

O RUMBLE PICK-UP audibly suppressed 
without alteration of frequency response 
characteristics. 

El MOISTURE PROTECTION from high 
humidity at no extra cost. 

El PERFORMANCE DEPENDABILITY to as-
sure stable response despite temperature 
change. 

•  MINIMUM TRACKING FORCE. Guaran-
teed tracking throughout the frequency 
spectrum at only 5-6 grams force. 

D STYLII QUALITY. Long wearing, preci-
sion ground tips for high fidelity reproduc-
tion and minimum record wear. 

Ej UNIFORMITY IN PRODUCTION. Precise 
conformity to laboratory established speci-
fications in quantity production. 

p DUAL STYLUS SET-DO WN. Precise set-
down unaltered by stylus replacement. 

• Only E-V Torque Drive gives you all 
these features. Available in single-stylus 
or dual-stylus types.. for 331/3, 45 and 
78 rpm single-speed or multi-speed 
record players. E-V engineers and full 
facilities are at your service. 

I950 

E-V Torque Drive cartridges, reso-
nated only by crystal stiffness and low 
mass driving system, offer wide range, 
peak-free response. The system can be 
mechanically tuned to obtain any curve 
desired. 

FrBy mechanical step-up, stylus force 
is multiplied 20 times in the Torque 
Drive system, producing a high voltage 
output So compliance ratio. 

2 -Lateral compliance exceeds unity in 
E-V cartridges because bearings, bush-
ings and other types of friction are 
eliminated. 

R"The absence of bearing rigidity 
makes Torque Drive a vertically com-
pliant drive syste m. 

ikr Torque Drive cartridges respond only 
to lateral tip motions and cancel output 
of vertical motions. 

F- All E-V cartridges are moisture in-
hibited for longer trouble-free life by a 
special coating of silicone ... at the 
cost of ordinary weather sealing. 

R 'The response of E-V cartridges de-
pends only on a mechanical drive sys-
tem which does not employ temperature 
sensitive pads or damping materials. 

R'E-V cartridges track well at 5 grams 
force because of high lateral compli-
ance and clean, wide range response. 

'Accurate inspection, exacting tests 
and highest quality materials assure 
superior performance from each E-V 
single-tip or dual-tip stylus. 

'The performance of Torque Drive 
cartridges depends only on a simple 
harness system and crystal; not on a 
multitude of minute parts. 

ri'The E-V in-line, dual tipped stylus. 
admits no set-down variation. 

'Pal. Pend. 

PHONO PICKUPS • MICR OPHONES 

ELECTR O-VOICE, INC. 403 CARR OLL ST., BUCH ANAN, MICHIGA N 

Export: 13 East 40th Street, New York 16, N.Y. U.S.A, Cables: Arlab 



you get ORE PERFORMANCE 

with the  Browning 

plus these ELECTRICAL 

and MECHANICAL features 

38A 

this new five-inch Browning 'scope 
gives you the basic laboratory 
equipment for pulse work — in 
a single, compact unit with: 

• Triggered sweep rate continu-
ously variable from  P.O to 
25,000 microseconds per inch. 

• Sawfooth sweep rate 10 cycles 
to 100 KC. 

• Sweep calibration (triggered 
and sawtooth) in microseconds 
per screen division accurate 
to ±I0%. 

• Vertical amplifier flat within 
3 db. from 5 cycles to 5 
megacycles. 

• Sensitivity 0.075 volts  RMS 
per inch. 

• Horizontal amplifier d.c. to 
500 KC, sensitivity 2 volts per 
inch. 

• Self-calibrating on both X and 
Y axis. 

• Readily portable . . . weighs 
but 50 pounds. 

• SUP1 cathode-ray tube operates at accelerating potential of 2600 
volts • Sweep starting time is approximately 0.1 microsecond 
• Sweep may be triggered or synchronized by positive or negative 
sine-wave or pulse signals of 0.5 volts (external) or 0.75 inches 
deflection (from vertical amplifier) • Three-step attenuator — 
100:1, 10:1, and 1:1, plus continuous adjustability over entire range 
• Peak-to-peak vertical calibration voltages of 0-2-20-200 at accu-
racy of Lt. 10% • Cathode connection, brought out to front panel, 
allows external blanking and marker connection • All deflection 
plates are available for direct connection • Steel cabinet finished 
in black wrinkle  • Steel panel finished in black leatherette 
• Copper-plated steel chassis with lacquer finish • Controls 
grouped by function for operating convenience • Free-view screen 
has graduated X- and Y-axis scales • Size: 10" wide, 14%" high, 
163/4" deep • Instrument draws 180 volt-amperes at 115 volts 
60 cycles. 

NET PRICE, F.O.B. Winchester, Mass  $485.00 

FREE BULLETIN gives further data on this new, low-cost, versatile 
oscillosynchroscope. Ask for data sheet ON-54R. 

In  Canada.  ad-
dress Measurement 
Engineering  Ltd., 
Arnprior,  Ontario 

Export Sales 
if Rockefeller Plata 

Room 1422 
New York 20 

EN GI NEERED  FOR  EN GI NEERS 

(Continued from page 374) 

"Measurements of Nonlinearity in Audio Sys 

terns," by W. R. Hewlett. Hewlett-Packard Coni 
pony; March 3. 1950. 

Ostial4-LiNcotri 

"Omnidirectional Radio Range. Equipment 

and Utilization," by John Biggs. Collins Radn, 
Range; Election of Officers; January 16. 1950. 

OTTA WA 

'Recent Developments in Vacuum Tubes," by 
P. A. Redhead, National Research Council; Feb-

ruary 16, 1950. 
PHILADELPHIA 

'Interlaced Dot Systems of Monochrome and 
Color Television," by W. P. Boothroyd, Philcu 
Corporation; November 3, 1949. 

'What Price Bandwidth,' by W. R. Bennett, 
Bell Telephone Laboratories; December 1, 1949. 

'Application of Sound Portrayal Techniques.' 
by R. K. Potter. Bell Telephone Laboratorks; 
January 5, 1950. 

'What's Troubling the Television Industry,' 

by D. B. Smith, PhiIco Corporation; February 1. 
1950. 

"Railroad Communications," by L. J. Prender-
gast. Baltimore and Ohio Railroad; March 2, 1950. 

PITTSBURGH 

'Electronic Instruments Designed for Analyti-
cal Application,' by E. R. Millen, Fisher Scientific 
Company; March 13, 1950. 

ROCHESTER 

'Streamlining Railroad Radio.' by A. V. Dies-
burg. Robert Haner. and J. C. O'Brien, General 

Railway Signal Company; February 16, 1950. 

SAN A NTONIO 

'The Weaver-Bray  Experiment  (Auditory 
Masking).' by J. Tonndorf,  Randolph Field; 
•Electro-Encephalography," by Jonathan Prast, 
Randolph Field; Business Meeting; March 2, 1950. 

SAN FRANCISCO 

"Techniques in Antenna Impedance and Pat-
tern Measurement at UHF.' by J. T. Bolljahn, 
Stanford Research Institute, and J. H. Priedigkeit. 
University of California Antenna Laboratory; Feb-
ruary 15. 1950. 

'New Developments in Microwave Resna-
trons.• by D. H. Sloan, Faculty, University of Cali-
fornia; March 8, 1950. 

SEATTLE 

'Velocity of Light by the Resonant Cavity 

Method," by 'W. J. Barclay, Faculty, Oregon State 
College; February 17, 1950. 

ST. Lows 

'Microphones and Intermodulation.• by J. K. 
Hilliard. Altec Lansing Corporation; February 23, 
1950. 

TOLEDO 

"Electronic Generation of Musical Tones and 
Organ Concert." by J. F. Jordan, Baldwin Piano 
Company; March 20, 1950. 

TORONTO 

'Studio Television Equipment.' by H. 
Fancher. General Electric Company; October 24, 
1949. 

'Report on Television.' by J. A. Ouimet, Ca-
nadian Broadcasting Corporation; November 21. 
1949. 

'High-Quality Audio Amplifier,' by F. H. 
McIntosh,  McIntosh  Engineering Laboratories. 
Inc.; December 12, 1949. 

(Continued on pegs 394) 
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(Continued from page 38.4) 

"Printed Circuits," by J. Marsten. Interna-
tional Resistance Company; January 16. 1950. 

"The Image Orthicon Television Camera." by 
N. S. Bean. Radio Corporation of America:January 

30, 1950. 
Student Night; February 13, 1950. 

'Multi-Voice  Superhighways  by  Carrier 
Waves," by J. 0. Perrine, American Telephone and 

Telegraph Company; February 27, 1950. 

W ILLIAMSPORT 

'Transformer Measurements and  Perform-
ance.' by Reuben Lee. Westinghouse Electric 

Corporation; March 1. 1950. 

SUBSECTION MEETINGS 

CENTRE COUNTY 

"Microwave Astronomy," by C. R. Burrowes. 

Faculty. Cornell University; December 19. 1949. 
"Precision Computing Potentiometers," by 

Paul Caseman. Student. Pennsylvania State Col-
lege; 'Transistors,' by William Shaw. Student, 

Pennsylvania State College; 'Oblique Incidence 
Measurements of Ionosphere Height." by William 

Fairer; January 10, 1950. 
"Garfield Thomas Water Tunnel." by R. B. 

Power and J. M. Robertson, Faculty. Pennsylvania 
State College; January 17. 1950. 

"Precision Watch Rate Meter," by H. F. 
Wischnia, Faculty, Pennsylvania State College; 

•Microphonism in High-Vacuum Triodes," by J. A. 
Wenzel. Faculty.  Pennsylvania State College; 
February 21. 1950. 

HAMILTON 

"Practical Aspects of Television Antennae." by 
Arthur Ainlay, Canadian Westinghouse Company. 
Ltd.; September 19, 1949. 

'Some Aspects of Radio Component Design." 
by G. M. Cox. Marsland Engineering Company; 
October 17, 1949. 

"Electronics Applied to Medicine," by S. J. 

Albin. Avonde and Albin Clinic; November 14, 
1949. 

"Projection Television." by R. H. Childerhose. 
Rogers Majestic, Ltd.; December 5. 1949. 

'Ramblings on Loud speaker Design." by C. E. 
Hoekstra, Magnavox Company; January 16. 1950. 

"Television Front Ends." by F. Edwards. 
Standard Coil Products; February 13, 1950. 

LANCASTER 

"The Ripple-Tank an Aid to Phase Front 
Vizualization," by H. A. Schooley, Naval Research 
Laboratory; November 9. 1949. 

"Some New Developments in the Field of 
Sound Reproduction." by H. F. Olson, RCA Labo-
ratories; January 11, 1950. 

"Radio-Frequency Radiation from the Sun." 
by J. P. Hagen, Naval Research I.aboratory; 
February 8. 1950. 

LONG ISLAND 

'Television - Why the Deep Freeze?' by S. I. 
Bailey. Jansky and Bailey; March IS, 1950. 

MONMOUTH 

•Dot Systems of Color Television." by 
Boothroyd; February IS. 1950. 

W. P 

NORTHERN NEW JERSEY 

"Storage Tubes," by L. E Flory, RCA Labora-
tories; 'AOC and AFC as Feedback Problems," by 

W. L. Mraz, Bell Telephone Laboratories; February 
8. 1950. 

PT63-A OFFERS 3 HEADS 

Monitor from the tape! 
A new professional tape recorder with three separate heads: 
erase, record, playback for monitoring from the tape. This 
P163-A Magnecorder incorporates all other fine features of the 
P16-A. The new P163-J Amplifier for single microphone record-
ing includes separate playback amplifier. 

ett THREE HEADS AND AMPLIFIER KIT 
Converts Your PT6-A To Monitor From Tape 

Complete conversion kit includes new three-head unit, additional moni-
tor amplifier and power supply. Three-head unit simply 
plugs into receptacle for present two heads on your 
PT6-A Magnecorder. 

SPECIFICATI ONS JUST RELEASED 

Write for detailed information on these 

latest Magnecorder developments. 

SEE THE NEW PT7 
CONSOLE, PORTABLE, 

RACK-MOUNT 

a qUeerfAl l, INC., CHICAGO 1, ILLINOIS 
36 0  N O R T H  MI C HI G A N  A V E N U E 

World's Largest and Oldest Manufacturers of Profe,sional Magnetic Recorders 
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Coil co IA? vi 

ManufactO 
• Single layer solenoid coils 

• Universal wound coils of 

single, multiple pie, and 

progressive construction 

• RF, IF, and Oscillator Coils 

• Traps, Discriminators, Fil-

ters, RF and Delay Line 

Chokes 

These are but a few of the many types of coils de-

signed and built by B&W to answer your specific needs. 

Whether your problems concern research, design, 

development, or production.. . in electronics, televi-

sion, radio broadcasting, or radio communications . . . 

for long or short production runs—to exacting commer-

cial or military specifications—you'll find the complete 

facilities of B&W able to answer your coil problems. 

For detailed information on coils that are recog-

nized the world over for their consistent dependability, 

write today to B&W, Dept. PR-50. 

"Manufacts manufacturing facts 

BA  :1 & WILLIAMSON, INc. 
237 Fairfield Avenue  Upper Darby, Pa. 

40A 

STUDENT 

BRA NCH 

MEETINGS 

ALABAMA POLYTECHNIC INSTITUTE, 
IRE BRANCH 

Election of Officers; February 13, 1950. 

UNIVERSITY OF ALBERTA. IRE BRANCH 

'Recording. Reproduction of Radio Stations." 
by A. MacDonald. Canadian Broadcasting Corp.; 
February 7, 1950. 

CASE IssjIiuis OF TECHNOLOGY. 
IRE BRANCH 

Election of Officers; January 11, 1950. 
"High Current Generator," by Robert Stroug h. 

Graduate Student, Case Institute of Technology; 
February 21, 1950. 

UNIVERSITY OF COLORADO. IRE-AIEE BRANCH 

Films: "Laying Okonite Power Cable Across 
Puget Sound," and "Mining of Copper in Arizona"; 
February 22, 1950. 

COLUMBIA UNIVERSITY, IRE-AIEE BRANCH 

'What's Ahead in Engineering Employment,' 
by Robert Moore, Director, Columbia University 
Placement Bureau; N6vember 4, 1949. 

'General Theory and Future Possibilities of the 
Transistor," by Dr. Hansen, Bell Telephone Labora-
tories; December 9, 1949. 

'Professional Engineer's Examination." by Mr. 
Bisson and C. N. Metcalf, New York State Society 
of Professional Engineers; March 9, 1950. 

CORNELL UNIVERSITY. IRE-AIEE BRANLII 

'Registration of Professional Engineers.' by 
William Perry, New York Gas and Electric Corpora-
tion; AIEE Student Paper Contest; March 18, 1950. 

UNIVERSITY OF DELAWARE, I RE-A IEE BRANCH 

"Mighty Mites," by Ed Hild, Diamond State 
Telephone Company; January 12. 1950. 

Panel Discussion, by J. Clark, Delaware Power 
and Light Company; E. Palmer. Delaware Rayon 
Company; C. Andersen. General Electric Company; 

and R. Aydelotte, Natibnal Vulcanite Fibre, Inc.; 
February 16, 1950. 

'Illumination," by Walter Sturrock, General 
Electric Company, and E. F. Lafond. Delaware 
Power and Light Company; March 9, 1950. 

UNIVERSITY OF DETROIT, IRE BRANCH 

"Computors Analog,' by A. F. Martz, Holley 
Carburetor Company; October 4. 1949. 

'Graduate Studies," by T. Yamauchi, In-
structor, University of Detroit; October 25, 1949. 

"Interference Problems in Auto Radios." by F. 

B. Latham, Ford Motor Company; January lg. 
1950. 

Presentation of Technical Papers by Students; 
February 27, 1950. 

FENN COLLEGE, IRE BRANCH 

"Taylor Super Modulation Principle," by R. 
W. Gott, Student. Fenn College; February 17, 1950. 

UNIVERSITY OF FLORIDA, IRE-AIEE BRANCH 

'Electronics at  Bikini." by W. E. Lear. 
Faculty. University of Florida; February 21. 1950. 

GEORGE WASHINGTON UNIVERSITY, IRE BRANCH 

'Piezoelectric Crystals." by P. L. Smith, Naval 

Research Laboratory; March 1. 1950. 

(Continued OH page 41.4) 
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electronic voltage regulators 

STUDENT 

MEETBIRNANGH S  
• 

(Continued from page 40A) 

GEORGIA INSTITUTE OF TECHNOLOGY. 

IRE BRANCH 

'AC Network Calculator and Electronic Wave 
Synthesizer.' by A. W. Boekelheide and George 
Hawthorne, A1EE Student members, March 2. 
1950. 

ILLINOIS INSTITUTE OF TECHNOLOGY, 

IRE BRANCH 

'Electrical  Measurement  of  Nonelectrical 
Quantities.' by E. H. Schulz, Armour Research 
Foundation; March I, 1950. 

I.NIVERSITY OF ILLINOIS. IRE-AIEE BRANCH 

'The Magnetic Amplifier," by E. L. Harder. 
Westinghouse Electric Corporation; February 21, 
1950. 

STATE UNIVERSITY OF IOWA. IRE BRANCH 

Business Meeting; February 22, 1950. 
'You and Your Opportunities," by T. A. 

Boyd, General Motors Corporation; March I, 1950. 
'A Square Peg in a Square Hole.' by E. B. 

Kurtz. Faculty, State University of Iowa; March 8. 
1950. 

'The Professional Engineering Examination.' 

by C. M. Stanley. Stanley Engineering Corporation; 
March 15, 1950. 

IOWA STATE COLLEGE. IRE-AIEE BRANCH 

Tour through Northwestern Bell Telephone 
Company's Building; February 22, 1950. 

"Television and Radio Relay." by Frank 
Baird. Northwestern Bell Telephone Company; 
March 1, 1950. 

JOHN CARROLL UNIVERSITY. IRE BRANCH 

"Television Networks in Communications." by 
0. Henderson, Bell Telephone Company; February 
21, 1950. 

LAFAYETTE COLLEGE, I RE-A I EE BRANCH 

'Electronic Digital Computers.' by R. A. 
Kudlich, Student. Lafayette College; February 28, 
1950. 

UNIVERSITY OF LOUISVILLE. IRE BRANCH 

Films: 'Frequency Modulation" and 'Radar"; 
February 23. 1950. 

MANHATTAN COLLEGE. IRE BRANCH 

'The Job Interview." by J. T. Houlihan, Radio 
Corporation of America; February 20. 1950. 

MARQUETTE UNIVERSITY. IRE-A IEE BRANCH 

Tour through General Motors Electro-Motive 
Division; March 16, 1950. 

'Audio Tone Controls.' by A. F. Petrie; Janu-
ary 23, 1950. 

Tour through Cutler-Hammer Plant; January 
27. 1950. 

Tour through Miller Brewery; Movie; Feb-
ruary 16. 1950. 
'Printed Circuits and Their Applications." by 

W. C. Fischer. Centralab, Division of Globe-Union, 
Inc.; February 17. 1950. 

Business Meeting; February 23, 1950. 

UNIVERSITY 01 MICHIGAN, IRE-A IEE BRANCH 

'Magnetic Amplifiers.' by W. D. Cockrell, 
General Electric Company; February 21, 1950. 

'Making a Success of Your Job," by R. J. 
Morrison, Peerless Cement Company; March 8, 
1950. 

(Continued on rage 424) 

MAXIMUM ACCURACY 

MINIMUM DISTORTION • FREQUENCY INSENSITIVITY 

MODEL  VA IN   
CAPACITY 

1505 
5005 

2505 
10005 

2,0005 
3,000S 

5,0005 
10,0005 
15,0005 

Harmonic 3% 2% 3% 3% 

Distortion max max max max 

Regulation 
' 0 1% against line or load 

Accuracy 

95-130 VAC; also available for 190-260 
Input Voltage 

VAC Single Phase 50-60 cycles 

Adiustable between 110-120; 220-240 in 
Output Voltage 

230 VAC models 

Load Range 0 to full load 

R P. F.  ange 
Down to 0 7 P. F All models temperature 
compensated 

NOTE: REGULATORS CAN BE HERMETICALLY SEALED 

Stan ard DC: 

'Output Voltage 6 12 28 48 125 

"Load in Amperes 5-15-40-100 5-15-50 5-10-30 15 5-10 

Input Voltage 
95-130 VAC single phase 50 60 cycles, 
adopter available for 230 VAC operation. 

Regulation 
Accuracy 

0 2% from 0 1 to full load 

Ripple Voltage 

RMS Maxi- 
T U T 

1%. 

Recovery Time 

0 2 seconds-value includes charging time 
of filter circuit for the most severe change 
in load or input conditions 

•Adiustable • 10./o -25 %. 

• •Individual models identified by indicating output voltage 
first then amperes. 
Example - E-6-5  6 VDC ,,' 5 amperes 

SPECIALS Your particular requirements can be met by employing the 
ORIGINAL SORENSEN CIRCUIT in your product or application. SORENSEN 

REGULATORS can be designed to meet JAN specifications. SORENSEN engin-

eers are always available for consultation about unusual regulators to meet 

special needs not handled by THE STANDARD SORENSEN LINE. 

?Ole& Avt cosokte lama-wee 

,Eforensen and company, inc. 
375 Fairfield Ave., Stamford, Connecticut 

1 
by sorensen 
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in Fine 
Instruments 

too! 

— 

INSULATION TESTER produced by 

Radio Frequency Laboratories, Inc. 
of Boonton, New Jersey uses CP 
switch for flexibility of control and 

precision measurement. 

CP switches are found in fine instruments such as the new Model 

184C Insulation Tester produced by Radio Frequency Laboratories, 

-Inc. of Boonton. New Jersey. In apparatus of this type, switching 

equipment must be mechanically sound and long-lasting. It must 

meet top standards of electrical performance. It must match the 

high order of technical excellence reflected in the apparatus of 

which it is an integral part. 

All these requirements are fully met by CP switches. CP switches 

are solidly built of best materials around designs which have been 

tried and tested over the years. Constructed of inorganic dielectrics 

having moisture "sealed out", CP switches are electrically stable. 

They are reasonably priced 

and available in a wide 

range of types and 

sizes. For full particulars, 
write for catalog. 

COAXIAL DIPOLE ANTENNAS 
TOWER HARDWARE 
Q-MAX LACQUER 

TEFLON TRANSMISSION LINE 
AUTO-DRYAIRE DEHYDRATORS 

LO-LOSS SWITCHES 

avitemazye  
KEY PORT 

STUDENT 

BRANCH 

MEETINGS 

(Continued from page 414) 

"Electronic Equipment and Circuits In Cosmic 
Ray Research." by W. A. Nierenberg. Faculty. Uni-
versity of Michigan; March 17, 1950. 

MISSOURI SCHOOL OF MINES AND METALLURGY, 
IRE-AIEE BRANCH 

"Engineering Opportunities in Acoustics,' by 
C. E. Harrison, Technisonic Recording Labora-
tories; February 9, 1950. 

Films: "The Banshee' and "Radio-Frequency 
Heating"; Business Meeting; February 23, 1950. 

"Selection of Conductors for Rural Distribu-
tion," by D.J. Freeman. 'Critical Cable Lengths for 
Synchronous Machines." by R. D. Ball, 'Possibili-

ties of DC Power Transmission.' by G. J. Boje. 
"Ground Resistance," by C. L. Massa, Undergradu-
ate Students, Missouri School of Mines and Metal-
lurgy; March 7, 1950. 

UNIVERSITY OF NEBRASKA. I RE-A I EE BRANCH 

'Organization of the AIEE," by W. C. DuVall. 
Faculty. University of Colorado; Business Meeting; 
March 15, 1950. 

COLLEGE OF THE CITY OF NEW YORK 
IRE BRANCH 

Election of Officers; February 16, 1950. 

NEW YORK UNIVERSITY. IRE BRANCH 

Films: "X-Ray• and 'Quartz Springs"; March 
3, 1950. 

NORTH CAROLINA STATE COLLEGE. 
IRE BRANCH 

Election of Officers; February 22. 1950. 

UNIVERSITY OF NOTRE DAME, I RE-AIEE BRANCH 

Films: 'Quicker Than a Wink" and 'Seeing the 
Unseen" and 'The Stroboscope.• by Kipling Adams. 
General Radio Company; February 24. 1950. 

Tour through United States Rubber Com 
pany's Plant; March 8. 1950. 

Tour through Studebaker Corporation's Plant; 
March 14, 1950. 

OHIO STATE UNIVERSITY, IRE-AIEE BRANCH 

Tour of Battelle Memorial Institute, conducted 
by Roger Merrill, Battelle Memorial Institute; 
February 22. 1950. 

OREGON STATE COLLEGE. IRE BRANCH 

"Background and Future of TV in the Port-
land Area." by H. C. Singleton, Radio Station 
KGW; February 22, 1950. 

UNIVERSITY OF PENNSYLVANIA. 
IRE-AIEE BRANCH 

Tour through Radio Corporation of America; 
February 17. 1950. 

PENNSYLVANIA STATE COLLEGE. 
IRE-AIEE BRANCH 

'Homing Pigeons.' by H. L. Yeagley. Faculty. 
Pennsylvania State College; February 16. 1950. 

PRATT INSTITUTE, IRE BRANCH 

'Color Television.• by G. E. Anner, Faculty. 
New York University; March 2. 1950. 

PRINCETON UNIVERSITY, IRE-AIEE BRANCH 

'Activities of an Electrical Engineering Gradu-
ate in an Electrical Manufacturing Company." by 
C. 'I'. Pearce. Westinghouse Electric Company; 
February 8. 1950. 

PURDUE UNIVERSITY, IRE BRANCH 

'Scientific Calculators and Their Applications." 
by J. C. McPherson, International Business Ma-
chines; February 22, 1950. 

Films: "Television" and 'Electronics"; Busi-
ness Meeting; March I. 1950. 

(Continued on page 434) 
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Student Branch Meetings 

(CoMinsged from page 42A) 

SAN JOSE STATE COLLEGE. IRE BRANCH 

Film: 'Naturally. It's FM"; February 17. 1950. 
'Magnetron  Vacuum-Tube  Manufacturing 

Processes.' by C. V. Litten, Litten Industries; Feb-
ruary 27. 1950. 

Turn COLLEGE, IRE-Al EE BRANCH 

'Boston Dials Long Distance.' by W. F. 
Potter. New England Telephone and Telegraph 
Company; March I. 1950. 

WAYNE UNIVERSITf, IRE-AIEE BRANCH 

'Professional Registration." by D. E. Trefry. 
State Board of Registration of Architects; Tour of 
Pfeiffer Brewing Company; February 9. 1950. 

The following transfers and admissions 
were approved and will be effective as of 
May 1, 1950: 

Transfer to Senior Member 

Athey. S. W., 6 W. 95 St.. New York 25. N. Y. 
Cervenka. F. J., 1809 G St., N. W., Washington. 

D. C. 
Cheng, D. K.. Electrical Engineering Department. 

Syracuse University, E. Syracuse. N. Y. 
DeWeese, H. W.. 109 Dartmouth St., Rockville 

Center, N. Y. 
Frias. D. E.. Mendoza 223. Tucuman. Argentina 
Katz, L.. 19 Ward St.. Woburn. Mass. 
Loginow, S.. 7113 Glenloch, Philadelphia 35, Pa. 
Muller, R. A.. 112 Eastbourne Ave.. Toronto. Ont., 

Canada 
Patten. S. F.. Allen B. DuMont Laboratories. Inc.. 

750 Bloomfield Ave.. Clifton, N. J. 
Ragsdale, H. W., 654 Cooledge Ave.. N. E., Atlanta. 

Ga. 
Senter, C. H.. 214 N. Pine St.. Albuquerque, N. 

Mex. 
Summerford. D. C.. 3037 Wirth Ave.. Louisville 13. 

Ky. 
Sundt, E. V., 4757 N. Ravenswood Ave., Chicago. 

Ulrich. V. K.. 144 Colon St., Beverly, Mass. 
Webber. H. E., Sperry Gyroscope Company, Inc., 

Great Neck. L. I.. N. V. 

Admission to Senior Member 

Arndt. W. F., 2433 Poll St., Ventura. Calif. 
McAuliffe. E. B.. Assistant Superintendent. Tele-

graphs. Oudh Tirhut Railway, Gorakhpur, 

India 
Oben. M. J.. 2249 Lexington Ave.. N. Merchant-

N. J. 
Roeschke, C. W., 3032-33 Pl.. Sandia Base Branch, 

Albuquerque. N. Mex. 

Stinson, R.. C., Sr., 3020 Greene, Fort Worth 4, Tex, 

Transfer to Member 

Alexander, D. C., 3 Berkshire St., Worcester 2, 
Mass. 

Anderson, G. R.. 6324 Allott Ave., Van Nuys. Calif 
Ayer. W. E., 95 Hilltop Dr.. San Carlos. Calif. 
Brittain, V. M., 4537 N. E. 12 Ave., Portland IL 

Ore. 
Brooks, G. W., 18 Country Way. Greenbush, Mass. 

tor ever 

ft 

(Continued on page 44A) 
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Type RV2 High Precision Potentiometer 
One of a series of semi-standardized types of 
metal-base potentiometers with exceptionally 
high electrical accuracy and mechanical preci-
sion. For both linear and non-linear functions. 
Designed for precision instrument, computer 
and military applications. Accurate phasing of 
individual units possible with exclusive clamp. 
ring method of ganging. 

3 
Tapped mounting inserts 

Bronze bushing 
Totally enclosed with cover 

"Constrict-O-Grip" clamping to shaft...sq.  
—(no set screws) 
Precious metal contacts  

Silver overlay on rotor take-off slip ring 

Type RV3 Precision Potentiometers 
. . . available in models for either linear or 
non-linear functions with stock resistance values 
ranging from 10051 to 200,000a and power 
ratings of 8 and 12 watts. 360 ° mechanical 
rotation or limited by stops as desired. Models 
with 5% total resistance accuracy — 86.00 
. . . 1% accuracy — $8.00. Special models 
available for high humidity applications. 

Type RVT Translatory Potentiometer 
Actuated by longitudinal instead of rotating 
motion providing linear electrical output pro-
portional to shaft displacement. Used 
as a position indicator, high amplitude 
displacement type pickup and for study-
ing low frequency motion or vibration. 
Features exceptionally high linearity and 
resolution. Available in various lengths 
depending on amplitude being studied. 

Valuabl• catalog — yours for the asking. Contains 
detailed information on all TIC Instruments, Potentiom-
eters and other equipment. Get your copy without obli-
gation — write today. 

TECHNOLOGY INSTRUMENT CORP. 
Chicago, 1 1 1 .—UPtown 8-1141 
Cambridge, Mass.-F. Liot 4-1751 

1058 Main Street, Waltham 54, Massachusetts 

Engineering Representatives 
Dallas, Tex. —LOgan 6.5097 
Canaan, Conn.-Canaan 649 

Cleveland. Ohio — PRospect 6171 
Rochester, N.Y. —Charlotte 3193-J 
Hollywood, Cal.•11011ywood 9-6305 
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KENYON 

Fits Your 

Production To A "T" 

Kcnvon "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! 

Kc n von 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. 
840 BARRY STREET • NEW YORK 59, N. Y. 

eampieteeq new in cum' detait! 

JOHNSON 
RF CONTACTORS 

Series 145-100 
145-200 

Rugged and compact with fast, snappy 
action, these new JOHNSON contactors 
were designed primarily for high voltage RF 
switching and are suitable for many other 
applications. The toggle actuated balanced 
rotary armature permits mounting in any posi-

tion. Positive contact is maintained even under conditions of extremely heavy vibration. 
Entirely new wiping contacts, mounted on low-loss insulation, stay aligned. 

These JOHNSON contactors are available in two sizes with voltage ratings oil7KV 
-and 22KV peak. Current rating of both is 25 amperes per contact. Either contactor model 
is available with SPDT or DPDT contact arrangement with or without two auxiliary single 
pole switches. Solenoids are wired in series for 230 volt operation but may be connected 
in parallel for 115 volt operation. No holding current is required. 

For complete description and prices write For 
the new "RE CONTACTOR" data sheet. 

(Continued from sage 434) 

Brown, L. R., Patent Department, Bldg. 5-2, RCA, 
Camden. N. J. 

Earl, R. J., 26 Satellite Lane, Levittown. N. Y. 
Feistier, A. L., 326 W. Fairview Ave., Dayton S. 

Ohio 
Hammond. J. G.. 12 S. BeUegrove Rd., Baltimore 

28. Md. 
Hines. M. E.. Bell Telephone Laboratories, Inc.. 

Murray Hill, N. J. 
Manning. D. C.. 15732 Sorrento. Detroit 27, Mich. 
McClanahan, R. T., 8305 Tobias, Van Nuys, Calif. 
Michaels, E. L.. 23 Thatcher Ave.. River Forest. 

Quick. A. E., Jr., 80 Kingfisher Rd., Levittown. 
N. Y. 

Reich, P. J., 93 Featherbed Lane. New York 52, 
N. Y. 

Reid. J. G., Jr.. 2929 Connecticut  N. W.. 
Washington, D. C. 

Schroder, R. D.. 2201 Rose St.. Berkeley 9. Calif. 
Stout, 3. V., 4640 York Rd., Baltimore 12. Md. 
Ule, L. A., 4143 N. St. Louis Ave., Chicago 18, Ill. 
Wilton, V. A., 1644 Kenton Rd., Ferndale 20. Mich 
Zadeh, L. A.. 423 W. 120 St., New York 27, N. Y. 

Admission to Member 

Albright. A. L., Box 433, 1524 Dean, Sulphur. La. 
Cull, R. R.. 7580 Garfield Blvd., Cleveland 25; Ohio 
Dobkin, L., Box 1059. Haifa. Israel 
Hull. J. F., R.F.D. 2, Box 248A. Shark River Hills. 

Neptune, N. J. 
Kaufman, A. B., 1760 N. Wilcox Ave., Hollywood 

28, Calif. 
Kerr, A., 17 Middle Green. %V. Monkaeatou. 

Whitley Bay. Northumberland, England 
Klink, E. J., 814 Laurel Cir., Albuquerque, N. Mex. 
LaPlant, 0., 2117 Hughes Dr., Oxnard, Calif. 
Lowe. M. E., 52 Newman Rd., Malden 48, Mass. 
Lyon. R. S.. Box 237, Denville, N. J. 
Masterson. H. T., 301 E. Cowan Dr., Houston 7. 

Tex. 
Nicholson, W. Q., 1217 S. Stanley Ave.. Los Angeles 

35, Calif. 
O'Halloran, J. F., 11858 Victory Blvd., N. Holly-

wood, Calif. 
Pearson, R. W., 927 Parry Ave., Palmyra, N. J. 
Pridmore, T. C., 103 Carmella Dr., McKeesport. 

Pa. 

Van Rensselaer, C., K M 1, Box 667, Los Altus, 
Calif 

Wheeler. G. D., 3125 W. Monroe St., Chicago 12, 

Yeagley. F. W.. 3203 Beverly Dr.. Austin. Tex. 
Zobel, E. V., Manacor 1, Torre, Barcelona, Spain 

The following elections to Associate grade 
were approved, and were effective as of 
April 1, 1950: 

Addison, W. G., 7639 Eastlake Terr.. Chicago 26, 

Ahlgren. S. L. 1 Skillinggrand. Stockholm, Sweden 
Alien, E. B., 3 Myrtle St.. Belmont. Mass. 
Allen. J. A., 218 Mechanics St., Red Bank. N. J. 
Allison, J. B., 742 15 St.. Honolulu, T. H. 
Anderson. J. W. 4035 Black Point Rd., Honolulu. 

T. H. 
Andrews. F. D.. Box 133, Kaneohe. Oahu, T. H. 
Applewhite. V. C., Box 3372. Caracas, Venezuela 
Atlas. Z., 1071 Elder Ave., New York 59, N. Y. 
Balfour. A. J., 66B icaraten Dr., Wahiawa, Oahu, 

T. H. 
Ballard, A. H.. 5102 41 Ave.. Hyattsville, Md. 

Balletta. A. G., 347 S. Ninth Ave., Mt. Vernon. 
N. Y. 

Baker, J. H., 900 17 St., Honolulu, T. H. 
Barrick. %V. E., R. D. 6, New Green River Rd.. 

Evansville. Ind. 

(Continued on rage 454) 
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EMSCO 
FREE-STANDING 

SQUARE 

RADIO TO WERS 

Engineered for 

Maximum Safety 
Minimum Maintenance 
Emsco square self-
supporting towers 
are conservatively 
engineered according 
to RMA standards to 
provide for wind 
pressures up to 50 
lbs.-per-sq.-ft. 
Several planes of 
torque bracing 
prevent twisting of 
towers. Square cross 
section with lacing of 
all four sides provides 
an extremely strong. 
rigid structure. Hot 
dip galvanizing 
insures long life, low 
maintenance and 
maximum electrical 
conductivity. 
Standard square 
self-supporting 
towers available in 
heights to 500 feet 
with 30,40 or 50 lb. 
RMA design. 
Whether your tower 
requirements be 40' 
or 1000'. there is an 
Emsco tower 
engineered for your 
needs. Write for new 
bulletin. 

Shown here is an Emsco 
Type 2RT 120-foot 40r 
RMA design tower 
installed for South. 
western Bell Telephone 
Co. in Dallas, Texas 

EMSCO DERRICK & EQUIPMENT COMPANY 
LOS ANGELES, CALIFORNI A 

Houston, Texas • Garland, Texas 
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Barron, L., 27 Charlton St., New York 14, N, Y.. 
Bashe, C. J., 398 Mansion St.. PoughkeepsieN. Y. 
Baum. It, V.. 80 W. Center St., Rm. 611. Akron, 

Ohio 
Baxter. L., 15 Trowbridge St., Cambridge 38, Mass. 
Becker. S., 8605 Old Bladensburg Rd., Silver Spring. 

Md. 
Belle. J. M., 541 E. 20 St., New York, N. Y. 
Benanti, M. A., 1412 35 St.. Brooklyn 18, N. Y. 
Bennett, R. E., 1871 Sedgwick Ave., New York 53, 

N. Y. 
Bernstein. H.. 4010 Saxon Ave., New York 63, N. V. 
Beet, L. E., Jr.. 1940 Yosemite Rd., Berkeley, Calif. 
Billick, P., Great Meadows, N. J. 
Biondo. E. J., Jr., Beverly Rd. & Hawthorne Ave.. 

Babylon, L. I.. N. Y. 
Blake. R. P., 15 Norwyn Rd., Hatboro, Pa. 
Blonder. I. S., 101 Elwood Ave.. Mt. Vernon, N. V. 
Bolinder, E. F.. 126 Valhallavagen. Stockholm. 

Sweden 
Bostwick, C. B.. 4825-D Kahala Ave., Honolulu. 

T. H. 
Braverman, R., 8343 Forrest Ave., Philadelphia 19, 

Pa. 
Bristol. T. R.. 227 Jackson Ave.. Schenectady 4. 

N. Y. 
Brogan. F. A.. 131 Claremont. San Antonio, Tex. 
Brown, F. L., 527 W. 124 St.. New York 27. N. Y. 
Brown, M. J., c/o Mutual Telephone Company, 

1130 Alaskea St.. Honolulu. T. H. 
Brown, R. V., 7731, Calumet Ave.. Chicago. III. 
Browne, W. M., 502 Midway Dr., Lexington Park. 

Md. 
Caltabiano, J. E., 1-09 34 St.. Warren Point, N. J 
Castle, It. L., 5 W. 63 St.. New York 23, N. Y. 
Chang, R. H. M., 1420 College Walk, Honolulu, 

T. H. 
Chin-Fook,S.,1718 Keeaumoku St., Honolulu, T. H. 
Chingon, A. C., 3217 Francis St., Honolulu. T. H. 
Choate, F. M., It. D. 1, Marsing, Idaho 
Chow. W. H. P.. Box 4011, Honolulu, T. H. 
Chum, C. C. K., Honolulu Fire Department. 

Honolulu, T. H. 
Chynoweth, W. It., 35 W. 33 St.. Chicago 16. III. 
Clark, F. E., 2 Farm Rd.. Marlboro, Mass. 
Clendenning, W.  P..  Radio Station WCUM, 

Cumberland, Md. 
Cook, H. D.. National Bureau of Standards, Wash-

ington, D. C. 
Crowell, D. D., 716 17 St. Cha-3. Honolulu, T. H. 
Crone, J. L., Box 3062. U.S.A.F.I.T.. W.P. A.F.B., 

Dayton, Ohio 
Cunningham, B. B.. 663 Corona St.. Denver. Colo. 
Dahme. L. B., 215 W. 23 St., New York. N. Y. 
Davis, C. H., 816 17 St.. Honolulu 18, T. H. 
Davis, R. L., 3921 Waialae Ave.. Honolulu, T. H. 
deBettencourt, J. T.. Raytheon Manufacturing 

Company, 100 River St., Waltham, Mass. 
DeRemer. K. R., Princeton Junction, N. J. 
Dickson, A. It. K., C.S.E.A., 216 Balcarce. Buenos 

Aires, Argentina 
Diehl. J. A.. 221 Crescent Ave., Wyoming, Ohio 
Diem, J. M., 7631 Fayette St., Philadelphia 38, Pa. 
Dillon, R. E., Box 542, Wahiawa, Oahu. T. H. 
Dorband, A. E., 1309 J St., Renton. Wash. 
Douglas, W., 21-26 Steinway St.. Astoria, L. I., 

N. Y. 
Downie. R. S., 970 Makaiwa Dr., Honolulu, T. H. 
Drake, L. J., 244 Liliuokalani Ave., Honolulu, T. H. 
Duncan, V. D., Apt. F-1, Country Club Homes, 

Raleigh, N. C. 
Dwin, D., Garfield-Grant Hotel. Broadway & Fifth 

St., Long Branch, N. J. 
Eagan, J. F., Jr.. 9949 Shore Rd., Brooklyn, N. Y. 
Eddleston, J. H.. 2584 Richmond Rd., Cleveland 24, 

Ohio 
Edwards. A. C., 501 16 St., Cha-3, Honolulu. T. H. 
Edwards, L. M.. 1905 Nottingham, Trenton 9, N. J 
Edwards, N. P.. 398 Mansion, Poughkeepsie, N. Y. 
Eaternaux. F. L., 151 W. 57 St., New York 19, N. Y. 

(Condoned on Page 46A) 

Detoenciat * 

PERFORMANCE 
at 

LOWER cos,' 

TO WER 
LIGHTING 
EQUIP MENT 

H & P lighting equipment, consistently 
specified by outstanding radio engineers, 
is furnished as standard equipment by 
most leading tower manufacturers. 

300 MM 
CODE BEACON 
Patented ventila-

tor dome circulates 
the air, assures 
cooler operation, 
longer lamp life. 
Concave base 
with drainage 
port at lowest 
point. Glass-to-
glass color screen 
supports virtual-
ly eliminate color 
screen breakage. 
Neoprene gaskets 
throughout. 
CAA approved 

MERCURY 
CODE FLASHER 
Lilco me-lubricat-

ed ball bearings. No 
contact points to 
wear out. Highest 
quality bronze gears. 
Adjustable, 14 to 52 
flashes per minute 

SINGLE and DOUBLE 
OBSTRUCTION 

LIGHTS 
Designed for 

standard A-21 traffic 
signal lamps Pris-
matic globes meet 
CAA specifications. 

• .; 

"PECA" SERIES 
PHOTO-ELECTRIC 

CONTROL 
Turns lights on at 

35 f.c.; off at 58 f.c., 
as recommended by 
CAA. High-wattage 
industrial type resis-
tors. Low-loss circuit 
insulation. 

ALSO COMPLETE LIGHT KITS 
FOR A-2, A-3, A-4 and A-5 TOWERS 

PROMPT SERVICE and DELIVERY 
First-day shipments out of stock. 

Immediate attention to specifica-
tions and unusual requirements. 
WRITE OR WIRE FOR CATALOG 
AND DETAILED INFOR MATION 

HUGHEY & PHILLIPS 
TO WER LIGHTING DIVISION 

326 N LA CIENEGA BLVD, 
LOS ANGELES 41, CALIF 

60 E 42ND ST,  NE W YORK 17, N Y 
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VARIABLE CONDENSERS 

4/wals a Pegerd N oir. 
Available in a wide range of types, in 
capacities and voltage rating• to meet every 
need. All incorporate latest design, finest 
materials and workmanship — your assur-
ance of perfect satisfaction always. Here are 
just a few in the JOHNSON line. 

TYPE M MINIATURE 

Tiniest, with dime nixed plate., but proving 
ever Co important for VHF application• such 
as TV, FM and others. Precision engineered 
and manufactured for exacting uses. Made 
in Single (180 degrees rotation) and Differ-
ential types up to 19.3 mmfd. maximum and 
Butterfly type up tu 11 mmfd maximum. Air 
gap .017", end plate 5, 8" a 3/4". 

TYPE L 

Newest development, employing metal to 
ceramic soldered Joints — not a rivet or 
eyelet used. Utmost stability and strength, 
ideal for peak performance under severe 
conditions such as portable — mobile opera-
n 15 standard saes with .030 plate spac• 

mg, single section up to 200 mmfd., Dual 
Section up to 100 mmfd., Differential up to 
51 mmfd. and Butterfly up to 51 mmfd, 
.080 spacing also available End plate only 
1-3 8" square. 

TYPES E AND F 

For medium and low power transmitterc 
Proved over many years use Unusually com-
pact. 45 standard sires in air gaps of .045" 
(up to 500 mmfd.  maximum capacity), 
.075" (up to 350 mmfd ), and .125 (up to 
250 mmfd.). Single and Dual Section Types. 
Panel space,  "E" about 2.5 8" square, 
"F" about 2" square. 

TYPES C AND D 

Rugged  condensers  with  heavy,  well 
rounded  plates  and  exceptionally  long 
steatite insulators for higher voltages. 52 
standard sires in air gaps of 080" (up to 
500 mmfd.),  .125"  (up to 300 mmfd.), 
.175" (up to 500 mmfd.), .250" (up to 350 
mmfd.), .350" (up to 250 mmfd.) and .500" 
(up to 100 mmfd.). Special spacings and 
capacities easily provided. Single and Dual 
Section types. Panel space,  "C"  about 

5-1,2" square, "D" about 
4-1 4' square. "Niqb.  

Variable Con-
denser Catalog No. 701, 
free on request. 

E. F. JOHNSON COMPANY 
WASECA, MINNESOTA 

(('ontinued front page 45A) 

Feeney, E. J., 2315 Federal St., Philadelphia 414 

Pa. 
Fels, L., 275 Ft. Washington Ave., New York 32, 

N. Y. 
Fenichel. L., 1750 Grand Concourse, New York 57. 

N. Y. 
Fisher. N. C., R. D. 8, Browning Rd.. Evansville, 

Ind. 
Fitzgerald, R. T., 930 N. Cedar Ave.. Inglewook. 

Calif. 
Foxen, W. B., Tradewinds Apts. 1720. Ala Moana 

Rd., Honolulu, T. H. 
Foy, T. J.. 37 Concord St., Clifton. N. J. 
Foyer. D. R., 320 E. 42 St., New York, N. V. 
Franklin. R. M., University of Houston, 3801 St. 

Bernard. Houston, Tex. 
Frost, F. K., 6415 S. E. Tibbetts, Portland. Ore. 
Fuchikami, A. H., Box 3768. Honolulu, T. H. 
Galbraith. H. J., 2409 Revere Ave., Dayton, Ohio 
Gault, G. W., 3629 Rutherford St., Harrisburg, Pa. 
Gebhardt. J. W., 199 Lake Shore Dr., Lake Hia-

watha, N.J. 
Gellman. E. S., 312 W. 48 St., New York 19, N. Y. 
Girdwood, J., 330 W. 42 St.. New York 18, N. V. 
Gladden, C. J., 108 Ridgewood Ave., Newark, N. J. 
Goodman, H.. 731 Stokes Ave., Collingswood, N. J. 
Gottlieb, E. D., 1501 43, Brooklyn 19, N. Y. 
Gravlee. G. P., 308 E. Delray Ave.. Alexandria, Va. 
Greenspan, S., 1037 Lenox Rd., Brooklyn 12, N. Y. 
Greenwald. S., 3220 Chillum Rd., Mt. Rainier, Md. 
Greis, W. F., 34 Silver St., Malverne, L. I., N. Y. 
Grzesik, J., 60 Parker St.. Central Falls, R. I. 
Gumaer, H.. 68 Elizabeth St.. North Hackensack, 

N. J. 
Haagens, D., 56 Arbor St.. Hartford 6. Conn. 
Haase, H. W., 1365 S. W. Watson, Beaverton, Ore. 
Hagin, E. J., 1360 Steele St., Denver, Colo. 
Hahn. G. K. P., 234 California Ave., Wahiawa, 

Oahu, T. H. 
Halsted, G. P., Bell Aircraft Corp.. Box 1, Buffalo, 

N. Y. 
Hamilton, R. C.. 1967 Shaftesbury Rd., Dayton 6. 

Ohio 
Hannan, M. R., Box 59, Tumwater, Wash. 
Hannon, R. J., 90-40 76 St., Wookhaven 21, N. Y. 
Harris, H. M.. 602 15 St., Cha-3, Honolulu, T. H. 
Hart, B. H.. Waimanalo, Oahu, T. H. 
Haueter. R. C., 620 Mellon St., Washington 20. 

D. C. 
Heichlinger, C. L.. 60-54 60 Rd.. Maspeth. L. I., 

N. Y. 
Heinis, F. W., 530 Upper Mt. Ave., Upper Mont-

clair, N. J. 
Helmreich, L. W., 4 Wildwood Lane, Kirkwood 22, 

Mo. 
Hendricks. J. C., 86 Nakeke St., Wahiawa, Oahu, 

T. H. 
Henry, J. L., 2422 -38 Ave., San Francisco, Calif, 
Henry, R. L., 415 Windsor St., Silver Spring, Md, 
Hering. K. W., 263 Dow Ave., Carle Place. N. Y. 
Herud, E. C., 7 Western Ave., Chatham, N. J. 
Higa, J. J., 2423 D. Rose St.. Honolulu, T. H. 
Higa, K., 1414-B Kapiolani St.. Honolulu, T. H. 
Hirst, J. L.. 6001 Dickens Ave.. Chicago, Ill. 
Honda, J. M.. Honolulu Fire Department, Honolulu, 

T. H. 
Hopper, R. H., 111 W. 68 St., New York 23. N. Y. 
Hunter, G. H.. Box 265, Lanikai. Oahu. T. H. 
Hurst. F. C., 86 Nakeke St., Wahiawa, Oahu. T. H. 
Jane, J. T., R. D. 1, Seneca Falls. N. Y. 
Jensen, P. A.. 646 17 St., Cha-3. Honolulu, T. H. 
Johnson. W. G.. c/o Mutual Telephone Company, 

Box 2200, Honolulu, T. H. 
Kadi. F. S.. 1123A 11 Ave., Honolulu, T. H. 
ICaluger, M. M., 300 Clifton Ave., Wheeling, W. Va. 
Kamrath. R. W., 1418 N. Humboldt. Milwaukee, 

Wis. 
ICang, Y. O., 343 Iolani Ave.. Honolulu, T. H. 
Kanter, J. 1.. 8023 Eastern Ave.. Silver Spring, Md. 
Kaplan, H., 1517 Jesup Ave.. New York 52, N. V. 

(Continued on page 47A) 

CRYSTAL 
CALIBRATOR 
MEASUREMENTS CORPORATION 

Model 111 

CRYSTAL CALISRATOR 
m7Of  MA W MI N 

MEASUREMENTS • CORPORATION 

1000 

0.. 

W . N .Y. 

AP OUTPUT 

0  

dmio 

P IMI NPVT 

FRE OUE NCY  m  

RA NGE  . Z J c. —1000 Mc. 
FREQUENCY ACCURACY. 

0.001 % 

A Dual- Purpose Calibrator 

* CRYSTAL-CONTROLLED 

OSCILLATOR 

O CRYSTAL RECEIVER 

2 Microwatt Sensitivity 

Designed for the Calibration and 
Frequency Checking of Signal Gen-
erators, Transmitters, Receivers, 
Grid-Dip Meters and other equip-
ment where a high degree of fre-
quency accuracy is required, 

Harmonic Range: 
.25 Mc, Oscillator: .25-450 Mc, 
1 Mc. Oscillator:  1-600 Mc. 
10 Mc, Oscillator: 10-1000 Mc. 

117 volts, 50/60 cycles; 18 watts, 
6" wide, 8" high, 5" deep; 4 lbs. 

MEASUREMENTS 
CORPORATION 

Boonton New Jersey 
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Attu*. 
DESIGNS AND PRODUCES 

105 East Elizabeth Ave., Linden, /kw Jersey 

BRANCH OFFICES 
Baltimore  Los Angeles  New York 
Boston  St. Louis  Dallas  Dayton I 

(Continued from page 46A) 

ICappler. M. 0.. 626 Lorna Lane, Los Angeles 49, 

Calif. 
Kato, R. S.. 1417 Gulick Ave., Honolulu. T. H. 

Kaylor, R. L.. Bell Telephone Laboratories. Inc. 
463 %Vest St., New York 14, N. Y. 

Keefe. J. W., 2120 Sturdevant. Davenport. Iowa 
Kelley. J. J.. Oak Pl.. Ayrlawn. Bethesda 12, Md. 
Kelly. V., 827 Coral Ave., Pearl City. Oahu. T. H. 

Khambata, A. J., 1020 N. Broadway. Milwaukee 2, 

Wis. 
Kilbride, E. E., Box 4009. Honolulu. T. H. 

Kilpatrick. D. G.. 3527 Indian Queen Lane. Phila-
. delphia. Pa. 

Kimball, L. L.. 3051 Kiele Ave., Honolulu, T. H. 
King, A. M.. 2960 Newark St.. N. W., Washington 

8. D. C. 
King, W. P., 828 S. Highland St.. Arlington, Va. 
Kinney, K. W., Box 45. Davisburg, Mich. 
Klemer. B. H., 100 Glenham St., Providence 7. 

R. I. 
Koehler, A. 0., 130 Wadsworth Ave.. New York 33, 

N. Y. 
Kohtnan. W. G.. 133 Ashland Rd.. Summit, N. J. 

Koontz. W. A.. Box 267. Wahiawa, Oahu. T. H. 
Krasicki, J.. 151 E. 67 St.. New York 21, N. Y. 
Kullback. 1.. 468 E. 92 St., Brooklyn 12, N. Y. 

Landfried. H. H., 261 W. Harvey St.. Germantown. 
Philadelphia. Pa. 

Landis, R. L. 1458 W. 20 St., Los Angeles 7. Calif. 

Lane, C. A.. 1149-D -23 St., Los Alamos, N. Mex. 
Langford, A. L., 4825 Indiana, Chicago, III. 
Learnard. H. P., Box 3737. Honolulu, T. H. 

Lee, R. T. S.. 126 Circle DT.. Wahiawa. T. H. 
Legg, W. E., Bell Telephone Laboratories, Box 107, 

Red Bank, N. J. 
Letendre, L. J., 189-31 44 Ave., Flushing, L. L. 

N. Y. 
Leverington, R. D., 3138 17 St.. N. W., Washington, 

D. C. 
Lindon, J.. 40 Steuben St., East Orange, N. J. 
Lindsey. 0. T. C., 87 Main St., Sidney, N. Y. 
Lisle, J., 729 Delaware Ave., Bethlehem. Pa. 
Little, S., 143 Kaluamoo St.. Lanikai. Oahu, T. H. 
Littleboy, H. S.. 3153 Perry Ave.. New York 67. 

N. Y. 
Lobel. H. A.. Box 832, Waipahu, Oahu. T. H. 
Long. R. G.. 248 Warren St., Boston. Mass. 
Love, F. B.. 49 Hillcrest Ave., Manhasset. N. Y. 

Lowell. T. B., 7250 Burrwood, Normandy 21. Mo. 
Lundgren. E. H.. 16 Erstaviksbagen. Saltsjobaden 

2, Sweden 
Maclnnes, N. A.. 19 Locust Rd., Wayne. Pa. 

Maguire. W. M., 54 King. Peabody. Mass. 
Masching, R. G., 1547 Ala Wal Blvd.. Honolulu, 

T. H. 
McClung, D. C., Box 2200, Honolulu, T. II. 
McHenry. G. A., 1727 33 Ave., Seattle 22, Wash. 

McNichols, H. B.. 99 N. Front St.. Columbus, Ohio 
Merrill. It. B., 2935A Benson St., Camden 5, N J. 

Meyer. A. W.. Box 73. Angola. Ind. 
rvleyerholl, A. J.. 1241 Grandview Ave., Union, 

N. J. 
Mickelson, T. IL, N. R. L. Annex. Chesapeake 

Beach. Md. 
Mills, N. B., 841 Carroll St., Brooklyn IS, N. V. 
Moore, W. H.. 78-15 19 Dr.. Jackson heights, L. I., 

N. Y. 
Mountain, J. D.. 9 Coolidge Ave., White Plains. 

N. Y. 
Muckenhoupt. F. W., 332 Winchester St., Newton 

Highlands, Mau. 
Neifert, K. G.. c/o Kauai Telephone System. Lihue, 

Kauai. T. If. 
Nelson, R. P., 212 Dunkirk Rd.. Baltimore 12, Md. 
Newberry, A. W., 4525 Grand Ave., Lacanada, 

Calif. 
Newell, A. E., 1822 Hunnewell St., Honolulu 14. 

T. II. 
Nishball, J. L.. 53 Newtonville Ave.. Newton, Mau. 
O'Brien. T.  63 Aster Dr., New Hyde Park. N. Y. 

(Continued on Page 484) 

Choose right and make 
Big Savings on 

SMALL METAL PARTS 
COSTS HALVED!  Instead of turning and 

drilling parts lake these from solid rod, or 
stamping and forming them, the BEAD CHAIN 
MULTI-S WAGE Process automatically swages 
them from flat stock. By doubling the pro. 
duction rate and eliminating scrap, this 
advanced process can save you as much as 
fifty percent of the cost of other methods. 
The BEAD CHAIN MULTI-SWAGE Process 

produces a wide variety of hollow or solid 
metal parts—beaded, grooved, shouldered — 
from flat stock, tubing, rod, or wire —of any 
metal. Sizes to Vs" dia. and 11/2 " length. 
GET COST CO MPARISON ON YOUR PARTS 

—If you use small metal parts in quantities 
of about 100,000, don't overlook the almost 
certain savings of this high-speed, precision 
process. Send sketch, blueprint or sample 
part and our engineers will furnish facts 
about Multi-Swage economy. Or, write for 
Catalog. The Bead Chain Manufacturing Co., 
60 Mountain Grove St., Bridgeport, Conn. 

o i d  

Bearings, Shafts 

t  0  

1: =0  
Friction fasteners 

( —) 
Stops 

BBEAD CHAIN MULTI-S WAGE 
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Electrical and 
Electronic Parts 
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Guides 

11  -

Posts, Pins 
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PROVIDE DELAYS RANGING 
FROM 1 TO 120 SECONDS 

FEATURES: — Compensated for ambient tempera-
ture changes from —40° to 110° F . . . Hermetically 
sealed; not affected by altitude, moisture or other 
climate changes ... Explosion-proof ... Octal radio 
base . . . Compact, light, rugged, inexpensive . . . 
Circuits available: SPST Normally Open; 

SPST Normally Closed. 
PROBLEM? Send for "Special Problem Sheet" 

c#' &/4-° 
VOLTAGE Of 1.V  V. ITN AMPS II I Et 

BATTERY 6 CHARGER  VOLTAGE VARIES 
VARIES *PFA U  ONLY 

50%  2% 

Amperite 
REGULATORS 
are the sim-
plest, lightest, 

cheapest, and most compact method of obtaining 
current or voltage regulation ... For currents of .060 
to 6 Amps.... Hermetically sealed; not affected by 
altitude, ambient temperature, humidity. 

Write for 4-page Illustrated Bulletin RE 

AMPER1TE CO., Inc., 561 Broadway, New York 12 , N. Y. 

In Canada Atlas Radio Corp, Ltd, 560 King St, W. Toronto 

ON THE JOB AT THE FAMOUS BELL "LABS" 

Better Attenuation 
... AT NO GREATER COST! 

Designed to exacting wartime laboratory 
standards, supplied in ready-built "knock-
down" form for installation in a few hours, 
Ace Screen Rooms provide a minimum of 100 
db. attenuation from 0.15 to 1000 inc. Total 
cost is no greater than that of "homemade" 
screen rooms of far lower efficiency. Numerous 
sizes are available and rooms can readily be 
moved or enlarged as required. Write, wire, 
or 'phone for details. 

ACE ENGINEERING & MACHINE CO. 
3642 N. Lawrence St. 

Philadelphia 40, Pa.  REgent 9-1019 

In this modern home of telephone re-
search—the Bell Telephone Laboratories, 
Murray Hill, N. J.,—Ace Screen Rooms 
play an important part in assuring max-
imum shielding efficiency for numerous 
test and r  Is procedures. 

READY-BUILT "UNIT CELL" 

SCREEN ROOMS 

(Continued from page 47A) 

O'Meara, T. J.. 2718 Bainbridge Ave.. New Von. 
58. N. V. 

Orlowski, S. J..  227 Furman St., Trenton, N. jr. 
Ornstein. E., 323 Second St., S. E.. Washingttn, 

D. C. 
Osborn, M. E., 326 W. Brady St., Butler, Pa. 
Paradise, R. V., 1172 Park Ave., Bridgeport, Conn. 
Parenti, V. M., Calle Mandri 60. Barcelona 6, Spain 
Parke, H. G.. 138 71 St., Brooklyn 9. N. Y. 
Parris, D. S., 802 E. Broad St., Falls Church, V. 
Paterson, H. R. M., 2R & CS, RCAF. Clinton, On, 

Canada 
Pensiero, L. R., 50 Nelson Tern, Bridgeport. Corm 
Petriken, T. E., 1 Moller PL, Dover, N. J. 
Phillips. G. D., 2811 First Ave., S. E., Cedar Rapid-

Iowa 
Piety, E. A., Box 1094, Cha-3. Honolulu 18, T. It 
Polcyn, S. J., Jr.. 1866 Cedar Ave., New York 5 i 

N. V. 
Praszynski, P. C., 1013 Brunswick Ave., Trenton. 

N. J. 
Reid, W.. Mail Sta. F-40, Sperry Gyroscope Corn. 

pany, Great Neck, L. I., N. Y. 
Rhodes, R. N., 1 Paulus Blvd., New Brunswick, 

N. J. 
Richards, J. R., Box 87. Park Ridge, Ill. 
Robbins, D., 612 W. 116 St., New York, N. Y. 
Rodevrald. M. V., 3108 S. Adams St., Milwaukee 7, 

Wis. 
Roth. S. S., 1 Sherwood Terr., Yonkers 4, N. Y. 
Sagendorf, B. A.. 30 S. Ashby Ave.. Livingston, 

N. J. 
Sahm, E. J., 193 Richard Ave., Merrick, L. I., N. Y. 
Salem, J., 605 Eighth Ave., Belmar, N. J. 
Sanderson. A. E., 323 Liberty St., Boonton, N. J. 
Santaguida, C.. 200 Ardmore Ave., Upper Darby. 

Pa. 
Saturensky, G., 550 S. Barrington Ave., Los Angeles 

49, Calif. 
Schoch, J. W., 312 Oakley St., Evansville, Ind. 
Schoen, E. C., Box 1615. Honolulu, T. H. 
Schwartz, B. S., 4934 N. Lawndale Ave.. Chicago 

25, III. 
Seibert, G. J., Chaz. 901 16 St., Honolulu, T. H. 
Seltzer, A. M., 2613 S. Seventh St., Philadelphia, 

Pa. 
Slatic, G. A., 1819 Summerfield Ave., Brooklyn 27, 

N. Y. 
Sokol. G. M., 3313 Chillum Rd., Mt. Rainier, Md. 
Simon, E., 1819 Lipeepecst., Honolulu, T. H. 
Skaggs, E. R., Armour Research Foundation, 35 W. 

33 St., Chicago. Ill. 
Smith, R. J., 1234 Wilder Ave., Honolulu, T. H. 
Soreny. E. V., 874 E. 14 St.. Brooklyn 30, N. Y. 
Spacie, R. W., 131 Gilpin Rd., Willow Grove. Pa. 
Spenser, C. W., 124 Liberty Ave., Norristown. Pa. 
Spikula. R. W., 521 E. Polo Rd.. Winston-Salem. 

N. C. 
Stavrou. A., 5347 N. 13 St., Philadelphia, Pa. 
Stevens, G. E.. 1076 Park Ave., Schenectady 8. 

N. Y. 
Stewart, B. L.. 1106 Duncan Ave.. Veadon. Pa. 
Stewart, J. M., 1616 N. Edgewood St.. Arlington, 

Va, 

Stickney, J. B., 582 Columbia Rd., Bay Village, 
Ohio 

Stoltz, G. F., 808 S. E. Riverside Dr., Evansville, 
Ind. 

Stone, F. C., 271 Ave. C. New York 9, N. Y. 
Story, R., 830 Lansdowne Ave.. Toronto, Ont.. 

Canada 
Sward, W. 0., 1129 N. Jefferson St., Milwaukee, 

Wis. 
Talkin. A. I., Navy Department, Bureau of Ships. 

Washington. D. C. 
Tanigawa, N. F., 726 Hausten St., Honolulu 36, 

T. H. 
Thomas, D. L.. 45 River Dr.. Passaic, N. J. 
Thomasson. J. G., 11, Worcester Pl., Duxbury, 

Chorley, Lancs.. England 
(Continued on page 49A) 
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BCS-IA FREQUENCY STANDARD 
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Stability better than 2x10 -7 

over any 24 hour period 

FOR THE FIRST TIME . . . A CO-
ORDINATION OF ALL DESIGN FEA-
TURES THAT CONTRIBUTE TO HIGH 
FREQUENCY STABILITY. 

THE RIGHT COMBINATION AND BAL-
ANCE OF CIRCUITRY UTILIZING A 
SPECIAL BLILEY CRYSTAL AND TEMP-
ERATURE CONTROL OVEN. A PRECI-
SION REFERENCE INSTRUMENT WITH 
EXCEPTIONAL QUALIFICA TIONS. 

WRITE FOR BULLETIN .10 

A COMPLETE FREQUENCY 

STANDARD BY THE MAKERS OF 

CRYSTALS 
BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING 

ERIE, PA 

(Continued from page 484) 

Thompson, G. S., 144 Chatham St.. New Haven 13, 
Conn. 

Thompson, H. K.. 1075 Pacheco St.. San Francisco 
16, Calif. 

Tippery, M. W.. 9316 S. E. Grant St.. Portland. 
Ore. 

Tittle. J. F., 2764H Booth Rd., Honolulu, T. H. 
Tomey, T. B.. 1613 Holbrook St.. Baltimore 2. Md. 
Tribou. P. W.. 7211 Central Ave., Dunkirk, N. V. 
Troll. J. H.. 6 Sunset Ave.. Farmingdale. N. Y. 
Tucker. %V. K., Jr., c/o Kula. 1585 Kapiolani Blvd., 

Honolulu, T. H. 
Turner. E. M., 207 Ryburn Ave.. Dayton 5, Ohio 
Udelson. B. J., 3500-13 St.. N. W., Washington. 

D. C. 
Van Cott, J M.. Naval Base Box 98, Navy 128. c/o 

F.P.O., San Francisco, Calif. 
Vaughan. V.. 3836 Pukalani Ave.. Honolulu. T. H. 

Vergon, T. F.. 481 Mountainview Dr.. North Plain-
field, N. J. 

Vittum, M. S., Box 881, Honolulu. T. H. 
Walker. P. M., 623 16 St.. Cha-3. Honolulu. T. H. 
Walley, J. E.. c/o Kula. Honolulu. T. H. 
Warren. M. V.. R. D. 3. Trenton, N. J. 
Weber, D. R.. 940 Lawrence Ave., Chicago, 111. 
Weida. R. L.. 93-16 Lamont Ave., Elmhurst, L. I., 

N. Y. 
Weihe. W. K.. Cons. J-14-B. 23 St.. Fort Belvoir, 

Va. 
Weinberg, A. D., 508 Pennypack Cir., Fulmor 

Hatboro. Pi. 
Weinberg. T. L.. 1160 E. 13 St.. Brooklyn 30, N. Y. 
Weissman. E.. Y.M.C.A., Rm. 605. 80 Center St., 

Akron 8, Ohio 
Werra. G. L., 355 Kilani Ave.. Wahiawa. Oahu. 

T. H. 
Wier, J. M.. Electrical Engineering Dept.. Iowa 

State College. Ames. Iowa 
Wi le, E. A., 3435 N. 47 St., Milwaukee 16, Was 
Willison. R.. E., Lamington Rd.. North Branch, 

N. J. 
Williston, S. S., 806 17 St., N. W., Washington 6, 

D. C. 
Wilson. R. A.. 2301 Maplewood Cir.. Evansville. 

Ind. 
Wise, B., 5225 Euclid Ave., Philadelphia 31. Pa. 
Wise, G. H. 3528 W. Lexington Ave., Chicago. Ill. 
Wolfson. W.. 29 Franklin Ave., Chelsea 50. Mass. 
Wright. D. S., 47 Chevy Pl., Hillsdale. N. J. 
Wright. P. H., 1102 S. York St., Denver 10. Colo. 
Yamron. J., 5405 Atlantic Ave.. Vent nor. N. J. 
Young. K. J.. 23261 Yale Ave., N.. Seattle 2, Wash. 
Young, M. F., 3724 Anuhea St.. Honolulu. T. H. 
Yuaem, S.. 517 Miller Ave., Brooklyn, N. Y. 
Zwissler. H. R., Forest Trailer Park. Box 87. Park 

Ridge. Ill. 

When writing to these 

advertisers we would 

appreciate your men-

tioning Proceedings of 

the IRE. 

TYPE "DP" SERIES 
for Rack & Panel 

Type DPB —Pin and Socket 

CONNECTORS 

Type 

DPD with 

Socket 

Insert 

Typo 

DP0 with 

Pin Insert 

DPB with twinax 

contact on program 

monitor for radio. 

161 LANG,' YIN CO  PHOTO 

This type series of Cannon Electric Con-
nectors contains a wide range and many 
variations of rack and panel connectors 
for radio equipment, quick -disconnect 
and instrument applications. For engi-
neering data, write for DP Bulletin; brief 
data are included in the C48 Catalog. 

Cannon Electric also manufactures sig-
nal equipment for hospitals, industrial 
plants, schools, institutions and many 
other electrical specialties such as con-
duit fittings, D. C. Solenoids, fire alarm 
relays, cable terminals, indicator, path-
way and pilot lights, etc., etc. 

Address Cannon Electric Development Co., Divi-
sion of Cannon Manufacturing Corporation, 3209 
Humboldt Street. Los Angeles 31, Calif. Canadian 
offices and plant: Toronto, Ontario. World ex-
port: Frazer & Hansen, San Francisco. 

szammam •ulasvaue 
MI • • •••• 
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Etectiutaie Empatee 
BENDIX RADIO DIVISION 

Baltimore, Maryland 

manufacturer of 

RADIO AND RADAR EQUIPMENT 

requires: 

PR OJECT ENGINEERS 

Five or more years experience in 
the design and development, for 
production, of major components 
in radio and radar equipment. 

ASSISTANT PR OJECT 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 

ELECTRICAL AND 

MECHANICAL 

PRODUCTION 

ENGINEERS 

Guided Missile Manufac-

ture —Los Angeles Area 

Experienced in development 

of processes and design ot 
equipment and tooling for 
ULTRA-PRECISION  MINIA-
TURE MECHANISMS. 

Also supervisory openings for 
top-caliber men with wide 
knowledge of latest develop-
ments applicable to produc-
tion of one or more guided 
missile components. 

Send resume of your experi-
ence to Dept. 29A, Hughes Air-
craft Company, Culver City, 
Calif. Interviews will be ar-
ranged near your home if pos-
sible. 

The following positions of interest to 
I.R.E. members have been reported as 
open. Apply in writing, addressine reply 
to company mentioned or to Box No. ... 

The Institute reserves the right to refuse any 
announcement without giving a reason for 
the refusal. 

PROCEEDINGS of the I.R.E. 
I East 79th St., New York 21, N.Y. 

ENGINEERING PHYSICIST OR SPECIALIST 

For research and development work on 
cracked carbon resistors. Men with some 
experience preferred. Progressive mid-
western manufacturing concern. Give full 
data as to experience and schooling. Box 
597. 

ENGINEERS AND PHYSICISTS 

Engineers and physicists, age 25 to 40, 
with experience in navigational and fire 
control instrumentation, or related equip-
ment involving a combination of electron-
ics and electro-mechanical devices. Crent 
is progressive well-established precision 
instrument manufacturer with design, de-
velopment and product engineering oppor-
tunities. Electrical eng:neers or physicists 
with strong electrical and mathematical 
ability desired. Starting salaries $6000-
$8000. Metropolitan New York area. Box 
600. 

ELECTRONICS ENGINEER 

Well known, 40 year old manufacturer 
of electrical and electron:c instruments 
wants research engineer experienced in de-
sign of radio electronic apparatus at high 
frequencies, for the development of mili-
tary and civilian test equipment. Box 601. 

MANUFACTURER-ENGINEER 

Wanted for ceramic capacitor manufac-
turer-engineer familiar with manufactur-
ing techniques, design and development of 
equipment for tise in high speed produc-
tion of ceramic capacitors. Should be ca-
pable of assuming complete charge of 
manufacturing program. Send resume of 
education, experience, salary desired to 
F-58, P.O. Box 3414. Phila. 22, Pa. 

ELECTRICAL ENGINEER 

Electrical engineer to design sound 
equipment, audio amplifiers and electric 
carillons. Requirements: B.S. degree, 3 
years experience in audio, electronic and 
acoustical  systems.  Location:  Upstate 
New York. Box 602. 

SALES MANAGER 

Sales manager to head up sales force 
selling public address and intercommuni-
cating systems for old line company. Tech-
nical knowledge as well as sales ability 
required. Location: Upstate New York. 
Box 603. 

(Continued on page .51.1) 

Notice to Contractors 
GENERAL SERVICES 
ADM I NISTRATION 
Community Facilities Service 

Washington 25. D. C 

Sealed proposal will be received by Rut, l• 
Newman, Jr., Director. Public Works Constrii, • 
Division, Community Facilities Service, Ge, 
Services Administration.  Room  5143,  Gen, 
Services Building, Washington. D. C., until 11:00 
o'clock A.M.. Eastern Standard Time, on May 24 
1950, for the construction of telephone and radi,, 
link facilities and buildings on the islands of St 
Thomas and St. Croix (U. S. Virgin Islands) a. 
follows: 

PROJECT No. 53-113, ST. THO MAS TELE-
PHONE SYSTE M (Project No. 13, Public Law 
510. 78th Congress) 

Subproject 13'S —Outside Telephone Plant. St. 
Thomas 

Subproject 13B —Inside  Telephone  Plant. 
Charlotte Amalie 

Subproject I3C —Subscriber Telephone Plant 
St. Thomas 

Subproject 13R —Radio Link Stations. Virgin 
Islands 

Subproject 13X —Telephone Exchange. Char-
lotte Amalie 

PROJECT No. 53-509. ST. CROIX TELE-
PHONE SYSTE M (Project No. 26. Public Law 
510. 78th Congress) 

Subproject 26A —Outside Telephone Plant. St. 
Croix 

Subproject 2613 —Inside  Telephone  Plant, 
Christiansted and Frederiksted 

Subproject 26C —Subscriber Telephone Plant. 
St. Croix 

Subproject 26X —Telephone Exchanges. Chris-
tiansted and Frederiksted. 

at which time and place the proposals will be pub-
licly opened and read aloud. Bids received after 
closing time of bid opening will be returned un-
opened. 

Plans and specifications and other proposed 
contract documents are open for public inspection 
at the District Engineer's Office. Charlotte Amalie 
St. Thomas. U. S. Virgin Islands; the District 
Engineer's Office, 501 Banco Popular Building. San 
Juan. Puerto Rico and Room 5130. General Services 
Building, Washington, D. C. A set of such docu-
ments may be procured from any of the above-listed 
offices upon deposit of 860.00, all of which will be 
returned to bona-fide bidders upon the return of 
plans and specifications, in good condition, within 
seven days of date of bid opening. 

Each proposal must be accompanied by a bid 
security in an amount not less than 5 per cent of the 
total bid. 

Bids will be accepted on any single subproject 
or project. 

The successful bidder(s) will be required to 
furnish performance bond(s) in an amount equal to 
100 per cent of his (their) bid(s) and payment 
bond(s) in an amount equal to 100 per cent of his 
(their) bid(s); such bonds th cover full performance 
of the contract(s) and payment(s) for labor and 
materials. 

No proposal may be withdrawn after the 
scheduled closing time for receipt of bids for at least 
30 days. 

The Government reserves the right to reject 
any and all proposals and to waive informalities 
with respect thereto. 

PERE F. SE WARD, Commissioner 

.01MERICIf 
SECURITY 
\LOAN) 
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((.Torttsnued from page 504) 

ELECTRONICS ENGINEER 

Opportunities for several experienced 
electronics engineers in communications, 
television receivers, television transmit-
ters, classified military equipment, com-
puters, microwave equipment and advanced 
development of all kinds. Desires graduate 
engineers with 5 years or more experience. 
Salary commensurate with ability and ex-
perience. We are looking for engineers 
seeking permanent connections with un-
usual opportunities for advancement. New 
and modern facilities and working condi-
tions unequalled anywhere in the world. 
Reply, Personnel Div. Electronics Dept., 
General Electric Co., Syracuse N.Y. 

PHYSICISTS-SENIOR ELECTRONIC 
ENGINEERS 

Familiar with ultra high frequency and 
microwave technique. Experience with 
electronic digital and/or analog, computer 
research and development program. Sala-
ries commensurate with experience and 
ability. Excellent opportunities for quali-
fied personnel. Contact: C. G. Jones, Per-
sonnel Dept. Goodyear Aircraft Corp., 
Akron 15, Ohio. 

ELECTRONICS TEACHER 

Vacancy in September for instructor in 
electronics and radio engineering subjects 
for 1950-51 session. Regular staff member 
going on leave. Salary depends on qualifi-
cations and is up to $6000, for nine months. 
Location upper south. Box 605. 

ASSISTANT TO CHIEF ENGINEER 

Large speciality transformer manufac-
turer wants man exper'enced in small 
transformer work. Excellent opportunity 
for qualified man. Please state education 
and experience, also salary on last or 
present position. Southern Ohio location. 
All replies held strictly confidential. Suit-
able arrangements will be made to inter-
view qualified applicants. Box 606. 

ANTENNA ENGINEER 

Graduate engineer one or more years 
experience in design and testing of air-
borne VHF antennas. Desirable Califor-
nia location, unusual opportunity for ad-
vancement. For application form write 
Route *I, Box 394, Camarillo, California. 

TELEVISION ENGINEERS 

Several engineers experienced in either 
technical or commercial phases of tele-
vision are required in the formation of a 
new department. Send résumé of qualifi-
cations to Personnel Department, General 
Precision Laboratory, Inc., 63 Bedford 
Road, Pleasantville, New York. 

$ 

SALES 
MANAGER 

• 
Large manufacturer of Radio 
and Television Tubes located 
in the New York Metropoli-
tan area is seeking the serv-
ices of an energetic Sales 
Manager for the Distributor 
Sales  Division.  Applicant 
must be fully capable of su-
pervising field and manufac-
turer representatives. There 
is ample opportunity for se-
curity and advancement for 
a well qualified man. Describe 
your background fully in 
letter to Box 607. All replies 
will be held in strictest con-
fidence. 

The  Institute of Radio  Engineers 

1 East 79th St. New York 21, N.Y. 

Positions available for 

SENIOR 

ELECTRONIC 

ENGINEERS 

with 

Development & Design 
Experience 

in 

MICRO WAVE RECEIVERS 

PULSED CIRCUITS 

SONAR EQUIPMENTS 

MICRO-COMMUNICATIONS 

SYSTEMS 

Opportunity For Advancement 
Limited only by Individual 

Ability 

Send complete Resume to: 
Personnel Department 

MELPAR, INC. 
452 Swann Ave. 

Alexandria, Virginia 

CHIEF ENGINEER 
Position Open $12,000 To $15,000 

WE ARE nationally known manufacturers of highest precision electronic recording 
devices. Our expanding activities in the new fields of magnetic recording 

and reproducing make it imperative that we find a top calibre executive engineer who 
can relieve our General Manager by assuming complete responsibility for our engineer-
ing and production. 

WE NEED a seasoned electronics engineer with heavy theoretical and practical 
background in the design and production of complicated electro-mechanical 

devices and the development of advanced electronic circuits. Must have unusual ingenuity 
and an exceptionally high degree of mechanical aptitude. 

WE OFFER the right man unlimited possibilities in an interesting and professionally 
challenging Job, the position of Vice President, a starting salary to $15,000 

and participation in a long range bonus plan. All replies will be handled in complete 
confidence by the President of our company. 

Box 610 The Institute of Radio Engineers, Inc. 
1 East 79th St. New York 21, N.Y. 

IR A D A R Eptalstil EC EI SR Wanted! 
Must have heasy experience in basic study and research on new radar 
ayssfe ma and riimilar electronic equipment. 

Earellent opportunity for Senior man. Juniors please do not apply. 

State Inll particulars. Replies confidential. 

Write: A. Hoffsommer 

THE W. L. MAXSON CORPORATION 
460 W. 34th Street  Now York 1, N.Y. 
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Senior Electronic 

Circuit Physicists 

for advanced Research and 

Development 

Minimum Requirements: 

1. M.S. or Ph.D. in Physics or 
E.E. 

2. Not less than five years 
experience in advanced 
electronic circuit develop-
ment with a record of ac-
complishment giving evi-
dence of an unusual de-
gree  of ingenuity  and 
ability in the field. 

3. Minimum age 28 years. 

HUGHES AIRCRAFT 
COMPANY 

Attention: Mr. Jack Harwood 

Culver City, California 

PHYSICISTS 
AND 

ENGINEERS 
This established but expanding 

scientist-operated organization of-
fers excellent opportunities for a 
future in completely new fields to 
alert experienced engineers and 
physicists who are weary of mak-
ing minor improvements in con-
ventional devices and techniques. 
Men with sound backgrounds and 
experience in the design of ad-
vanced electronic circuits, com-
puters, or precision mechanical 
instruments, or with experience in 
gaseous  discharges  or  applied 
physics are offered the opportu-
nity to qualify for key positions 
in expanding and completely new 
fields. This company specializes 
in  research  and  development 
work; its well-equipped labora-
tories are located in the suburbs 
of Washington, D.C. 

JACOBS 
INSTRUMENT CO. 
4718 Bethesda Ave. 

Bethesda 14, Maryland 

*  * *  * 

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. 

ENGINEER 
M.S.E.E. Purdue, Tau Beta Pi, Sigma 

Xi. One year experience in circuitry in-
volving pulse techniques. Desires position 
in de%elopment or design. Box 391 XV. 

ENGINEERING LAW 
B.S.E.E. June 1944, Purdue University. 

Now in second year of Law at University 
of Notre Dame. 14 months at Oak Ridge, 
Tenn., doing electronic and high vacuum 
work while in Army. Other experience. 
Single. Age 26. Desires position for sum-
mer of 1950. Box 392 W. . 

ELECTRONIC ENGINEER 

M.E.E. Jan. 1950, Polytechnic Institute 
of Brooklyn. B.E.E. Cooper Union. Age 
25. Graduate school fellowship. N.Y. State, 
Regents scholarship. 2 years as Electronic 
Technician U.S.N. 11/2 years design and 
development of radar receivers and micro-
wave components.  Prefer position  in 
vicinity of New York City. Box 393 W. 

ELECTRICAL ENGINEER 

Electrical engineer, graduated ninth in 
class. Former Navy Electronic Technician. 
Desires development work in New York 
City or New Jersey. Salary secondary. 
Box 394 IV. 

COMMUNICATIONS ENGINEER 
B.S.E.E.  West  Virginia  University, 

August 1949, Eta Kappa Nu, Sigma Pi 
Sigma. Age 24. Married. 2 years AAF 
Radio Maintenance. Desires communica-
tions or electronic work anywhere in U. S. 
Box 395 W. 

PHYSICIST 

M.A. Columbia 1949, physics; B.S. Yale 
1943, chemistry, highest honors; Phi Beta 
Kappa, Sigma Xi. 2/2 years Atomic Bomb 
Project; 11/2 years Graduate Assistant. 
Desires work not exclusively in laboratory 
using my fundamental background. Box 
3% W. 

ELECTRICAL ENGINEER 

Graduate of  University of  Illinois. 
February 1950. Majored in electronics and 
communications. Prefer position in New 
York or New Jersey area. 5 years Army 
experience with Anti-Aircraft equipment 
including radar. Engineered a wired-wire-
less radio station in Champaign, Ill. Box 
397 W. 

(Continued on page 534) 

Desirable positions at a New 
England  Manufacturing  plant 
specializing in Micro-wave Elec-
tron Tube  Development and 
Manufacture. 

SENIOR ELECTRONIC 
ENGINEER 

EE or MS degree. 4 years experience 
n electronics, preferably high voltage 
pulse equipment as used for radar. A 
knowledge of pulse transformers. pulse 
,nes, hard tube modulators, line type 
modulators, spectrum analyzers and 
micro-wave transmission lines. Will be 
,csponsible for the design and main-
tenance of pulse equipment for fre-
luency, and DC test equipment and 
RF plumb,ng for the testing of micro-
,ave magnetrons. 

JUNIOR OR SENIOR VACUUM 
TUBE ENGINEER 

The openings are in the field of micro-
wave vacuum tube development with 
special emphasis on magnetrons. Aca-
demic experience in micro-wave cir-
cuits, vacuum tube construction and 
design highly desirable. Additional 
training in theory and construction will 
be given new employees. The appli-
cants for these positions should have 
been in the upper half of their class 
scholastically. 

Box 608 

The Institute of Radio Engineers, Inc. 
1 East 79th Street, New York 21, N.Y. 

PROJECT 
ENGINEERS 

Real  opportunities  exist  for 

Graduate Engineers with design 

and development experience in 

any of the following: Servo-

mechanisms, radar, microwave 

techniques, microwave antenna 

design, communications equip-

ment,  electron  optics,  pulse 

transformers, fractional h.p. 

motors. 

SEND COMPLETE RESUME TO 

EMPLOYMENT OFFICE. 

SPERRY 
GYROSCOPE CO. 

DIVISION OF 

THE SPERRY CORP. 

GREAT NECK, LONG ISLAND 
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HELP WANTED MALE 

PRODUCTION ENGINEER 

Receiving tube manufacturer 

needs senior engineer with a 

minimum of 5 years experi-

ence. Some supervisory and 

administrative  background 

desirable. Location Weath-

erly, Pa. 

DESIGN ENGINEER 

Senior engineer with 3 to 5 

years experience in design of 

all types of receiving tubes. 

Location, Bloomfield, N.J. 

APPLICATIONS ENGINEER 

With  background and ex-

perience  of  radio  circuit 

engineering work. Location, 

Bloomfield, N.J. 

Forward resumes to E. J. 

Danneberg, Tung-Sol Lamp 

Works Inc., 200 Bloomfield 

Avenue, Bloomfield, N.J. 

PHOSPHOR 
RESEARCH 

• 

WESTINGH OUSE  RE-

SEARCH Laboratories in 

East Pittsburgh, Pa., has 

immediate need for a Sci-

entist with experience or 

training in preparation of 

cathode-luminescent  ma-

terials for basic research 

in connection with color 

Television.  For  applica-

tions write 

Manager. Technical Em-

ployment,  Westinghouse 

Electric  Corporation,  306 

Fourth Avenue, Pittsburgh 

30. Pa. 

Positions Wanted 
(Commued from page 52A) 

JUNIOR ENGINEER 
B.E.E. Cooper Union, June 1949, elec-

tronics option. Age 26. 6 months of radio 
test experience. 1 year drafting experience. 
Studying for M.S.E.E. evenings. Looking 
hard for a real job. New York City pre-
ferred. Box 398 W. 

JUNIOR ENGINEER 
B.E.E., Top third New York University, 

communications major. Graduate work in 
Administrative Engineering. Some ex-
perience in design. Excellent references. 
FCC 1st. class phone. Lt. Army Signal 
Corps. Will take graduate work in your 
field. Relocate anywhere in U.S. Single. 
Salary secondary to future. Box 399 W. 

ENGINEER 
B.S.E.E., M.S.E.E. completion of aca-

demic work for Ph.D. in June 1950; Sigma 
Xi, Sigma Pi Sigma. Age 25. Class A 
Amateur license 10 years, 1st class Radio-
telephone license 5 years, intermittant AM 
and FM experience; 1 year teaching; 1 
year microwave research. Interested in 
microwave circuitry or antenna research 
which will lead to thesis credit. Available 
June 1950. Box 401 W. 

ENGINEER 
B.M.E. June 1948 41/2 years Air Force 

electronics and R.C.M. officer, 2 years 
telemetering weapons, 11/2 years electro-
mechanical instrumentation in medical 
field at leading eastern university. Desires 
suitable position in/or near Baltimore, Md. 
Married. Age 29. Box 402 W 

ELECTRONICS-ENGINEER TEACHER 
B.S.E.E.  Illinois; M.S.E. Michigan. 

Desires position teaching or in develop-
ment work with opportunity to work on 
Ph.D. 1 year experience in radar develop-
ment, 3 years Assistant Professor of 
Electrical Engineering. Served as Elec-
tronics Maintenance officer in U.S. Navy. 
Married. Family. Box 403 W. 

ENGINEER 
B.S.E.E.  New  York  University, 

NI.S.E.E. Northwestern 1948. Eta Kappa 
Nu. Age 25. Married. Experience: Army 
11/2 years Pulse Code Modulation; 2 years 
teaching communications at Polytechnic 
Institute of Brooklyn. Interested in micro-
waves, UHF, antennas. Box 404 W. 

COMMUNICATIONS ENGINEER 
AB cuni kugle, MS  1)artmoutli 

College. Married, Age 27. Experience: 
11/2 years equipment design, ionosphere 
research project, 4 years as trainee in 
Signal Corps, instructor, technical writer, 
project  officer—communications  equip-
ment, 8 years organizer and director of 
choral and orchestral groups. Desires 
position in which engineering and musical 
training are valuable—radio work, high 
fidelity equipment design and development. 
Box 415 W. 

ELECTRONIC ENGINEER 
B.B.A. Sept. 1946, City College of N.Y. 

B.S.E.E. Cum laude Jan. 1950, M.S. 
physics, June 1950, University of New 
Hampshire. Pi Mu Epsilon. Phi Kappa 
Phi. Married. Age 27. 3 years training 
and experience as radar officer in Anti-
Aircraft Artillery. Desires work in pro-
duction and quality control of electronic 
equipment. Box 416 W. 

(Continued on page 544) 

THE 
TWIN TUBE 

POCKETSCOPE 
BY WATERMAN 

A new concept in multiple trace 

oscilloscopy made  possible by 

Waterman developed  RAYONIC 

rectangular cathode ray tube, pro-

viding for the first time, optional 

screen characteristics in each 

channel. 5-15-A is a portable twin 

tube, high sensitivity oscilloscope, 

with two independent vertical as 

well as horizontal channels. A 

"must" for investigation of elec-

tronic circuits in industry, school, 

or laboratory. 

Vertical channels: 10mv rms/inch, with response 
within —2DB from DC to 200kc, with pulse rise 

of 1.8µ5. Horizontal channels, lv rms/inch 

within —2DB from DC to 150kc, with pulse rise 

of 312s. Non-frequency discriminating attenu-

otors and gain controls, with internal calibra-

tion of traces. Repetitive or trigger time base, 

with linearization, from V2cps to 50kc, with 

+ sync. or trigger. Mu metal shield. Filter 

graph screen. And a host of other features 

WATERMAN PRODUCTS CO., INC. 
PHILADELPHIA 25, PA. 
CABLE ADDRESS, POKETSCOPE 

WATER MAN PRODUCTS INCLUDE: 

5-10-B GENERAL  POCKETSCOPE 

S-1 1-A INDUSTRIAL  POCKETSCOPE 

S-14-A HI-GAIN  POCKETSCOPE 

S-14-B WIDE BAND  POCKETSCOPE 

5-21-A LINEAR TIME BASE 

Also RAKSCOPES, LINEAR 

AMPLIFIERS, RAYONI C" TUBES 

and other equipment 

WATERMAN PRODUCTS 
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• 

Regardless of your need for sheet metal housings, we probably have a stock 
item that will fulfill your requirements. OFTEN A SLIGHT CHANGE IN ONE 
OF OUR STANDARD MODELS WILL ELIMINATE THE NECESSITY OF A SPECIAL 
DESIGN. Of course we are always glad to quote on any steel or aluminum 
chassis, box, or cabinet directly from your blue print. 

Our facilities, years of experience and "know-how" assure you that you al-
ways get the highest quality at the lowest price. 

Whether your requirements are ONE OR A MILLION, you will save time and 
money by consulting us first. The Bud catalog gives complete, concise de-
scription of all our products including sizes, applications and prices. Write 
for a copy today. 

CA• MITS  COILS  IFII "ADS 
OISAI 
OAC S  THESE ARE SO ME or THE 1274 ITEMS 

AVAILABLE FRO M BUD RADIO, INC. 

I )1 o II( (r irt Radio F niptlectilla 1?1,tr whorl ,ince 1927 c  

APITOL RADIO 
ENGI NEERI NG  INSTI TU TE 

An Accredited Technical 3nstitule 

ADVANCED HOME STUDY 
AND RESIDENCE COURSES IN 
PRACTICAL RADIO-ELECTRONICS 
AND TELEVISION ENGINEERING 
Reosiest your free bow siudy or 
resident scbool catalog by writing to: 

DEPT. 265B 
16th and PARK ROAD, N.07., 
WASHINGTON 10, D.C. 
Approved for Veteran Teaming 

Positions Wanted  
(Continued from page 33/1) 

PHYSICIST 

Ph.D. in physics, University of "I 
June 1950. Age 30. Married. Several years 
experience in microwave work. Also Army 
radar officer. Desires position in south-
west, teaching and/or research. Box 417 
W. 

SERVO ENGINEER 
M.S.E.E. servomechanisms major, Ohio 

State University, June 1950; B.S.E.E. Uni-
versity of Wisconsin 1944. Age 27, mar-
ried. 3 years experience in research and 
development of small electromechanical 
systems plus 2 years Navy electronics. 
Box 418 W. 

PHYSICIST 

B.S. physics, Feb. 1950, Columbia Uni-
versity. Age 23. 23 months Naval elec-
tronics. 3 months Student Aide physicist, 
radionic design. Desires work in applied 
physics with opportunity for graduate 
work. Single. New York area preferred. 
Box 419 W. 

ELECTRONIC ENGINEER 

B.E.E. October 1948. 8 months experi-
ence trouble-shooting IBM machines; 6 
months radio repair school in Signal 
Corps. Desires position in south or mid-
west in development work of transformers, 
electronics or power. Available March 
1950. Box 420 W. 

(Continued on page 55A) 

RCA VICTOR 
Camden, N. J. 
Requires Experienced 

Electronics Engineers 

RCA's steady growth in the field of elec-
tronics results in attractive opportunities 
for electrical and mechanical engineers and 
physicists. Experienced engineers are find• 
ing the -right position" in the wide scope 
of RCA's activities. Equipment is being de-
veloped for the following applications: 
communications and navigational equip-
ment for the aviation industry, mobile 
transmitters, microwave relay links, radar 
systems and components, and ultra high 
frequency test equipment. 
These requirements represent permanent 

expansion in RCA Victor's Engineering 
Division at Camden, which will provide 
excellent opportunities for men of high 
caliber with appropriate training and 
experience. 
If you meet these specifications, and if 

you are looking for a career which will 
open wide the door to the complete ex-
pression of your talents in the fields of 
electronics, write, giving full details to: 

National Recruiting Division 
Box 550, RCA Victor Division 

Radio Corporation of America 

Camden, New Jersey 
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Positions Wanted 

(Continsged from page 54A) 

ELECTRO-MECHANICAL ENGINEER 

B. Aero. E. 1948, B.E.E. 1950. 2 years 
Navy and industrial electronic technician. 
1 year M.E. development, servo-controlled 
aircraft radar. Some E.E. work on instru-
ments and dielectric heating.  Desires 
servo, instrument, TV or technical writ-
ing position. New York City area. Box 
421 W. 

ENGINEER 

B.S.E.E.  University of  Washington 
1947. Age 27. Married. AAF radio me-
chanic and instructor, GCA radar me-
chanic course with honors; 21/2 years 
engineering specification department, tele-
phone switching manufacturer. Desires 
position with communications or elec-
tronics  manufacturing  firm.  Location 
secondary. Box 422 W. 

JUNIOR ELECTRONIC ENGINEER 

B.S.E.E.  June  1950,  University  of 
Connecticut. Age 26. Married, child. 27 
months as Navy electronic technician, 
plus other experience. Prefer design, de-
velopment,  research  in communication 
field. Will relocate anywhere. Resume on 
request. Box 423 W. 

JUNIOR ELECTRICAL ENGINEER 

B.E.  (E.E. major)  February 1950, 
University of Toledo. Married. Age 29. 
Graduate of Navy radar, gyro and interior 
communications schools. Desires electronic 
work any where in U. S. Box 424 W. 

BUSINESS ADMINISTRATION-
ENGINEER 

B.S. Business Adm:niqration, major 
accounting, Wayne University, June 1949, 
age 27, married. Broad background in radio 
communications. Desires employment in 
accounting department of electronics or 
communications anywhere in U. S. where 
knowledge of electroncs and accounting 
can be combined. Commercial and amateur 
licenses. Experience with airborne radio 
and high-power radio teletype equipment. 
Box 426 W. 

ENGINEER 

B.S.E.E. Columbia June 1950. Age 27, 
single. 3 years experience as radio tech-
nician, building, operating and repairing 
electronic equipment and assisting in ap-
plication engineering projects. Work pref-
erence: application engineering. Desired 
location: metropolitan N.Y. Box 427 W. 

ELECTRONIC-CHEMICAL ENGINEER 

Electronic-chemical engineer, age 27. 
11.S. in Chemical Engineering and in E.E. 
1949, M.S. in E.E. January 1950. Uni-
versity of Wisconsin. Some Signal Corps 
radio school experience. Single. Will locate 
anywhere. Box 428 W. 

PULSE 

FOR MER 

ELECTRONIC 

GATE 

rII 

OPEN I CLOSE 

TIME BASE DIRECT READING 

NO W . . . determine Events-Per-Unit-Time* automatically with 

a single, compact direct-reading instrument! 

Any physical, electrical or optical 
events  of  unknown  occurrence 
rate that can be translated into 
changing voltages can be accu-
rately counted (luring a precisely-
measured time interval of one 
second. (Time base other than one 
second can be provided.) 
In frequency measurements, for 

example. each cycle occurring dur-
ing  the accurately  timed  one-
second  interval  is individually 
counted and the total displayed in 
direct-reading numerals on the 
illuminateu  front  panel.  Maxi-
-mum counting rate is 100,000 
per second; accuracy is -±-1 event 
regardless of rate. 

Send for bulletin for full, detailed description. 

• 

MODEL 708 SPECTRUM ANALYZER 

Frequency range-8500 mc to 9600 mc. 
IF bandwidth—approximately 100 kc. 
Sweep frequency-10 cps to 25 cps. 
Minimum frequency dispersion-1 mc/inch. 
Maximum frequency dispersion—I0 mc/inch. 
Signal input attenuator-100 db linear. 
Power—I I5V or 230V, 50 cps to 800 cps. 

MODEL 712 SWEEP CALIBRATOR 
Pip markers at 2.5, 10, 50, and 100 microseconds; 
spacings either positive or negative. 

Internal or external trigger from 200 cps to 3000 
cps. 

Continuously variable gate on markers to 2500 
microseconds. 

Accuracy within 0.2% with ambient of 10°C to 
65°C. 

Calibrate directly from CW frequency standard. 
Power-115 volts 60 to 400 cycles, 85 volt-
amperes. 

14315 Bessemer St., Van Nuys, Calif.  Box 361 
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News—New Products 

ioect'Phtx-( 
TUNGSTEN 

and 

MOLYBDENUM 

GRID WIRE 

N10 • • „.) 

N t'z 

o AC " 

owv 

Made to meet your 

specifications for 

gold content and 

diameter ... 

Write for details and 

list of products 

..1(;1 U1 W  COU R  Ciftat 

4 4 ueti: It.,  telt, 

wet 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued from page 49A) 

Recording Counting Rate 
Computer 

In collaboration %%id] the Radiation 
Laboratory at the University of Cali-
fornia and of the U. C. Medical School, a 
new instrument has been developed by 
Berkeley Scientific Co., Sixth & Nevin 
Ave., Richmond, Calif. 
This recording counting rate computer, 

Model 1600 is capable of recording rapidly 
changing counting rates with speed of re-
sponse limited only by statistical accuracy 
required. The Model 1600 employs a sim-
ple electronic computing device in conjunc-
tion with the output of any standard Gei-
ger Mueller Scaler. Counting rate versus 
time is recorded on a calibrated moving 
strip chart. The instrument is fully porta-
ble and convenient for use in laboratory, 
the field, or medical therapy. 

Feedback Problems 
Calculator 

A commercial version of the Mu-Beta 
Effect Calculator for feedback problems is 
being produced by Graphimatics, 201 
N. Taylor, Kirkwood 22, Mo. 
The 10-inch calculator is cut from a 

solid disk of vinelite, protected by a 
chemically deposited transparent surface. 
Complete instructions and five exam-

ples of the use of the calculator are 
printed on the reverse side. Reprints of the 
article, "Calculator and Chart for Feedback 
Problems," are available on request. 

New Recorder Plots X vs. Y 
Automatically 

A new Speedomax recorder that auto-
matically plots the relationship between 
two variables, showing one as a function 
of the other, has been developed by Leeds 
& Northrup Co., 4934 Stenton Ave., 
Philadelphia 44, Pa. 

COSSOR 
tv4' QUALITY 
TWIN BEAM 

OSCILLOSCOPES 
compare.. . 

INPUT VS. OUTPUT 
VOLTAGE VS. CURRENT 
CAUSE VS. EFFECT 

with 
twin beams in exact time synchronism 

plus 
accurate voltage and time measurement 
controls at your fingertips. 

IS YOUR WORK TV? 

TV horizontal output tube waveform 
upper trace—grid volts 
lower trace--cathode current 

STUDY THIS PHOTO—note exact phase 
comparison given by unique Cossor twin 
beam tube...no need for electronic switch-
ing with attendant troubles. 

Photographed on Cossor Model  1035 
with Model 1 428 Camera. 

Cossor simplifies scope photography. 

Model 1 035 Scope for wide band ampli-
fiers and fast traces. 
Model 1049 Scope for DC amplifiers and 
slow traces. 

both with the 
COSSOR TWIN BEAM TUBE 

Write today for details and demonstra-
tion. 

ALL MODELS AND COMPLETE 
SPARES IN STOCK NE W YORK 

AND HALIFAX 

COSSOR (CANADA) LIMITED 

Windsor St., Halifax, Nova Scotia 

BEAM INSTRUMENTS CORP. 

ROOM 208, 55 W. 42nd Street, 
New York 18, N. Y. 

(Continued on page 37A) 
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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. 

(Contsnued from page 56A) 

The variables to be plotted are con-
verted dc signals and connected to the in-
strument, one to the horizontal axis and 
the other to the vertical axis. The result 
is a permanent record, accurately plotting 
in minutes data that would require hours 
using the usual point by point method. 

As compared to the usual recorder, 
which has one measuring circuit and a con-
stant speed nonreversing chart paper drive 
and which plots a variable as a function of 
time, this new recorder has two measuring 
circuits. Pen travel (X axis) is controlled 
by Speedomax G electronic circuit. A simi-
lar circuit controls the chart paper drive, 
( Y axis) and makes it reversible. Thus, the 
new recorder makes it possible automati-
cally to draw curves such as a hysteresis 
loop, temperature vs. temperature differ-
ence, stress vs. strain or other two variable 
curv es. 

DC Power Supply 
An electronic cell to supply any speci-

fied dc output voltage from 0 to 100 volts 
and for any load up to 30 ma is available 
from the manufacturer, Hastings Instru-
ment Co., Inc., Box 1275, 11,11111,1,m, 

Simple • Reliable • Economical 

P OZ PA decimal counter 
Highest quality 
pretested components, 
conservative ratings 

Four large, easy read-
ing, bulls-eye glow 
lamps — replaceable 
socket type 

All components turret' 
lug mounted and 
accessible . . . all 
wiring color coded 

Special silver plated, 
self-aligning 
contact and rigid 
connectors for positive 

WRITE DEPT IA mechanical mounting 
FOR COMPLETE 

INFORMATION AND 

QUANTITY DISCOUNTS 

C:  .57. .:70 I,NCI isC:P RI:: 0 

UlT 

st7A°l1°07_CACCERPol AoNoCcEnoAT,44 

ATIT1T1 P 

DIRECT DECIMAL 
READ-OUT — FOUR 
NEON GLO W LAMPS 
DESIGNATED 
1-2-4-8 PROVIDE 
DIRECT INDICATION 
(0-9) AND 
INSTANTANEOUS 

C.4  LOCATION OF ANY 
DEFECTIVE TUBE. 

STABLE OPERATION 
— WIDE VOLTAGE 
RANGE. 

HIGH COUNTING 
RATES — UP TO 
130,000 PER 
SECOND ABSOLUTE 
ACCURACY 
GUARANTEED. 

COVERED BY BOTH 
I.B.M. AND POTTER 
PATENTS ISSUED 
AND PENDING 

POTTER INSTRUMENT CO. 
INC ORP OR ATE D 

136-56 RO OSEVELT AVE.,  FLUSHI NG 

"Another SKL first" 

Output voltage is constant to better 
than 0.1 per cent and with ripple less than 
0.1 per cent, throughout an input range of 
75 to 135 volts ac at frequencies from 50 
to 400 cps. 
Described as the Electronic Standard 

Cell, the instrument may be used over a 
wide temperature range and is not dam-
aged by momentary short circuits. 

(Continued on page 58A) 
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CONTINUOUSLY 

VARIABLE FILTERS 

The — SKL — Model 302 includes two independent filter 

sections, each having a continuously variable cut-off range 

of 20 cps to 200 KC. Providing a choice of filter types each 

section has 18 db per octave attenuation. When cascaded 

36 db is obtained in the high and low pass setting and 18 

db in the band pass position. With low noise level and 0 

insertion loss this versatile filter can be used as an analyzer 

in industry and the research laboratory or to control sound 

in the communications laboratory, radio broadcasting, 

recording and moving picture industries. 

MODEL 302 
VARIABLE 

ELECTRONIC 
FILTER 

SPECIFICATIONS 

• CUT-OFF RANGE 
20 cps to 200 KC 

• SECTIONS 
2—can be high, low and 
band pass 

• ATTENUATIONS 
36 db/octave maximum 

• INSERTION LOSS . 0 db 

• NOISE LEVEL 
70 db below 1 volt 

• FREQUENCY RESPONSE 
2 cps to 2 MC 

S K L SPENCER- KENNEDY LABORATORIES, INC. 
181 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS. 

57A 



IT'S  KINGS  FOR  CO N NECTORS News—New Products 

• 

Pictured here are some of the more 

widely used R. F. co-axial:U. H. F. 

and Pulse connectors. They are all 

Precision•made and Pressurized 

when required. Over 300 types 

available, most of them in stock. 

Backed by the name KINGS— the leader In de 

manufacture of coaxial connectors. 

Write for illostrated catalogs. Deoartmeet "r 

• 

1 
KINGS thicthottic4 
811 LEXINGTON AYE BROOKLYN 21 N Y 

Manufacturers of Radar. Whip, and Aircraft antennas 

Microphone Plugs and Jocks. 

Radar Assemblies, Coble Assemblies, Microwave ond 

Special Electronic Equipment 

Aartab 
LOGATE N 

LOGARITHMIC ATTENUATOR 
THERMOSTATICALLY CONTROLLED 

so DR  RANGE 

ACCURATE STABLE 

Output voltage is the logarithm of input voltage 

Write for Bulletin 511b 

KALBFELL LABORATORIES, INC. 

1076 Morena Boulevard 

San Diego 10, California 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

I 'U M  rage 57A) 

Regulated DC Supply 
A regulated supply of dc power with a 

continually variable output from 0 to 500 
volts has been developed by Chatham 
Electronics Corp., 475 Washington St., 
Newark 2, N. J. 

Regulation between 10 and 30 volts is 
2 per cent; between 30 and 500 volts it is 
I per cent. Output is from 0 to 500 volts 
dc; 6.3 volts at 10 amperes (nonregulated) 
ac. 
Described as EA-50A, this unit is suit-

able for relay rack or cabinet mounting. 

Packaged Resistor 
Assortment 

A large industrial assortment of re-
sistors, factory packed in plastic cabinets, 
is now being produced by Ohmite Mfg. 
Co., 4835 Flournoy St., Chicago 44, Ill. 

Resistance values in each assortment 
cover the complete RMA range in either 
±5 or +10 per cent tolerance. 
There is a choice of  1, 2, or assorted 

wattage sizes, each of these in either ± 5 
or ± 10 per cent tolerance. Assortment 
quantities vary from 510 to 2,025 resistors 

Radiation Survey Meter 
A 5-range ionization chamber-type 

gamma survey meter covering a range from 
0-5 mr/hr to 0-50,000 mr/hr has been 
developed by the Instrument Div., Kelley-
Koett Mfg. Co., 12 E. 6th St., Covington, 
Ky. 

(Continued on page 59A) 
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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 584) 

This model, K-350, has a scale changing 
meter with only one range visible at a time. 
There are separate scales for the five 
ranges: 0-5, 0-50, 0-500, 0-5,000, and 
0-50,000 mr/hr. 
This meter has a ± 10 per cent ac-

curacy over a range from —10° to 125°F. 

Four-Section Spiral-Type 
Inputuner 

A four-section spiral-type inputuner 
which has twice the gain of previous 
models has been designed by Electronics 
Parts Div., Allen B. DuMont Labs., Inc., 
35 Market St., East Paterson, N. J. 

Range is continuous from 54 to 216 
Mc, television channels 2 to 13, and the 
FM band. By means of an incorporated 
input transformer, efficient operation on 
either 300- or 72-ohm antenna systems is 
obtained. 

Shock Resistant Meters 
A new group of shock and vibration 

resistant panel meters is at present avail-
able from Marion Electrical Instrument 
Co., 400 Canal St., Manchester, N. 

Described as the "Ruggedized" line, 
these instruments have a redesigned basic 
D'Arsonval type dc movement which is 
internally shock-mounted. 
Detailed information regarding these 

meters and the other improvements which 
have been incorporated may be obtained 
directly from the manufacturer. 

(Continued on page 604) 
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MODEL 36B 

BROAD BAND 

DC-AMPLIFIER 
0-1,000,000 CYCLES 

Stable, High Gain, No Overshoot on Square Waves. Equipped 
with Illuminated Dial Meter and Internal DC Calibrating 

Voltage that Permits Use as Sensitive DC Voltmeter. Shielded 
Low-Capacitance Two-Conductor Input Cable. 

Voltage Gain 10,000 to Balanced Output, 5,000 to Unbalanced 
Output. Either Balanced or Unbalanced Input. Peak Undis-
torted Output of One Watt into 6.000 Ohms, or 220 Volts 

into High Impedance. 

eleca-kfecitaitical a&sea4cit, 90w. 
RI D GEFIELD, CON NECTICUT 

NEW WIDE BAND D.C. AMPLIFIER 
MODEL 120 

A precision instrument designed for use as a preamplifier in conjunc-

tion with an oscilloscope, vacuum tube voltmeter or other instruments. 

SPECIFICATIONS 

FREQUENCY RESPONSE: Within ± I db between D.C. 
and 100,000 cycles per second. 

GAIN: Approximately 100. 

INPUT CONNECTION: Double channel, can be used for 
single ended and push-pull signals or as a differential 
amplifier. 

INPUT IMPEDANCE: One Megohm shunted by approxi-
mately 15mmf in each channel. 

DUAL INPUT ATTENUATOR: One to one, 10 to one, 100 
to one and "off" positions in each channel independ-
ently adjustable. 

OUTPUT CONNECTION: Push-pull or single ended. 

OUTPUT IMPEDANCE: Less than SO Ohms single ended 
or 100 Ohms push-pull. 

HUM AND NOISE LEVEL: Below 40 Microvolts referred 
to input. 

LO W DRIFT due to regulated heater voltage in input 
stage (1+-1 millivolt referred to input) 

MOUNTING: Metal cabinet approximately 7" wide by 
7" high by II" deep. 

F U RS T  E L EC T RO NICS 
14 S. Jefferson St., Chicago 6. Illinois 



New Type 2A TAP SWITCHES 
HAVE A CONSTANT CONTACT RESISTANCE OF 

ONLY 1 or 2 MILLIOH MS! 

  - 
These high quality switches 

with up to 24 contacts were 

specifically developed to meet 

the need for rugged precision 

instrument switches that have 

longer operating life and 

are economical components 

in competitively priced 

electronic instruments 

and military equipment. 

• 

Write for Technical 

BuINtin No. 28. 

TECH LABORATORIES NE W 

PALISADESE W  J E R Ps 14 ER 1,1( 

VERSATILITY  + 
ACCURACY 

VERSATILE . . . The Tektronix 

Type 5 1 2 Oscilloscope is capable 

of meeting most requirements in the 

varied fields of SONAR, RADAR, 

GEOPHYSICS and BIOPHYSICS. With 

a vertical amplifier band width of DC 

to 2 mc and sweep speed range from 

.3 sec/cm to 3 rnicrosec 'cm the ob. 
servation of either low or high speed 

phenomena is readily accomplished. 
Price $950  F.o.b. Portland, Oregon 

ACCURATE ... In addition to waveform observation, the Type .512 
provides direct reading quantitative measurements. Precision compo-
nents and stabilized circuits permit the use of approximately 50 inches 
of scale on both time and amplitude dials, giving accuracies of 5% or 
better at all points. 
DIFFERENTIAL INPUT  •  DELAYED TRIGGER  •  SWEEP MAGNIFICATION 

Please write or wire for complete specifications. 
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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 394) 

Variable Electronic Filters 
Model 300 single-section, and Model 

302 dual-section variable electronic filters 
with a continuously variable cutoff from 
20 cps to 200 kc are announced by 
Spencer-Kennedy Labs., Inc., 186 Ma, 
ehusetts Ave., Cambridge 39, Mass. 

Each section has an attenuation rate of 
18 db per octave, and sections can be cas-
caded to provide 36-, 54-, etc. db attenua-
tion. A range switch selects the type of 
section desired —high-pass or low-pass--as 
well as four-decade frequency ranges. The 
Model 302 can be switched to a band-pass 
position so that any bandwidth between 
20 cps and 200 kc can be selected. 

Ohm's Law Calculator 
A new pocket-size Ohm's Law calcula-

tor,  featuring separate slide-rule and 
parallel resistance scales, has just been an-
nounced by Ohmite Manufacturing Co., 
4937 Flournoy St., Chicago 44, Ill. 

p 
O N MI TI  011•11,  LA W  CAL C UL AT OS 

0114MITE ••••••11  illainYe a 

syr— 
- 

gm. a• • I.  1.11  mnestar.  AB MIMPO  IMIP AI   

Like previous Ohmite calculators, the 
redesigned calculator provides a simple 
means of solving resistance problems. 
With one setting of the slide it gives the 
answer to any Ohm's Law problem—read-
ing directly in ohms, volts, amperes and 
watts. 
The redesigned calculator, however, 

has new features which make it even more 
useful. Two new scales on the back pro-
vide a standard slide rule as well as a quick, 
one-setting means of solving parallel 
resistance problems. The slide rule will 
multiply, divide, and find squares and 
square roots. 
The electrical scales on the new calcu-

lator cover all values of resistance, current, 
voltage, and wattage commonly encoun-
tered. 

(Continued on Page 61.4) 
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NE WS-NE W PRODUCTS 
These manufacturers have invited PROCEEDINGS readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 
(Continued from page 60.4) 

Servomechanisms Testing  Direct-Coupled Thyratron 
Equipment  Power Supplies 

A new instrument, the Servoscope, for 
analyzing, testing, and synthesizing servo-
mechanisms has been designed by Servo 
Corp. of America, 20-20 Jericho, Turnpike, 
New Hyde Park, N. Y. 

The Servoscope accepts any carrier 
from 50 to 800 cps without adjustment, 
modulates the selected carrier with any 
envelope from 0.1 to 20 cps (0.15 to 30 
cps) r; other ranges are also available. 

Plastic-Sealed Paper 
Capacitors 

Smaller  paper  tubular  capacitors, 
designated as Type P85, featuring the 
same materials and processes as the 
Aerocon Type P 87, are announced by 
Aerovox Corp., New Bedford, Mass. 

The paper section of the Type P 85 
is Aerolene-impregnated, and the capacitor 
is sealed with Duranite. They can be used 
at temperatures up to 212° F without 
drips. 

Plant Expansion 
The representative organization of 

Burlingame Associates and its affiliate 
Bruise Electronic Corp. announce that 
they have increased facilities and moved 
to larger quarters at 103 Lafayette St., 
New York 13, N. Y. 
The organization has been distributing 

electronic instruments, devices, and com-
ponents for over 22 years, and now covers 
the area from Washington, D. C., to Buf-
falo, N. Y., and the New England States. 

A new series of electronically regulated 
and stabilized power supplies, utilizing a 
new type of direct-coupled amplifier to 
control a pair of Thyratron rectifier tubes, 
is in production at the Industrial Div., 
Amplifier Corp. of America, 398-1 Broadway, 
Nev. York 13, N. Y. 

Two separate series of 250 watt (out-
put power) supplies are available. The 
Standard Series is stabilized against line 
changes of 90 to 130 volts within ±0.5 
per cent, and load regulated within ±0.5 
per cent from no load to full load. The 
Super Series, with a more sensitive error 
control circuit, is line stabilized and load 
regulated to well within ±0.1 per cent. 
The stabilization control circuit pro-

vides full load stabilization in less than 
one second, under conditions of minimum 
to maximum full load changes. Line volt-
age stabilization takes place within 
second. Ripple is less than 1 per cent at 
full rated output, and proportionately 
lower under partial load conditions. 

New Voltmeter 
A new model of the Mini-Volt volt-

meter featuring an expanded scale centered 
on the common 110 and 220 line voltages 
is now available from Industrial Devices, 
Inc., Edgewater, N. J. 

This Mode 410A is accurate to within 
2 volts at 100 volts ac. It is equipped with 
a neon indicator guaranteed for 25,000 
hours. 

(Continued on Nile (,2A) 

Acme Electric has been identi-
fied with the electronic in-
dustry since the crystal set 
days. The vast store of ex-
perience that Acme engineers 
have accumulated over these 
many years can be of con-
siderable value in helping you 
solve your electronic trans-
former problems. We offer 
transformer engineering co-
operation and facilities to 
build quality transformers in 
quantity production. 

ACME ELECTRIC CORP. 
464 Mahn, Slaiet  Cuba, N. Y., U. S. A. 

Aem$24 112.e.tric 
T a  A N S F O R M E R S 
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ELECTffoNICALLY REGULATED 

LABORATORY 
POWER SUPPLIES 

• 
STABLE 
• 

DEPENDABLE 
• 

MODERATELY 
PRICED 
• 

WIDTH 14" 
DEPTH 6" 
HEIGHT 8" 

WT: 17 LBS. 

BENCH 

M ODEL 25 

• INPUT: 105 to 125 VAC. 
50-60 cy 

• OUTPUT =1: 200 to 325 
Volts DC at 100 ma 
regulated 

• OUTPUT  2: 6.3 Volts 
AC CT at 3A unregu-
lated 

• RIPPLE OUTPUT: Less 
than 10 millivolts rms 

For complete information write 

for Bulletin G 1LAMBDA ELECTRONICS  
C O I  P  O lt  A  7  I O N 

CORONA  NE W YORK 

PROCEEDINGS 
OF THE 

1949 
NATIONAL 
ELECTRONICS 
CONFERENCE 

—CHICAGO — 
Now Available 

60 Papers on Electronics research 
and development in this 575-page 
cloth-bound volume just off the 
press. 

Mail Your Coupon Now To Obtain 
Your Copy of This Limited Edi-
tion. 

NATIONAL ELECTRONICS 
CONFERENCE, INC. 
852 East 83rd St. Dept. IRS 
Chicago 19, Illinois 

I inclose 81.00 (cheek or money order) 
for which please send me one (1) copy 
of the Proceedings of the 1949 National 
I lectronics Conference. 

Name   

Street Address   

City   Zone.... State.... 

(Proceedings of previous conferences 
J• nil a ble upon request) 

NE WS-NE W PRODUCTS 
The manufacturers have invited PROCEEDINGS readers to write for literature and further technical 

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

oil mu,/ from  /Age 6111 

Subminiature Terminals 
Production of a new line of small ter-

minal lugs is announced by U. S. Engineer-
ing Co., Dept. 0., 521 Commercial St., 
Glendale 3, Calif. 

These terminals are silver-plated and 
treated to prevent corrosion. They should 
be of interest to all manufacturers of small 
devices and equipment. 

RF Waveform Monitor 
An rf waveform monitor, Type 5034-A, 

is announced by the Television Transmit-
ter Div., Allen B. DuMont Labs., Inc., 
Clifton, N. J. 

This equipment is designed for use in 
TV broadcast installations to monitor the 
unrectified rf signal at the rf transmission 
line. The cathode-ray tube displays the 
rf carrier voltage on a linear time base at 
either field or line frequency. Further pro-
vision is made for measuring the relative 
amplitude of the various portions of the 
rf envelope. By adjusting the meter read-
ing to full scale when a sync peak is posi-
tioned to reference line, the meter is 
calibrated to read any modulation level 
directly as "percentage of peak signal." 
Among the features of this monitor are: 

self-contained power supply; less than 10 
watts of peak rf power required to pro-
duce a peak-to-peak deflection; and a 
simple gas-triode linear sweep circuit. The 
accuracy of any amplitude measurement 
with respect to the peak signal value is 
within ±2 per cent for peak-to-peak 
signal deflections of over 3 inches in the 
cathode-ray tube. 

Recent Catalogs 

• • • A new technical Bulletin No. 342, 
entitled "The Oscillograph In Modern 
AM, FM, and TV Service," by Walter 
Weiss is available from Hickok Electrical 
Instrument Co., 10514 DuPont Ave., 
Cleveland 8, Ohio. 

• • • A 44-page Catalog "C" presenting the 
line of standard signal, TV signal, pulse 
and square-wave generators, megacycle 
meters,  vacuum-tube voltmeters, and 
other "Laboratory Standards" by Meas-
urements Corp., Boonton, N. J. 
Also available is the first issue of 

"Measurements Notes," a 4-page catalog 
describing the use of the Model 59 Mega-
cycle Meter in the design and construction 
of traps and filters for the elimination of 
TV interference. 

• • • Engineering Bulletin No. 58, for 
stacking high-band antennas, is available 
from Technical Appliance Corp., Sher-
burne, N. Y. 

• • • A new booklet "Revere Aluminum 
Products," explaining production econo-
mies, and a number of illustrations of 
aluminum fabrications may be obtained 
from Revere Copper & Brass, Inc., 230 
Park Ave., New York 17, N. Y. 

PROCEEDINGS OF THE I.R.E. May, 1950 
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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 rage 62.,1 

Self-Healing Paper Capacitor 
A new midget self-healing metallized 

paper capacitor in both hermetically sealed 
and cardboard tubular designs is now being 
marketed by the manufacturer, Astron 
Corp., 900 Passaic Ave., East Newark, 
N. J. 
These capacitors, trade-named Metal-

ite, are available in voltage ratings up to 
600 volts, and are supplied in a hermeti-
cally sealed construction with glass-to-
metal terminal seals. 

New Portable Recorder 
A new combination recorder and re-

producer, portable and battery operated, is 
available from the manufacturer Miles 
Reproducer Co., Inc., 812-814 Broadway, 
New York 3, N. Y. 
Known as "Walkie-Recordall," this 

instrument weights 8 pounds, and meas-
ures 4 X8 X10 inches. 
Models are available for continuous 

recording up to 31 hours at a cost of 21 
cents an hour. Recordings are made on an 
endless plastic belt. 

TV Sweep Signal 
Generator 

A new sweep signal generator, designed 
for servicing FM and television receivers, 
has been announced by the Radio Tube 
Div., Sylvania Electric Products Inc., 
500 Fifth Ave., New York 18, N. Y. 

The  instrument  incorporates  elec-
tronically controlled sweep circuits and 
provides sweep linearity and consequent 
distortion-free scope patterns. FM sweep 
range is from 0 to 600 kc; television sweep 
0 to 15 Mc. Fundamental output fre-
quencies are provided that range from 2 
to 230 Mc, in four bands. 
Output is at least 100 millivolts on all 

bands controlled  by  the attenuator. 
Double shielding prevents signal leakage 
and frequency stability is assured by 
voltage regulated power supply. Wide-
range phasing control permits adjustment 
for single oscilloscope response curve. 
Voltage for driving or synchronizing hori-
zontal oscilloscope deflection is provided. 

c@cyzaz azing R.F. CABLES 
•114.̀"'" 

We are specially organi3ed 
to handle direct enquiries 
from overseas and can give 
IMMEDIATE DELIVERIES /ASA. 

IHIGH POWER FLEXIBLE 

• 
Cable your rush order for I  

dehrery by air. Settlement in  "au  
dollars by check ony ourown funi. 
kantactiOn it simple it any local 
parchise-amaehrety/Sas fwd. VERY LOW 

CAPACITANCE 
CABLES 

LOW  IMPED: MEN.. LOADING 
ATT EN. OHM db 100 fa Ma.  0 D. 
TYPES  •  se /00 HO   

Al 
A.2 
A.34 

74 
74 
73 

1.7  0.11 
1.3  0.24 
0.6  1 . 5 

0.36 
0.44 
0.85 

RAVI° 
FOR NaS 
cafOlit 

LOW 
CAPAC 
mu • 

CAPAC. 
// W M 

IMPED. 
OHMS 
• 

ATTER 
41100H. 
100 Its 

0 0 . 
• 

CI 7.3 150 2.5 0.36 

PCI 10.2 132 3.1 0.36 

C.11 6.3 173 3.2 0.36 

C.2 6.3 171 2.15 0.44 

C.22 5.5 484 2.8 0.44 

C.3 5.4 197 1.9 0.64 

' C.33 4.8 220 2.4 0.64 

C U 4.1 252 2.1 1.03 

TRANSRADIO LTD 
CONTRACTORS  TO  H M  GOVERN MENT 

C A B L E S: 

13 8A CROMWELL ROAD 

LONDON. S W.1•ENCA. AND 

T R A N S R A D  •  L O N D O N 

the perfect WIPE-ON 
for Stampings, Engravings, etc. 

SO EASY TO USE 

Just RUB IN - WIPE OFF ... 
HANDLE AT ONCE 

Lacquer-Slik is • highly specialized paint, 
compounded and prepared solely for use as 
a wipe-on. It is semi-solidified in stick form 
for quick, convenient use, but soon hardens 
and becomes permanent. Fill-in will expand 
and contract with the part and can be sub-
jected to temperatures as high as 500' F. Will 
not rub off or smear when handled after ap-
plication. 
You'll be delighted with the attractive colors 

of this time-saving, labor-saving, practical end 
permanent wipe-on. 
At your Supply House -or send 504 coin 

for sample, specifying color. 
Submit your problem and sample of ma-

terial for laboratory recommendations. 

LAKE CHE MICAL CO. 
3054 Carroll Arieno•  • Chicago IT, lilt/lois 

•  instantaneous start and s 
ease of operation and editing 

•  WOW-proof performance 
a  true-to-life fidelity ag, 

installation assista 
ta •  for scientific research 
A  •  mechanical ruggedness 

critical user satisfaction 

'4' 

* OA. 

AMPEX 
magnetic tape recorder 

• A-

• 
• 

Models to 43800 
Shown model 300 C $1575 
(control panel $105 o•trol 

• 
AMPEX ELECTRIC CORP., San Carlos, California 
Wefhovl obhporoon ple6.• send 16 pop. illvoeoled 
booklet tonto,nong rat hew al .pactlitotooni ol 
Mopelobc lope Roc to dere 

NAME.._ 

*DOR M   

CITY  STA U 

Orr Atal it fair 
r̀, laboratory ' march 

Muhl Chenn.laotordIng 

IA lotord..9 iroodratang 

Destributed by ... 
SING CROSBY ENTERPRISES (Hollywood' 
AUDIO & VIDEO PRODUCTS CORP. New Y oat Cilyl 
GRAYBAR ELECTRIC COMPANY lErorywh•rol 
EXPORT: WESTREX New York Cityl 

fl Telernotoring 

I ! ladastriol lotording 
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COMMUNICATIONS EQUIPMENT CO MPANY 
X BAND 

Directional  coupler,  UG-40 U  20 
DB   $17.50 

Directional coupler, APS-6, Type "N - take off, 
20 DB, calibrated  $17.50 
Broad Band Directional coupler, type "N" 
take  off,  choke  to  cover,  23  DB,  cali-
brated   $1810 

Directional coupler, APS-31, type "N" take 
off, 25 DB  $17.50 

Ili-directional coupler, type "N" take off $22.50 
Flexible Section 18" long  $12.00 
Straight Sections 21/2 ft. long choke to cover, 
silver plated  $6.50 

Pressure Test Section with .15 lb. gauge and 
pressurizing nipple  $10.00 

Bulk Head Feed Through, choke to cover $12.00 
Mitered Elbow, choke to cover or choke to 
choke  $12.00 

Right  Angle  Bend  21/2 " Radius,  choke  to 
cover    812.00 

90° Twist, 6" long   $7.50 
45° Twist, 6" long   $7.50 
90° Twist, 5" long with pressurizing nipe!e $7.50 
15° Bend, 10", choke to cover ..  $4.50 
5 ft.  Sections  UG•39  to  UG -40,  shiver 
plated   $9.50 
180° Bend, 26" choke to cover 21/2 " radius $5.00 
SWR Measuring Section 4" long, 2 type "N" 
probes mounted full wave apart 11/4  
guide    $8.50 

WE attenuator 0 to 20 DB  iess c,z ,ds  bell 
size . guide .....  $1210 

90° Bend, E Plane 18"  $4.00 
Rotary Joint, choke to choke  $10.00 
Rotary Joint, choke to choke with deck mount-
ing  $10.00 

TR-ATR Duplexer Section for 1824 end 7248 
  $12.50 

Wavemeter-Therimstor MTG Sect.  $4.00 
2K25/723 AB Receiver, Local Oscillator Klystron 
Mount, complete, with Crystal Mount  Iris 
Coupling and Choke Coupling to TR .322.50 

TR-ATR Duplexer Section for above   
723AB Mixer-Beacon Dual Oscillator Mount 
with Crystal Holder. Used  ..  $12.00 

723AB Mixer-Beacon Dual Oscillator Mount 
with Matching Slugs and tunable termination, 
new  $24.50 
Si-Directional Couple, type "N" termination, 
26 DB calibrated, 11/4' is Ya" guide  $24.50 
12" Flexible Section, 11/4" is  guide ..310.00 
Crystal Mount in Waveguide  $17.50 
SO-3 Echo Box, Transmission type cavity with 
bel lows   $28.50 
180° Bend with pressurizing nipple  $5.00 
"5" Curve 18" long  WOO 
"5" Curve 6" long  $3.25 
APS-3I Mixer Section for mounting two K25's, 
Beacon Reference Cavity, 1824 TR Tube $42.50 

Transition 1 x l/2" to VA" is 1/4 ", 14" long  .$11.00 
Receiver Front End, complete, C/O Dual 723AB 
Klystron mount, TR-ATR Duplexer Section, 2 
Stage 30 MC. Preamplifier, new,. with 'all 
tubes  $59.50 
Random  Lengths of Waveguide 6" Sc,  18" 
long  $1.00 per ft. 

RADAR SETS 

APS-2, Airborne, 10 CM, Major Units, New  3500 

APS-4, Airborne, 3 CM, Compl., Used  $1800 
APS-1S, Airborne, 3 CM, Major Units, New  3500 
50-4, Submarine, 200 MC, Compl., New  $1100 
SE, Shipboard, 10 CM, compl., New  ..... $1200 
SF-1, Shipboard, 10 CM, Compl. New  $2800 
Si-I, Submarine, 10 CM, Compl., Used ..  81500 
SL-I, Shipboard, 10 CM, Compl., Used .  $1700 
SN, Portable, 10 CM, Compl., Used   $600 
SO, Portable, 10 CM, Comp., Used   $650 

SO-1, Shipboard, 10 CM, Compl., Used   $1500 
SO-8, Shipboard, 10 CM, Compl., Used  $1500 
Mark 4, Gunlaying, 800 MC, Less Ant., Used $850 
Mark 10, Gunlaying, 10 CM, Compl., New ... 32030 

Less Rack, New. $1500; Less Rack, Used. $1100 
CPN-3, Beacon, 10 CM, Major Units, Used.. .81200 
CPN-6, Beacon, 3 CM, Complete, New  Write 
CPN-8, Beacon, 10 CM, Complete New  $2000 
Less Ant., New    $1400 

SCR-533, IFF/AIR, 500 MC, New  $1200 

Search Tracer Airborne Radar Altimeter, sop Mr 
Compl., New   $175 

RADAR  + 

COUPLINGS -UG-CONNECTORS 

UG/I5U  $  75  UGII6U    
UG206L1  $  90  UG342U    
UG87U  $1.25  UGII5U    
UG27U   $1.69  UGSBU    
UG2IU  $  89  UG9U 
UGI67U   $2.25  UGIO2U 
UG29U   8.90  UGIO3U 
UG254U   $1.69  UG255U 

$1.40 
$3.25 
$1.45 
8.60 
$  89 
$  45 

  $.45 
$1.65 

UG 40/U  $.75 UG 52  $1.35 UG 55/U  $4.00 
UG 40A  $1.10 UG 210  $1.85 UG 56/U  $4.75 
UG 343  $2.35 UG 212  $2.40 UG 65/U  $6.50 
UG 344  $3.00 UG 40U  ..$.70 UG I49/U  $3.00 
UG 425  $2.00 % Coax  8.50 UG I48/U  $4.00 
UG 116  $1.95 TA Coax  8.95 UG 150/U  83.00 
UG 117  $2.50 UG 53/U  $4.00 UG 39/U  $ 60 
UG SI  $1.00 UG 54/U  $4.75 UG 40/U  $ 80 

S BAND 
90° Twist, circular cover to circular cover $25.00 
Magnetron to Waveguide Coupler with 72IA 
Duplexer Cavity, gold•plated  ..... $45.00 

Waveguide Switch-Transposes one input to 
V any of three outputs. Standard I  is 3" 

square flanges. Complete with  115V drive 
motor. Raytheon CRT24AAS, new   

72IA TR Box complete with tube and $45000  ni.ng 
Plungers   .$12.50 

McNally Klystron Cavities for 70713 or 2K28. 
Three types available  $4.00 

Right Angle Bend 51/2 ft. over-all w;th 8" 
slotted section 
Pick-up Dipole in Lucite Ball with S tinq  -  . p.er rfy21 r00t. 

F-29/SPR-2  Type  . and "2 °out'  
put    $12.50 

726 Klystron Mount, Tunable output, to type 
"N", complete, with socket and mounting 
bracket $ 

• WAVEGUIDE to 7/8- Rigid Coax. "Door knob' 
Adapter, Choke Flange. Silver Plated. Broad 
Band    each, $37.50 

WAVEGUIDE Directional Coupler, 27 db. Navy 
type CABY.47AAN, with 4 in. slotted sec-
tion  . .  .  .....  332.50 
SO. FLANGE to id choke adaptc,, 18 in. long 
OA 11/2  in x 3 in. guide, type "N" output 
and sampling probe   $27.50 

Crystal Mixer with tunable output TR pick up 
loop, Type "N" connectors. Type 62ABH 
  $14.50 

Slotted line probe. Probe depth adjustable. 
Sperry connector, type CPR.14AAO . 39.50 

Coaxial slotted section. 51." rigid coax with 
carriage and probe   325.00 

Right Angle Bend 6" radius E or H plain $15.00 
Right Angle Bend 3" radius E or H plain-
Circular flanges   $ 

AN/APRSA 10 cm antenna equipment conis5i.sr-
ing of two 10 CM waveguide sections, each 
polarized, 45 degrees  $75.00 per set 

PICKUP LOOP, Type "N" Output  ..  $2.75 
TR BOX Pick-up Loop   $ 
POWER SPLITTER: 726 Klystron  input  dual 

il5 

"N" output  $5.00 
"S" BAND Mixer Assembly, with crystal mount 
pick-up loop, tunable output  $3.00 

72I-A TR CAVITY WITH TUBE. Complete with 
tuning plungers  $12.50 
10CM OSC. PICKUP LOOP, with male Home. 
dell output   $2.00 
MAGNETRON To W.G. Coup'g for 11/4 " May 
0uctp't  $65.00 
10  m FEEDBACK  DIPOLE ANTENNA, 
lucite ball, for use with parabola 7/4" Rigid 
Coax. Input  $8.00 

PHASE SHIFTER. 10 CM Waveguide. WE type 
ES-6838I6. E Plane to H Plane  Matching 
Slugs. Mark 4 .  $95.00 

72IA TR cavities. Heavy silver plated $2 00 ea. 
16 cm. horn and rotating joint assembly, gold 
plated   $65.00 ea. 

AS14A/AP 10 CM dipole pickup a-I 
cable type N fittings $3.75 

7/8" RIGID COAX   
Directional coupler, Type "N" take off  $22.50 
Magnetron  Coupling  •••tl-, TR  Loop,  goi,J-

  .50 ht,  $7 

T H ERM ISTORS 
0.167332 (tube) .. 3.95 
0-170396 (bead) ..$.95 
0-67613 (button) .3.95 
D- 104690 for  MTG  in 
"X - band Guide $2.50 

D-I67618 (tube)  .1.95 

0-160087 
0.171812 
0-171528 
D-168549 
D- 168442  $3.00 
D-I63293  $1.25 
D-98428   $2.013 
D-I6187A  $2.85 
D-171121  $95 

VARISTORS  SA (12-43)  ....  $1.50 
0-170225   $1.25  D-167620  $3.00 
D-167176  $  95  D-105598  $2.25 

8.95 
$  95 
$  95 
$  95 

MICROWAVE 
4 .-COMPONEI TS 

TEST EQUIPMENT 

CG-176/AP Directional coupler X Band, 20 DB 
nominal, type "N" take off, choke to choke, 
silver-plated   $17.50 

X Band 1%" is %" absorption type wavemeter, 
micrometer head, 6000 to 8500 mc. Dem,olernsa.43• 
Budd 5358   

C Band "T" gold-plated at  $97.00 
C Band Flap attenuator Demornay•Budd type 5339 
9,1 d-plated  5100.00 

X Band 1%" is Vs" Klystron mount with tunable 
termination, gold•plated  $75.00 

X Band I%" is 3/4 " low power load, gold-plated 
  $45.00 

X 9Boainddplial/toe"dx 1/2" waveguide to type "N" adaptor. 

X Band 11/8" is 1/2" "T" Section, gold-plated ..$5$2 52..0056  
DEHYDRATOR  UNIT.  CPD  10137  Automatic 

. , •,g, Compressor to 50 lbs., Compl. for Radar 
XSMN, Line. New  $425.00 
H.V. PWR. SUPPLY 15000 v 30 ma. DC BridgeRise.ct. 
Pwr. Sply. Ope l. CM. 115 v 60 cy.  u oo 

SO-3 RECEIVER 30 mc. IF, 6 stages 6AC7, 10 mc. 
Band width inpt, 5.1 mc B.W. per stg., 9.6 volt 
gain per stage as desc, in ch. 13 vol. 23 M.I.T. 
Rad, Lab. Series   .. $99.50 

APS-2 10CM RF HEAD COMPLETE WITH HARD 
TUBE (7158) Pulser, 714 Magnetron 4I7A M xe• 
all 1/4 " rigi,d coax, incl, revr, front end ...$210.00 

MODEL TS-268/U Test set designed to provide a 
means of rapid checking of crystal diodes 1N2I, 
1N21A, 1N218, 1N23, IN23A, 1N23B. Operates e-
ll/2 volt dry cell battery. 3 is 6 is 7. New .„$35.00 

ein, 3CM  WAVEMETER  Coverage  9000- 
9500 Mcs w/Calib. Chart Absorb. 
Type w/Circ. Flange or XMSN. Type 
w/Sq. Flanges. New  $75.00 

SL WAVEMETER Type Cw60ABM  $12500 
10CM ECHO BOX CABV 14ABA-I of 013U-3, 2890 
MC to 3170 MCS, direct reading microcneter 
head. Ring prediction scale plus 9% to rnini..s 
9%. Type 'N" input. Resonance indicator mete'. 
Ncw and  Comp. v./access.  Box and  10 CM 
Directional Coupler   $350.00 

10 cm, horn assembly con sisti ng  of two  5- $dish.W  es 
with dipoles feeding single type "N" output. 
Includes UG28/U type "N" "T" junction and 
type "N" pickup probe. Mfg. cable. New $15.50 
10 cm, cavity type wavcmcters 6" deep. 6'/2'' H 
diameter. Coax output. Silver plated .36410 ea. 
10 Cm. echo box part of SF radar w/115 cot DC 
tuning Motor sub sig I I48A  $47.50 

THERMISTER BRIDGE: Power meter I-203-A, lOcrn. 
mig. W.E. Complete with meter, interpolation 
Chart, portable carrying case ... ...  $72.60 

W.E. 1 138. Signal generator. 2700 to 2900 M.:. 
range. Lighthouse tube oscillator with attenoato• 
8 output meter, 115 VAC input reg. Pwr. supply 
With circuit diagram   $75.00 

3 CM. stabilizer cavity, transmission type _120.00 

3 CM.. HsilvIter h l AT-48/UP model 710. Type "N" inpi,t 
Hvy,    $6.50 

AT-68/UP 3 CM Horn with.lype "N" fitting .35.00 
TS-89/AP Voltage Divider: Ranges 100; l/2 for 200 
te, 20000V 10: 1 for 200 to 2000v. Input Z 2000 

.. ! Z 4 meg. flat response 150-5 meg. 

10 Cm WAVEMETER W.E. type B-43590 Tra ,$<4r2:50s-
' .̂ type. "N" fittings. Vceder root mie  : 0 
4.6,4d04A N„ plated w c,lib -Flit P'0 W E. F,e 7 59, ; .50  

K BAND 
APS-34 Rotating Joint  $49 SO 
Right Adgle Bend E or H Plane si, - 
bination of coupling desired  512.00 

45° Bend E or H Plane, Choke to cover  512 00 
Directional coupler CU-103/APS 32  $49 50 
Mitered Elbow, cover to cover   $4 00 
TR-ATR Section, choke to cover  54.00 
Flexible Section I" choke to choke  55 00 
"5" Curve choke to cover ...  54 50 
Adaptor, round to square cove , 55 00 
Feedback to Parabola Horn with press,' :. i 
window  $77.50 
Low Power Load, less cards  $18.50 
K Band Mixer Block  $45.00 
Waveguide 1/2 " is 'A"  $1.00 per ft. 
Circular Flanges  . . $.50 
Flange Coupling Nuts    $.50 
Slotted line, Demornay-Budd 397, new $450 00 
909 Twist  . .  $10.00 
"K" BAND DIRECTIONAL COUPLER CUI04 
APS-34 20 DB  $49.50 ea. 

3131 K BAND MAGNETRON  $55.00 

All merch. guar. Mail orders pro m ptly  filled. All prices, F.O.B., N.Y.C. Send Money Order or Check. Only shipping charges sent C.O.D. Rated Concerns send P O. 

131 LIBERTY STREET, NE W YORK, N.Y.  DEPT. P5  PHONE DIGBY-9.4124 
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COMMUNICATIONS EQUIPMENT COMPANY 

1 

PULSE 

r MENT 

PULSE TRANSFORMERS 
G.E.K.-23745  $39.50 
G.E.K.-23744-A. 11.5 KV High Voltage. 3.23 KV Low 
Voltage @ 200 KW oper. (270 KW max.) 1 
rnicrOSCC. Or 1/4 MiCIOSeC. @ 600 PPS  $31.50 

W.E. :D166173 Hi-Volt input transformer, W E. Im-
pedance ratio SO ohms to 900 ohms. Freq. range: 
10 kc. to 2 mc. 2 sections parallel connected, 
potted in oil  $38.00 

W.E. KS 9800 Input transformer. Winding ratio be-
tween terminals 3-5 and 1-2 is 1.1:1, and between 
terminals 6-7 and 1.2 is 2:1 Frequency range: 
380-520 c.p.s. Permalloy core  WOO 

G.E. :K2731 Repetition Rate: 635 PPS, Pri. Imp: 50 
Ohms. Sec. Imp: 450 Ohms Pulse Width: I Micro. 
sec. Pri. Input: 9.5 KV PK Sec. Output: 28 KV 
PK. Peak Output: 800 KW Rifler 2.75 Amp. $64.50 

W.E. :D169271 Hi Volt input pulse Transformer 
 $27.50 

G.E. K2450A. Will receive I3KV. 4 micro-second 
pulse on pri. secondary delivers I4KV Peak 
Power out 100 KW G. E.  $34.50 

G.E. :K27411A.  Pulse  Input  line  to  magnetron 
  $36.00 

:9262 Utah Pulse or Blocking Oscillator XFMR 
Freq. limits 790-810 cy-3 windings turns ratio 
Ill Dimensions 1 13/16 x 11/2 " 19/32  $1.50 

Pulse I31-AWP L-421435  $6.00 
Pulse I34-BW-2F L-440895  $2.25 

PULSE NETWORKS 
Ray-WX42911F  $39.50 
GE-K6824730     $50.00 
GE-K9214945  $50.00 
15A-I-400-50:  15 KV,  "A"  CKT,  I microsec 
400 PPS, 50 ohms imp.  $42.50 

G.E.  :6E3.5-2000-50P2T,  6KV  "E"  circuit,  3 
sections. .5 microsecond, 2000 PPS, 50 ohms 
im Pedance  $6.50 
G.E. :3E (3-84-810; 8-2.24-405) 50P4T; 3KV, "E" 
CKT Dual Unit: Unit I. 3 Sections. .84 Micro-
sec. 810 PPS, 50 ohms imp.: Unit 2, 8 Sections. 
2.24 microsec. 405 PPS, 50 ohms imp.  $6.50 

7.5E3-1.200-67P. 7.5 KV, "E" Circuit. I 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  $12.50 

DELAY LINES 
D-I63169  Delay  Line Small  quantity available 

 $50.00 
D-I68184: 5 microsec. up to 2000 PPS 1800 oh m 

 $4.00 
D•170499:  .25/.50/.75  microsec 8 KV 50 ohms 

 $16.50 
D.I65997: 11/2 microsec.   

DIRECTION FINDERS 
DAB 3 & 4. 2 18 Mc mfg. like new  $850.00 
DAK Direction Finder Automatic bearing in-
dicators  $185.00 
complete receiver  $225 00 
loops  $125.00 
RG 23U Twin conductor rf cable ;50 ft. reel 

950 00 
DPI2 Direct, Finder 100-1500 kc.   $250 00 
OF Rec. only Bludworth Standard Arrow $150.00 

I.F.F. I KW Pulsed Output Pkg. Tun-
able 1s4-186 mc. adj. modulat• 

in9 Pulses 4.10 micro sec. comp. II5v 60 cy 
ac pWl. supply. 
Vidor) output receiver. New w/tubes $350.03 
Wavemeter for above   $75.00 
Dipole Array for above   $05.00 

INDICATORS -SCOPES 
SC 9318 440-50-100 mile ram c 5 scope w/mtg 
rack, indicator amplifier, BC 9328, visor, ne. 
w/tubes  $24.50 
BC 704A 9-36-90 mile range 5" scope. Write . 
IC 937A & BC 938A 12" PPI & 'A" scope. 
Complete desk Rack any w/osc. control 
unit. rec., pwr. supls. in unused cond. but 
shelf worn  $300.00 
Radar Indicator RW 581 mfg.  by  Research 
Enterprise ltd. 5" scope  $30.00 
12" PPI Radar indic. console P/0 SK-I M Radar 
ASO Indicator  I Write or phone for in-
1030 APS2 Indicator  formation  and  price. 
929 Indrcator 

Many others in stock. 

MAGNETRONS 
Frq. Range Pk. Pwr. Output 

2820-2860 mc.  265 KW 
9345.9405 mc.  50 KW 
3267-3333 mc.  265 KW 
2992-3019 mc.  275 KW 
2965-2992 mc.  275 KW 
2780-2820 mc.  285 KW 

PULSE EQUIPMENT 
MIT. MOD. 3 HARD TUBE PULSER: Output Pulse 
Power 144 KW (12 KV at 12 Amp). Duty Ratio: 
001 max. Pulse duration: 5, 1.0, 2.0 microsec. 
Inoirt volt•ge: 115 v. 400 to 2400 ops. Uses: 
I-7158, 4-829-8, 3-'72's, 1-73. New  $110.00 

APC1-13 PULSE MODULATOR. Pulse Width  5 to 1.1 
Micro Sec. Rep. rate 624 to 1348 Pps. Pk pwr. 
out 35 KW Emergy 0.018 Joules  $49.00 

TPS-3 PULSE MODULATOR. Pk. power 50 amp. 24 
KW (1200 KW ph); pulse rate 200 PPS. 1.5 micro-
sec. pulse line impedance 50 ohms. Circuit-
series charging version 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 tubes 
 $75.00 

BC 12031) Loran pulse modulator ......  $125.00 
BC 758A Pulse modulator   $395.00 
APS-10 Low voltage power supply less tubes $18.50 
725A magnetron pulse transformers  $18.50 ea. 

Tube 
2131 
2121-A 
2122 
2126 
2.127 
2132 
2137 
2138 Pkg. 3249-3263 mc.  5 KW 
2.139 Pkg. 3267.3333 mc.  87 KW 
2.140  9305-9325 mc.  10 KW 
2.149  9000-9160 mc.  58 KW 
2134 
2161  3000-3100 mc.  35 KW 
2162  2914.3010 mc.  35 KW 
3.131  24,000 mc.  50 KW 
5130 
714AY 
718DY  2720-2890 mc.  250 KW 
720BY  2800 mc.  1000 KW 
720CY  2860 mc.  1000 KW 
725-A  9345-9405 mc.  50 KW 
730-A  9345-9405 mc.  50 KW 
720  AY, BY, CY, DY, EY, FY, GY 
700  A, B, C, D 
706  AY, BY, DY, EY, FY, GY 
Klystrons  723A/B $12.50; 70711 

W/Cavitv 
4I7A $25.04:1  2K4I 

MAGNETRON MAGNETS 
Gauss  Pole Dram.  Spacing  Price 
4850  3/4 in.  5/e in.  $ 8.90 
5200  21/32 in.  % in.  $17.50 
1300  I% in,  I 5/16 in.  912.50 
1860  I% in.  11/2 in.  $14.50 
Electromagnets for magnetrons  $24.50 ea. 
GE Magnets type M7765115, GI Distance Be-
tween pole faces variable. 2 1/16" (1900 
Gauss) to 11/2" (2200 Gauss) Pole Dia. 1%". 
New Part of SCR 584  $34.50 

CV" MAGNETRONS 
OK 62 3150-3375 mc. 
OK 59 2675.2900 mc: 
OK 61 2975-3200 mc. 
OK 60 2800.3025 mc. 

New, Guaranteed ..Each $65.00 
OK 915    $150.00 

Price 
$25.00 
$25.00 
$25.00 
$25.00 
$25 00 
$26 SO 
$45.00 
$35.00 
$35.00 
$65.00 
$85.00 
$55.00 
$65.00 
$65.00 
$55.00 
$39.50 
$25.00 
$25.00 
$50 00 
$50.00 
$25.00 
$25.00 
$50.00 
$50.00 
$50.00 
$20.00 

FILAMENT TRANSFORMER 
for above 115V/60 cy Pri: four 6.3V/ 
4A Sec. 5000VT  $27.50 
Magnetron Kit of four OK's 2675-
3375 inc. witrans special ..$250.00 

$65.00 

PRECISION CAPACITORS 
D•163707: 0.4 mfd t 1500 vdc. -50 to plus 85 deg 

 $4.50 
D•163035:  mfd  600 vdc, 0 to plus 65 deg C. 

... 12.00 
D-170908: 0.152 mfd, 300 v. 400 cy. -50 to Plus 85 
deg C    $2.50 
0.144940: 2.04 mfd @ 200 vdc. 0 to plus 55 deg C 

 $2.50 
0-168344: 2.16 mfd r4i 204) vdc. 0 to plus 55 deg C 
 $3.00 

D-161555: 5 mfd  400 vdc. -SO to plus 85 deg 
 $3.00 

D-161270: I mfd rit 200 vdc. temp comp -40 to plus 
65 deg  $12.50 

30' U. S. ARMY SIGNAL CORPS 
RADIO MASTS 

Complete set 10, • • • ,  a full flat tor, 
antenna. Of ruggcri plyrr ,..1,1 construction teIe• 
scoping into 3 ten-foot sections for easy stow-
age and transportation. Supplied complete: 2 
complete masts, hardware, shipping crat. 
Shipping wt. approx. 300 lbs. Sig Corp-, 
:7A78'? 273 A New  moo per set of 2 

MICROWAVE ANTENNAS 

AN-I22 Dipole Any.   $22.50 
LP-21.A ADF Loop W/Selsyn and Housins. 
New  MOO 

OAK Bellino Tossi DF Loops  $125.00 
Adcock DF Arrays, Complete   US A 
SA Radar. 200 MC Bed Springs, Complete with 
Pedastec, Less Drive  $600.00 

AN MGP-I Antenna. Rotary feed type high 
speed scanner antenna assembly, including 
horn parabolic reflector. Less internal mecha-
nisms. 10 deg. sector scan. Approx. 12'1. x 
4'W x 3'H. Unused. (Gov't Cost-$4500.00) 
  $250.00 

APS-4 3 cm. antenna. Complete. 141/2  dish. Cut-
ler feed dipole directional coupler, all stand-
ard 1" x 1/2 " waveguide. Drive motor and gear 
mechanisms for horizontal and vertical scan. 
New, complete  $60.00 

AN/TPS3. Parabolic dish type reflector approx. 
10' diam. Extremely lightweight construction. 
New in 3 carrying cases  $89.50 

RELAY  SYSTEM  PARABOLIC  REFLECTORS: 
approx. range: 2000 to 6000 mc. Dimensions: 
4' x 3' rectangle, now  $35.00 

TDY "JAM" RADAR ROTATING ANTENNA. 10 
cm. 30 deg. beam. 115 v.a.c. drive. New 

$100.00 

DBM ANTENNA. Dual, back-to-back parabolas 
with dipoles. Freq. coverage 1,000-4,500 mc. 
No drive mechanism  $65.00 

ASI25/APR Cone type receiving antenna, 1080 to 
3208 megacycles. New  $4.50 
140-600 MC. CONE type antenna, complete with 
25' sectional steel mast, guys, cables, carrying 
case, etc. New  $49.50 

ASD 3 cm. antenna, used, ex. cond  $49.50 
YAGI ANTENNA AS-46A. APG-4, 5 elements 

DISH FOR PARABOLA 30"   
AS17/APS 10 CM Antenna, APS-2 30  h Dish. 
with 1/8 Coax Dipole and fittings, New and 

$I n1 4c.   

Compl. with 24 V DC Drive motor, selsyn. 
360 Deg. Rotation and Vertical Tilt ....$94.50 

RC-224 Antenna, 10 CM, 30" Dish P/O. SCR-7I7 
Radar, New and Complete  $94.50 

R. F. EQUIPMENT 

LHTR.  LIGHTHOUSE ASSEMBLY,  Part of RT-
30/APG-5 & APG IS. Receiver and Transmitter 
Lighthouse Cavities with assoc. Tr. Cavity and Type 
N CPLG. To Revr. Uses 2C40, 2C43, 1827, Tunable 
APX 2400-2700 MCS. Silver plated.  $49.50 

APS-2 10CM RF HEAD COMPLETE WITH HARD 
TUBE (7I5B) Pulser. 714 Magnetron 4I7A Mixer 
all 7/e" rigid coax. incl. revr. front end ....$210.00 

Beacon lighthouse cavity 10 cm with miniature 28 
volt DC FM motor, Mfg. Bernard Rice .$47.50 ea. 

T-128-/APN-19 10 cm. radar Beacon transmitter pack-
age, used, less tubes  $59.50 ea. 

SO-3 "X" band 3 cm RF package, new complete, 
including receiver unit as illustrated on Page 337, 
Volume 23 RAD LAB Series  $375.00 ea. 
Pre-Amplifier cavities type "M" 7410590GL, to use 
446A lighthouse tube. Completely tuneable. Heavy 
silver plated construction  $37.50 ea. 

RT32/APS  6A  RF  HEAD.  Compl.  with  725A 
Magnetron magnet pulse xfmr. TR-ATR 723A/I1 
local osc. and beacon mount, pre amplifier. Used 
but exc. cond.  $97.50 

AN/APS-15A "X" Band compl. RF head and modu-
lator, incl. 725-A magnetron and magnet, two 
723A/B klystrons (local osc. 8, beacon) 1824, TR, 
RCVR. ampl. duplexer, HV supply blower, pulse 
xfmr. Peak Pwr Out: 45 KW apx. Input: 115, 400 
cy. Modulator pulse duration .5-2 microsc., apx. 
I3KV, PK, Pulse, with all tubes incl. 7150, 1329B 
RKR 73, two 72's. Complete pkg.  $210.06 

S BAND AN/APS2. Complete RF head and modu-
lator, including magnetron and magnet, 4I7A 
mixer, TR receiver duplexer, blower, etc., and 
complete pulscr. With tubes, used, fair condition 

  $75.00 
10 CM RF Package. Consists of: SO Xmtr. receiver 
using 2127 magnetron oscillator, 250 KW peak 
input. 707-8 receiver-mixer   $150.00 

ASB-500 Megacycles Radar Receiver with two GI 
446 lighthouse cavities, new less tubes ....$37.50 

+MICROWAVE A p, 

RF EQUIPMENT 

All merch. guar. Mail orders promptly filled. All prices, F.O.B., N.Y C. Send Money Order or Check. Only shipping cher vil sent C 0 D R.ttrd Co w rrni send P.O. 

1 :1 1 1.1111:11TV STREET. NE W 

Pituchi:DiNGs  May, Iv.vi 

YORK, N.1.  DEPT. 1'5 PHONE 1116111" -9- 112 1 



LarestWELLS Tube Price List 
Many Types Are Now Scarce At 

These Low Prices. Check your re-

quirements at once for your own 

protection. All tubes are standard 

brand, new in original cartons, 

and guaranteed by Wells. Order 

directly from this ad or through 

your local Parts Jobber. 

0440 
014 
El -CIA 
143 
LOGY 
C1B/3C31 
IMP 
1821A/61471A 
1822 
1823 
4832/532A 
1842 
1848 
El IC 
1C5GT 
106 
11170 
111867 
1E7GT 
1E4 
166 
1846 
1.1466 
114 
1106 
1185 
18567 
1824 
1415GT 
184 
185 
174 
243 
247 
2AP1 
2B7 
2822/G1569 
21122/7193 
21126 
2C26A 
2C34 
21144 
2J21 
2J214 
2J22 
2J26 
2)27 
2J3I 
2J32 
2J33 
2.134 
2J37 
2J38 
2J48 
2J61 
2J62 
222 
2230 
344 
344/47 
387 
3E122 
31324 
311E1 
E1 -3C 
31121 
3C24/246 
31131-1119 
3CP1-131 
3DPI 
3116/1299 
3Fp7 
3FP74 
3GPI 
3817 
38P7 
398 
30561 
384 
GA4 
RE15 
VT5/2154 
501 
El -05B 
5991 
511P4 
6CP1 
5021 
6FP7 
5GPI 
5894 
5J23 

FRICE EA.  TYPE. 

.95 

.45 
3.95 
.60 
.65 
4.85 
1.76 
2.65 
3.40 
7.50 
1.85 
5.25 
9.90 
4.85 
.65 
.75 
.85 
.95 
1.95 
.90 
.66 
.80 
.80 
.50 
.75 
.85 
.75 
2.50 
.85 
. 55 
.70 
.75 
1.05 
.75 
4.75 
.75 
3.25 
.35 
.30 
.40 
.40 
1.25 
10.45 
11.45 
9.85 
8.46 
12.95 
9.95 
12.85 
18.95 
17.50 
13.85 
6.115 
12.95 
24.50 
14.95 
.55 
1.20 
.35 
.45 
.45 
2.35 
1.75 
3.75 
3.95 
5.00 
.50 
4.(45 
1.96 
3.75 
.45 
1.85 
4.95 
4.50 
1.00 
2.95 
.90 
.90 
.75 
2.00 
14.95 
1.20 
3.95 
4.25 
2.75 
3.95 
3.75 
24.75 
2.75 
2.75 
4.75 
14.25 

5)29 
5V4G 
584 
523 
57.36 
6-4 
6-7 
EL-C6A 
643 
646 
6487 
64C7 
64E66 
64G5 
6.016 
64K5 
64103 
6ALA 
64U6 
6AV6 
6846 
687 
6E16 
61386 
61146 
66E6 
6114 
61186 
61121 
606 
6115 
6116 
61160 
61180 
61366 
696 
6J6 
6J7GT 
6J86 
61(6GT 
607 
6876 
6166 
617 
687 
6157, '6? 
697 
6870 
6SA7 
85117 
68C7GT 
65E7 
65E5 
6567 
65117 
6S976T 
69.17 
(IS.I7GT 
6SK7 
6SK7GT 
6SI7GT 
658761 
6.597 
6S97GT 
6SR7 
6SR7GT 
6SS7 
6U7G 
6V6GT 
6656 
62 561 
6160 
7-7-11 
744/XXI 
7A5 
746 
7A7 
7164 
786 
788 
711P7 
7C4/12034 
7C5 
7C7 
7E5/1201 
7E6 
71,1 
7117 
71.7 
797 
777 

PRICE EA.  TYPE. PRICE EA. 

13.45  714  .90 
1.07  9-3  .45 
.76  10  .56 
.80  10 AC0RN  .65 
.75  10 (VT-25A)  .55 
.36  10E/146  1.00 
.35  101'1  .60 
2.00  101(27 -25)  .45 
.80  1246  .25 
.65  124601  .25 
.95  1247  .80 
.00  12AHTGT  1.12 
.85  I2AU7  .96 
1.20  12AX7  1.20 
1.10  1214116  1.20 
1.20  12118  .50 
.80  1211561  .65 
.95  1296  .40 
.95  12J5GT  .40 
.81  127 701  .70 
.95  I2K8  . ea 
.75  129761  .75 
. 95  12947  .73 
.95  I2SC7  .76 
. CM  12SF7  .60 
.65  13807  .66 
.40  12SH7  .40 
1.05  12S47  .73 
19.25  12SK7  .6o 
.50  12SK7GT  .6o 
.85  1381761  .60 
.80  1259701  1.10 
.60  12S9701  .60 
.95  12S117  .60 
.80  12)0125 -248p.TUNG.1.95 
.45  1223  .90 
• 90  13-4  .35 
.70  1447  .90 
.95  14116  .75 
.55  14F7  .90 
.80  1487  .90 
.80  1497  • 90  
1.35  1487  • 90  
.11  I5E  1.50 

156  1.20 
16%879 -2ANP.TUNG. 1.96 
9517. 967  3.25 
19  1.20 
20-4 BALLAST.  .45 
21-2 BAILAST. 

.75 

.75 

.55 

.75 

.65 

.75 

.70 

.80 

.65 

.65 

.40 

.40 

.6o 

.60 

.60 

.60 

.60 

.85 

.60 

.6o 

.6o 

. 60 

.60 

.85 

.75 

.80 

.73 

.65 

.35 

.60 

.80 

.75 

.6o 

.60 

.60 

.60 
4.95 
.35 
.65 
.65 
.60 
.60 
.70 
.70 
.70 
.70 
.90 

2304 
11924 
24A 
81(23, '802 
VT-25-4/10 
2325 
2526GT 
25266 
26 
27 
28117 
30/VT-67 
30 (NOT VT-67) 
33 
34 
0124 
8834/2C34 
35/51 
351,607 
3584 
3525GT 
36 
37 
38 
39/44 
41 
42 
43 
45 SPEC. 
46 
81150 
11950 
50 65 
6016 0 
56 
57 
58 
111(60 1611 
VT62(11PITISH , 
on 

.45 
2.75 
.45 
1.75 
.75 
2.85 
.55 
.73 
.65 
.55 
.65 
.50 
.40 
• 75 
.75 
.75 
.35 
1.50 
.45 
.60 
.73 
.73 
.62 
.40 
.40 
.40 
.35 
.55 
.50 
.5o 
.50 
.75 
.45 
1.00 
1.00 
.96 
.C6 
.46 
.60 
.65 
1.10 
1.25 

TYPE. PRICE EA.  TYPE. 

6694 
911 7.30 
7017 
71A 
CEQ72 
11R172 
C1972 
RKR72 
100173 
75 
76 
77 
78 
2878 
NO 
FG-81-4 
839 
89 
NOY 
VR90 
VT90(BRITISH) 
VR92 
FG915,1DG1295 
1798/821.5 
10014 
100TH 
101/837 
102F 
116108 
VR105 
VP- 111-S 
11411 
1214 
I22A 
21127 (BRITISH) 
171274 
VR150 
171158000 
116172 
2050 
211(VT-4-C) 
2154( 175) 
CEP220 
2214 
227A 
23 95 
RX2334 
2508 
2574 
268A 
2828 
2874/7224 
30411 
30418 
3074 
3164 
3274 
35011 
35411 
3568 
368AS 7034 
371*, \'T62 
3718 
3884 
3934 
3954 
92 408!'-BAIIAST. 
4I7A 
4344 
4464 
446B 
450TH 
01451 
614714 
SS501 
527 
61530 
M7631 
141532 
6324,4832 
01659 
91,610 
119615 
W16324 
700 
7008 
70011 
70011 
7014 
7024 
7034/36846 
7044 

.90 

.90 
1.05 
.75 
1.50 
.66 
1.75 
.90 
1.25 
.89 
.55 
.55 
.60 
.66 
.45 
3.95 
.90 
.73 
.40 
.65 
2.55 
.65 
9.95 
14.95 
2.75 
11.50 
1.65 
3.55 
9.75 
.86 
.66 
1.20 
2.66 
2.65 
.35 
2.95 
.150 

14.95 
19.75 
1.45 
.60 
1.20 
2.00 
1.75 
4.75 
1.20 
1.95 
9.00 
3.00 
2.83 
4.25 
9.50 
1.75 
6.75 
4.25 
.55 
2.60 
2.65 
14.96 
4.95 
3.95 
.96 
.85 
3.95 
4.66 
4.95 
.30 

14.60 
3.40 
1.56 
1.56 
17.95 
1.90 
2.55 
3.00 
9.95 
5.00 
12.98 
1.85 
3.55 
3.75 
7.45 
1.06 
8.75 
7.95 
7.E0 
7.95 
7.95 
3.00 
2.95 
3.95 
1.76 

7054 
70641 
7074 
7078 
700A 
709A 
710A 
7I3A 
714A1 
715B 
717A 
71891 
718E1' 
72IA 
7218 
7224/2874 
723AB 
7244 
7264 
7264 
7268 
7304 
801 
801A 
803 
804 
806 
807 
808 
809 
812 
813 
814 
815 
826 
8308 
8324 
834 
835/361114 
836 
837 
838 
841 
842 
843 
851 
652 
861 
864 
966 
866-JUNIOR. 
8664 
869 
8698 
8724 
874 
876 
878 
879/212 
902 
923 (PHOTO) 
930 
9314 
954 

PRICE EA.  TYPE. 

1.68 
17.60 
14.00 
16.00 
3.75 
4.75 
2.46 
1.50 
8.78 
9.78 
.85 

16.00 
16.00 
3.75 
3.05 
9.50 
14.95 
4.25 
9.98 
12.60 
13.50 
9.95 
.60 
.70 
6.25 
8.95 
5.96 
1.25 
1.65 
2.50 
2.95 
7.85 
3.75 
2.85 
.75 
3.95 
7.95 
5.76 
1.10 
1.35 
1.66 
3.28 
.60 
2.75 
.50 

39.00 
6.25 
29.45 
.45 
2.55 
.85 
1.30 
19.75 
27.25 
2.45 
1.95 
.5o 
1.96 
.55 
3.60 
035 
1.00 
3.95 
.15 

PFICE EA. 

955 
955 
967 
959 
958A 
959 
961/E617 
991/NE-16 
1005 
1007 
1148 
1201 
1203 
1203A 
1294 
17161296 
1299/385 
1613 -BEIECT.6F6 
1616 
1819 
1624 
1625 
1626 
1629 
1630 
1638 
1641,119 93 
1642 
11152/64C7 
1853/6 07 
1960 
1961/5324 
2050 
205 

.55 

.55 

.46 

.55 

.56 

.55 
3.25 

.35 
4.50 
.35 
.45 
.ne 

.55 
9.96 
.45 
.55 
1.25 

1. 2/1 
.36 

.35 
3.96 
.90 
.45 
.50 
.90 
.95 
1.36 
1.86 
.741 
.75 

rX6653  1.26 
7193  .35 
8011/4790.BOITISH2.55 
8012  3.25 
8013  1.26 
8013A  1.50 
8019  1.75 
9020  3.25 
8025  6.75 
9001  .65 
9002  .48 
9003  • 60 
9004  .40 
9006  .40 
361114 ,r1:6  1. in 

ETAL DIODES 

1821 
IN214 
18218 
1822 
1823 
18234 
1827 
1829 
1951 (OE) 
11540(081 
11452 (GE) 

.65 

.95 
1.20 
.80 
.80 
.85 
.85 
.85 
.75 
. 75 

JUST OUT-

CATALOG H500 

Manufacturers, Distributors 

and Amateurs: Write for 

the brand new Wells Elec-

tronic Catalog H500. It's full 

of Tre mendous values in 

highest quality components. 

PARTS SHO W VISITORS: Be Sure to See Our 
/ W E L L S / Huge Display at Our LaSalle Street  Show  Rooms  

SALES, INC. 
  320 N. LA SALLE ST.  DEPT. P,  CHICAGO 10, ILL. 
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TO SELL THE 

RADIO 

INDUSTRY 

Dear Reader: 

Proceedings of the I.R.E. 

INSTITUTE OF RADIO ENGINEERS 
WILLIAM C. COPP — National Advertising Manager 

WEST 42nd  STREET,  NE W YORK  I 8,  N. 

Circle 6-6357 

May, 1950 

A valuable service is rendered by the industrial lictings in 
the IRE DIRECTORY (Yearbook).  Sections 2 and 3 of this 500 page 
book, which will again be distributed to over 18,000 IRE members 
in September 1950, list more than 3400 firms serving the radio-
electronic field, and the products or services they offer. 

We have received excellent cooperation from the industry. 
Thousands of the companies have already answered our questionnaires, 
checking off the data shown on the next two pages. 

But, we can miss a new firm, or one with a 
changed address.  Or, perhaps someone has 
been too busy to answer! 

You are invited to mail in this information to us, using the 
following classification pages.  If you have not filled out such 
information for IRE recently, this action may insure that the in-
formation we list for your firm is up-to-date. 

When checking off your products, please note 
that we classify functionally, rather than by 
terminology -- so look carefully THROUGH ALL 
CLASSIFICATIONS. Engineers prefer the speed 
and ease the simpler listings provide. 

Our service is free, and we only publish information we have 
procured ourselves by questionnaires, or derived from product stories 
or interviews.  Your cooperation alone will insure that your firm is 
listed. 

The fourth page of this section tells the story of advertising 
in the IRE DIRECTORY (formerly Yearbook) and shows how economically 
and effectively you can back up our listings for your firm, with 
your own story and display data -- reaching the engineer who is 
seeking exactly that information in his IRE DIRECTORY. 

Cordially, 
Industry Research Division 
THE INSTITUTE OF RADIO ENGINEERS 
303 West 42nd. St., N.Y. 18, N.Y. 
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INFORMATION SERVICE 

I.R.E. Yearbook and I.R.E. Industry Research Division  

A two-fold service is available without cost to firma supplying products for or rendering technical services to the radio-
and-electronic industry. (1) The I.R.E. Yearbook, which is noted for its reference value, lists more than 2,000 firms and 
furnishes product or industry classification. (2) A classified index of products and services is maintained by the I.R.E. 
Industry Research Division. Radio engineers continuously draw upon this bank of statistical data. 

These two sources of information are not only invaluable to I.R.E. members and other engineers, but the proper listing 
of your company may bring you new business. 

To help keep lip to date, please check-off your products and ser.ices, 
and send to: Industry Research Div., Proceedings of the 1.11.1 . Room 707, 303 West 42nd St., New York 18, N.1. 

Products to Be Checked By Radio-Electronic Manufacturers 

I. AMPLIFIERS,  Audio Fre-
quency. 
( ) a. Broadcast Speech In-

put Equipment. 
) b. Dynamic Noise Sup-

pressors. 
) c. High Fidelity. 
) d. Inter-communication 

Systems. 
) e. Medical Equipment. 
) I. Peak Limiting. 
) g. Phonograph Pream-

plifiers-equalized. 
) h. Power Amplifiers. 
) i. Pre-amplifiers. 
) j. Public Address Sys-

tems. 
) k. Recording Amplifi-

ers. 

2. ANTENNAS. 
( ) a. AM Broadcast. 
( ) b. Dummy. 
( ) c. FM Broadcast. 
( ) d. Miscellaneous. 
( ) e. Receiving Types, all 

services. 
( ) f. Television Broadcast. 

3. ANTENNA ACCESSORIES. 
( ) a. Feeder Systems. 
( ) b. Insulators. 
( ) c. Phasing & Tuning 

Equipment. 
( ) d. Support Towers. 
( ) e. Tower Lighting 

Equipment. 

4. ATTENUATORS. 
( ) a. Audio Frequency. 
( ) b. Radio Frequency. 

5. BATTERIES. 
( ) a. Flashlight  & Mis-

cellaneous Dry. 
( ) b. Hearing Aid. 
( ) c. Portable Radio 

Types. 
( ) d. Storage. 

6. BLOWERS  &  COOLING 
FANS 

Bridges, see 60a. 

& WIRE. 
a. Co-axial Cable. 
b. Pre-formed 

Harnesses 
c. Rubber Insulated 

Wires. 
d. Shielded Types. 
e. Synthetic Insulated 

Wires. 
f. U.H.F. Types. 

8. CAPACITORS: Fixed. 
( ) a. Ceramic. 
( ) b. Electrolytic. 
( ) c. Mica. 
( ) d. Oil Filled. 
( ) e. Paper. 
( ) f. Pressurized Gas. 
( ) g. Vacuum. 

9. CAPACITORS: Variable. 
) a. Neutralizing. 
) b. Precision. 
) c. Temperature Fre. 

quency Compen-
sating. 

) d. Trimmers. 
) e. Tuning. 
) f. Vacuum. 

10. CERAMICS. 
( ) a. Coil Forms. 
( ) b. Custom Fabrication. 
( ) c. Rods. 
( ) d. Sheets. 

11. CHASSIS & RELAY RACK 
CABINETS: Metal. 
( ) a. Open Stock. 
( ) b. Special Order & 

Custom Fabrica-
tion. 

Coil Forms, see 10a. 

12. COILS. 
( ) a. A. F. Chokes. 
( ) b. Miscellaneous. 
( ) c. R. F. Chokes. 
( ) d. Toroids. 
( ) e. Transformer Coils. 
( ) f. Tuning. 

Condensers, see 8 & 9. 

12X. COMPUTERS 
( ) a. Electronic 

13. CONNECTORS. 
( ) a. AN Standard Types. 
( ) b. Microphone. 
( ) c. Power. 

Consoles, see la. 

14. CONVERTERS. 
( ) a. Frequency. 
( ) b. Vibrator. 

Rotary, see 38. 

15. CORES & CORE MATERI-
ALS. 
( ) a. Complete Cores. 
( ) b. Laminations. 
( ) c. Powdered Metal. 

16. CRYSTALS. 
( ) a. Germanium & Sili-

con, etc. 
(  b. Oscillating Quartz. 
( ) c. Piezo-Electric. 

17. CRYSTAL HOLDERS. 
Discs, Recording, see 51a. 

18. DRAFTING  EQUIPMENT 
& SUPPLIES. 

Dynamotors, see 38a. 

19. ELECTRONIC  CONTROL 
EQUIPMENT. 
( ) a. Air conditioning 

Controls. 
) b. Burglar Alarm & 

Protection De-
vices. 

) c. Combustion & 
Smoke Elimina-
tion. 

) d. Fire Prevention & 
Detection. 

) e. Production Controls, 
Counting & Sort-
ing. 

f. Variable Speed 
Regulators. 

g. Voltage Control & 
Stabilization. 

20. EQUALIZERS. 
( ) a. Dialogue. 
( ) b. Line. 
( ) c. Magnetic Repro-

ducer Types. 
( ) d. Sound Effects. 

21. FACSIMILE  EQUIPMENT. 

22. FILTERS. 
( ) a. Band Pass & Band 

Rejection. 
) b. Dividing Networks. 
) c. Noise Elimination. 

Sound effects, see 
20d. 

Frequency Measuring 
Equipment, see 37a, 59a, 
61b, c, d, and e. 

23. FUSES & FUSE HOLDERS. 
Generators, see 31k. 

24. GRAPHIC RECORDERS 

25. HARDWARE & MANUFAC-
TURING AIDS. 

26. INDUCTION HEATING 
EQUIPMENT. 
( ) a. Manufacturing 

Processes. 
( ) b. Medical Applica-

tions. 
Inductors, see 12. 

27. INSULATION. 
) a. Cloth. 
) b. Glass. 
) c. Mica. 
) d. Paper. 
) e. Varnished Cambric. 

See also 10 & 45. 

28. JACKS,  JACK  FIELDS, 
PLUGS, & PATCH 
CORDS. 

29. KEYS. 
( ) a. Switching. 
( ) b. Telegraph. 

Knobs, see 40c. 

( ) 

( ) 

30. LACQUERS. 
( ) a. Finishing. 
( ) b. Fungus Proofing. 
( ) c. Moisture Proofing. 

31. LOUDSPEAKERS & HEAD-
PHONES. 
( ) a. Commercial Grade 

Loudspeakers. 
( ) b. Headphones. 
( ) c. High Fidelity Loud-

speaking Systems. 
( ) d. High Frequency 

Types. 

38. 

39. 

40. 

41. 

( ) e. Low Frequency 
Types. 

32. MACHINERY,  FIX TURE 
& TOOLS FOR RADII 
ELECTRONIC MANU-
FACTURING. 

33. MAGNETS. 
( ) a. Electro. 
( ) b. Permanent. 

Measuring Equipment, 
35, 59, 60, 61. 

34. METALS: Base. 
( ) a. Copper. 
( ) b. Ferrous. 
( ) c. Non-ferrous, exclut 

ing Copper. 
( ) d. Powdered. 
( ) e. Precious & Rare. 

35. METERS. 
( ) a. Ammeters. 
( ) b. Elapsed Time. 
( ) c. Frequency  Indic 

ing. 
Voltmeters. 
Volume Level 
Meters (db & vu) 
Wattmeters & W t 
Hour Meters. 
Vacuum Tube 
Voltmeters, see 
60i. 

36. MICROPHONES. 
( ) a. Carbon. 
( ) b. Condenser. 
( ) c. Crystal. 
( ) d. Magnetic. 

37. MONITORING EQUIP-
MENT. 
( ) a. Frequency. 
( ) b. Modulation. 
( ) c. Television 

MOTOR GENERATORS. 
( ) a. Dynamotors. 
( ) b. Frequency 

Changers. 
( ) c. Motor-Generators. 
( ) d. Rotary Converters. 

MOTORS: Very Small. 
( ) a. Blower Motors. 
(  b. Selsyn Controls. 
( ) c. Timing Devices. 

MOULDED PRODUCTS & 
SERVICES. 
( ) a. Cabinets. 
( ) b. Insulators. 
( ) c. Knobs & Parts. 
( ) d. Proprietary Mould-

ings. 
( ) e. Special Fabrication. 

OPTICAL SYSTEMS, MIR-
RORS, SCREENS, & AC-
CESSORIES. 

Oscillators, see 59a, d & 61b, 
c, d, e. 

) d. 
) e. 

) f. 

Please check clearly each item you manufacture or service you render. 



12. OSCILLOGRAPHS  &  AC-
CESSORIES. 
( ) a. General Purpose, 

Cathode Ray. 
( ) b. Recording. 
( ) c. Synchroscopes, 

Cathode Ray. 
( ) d. U.H.F. Cathode Ray 

Equipment. 
Panels, see 11. 

13. PHONOGRAPH  & TRAN-
SCRIPTION REPRO. 
DUCING EQUIPMENT. 
( ) a. Crystal Pick-ups. 
( ) b. Magnetic Pick-ups. 
( ) c. Phonograph Motors. 
( ) d. Playback arms. 
( ) e. Record Changers. 
( ) f. Turntables, com-

plete. 
Pre-amplifiers, see li. 

14. PILOT LIGHTS & ASSEM-
BLIES. 
( ) a. Incandescent. 
( ) b. Neon. 

.45. PLASTICS. 
( ) a. Raw Powders for 

Moulding. 
( ) b. Rods. 
( ) c. Sheets. 

Plugs, see 13 & 28. 

16. POINT TO POINT COM-
MUNICATION EQUIP-
MENT. 
( ) a. Aircraft S( Airport 

Equipment. 
) b. Citizen Radio. 
) c. Emergency Corn-

muncations. 
) d. Fleet Dispatching. 
) e. Police & Fire Depart-

ment Equipment. 
) f. Ship to Shore Equip-

ment. 

47. POWER SUPPLIES. 
( ) a. Electrically 

Powered. 
( ) b. Gasoline Driven. 
( ) c. Voltage Regulated 

Output types. 
Printed circuits, see 25. 

18. PUMPS: Vacuum. 
Racks, see 11. 
Radar Equipment, see 64b. 

19. RADIO RECEIVERS. 
( ) a. Broadcast. 
( ) b. Communications. 
( ) c. Fixed Frequency. 
( ) d. Frequency Modula-

tion. 
( ) e. Special Purpose. 
) f. Television. 

50. RECORDING EQUIP-
MENT. 
( ) a. Disc Recording 

Machines. 
( ) b. Magnetic Tape 
) c. MagneticRecorder vis.ire  

Recorders. 

51. RECORDING ACCESSO-
RIES & SUPPLIES. 
( ) a. Blanks. 
( ) b. Cutting Needles. 

) c. Disc Recording 
Heads. 

) d. Magnetic Recording 
Playback, & Bias-
ing Heads. 

e. Magnetic Recording, 
Tape. 

Magnetic Recording 
Wire. 

) f. 

52. RECTIFIERS. 
( ) a. Metallic. 
( ) b. Vacuum Tube. 

Regulators, Voltage, see 67. 

53. RELAYS. 
( ) a. Hermetically sealed. 
( ) b. Instrument. 
( ) c. Keying. 
( ) d. Mercury. 
( ) e. Power Control & 

Overload. 
) f. Stepping. 
) g. Telephone Types. 
) h. Time Delay. 

54. REMOTE CONTROLLING 
EQUIPMENT. 
( ) a. Automatic Tuning 

Mechanisms. 
( ) b. Remote Controls. 
( ) c. Switching Functions. 
( ) d. Servo-Mechanisms. 

55. RESISTORS. 
( ) a. Carbon fixed. 
( ) b. Carbon Variable. 
( ) c. Precision. 
( ) d. Vacuum Sealed. 
( ) e. Wire Wound, Fixed. 
( ) f. Wire Wound, 

Variable. 

56. SOCKETS, VACUUM TUBE. 
( ) a. Receiving Tube 

Types. 
( ) b. Transmitting  Tube 

Types 
( ) c. Underwriters Labo-

ratories Approved 
Types. 

57. SOLDER. 
( ) a. Acid Cored. 
( ) b. Plain. 
( ) c. Precious Metal. 
( ) d. Pre-forms. 
( ) e. Rosin Cored. 

Speakers, see 31. 

58. SWITCHES. 
) a. Band Switches. 
) b. Circuit Breaking. 
) c. Key. 
) d. Mercury Switches. 
) e. Momentary Contact. 
) f. Power. 
) g. Precision Snap. 

Acting. 
) h. Rotary. 
) i. Time Delay. 
) j. Toggle & Push 

Button. 

58X. TELEVISION EQUIP-
MENT. 
( ) a. Cameras. 
( ) b. Projectors. 
( ) c. Studio Lighting 

Equipment. 
Also see 37c, 49f, 61d, 63e, 
& 65k. 

59. TESTING & MEASURING 
EQUIPMENT: Audio 
Frequency. 
( ) a. Beat Frequency 

Oscillators. 
b. Distortion & Noise 

Analyzers. 
c. Intermodulation Dis-

tortion Analyzers. 
d. Resistance Capacity 

Oscillators. 
e. Square Wave Gener-

ators. 
f. Wave Form Analysis 

Equipment. 

60. TESTING & MEASURING 
EQUIPMENT: General. 
( ) a. Bridges, all types. 
( ) b. Capacitance 

Decades. 
c. Capacitor Testers. 
d. Multi-meters. 
e. Resistance Decades. 
f. Resistor Testers-

Ohmmeters. 
g. Stroboscopes. 
h. Tube Testers. 
i. Vacuum Tube 

Voltmeters. 
j. Vibration Testing 

Equipmenl. 

60X. TESTING & MEASURING 
EQUIPMENT: Nuclear 
( ) a. Dosimeters. 
( ) b. Ionization Cham-

bers. 
( ) c. Scalers. 
( ) d. Scintillation Count-

ers. 
( ) e. Survey Meters. 
Geiger-Mueller Tubes, see: 
Vacuum Tubes. 

61. TESTING & MEASURING 
EQUIPMENT: Radio Fre-
quency. 
( ) a. "Q" Meters. 
( ) b. Signal Generators 

AM. 
) c. Signal Generators, 

FM. 
) d. Signal Generators, 

TV. 
( ) e. Standard Frequency 

Generators & 
Multi-Vibrators. 

) f. Sweep Generators & 
Calibrators. 

) g. Wavemeters. 

( ) 

( ) 

) 

) 

) 

62. TRANSFORMERS. 
( ) a. Audio Frequency. 
( ) b. Hermetically Sealed. 
( ) c. High Fidelity Audio 

Types. 
) d. Power Components. 
) e. Pulse Generating 

Types. 
) f. Radio Frequency. 
) g. Voltage Regulating. 

63. TRANSMITTERS. 
( ) a. AM Broadcast. 
( ) b. Communications. 
( ) c. FM Broadcast. 
( ) d. Special Types. 
( ) e. TV Broadcast. 

64. ULTRA HIGH FREQUEN-
CY EQUIPMENT & AC-
CESSORIES. 
( ) a. Antennas & Re-

flectors. 
( ) b. Radar Apparatus. 
( ) c. Receivers. 
( ) d. Transmitters. 
( ) e. Waveguides. 

65. VACUUM TUBES. 
( ) a. Cathode Ray. 
( ) b. Geiger-Mueller. 
(  c. Industrial types. 
( ) d. Klystrons & Magne-

trons. 
e. Phototubes. 
f. Pirani Tubes. 
g. Receiving Types. 
h. Rectifiers. 
i. Special Purpose. 
j. Thyratrons. 
k. Television Types. 
1. Transmitting Types. 
m. Voltage Regulators. 

66. VACUUM TUBE COMPO-
NENT PARTS. 

Varnishes, see 30. 

67. VOLTAGE REGULATORS. 
( ) a. Automatic. 
( ) b. Manually Con-

trolled. 

68. WAXES, POTTING & 
SEALING COMPOUNDS. 

69. WOODEN CABINETS. 
( ) a. Radio Sets. 
( ) b. Record Storage. 

NON-MANUFACTURING 
CLASSIFICATIONS. 

91. BOOKS AND BOOK PUB-
LISHERS. 

92. BROADCASTING STA-
TIONS & COMMUNICA-
TION COMPANIES. 

93. CONSULTING ENGI-
NEERS. 
( ) a. Acoustical. 
( ) b. Electrical. 
( ) c. Mechanical. 
( ) d. Radio. 

94. DISTRIBUTION. 
( ) a. Jobbers and 

Wholesalers 
( ) b. Manufacturers 

Representatives 
( ) c. Sales and Service 

95. FREQUENCY MEASURING 
& MONITORING SERV-
ICES. 

96. LABORATORIES & CUS-
TOM BUILDERS OF 
EQUIPMENT. 

97. RECORDING STUDIOS & 
SERVICES. 

98. TECHNICAL SCHOOLS & 
INSTITUTIONS. 

99. TRANSCRIPTION  LIBRA-
RIES. 

COUPON 

Send to: Industry Research Div., Proceedings of the I.R.E. 
Rm. 707, 303 West 42nd St., New York 18, N.Y. 

Firm Name: ........................ . ........... . .. . ............. Phone No. 

Address: ............................. ...... Place   Zone .... State 
To whom in your organization should we direct correspondence concerning: 

Product Data ........ 

Date   

IRE Yearly Convention   Advertising 



Do Radio-Electronic Engineers 
KNOW what you make? 

Distributors Edition, over 200 
pages of supply firms index, 

plus comprehensive engineer-

ing products list. Advertising 

repeated here. 

A Radio Engineers' 

Directory of 

Products and Firms 

1 

5 
0 

n aid tn. \P"P"t"A  " ' „,. ,,,,1 Purchasing Agc 
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buying data in the it 

of Radio and Electron,. 

I he InstU ii C Ot Radio El 

• If they ought to know, tell them in the MI% 
DIRECTORY. This is the Directory in which they have 
a personal interest. It lists more than 17,500 members 
of The Institute of Radio Engineers and gives their mem-
bership grade, length of membership, business connec-
tion and address. It contains the annual report of the 
Institute, its Constitution, an index to supply firms in 
the radio-electronic field, and an engineers' guide to 
products. 

• 3327 different firms have cooperated in helping 
set up the company and product indexes, supplying de-
tailed listings of the radio-and-electronic products they 
make or services offered. 17,500 members have helped 
by furnishing their personal reports. The whole project 
is a co-operative, non-profit service to members and the 
industry they serve by supplying an annually corrected 
directory of engineers, firms and products in one, easy-
to-use volume. 

• The information provided is unique. Engineers 
work with engineers and the membership lists provide 
both a fellowship service and a record of experience 
and standing, vital in a technical and scientific 
industry. 
The product data is arranged in fundamental 

classifications, established by engineers, for engineers. 
They are director, and faster to use than terminology 
classifications. In the alphabetical list of firms, number 
coding reveals all the engineering products each firm 
makes for our industry. This gives a more comprehen-
sive picture of manufacturing and service firms than ap-
pears in any other directory in the field. 

• One advertisement works a whole year for your 

The Instofrui. of R f , 

DIRECTORY So 

Full IRE DIRECTORY supplied 

to  members,  nearly  500 

pages of three directories in 

one,  engineers,  firms  and 

products.  Advertising  origi-

nates here. 

xx 
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firm in the IRE DIRECTORY. Issued annually in Sep-
tetnber, this book is kept as a prized possession by each 
member until the next comes out. It is used again and 
again because of its three important services—engineers, 
firms and products, so completely and clearly indexed. 
Moreover, the advertiser gets all the "breaks" in this 
Directory because all his listings are in bold type, with 
cross-reference to the page of his display message. 

• Space costs are eco llllll tical, and requirements very 
flexible, ranging from a one inch engineers card, or a 
sixth of a page display unit to complete catalog inserts. 
All ad unit sizes are standard to the 7x10 inch, 3 column 
page. Rates are: 

1/6th page 
1/3 page 
2/3rd page 
Full page 
2 pages or spread 
Catalog insert rates 
quest. 

$ 60. 
$100. 
$180. 
$250. 
$450. 
on re-

Identical to one Time "Pro-
ceedings of the F.R.E." rates. 
Contract advertisers get same 
discounts. 

• The economical catalog insert plan started in 
1948 has proved a boon to firms wishing radio engineers 
to have their full data in a permanent and always avail-
able file. Catalog advertisers doubled in 1949. Prices 
will be quoted simply for inserting preprinted 8Y2" x 11" 
technical catalogs, or including production and printing. 

• The IRE DIRECTORY is the "product reference" part 
of the IRE Balanced Promotion Program. Adver-
tising in "Proceedings of the I.R.E." provides "product 
promotion." and a Radio Engineering Show exhibit is 
"product presentation." Ask us for the Program Plan. 

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

The Radio Engineering Show 
303  W EST  42nd  STREET,  NE W  YORK  18,  N.  Y. 

Circle 6-6357 

TELL THE 

RADIO 

ENGINEERS 
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Spectrum Analysis 
from AF to UHF 

taxter and Simpler with these 
Panoramic Instruments 

Whether your problem is investigation of noises. 
vibrations,  harmonics, charactertstics of AM. FM 
or pulsed signals, oscillations, cross modulation. 
transmission characteriqics of lines and filters. tele-
metering or any  phenomena requiring spectrum 
analysis,  these panoramic instruments will help 
collect information taster, easier and accurately. 
Panoramic  instruments  automatically  visualize 
spectral content Indications in the form of vertical 
pips whose height and horizontal location respec-
tively show signal level and frequency, enable rapid 
examination of one or more signals at one time. 

PAN ORA MIC SONIC A NALYZER  AP-1 
Complete Audio Waveform Analysis in One 

Second 

Recognized as TITE practical answer for analyzing 
waves of random or static character, the AP-1 
automatically  separates  and  measures  complex 
wave components in only one second. 
Frequency Range: 40-20.000 c.o.s., log scale. 

Input Voltage Range: 500 AV-500V. 

Voltage Scale: linear and two decade log. har-
monic products suppressed by at least 60 db Direct 
Reading. Simple Operation. Optimum Resolution. 

PAN ORA MIC ULTRAS ONIC A N ALYZER 
Entirely New for Ultrasonic Studies 

An invaluable new direct reading instrument. the 
811-7 enables overall observation of the ultrasonic 
spectrum or very highly detailed examination of 
any ',elected narrow segment of the spectrum. 

Frequency Range: 2KC-300KC, linear scale. 
Scanning Width: Continuously variable. 200 KC to 
zero. 

Input Voltage Range: 1 mV-50V. 

Amplitude Scale: linear and two decade log. 

S13•8 

PANALYZ OR —PA NADAPT OR 
For RF Spectru m Analysis 

Long accepted as the simpleet and fastest means of 
observing segments of the Itir Spectrum, Panadap-
tor units operate with superheterodyne receivers, 
which tune in the segment to be examined. Pans-
lyzors use an external signal generator for this 
purpose and have • flat amplitude response for 
determining relative levels of signals. 
Both are available in over a dozen standard models 
said types differing in . . . Maximum Scanning 
Widths ranging from 50KC to 2051c, continuously 
variable to zero. Signal Resolution Capabilities from 
250KC down to 100 CPS. 
Write for Complete Technical Data 

PANORAMIC (Thl 
Sc. , . " C OI,' 41•11 

FIR M PRODUCTS In 
• Ovo ,  •11111 • 00o  Oo 

INDEX AND DISPLAY 
ADVERTISERS 

Section Meetings  37A 

Student Branch Meetings  40A 

Membership  43A 

Positions Open  50A 

Positions Wanted  52A 

News—New Products  30A 

DISPLAY ADVERTISERS 

Ace Engineering & Machine Co., Inc. 48A 

Acme Electric Corp.  61A 

Aerovox Corp.  26A 

Airtron Inc.  47A 

Amperes Electronic Corp.   Cover II 

Amperite Co., Inc   48A 

Ampex Electric Corp.  63A 

Antara Products, General Aniline & Film 
  14 & I5A 

Arnold Engineering Co.  8A 

Barker & Williamson, Inc.  40A 

Bead Chain Mfg. Co.  47A 

Bell Telephone Labs.  2A 

Bendix Aviation (Radio Div.)  . . .50A 

Berkeley Scientific Co.  55A 

Bliley Electric Co.  49A 

W. J. Brown  72A 

Browning Labs.  38A 

Bud Radio, Inc.  54A 

Cambridge Thermionic Corp.  7 I A 

Cannon Electric Development Co  49A 

Canoga Corp.  55A 

Capitol Radio Engineering Inst.  54A 
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Which Of These Coil Forms 
Best Fits YOUR Needs? 

Coll Forms Only, Or Coils Wound To Your 
Specifications . . . Cambridge Thermionic 
will furnish slug tuned coil forms alone 
or wound with either single layer or pie 
type windings to fit your needs, in high, 
medium or low frequencies . . . and in small 
or large production quantities. 
See table below for physical specifica-

tions of coil forms. 

SEND COMPLETE SPECIFICATIONS 

FOR SPECIALLY W OUND COILS 

Mounting 
Coil  Stud  Form  Mounted 
Form  Material  Thread Size  0.0.  O.A. Height 

LST 

156 

LS5 

LSM 

153 

L541 

1-5 
Ceramic 
1-5 
Ceramic 
L-5 
Ceramic 
Paper 
Phenolic 
Paper 
Phenolic 
Paper 
Phenolic 

8-32 

10-32' 

4-28 

8-32 

4-28 

1i-28 

4" 

W i 
11 41/ 

,141,1 27,43” 

'A " 1W ' 

'These types only provided with spring locks for slugs. 
fFixed lugs. All others hove adjustable ring terminals. 
All ceramic forms are silicone impregnated. Mounting studs 
of all forms are cadmium plated. 

Turret  Split  Terminal  Double-End 
Lugs  Lugs  Boards  Lugs  Swagers 

custpm or standard the 
guiaranteed components 

CA MBRIDGE THER MIONIC CORP. 
456 Concord Ave., Cambridge 38, Moss. 

West Coast Stock Maintained By: E. V. Roberts, 
5014 Venice Blvd., Los Angeles, California 
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PROFESSIONAL CARDS DISPLAY ADVERTISERS Jacobs Instrument Co, 

E. F. Johnson Co. 

52A 

44A, 46A 

W. J. BROWN 
Registered Professional Engineer Specializing in 

INDUSTRIAL ELECTRONICS 
New Systems developed from Basic Principles 

512 Marshall Bldg., Cleveland 13, Ohio 

TOwer 1-6498  FAirmount 1-0030 

EDWARD J. CONTENT 
Acoustical Consultant 

Functional Studio-Theater Design 
FM —  Tele•litIon —  AM 
Audio Sy•tem• I naineerIng 

Itozbury Sloan!  starnford 3-7459 
Stamford, Conn. 

CROSBY LABORATORIES 
Murray G. Crosby & Staff 
FM, Communications, TV 

Industrial Electronics 
High-Frequency Heating 

Offices,  Laboratory  Model  Shop  at: 
124 Herrick' Rd.  Mineola, N.Y. 

Garden City 7-0284 

Richard B. Schulz 

Elea/to - SeaneA 
Radio-Interference Reduction; 

Development of 
Interference-Free Equipment, 
Filters, Shielded Rooms 

S15 W. Wyoming Ave., Philadelphia 40, 
GLadstone 5-5353 

EI.K ELECTRONIC LABORATORIES 
Jack Rosenbaum 

Specializing in the design and 
development of 

Test Equipment for the communications, 
radar and allied fields. 

12 Elk Street  Telephone: 
New York 7, N.Y.  W Orth 2-4963 

WILLIAM L. FOSS, INC. 

927 15th St., N.W.  REpublic 3883 

WASHINGTON, D.C. 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box J. Upper Montclair, N.J. 

Offs & Lab.: Great Notch, N.J. 

Phone: Montclair I 3000 

Established 1926 

HERMAN LEWIS GORDON 
Registered Patent Attorney 

Patent Investigations and Opinions 

Warner Building 
Washington 4, D.C. 
National 2497 

100 Normandy Drive 
Silver Spring, Md. 
Shepherd 2433 

Elk Electronic Associates 

Emsco Derrick & Equipment Co. 

W. L. Foss . 

Freed Transformer Co., Inc. 

Furst Electronics 

General Electric Co. 

General Radio Co. 

General Services Administration 

Paul Godley 

H. L. Gordon 

Samuel Gubin 

Hewlett-Packard Co. 

Hughes Aircraft Co. 

Hughey & Phillips 

72A 

45A 

72A 

25A 

59A 

10A & IIA 

Cover IV 

50A 

72A 

72A 

72A 

3A 

50A, 52A 

45A 

Samuel Gubin. Electronics 
G. F. Knowles. Mech. Eng. 

SPECTRUM ENGINEERS, Inc. 
Electronic & Mechanical Designer. 

540 North 63rd Street 
Philadelphia 31. Pa. 
GRanits 2-2333; 2-3135 

MEASUREMENTS CORP. 
RESEARCH E MANUFACTURING 

ENGINEERS 

Harry W. Houck  Jerry B. Minter 
John M. van Beuren 

Specialists in the Design pnd 
Development of Electronic Test Instruments 

BOONTON, N.J. 

PICKARD AND BURNS, INC. 
Consulting Electronic Engineers 

Analysis and Evaluation 
of Radio Systems 

Research,  Development E Design 
of Special Electronic Equipment 

240 Highland Ave.,  Needham 94, Mass 

PAUL ROSENBERG ASSOCIATES 
Consulting Physicists 

Main office: Woolworth Building, 
New York 7, N.Y. 

Cable Address  Telephone 
PHYSICIST  W Orth 2-1939 

Laborstory: 21 Park Place, New York 7, N.Y. 

TECHNICAL 
MATERIEL CORPORATION 
COMMUNICATIONS CONSULTANTS 

RADIOTELETYPE  FREQUENCY SHIFT 

INK SLIP RECORDING - TELETYPE NET WORKS 

453 West 47th Street, New York 19, N.Y. 

WHEELER LABORATORIES, INC. 
Radio and Electronics 

Consulting —  Research —  Development 

R-F Circuits —  Lines —  Antennas 

Microwave Components —  Test Equipment 

Harold A. Wheeler and Engineering Staff 

Great Neck, N.Y.  Great Neck 2-7806 

Kalbfell Laboratories, Inc. 

Kenyon Transformer Co., Inc. 

Kings Electronics 

Lake Chemical Co. 

Lambda Electronics Corp. 

Magnecord, Inc. 

P. R. Mallory & Co., Inc. 

Marion Electrical Instruments Co. 

W. L. Maxson Corp. 

Measurements Corp. 

Melpar, Inc. . 

Mycalex Corp. of America 

National Carbon Co. 

National Electronics Conference 

Ohmite Mfg. Co. 

Panoramic Radio Products, Inc. 

Pickard & Burns 

Potter Instrument Co. 

Radio Corp. of America 

Raytheon Mfg. Co. 

Paul Rosenberg Assoc. 

Sheldon Electric Co. 

Sorensen & Co., Inc. 

Spencer Kennedy Labs. 

Sperry Gyroscope Co. 

Sprague Electric Co. 

Stackpole Carbon Co. 

Stoddart Aircraft Radio Co. 

Sylvania Electric Prod. Co. 

Tech Labs. . 

Technical Materiel Corp. 

Technology Instrument Corp. 

Tektronix, Inc. . 

Transradio Ltd. 

Truscon Steel Co. . 

Tung-Sol Lamp Works, Inc. 

United Transformer Corp. 

Waterman Products Co., Inc. 

Wells Sales, Inc. 

Westinghouse Electric Corp. 

H. A. Wheeler 

S. S. White Dental Mfg. Co. 
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*Polykane 
— a solid synthetic thermosetting compound, developed by C-D engineers for use 

in Royal Tigers — provides new sturdy construction for operation at temperatures 

from —35°C to +100°C. 

Royal Tiger Capacitors are Polykane impregnated and filled, resulting in 
exceptionally uniform electrical properties and performance over extra long 

service life. No oil or wax used within capacitor. End seal or impregnant 
will not flow at any temperature. 

Royal Tiger Capacitors now make possible a standardized line of tubulars 
for operation at temperatures up to lOO*C., thus eliminating need for stock-
ing low and high temperature oil or wax tubular capacitors. 

For full details, write for Bulletin RT349. CORNELL-DUBILIER ELECTRIC 

CORPORATION, Dept. M50, South Plainfield, New Jersey. Other plants in 
New Bedford, Brookline and Worcester, Mass.; Providence, R. I.; Indianapolis, Ind., 

and subsidiary, The Radiart Corp., Cleveland, Ohio. 

CORNELL-DUBILIER 
CAPACITORS 

$111111011.111 

1910 1950 
a 1 



G-R Announces a Complete, Integrated Line of 

   U-H-F MEASURING EQUIPMENT 
t 

‘ailk  Aft 

for Measurements of POWER • VOLTAGE • IMPEDANCE 

ATTENUATION • STANDING-WAVE RATIO up to 3,000 Mc 

T his new line of U-H-F Measuring Equipment is the most complete General Radio has 
I ever offered. Available are a large number of coaxial parts for simple and rapid 
assembly into a number of different measurement set-ups. 
For the college laboratory, research and development laboratories and consulting engi-

neers, and for measurements in the proposed U.H.F. T-V Band these Type 874 components 
offer an inexpensive and versatile means for making accurate determinations of: 

OSCILLATORS — Power output • Output Impedance • Wavelength 
AMPLIFIERS — Gain • Input and Output Voltage & Impedance 
COMPONENTS —Standing-wave Ratio and Impedance 

The complete line of parts is shown in the illustration. It includes foundation elements such 
as basic universal connectors, cable connectors, panel connectors, adapters for other types 
of connector and patch cords; fixed and adjustable line elements as air lines, 90-degree ells, 
tees, adjustable tuning stubs, adjustable lines and rotary joints; 500- and 1000-Mc low-pass 
filters and coupling capacitors, and a number of terminations, coupling elements and 
attenuators. 
Throughout the entire line the characteristic impedance is 50 ohms wherever possible. 

The wide frequency range of 300 to 3,000 Mc is covered by all of the parts; many operate 
on lower frequencies and up to 5,000 Mc. 
If you plan any work in frequencies up to 3,000-5,000 Mc you will find this new line of 

G-R measuring equipment of great help. 

WRITE FOR FORM 722-A FOR COMPLETE INFORMATION 

Radically New Basic 

COAXIAL CONNECTOR 
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