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RADIO "PIPE FITTERS" 
Television coaxial transmission lines are produced in a plant bearing 
little resemblance to earlier conventional facilities for malting any 
radio component. 
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for every 
application 
While the catalogue line of UT 
components covers a wide variety 
of applications, many people are not 
familiar with the full range of prod 
ucts produced by UTC. It is impossibl 
to describe the thousands of specia 
UTC designs as they become avail 
able. The illustrations below are in 
tended to indicate some of the rang 
in size of these special products. 

This 100 cub'c  K  b  foot modulation 

cycles. service. Frequ  transformer is for 50 
w.  roadcast  ency respo nse flat from 30 

to 20 ,000  

The high 0 toroid coil shown is 12 - in diameter. It 

operates in a 50 Kw. circuit at supersonic frequency. 

This sub-miniature 1.18 cubic inch) output transformer is 

intended for hearing aid and other extreme compact serv-

ice. While the dimensions are only 7/16- x 9/16- x 3/4", 

the fidelity is ample for voice frequency requirements. 

This sub-rt.  ture 0 8 cubic inch) perrnolloy dust core 

%ovoid is ovoitobte in 0 w ide range of inductances, ond 

for  frequencies Irons \ ,000 oictes to  50 1.c. 
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Chicago IRE's 25 Years of Progress Meeting 

Remember this picture? It is the 1949 N.E.C. Committee which laid the groundwork 
for the 1950 Conference at Edgewater Beach Hotel. 
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THE 

NATIONAL 
ELECTRONICS 
CONFERENCE 
September 25-27, 1950 

Edgewater Beach Hotel 

Chicago, Illinois 

Technical Sessions on: 
Quality Control by Electronics 
Application of Magnetic Amplifiers to 
Electronic Control 

Nucleonics and Nuclear Instrumenta-
tion 

Use of New Circuits in Electronics 

Electro-Acoustics 
Applications of Analog and other 
Electronic Computors 

Industrial Television 
Flight Control by Electronics 

Dielectric Heating 
Micro-wave Spectroscopy 

Born as a cooperative venture to further the war effort in 1945, The National Electronics Con-

ference is jointly sponsored by the Chicago Sections of the IRE and AIEE, together with the Il-

linois Institute of Technology, and Northwestern University, and other cooperating organizations. 

This Sixth Conference promises to be the highlight of the 1950 Silver Anniversary of the Chi-

cago IRE Section. 

EXHIBITS with a purpose 

Increased exhibit space is provided this year 

to permit manufacturers in or selling to 

Chicago to show their own contributions in 

equipment to Chicagolands 25 Years of 

Progress. About four units are open. Con-

tact Kipling Adams, Exhibits Chairman, 

Room 212, at 920 South Michigan Avenue, 

Chicago 5, Phone: WAbash 2-3820. The 

Exhibition will be 38'ir larger than ever 

before! 

Old Timers' Nite 

Tuesday Evening, September 26 

Well deserved, good fun is added to the 

Conference by a social event of true rela-

tion to IRE's 25 Years of Progress in Chi-

cagoland. As described, "It is an opportu-

nity to meet honored guests whose names 

are milestones in the history of electronics." 

Nathan Cohn is President of N.E.C. for 

1950. Karl Kramer is Executive Vice-Presi-

dent. E. H. Schulz is I.R.E. Section Chair-

man and Alois W. Graf is Chairman of the 

Directory Committee. 

IRE Regional Meetings Promote Electronic Progress 

-  "----  -  -  -  - 

PICKLED! PIGS OF THE I.R.E. June, 1930, Vol. 38, No. 6. Published monthly by The Institute of Radio Engineers, Inc., at 1 East 79 Street, New York 
21, N.Y. Price $2.25 per copy. Subscriptions: United States and Canada, $18.00 a year; foreign countries $19.00 a year. Entered as second class 
matter, October 26, 1927, at the post office at Menasha, Wisconsin, under the act of March 3, 1879. Acceptance for flailing at a special rate of postage is 
provided for in the act of February 28, 1925, embodied in Paragraph 4, Section 412. P. I.. and It., authorized October 26, 1927. 
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Cutting Board for Telephone Costs 
• 
• 
• 
• 
• 

Few of these tools have sharp edges. 
But they are powerful cost cutters. 
Whenever a telephone craftsman 
reaches for one, he finds the right tool 
ready to his hand. There's no time 
wasted trying to do a complicated job 
with makeshift equipment. 

Most telephone tools are highly 
specialized. 90% of dial system tools 

were designed by Bell Laboratories. 
Each saves time in maintenance, instal-
lation or construction. 

There are tools with lights and mir-

rors to work deep within relay bays; 
tools to brush, burnish and polish; tools 
that vacuum clean — even a tool to 

weld on new contact points without dis-
mantling a relay. There are gauges to 

This picture was taken in the Bridge-
port office of The Southern New 
England Telephone Company, one 
of the 22 operating telephone com-
panies which the Laboratories serve 
through the Bell System. 

time dial speeds, others to check spring 
tension. Some look like a dentist's in-
struments. Some you have never seen. 

Keeping the telephone tool kit 

abreast of improvements is a continu-
ing job for Bell Telephone Laboratories. 
It's another example of how the Labora-
tories help keep the value of your tele-
phone service high, the cost low. 

BELL TELEPHONE LABORATORIES 
WORKING CONTINUALLY TO KEEP YOUR TELEPHONE SERVICE BIG IN VALUE AND LOW IN COST 



#  8 05 A  SL OTTE D  LI NE 

PRECIS A ACCURACY FOR 
STANDING WAVE MEASUREMENTS 

5.,o0A. 

RADICAL NE W "PARALLEL-PLANE" 

DESIGN GIVES -hp- SLOTTED LINE 

UT M OST ELECTRICAL STABILITY 

The new -hp- 805A Slotted Line em-
ploys two parallel planes and a large, 
circular central conductor, instead of the 
conventional coaxial configuration. This 
new design makes possible an electrical-
ly stable precision instrument capable of 
fast, easy measurements of unvarying 
accuracy. Parallel planes and central 
conductor are both mechanically rigid. 
Penetration depth of the probe is less 

critical than in coaxial slotted lines, and 
leakage is low because the effective slot 
opening is less than .001 referred to the 
coaxial system. Residual VSWR is held 
to less than 1.04. Probe position may 
be read to 0.1 mm. 
This new approach to the Slotted Line 

problem makes possible the manufac-
ture of an instrument of maximum ac-
curacy at moderate cost. 

SPECIFIC ATI O NS 

Frequency Range: 500 to 4,000 rrrc 

Impedance: 50 ohms. 

Connections: Special Type "hl - fittings 
designed for minimum VSWR. 

Residual VS WR: 1.04 or better. 

Slope: Negligible. 

Calibration: Metric, in cm and mm. Ver-
nier reads to 0.1 mm. 

Size: 27" long, 8" high, 6" wide. 

Carriage: Ball-bearing probe movement. 
Probe depth adjustable. Probe resonant 
circuit tunable over freq. range of line. 
Detector may be standard crystal or 
employ barretters. 

Data subject to change without notice. 

WRITE FOR DETAILS 

HE WLETT-PACKARD CO MPANY 
1824-D Page Mill Road • Palo Alto, California 

Igh, orptpDry instruments. 
D AC C U R A C i i 

1 

NE W -hp- 415A 
Standing Wave Indicator 

The new -hp- 415A Standing Wave 
Indicator is used with the -hp- Slotted 
Line to determine coaxial flatness or 
measure impedance. It consists of a 
high gain amplifier of low noise level, 
operating at a fixed audio frequency. 
Amplifier output is measured by a volt-
meter with a square-law calibration in 
db and voltage standing wave ratio. 
The -hp- 415A is direct reading, com-
pact and easy to use. 

SPECIFICATIONS 
Frequency: Fixed at 1,000 cps.  2%. Other 

frequencies 300 to 2,000 cps supplied on 
special order. Amplifier - 0 - is 20 + 5. 

Sensitivity: 0.3 on gives full scale deflection. 
Noise-level-to input equivalent is 0 04 uv. 

Calibration: For use with square-low detector. 
60 db level covered in 6 ranges. Accuracy 
0.1 db per 10 db step. 

Gain Control: Adjusts meter to convenient 
level. Range is approx. 30 db. 

Detector Input: Connect. to Xtoi rectifier or 
bolometer. Bias of 8 v.  .5 v. delivers 
approx. 8 75 ma  to a 200 ohm barretter. 

Size: 12 - long, 9- wide, 9- high. 

Data subject to change without notice. 

PROCEEDINGS OF TI1E June, 1950 



Now available . . . a UHF, tube and socket package to solve your UHF tube and tube-
cooling problems. 

The combined use of the Eimac 4X150A tetrode and the new Eimac 4X150A socket 
makes possible improved circuit arrangement especially at frequencies between 100 
and 500 Mc. and also simplifies mechanical design of the tube cooling system. 

The tube . . . type 4X150A is a highly efficient beam-power Eimac tetrode capable of 
handling 150 watts of plate dissipation and delivering as high as 140 watts of useful 
output power per tube in conventional coaxial amplifier circuits.  Its high degree of 
stability, high power-gain, and high ratio of transconductance to capacitance make it 
ideally suited for service as a video amplif ier, TV sound amplifier, FM C.7 TV r-f am-
plifier, or in UHF communications, and in STL and dielectric heating applications. 

The socket . . . type 4X150A/4000, in addition to insuring adequate cooling of the 
4X150A, simplifies circuit construction. It incorporates a 3750 plif screen bypass capa-
citor and its terminal design reduces lead inductance to a minimum. The 4X1 50A/4000 
socket is engineered for service in either coaxial line or chassis construction. 

Take advantage of the tetrode engineering experience of America's foremost 
manufacturer . . . Eimac.  Write today for complete data on the 4X150A, 
4X1 50A/4000 socket and other high performance tubes contained in the new Eimac 
tube catalogue. 

255 

EITEL- McCULLOUGH,  INC. 
San  Bruno,  California 
Export Agents: Frazer & Hansen, 301 Clay Si., San Francisco, California 

PROCEEDI  OF I  1.1?..L.  June, 1YRI 



CAPACITORS 

Silicone-Sealed 

for Life! 

Silicone -the amazing new synthetic — 
made headlines when General Electric 
brought it out during the war. It's news 

again today -for G.E. has now made 
Silicone bushings and gaskets a standard 
feature of all its specialty capacitors up 

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

is sealed positively, permanently—for max-
imum life. For Silicone seals by compres-
sion alone, without the use of contaminat-
ing adhesives. It will never shrink, loosen 
or pull away—it remains elastic at any 

operating temperature a capacitor will 
ever meet. Moreover, it is impervious to 

oils, alkalies and acids, and its dielectric 
strength is permanently high. 
This exclusive G-E feature —with the 

use of highest grade materials, with strictest 
quality control and individual testing - 

make General Electric capacitors finer and 
more dependable than ever before. Appara-
(us Dept., General Electric Company, 

Schenectady 5, N. Y. 

Silicone  bushings used 
with capacitors 660-v a-c, 
or 1500-v d-c and lower. 

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

GENERAL  ELECTRIC 

Industrial control 

Radio filters 

Radar 

Electronic •quiprn•nt 

Communication 
systems 

Capacitor discharg• 
welding 

Flash photography 

Stroboscopic 
equipment 

Television 

Dest precipitate 

Radio interfere 

•uppression 

Impulse g•nerators 

AND MANY OTHER APPIKATIONS 

Silicone  bushings  and 
plastic cups used with 
capacitors 660-v a-c, or 

+  1500-v d-c and lower. 

Silicone gaskets and por-
celain  stand-offs  used 
with capacitors rated 
2500-v to 5000-v d-c. 

PROCEEDINGS OP THE  Pi)u 
SA 



Inquiries are 

invited concerning 

single pads and turrets 

having other characteristics 

*Paten ts 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 

PROCEEDINGS OF THE I.R.E.  June, 1950 



COMPOIKIIIS 
capacitors 
rs • Choke  Coils 

Trimme   
d Wire Woun  Resistors 

BETTER 4 WAYS 

PRECiStON 

UNIFOR MITY 

DEPENDABILITY 

M‘NIATU OTATiON 

• There is no variation in quality or high perform-

ance characteristics among the million of Fle-Ct 

Components manufactured every month. Strict 

production control, engineering watchfulness and 

individual testing of every single unit guarantee 

that each of them maintains the uniform precision 

standards for which HI-Q has long been noted. 

This never failing dependability is just one of 

many reasons why you will find  Components 

the best that you can use. 

The new HI-Q Datalog Ls now ready. You are 
invited to write for a copy. 

JOBBERS — ADDRESS: 740 Belleville Ave., New Bedford, Mass. 

Etect/tiedi Rate-emcee eePO 
FRANKLINVILLE, N. Y. 

SALES OFFICES: New York, Philadelphia 

Detroit, Chicago, Los Angeles 

• 

PLANTS: Fronklinville, N. Y., Olean, N. Y. 

Jessup, Pa., Myrtle Beach, S. C. 

PROCEEDINGS OF THE I.R.E.  June, 1950 
7A 



STANDARD CORES 
. in a wide range of sizes, 

shapes and frequencies 

CHOKE COIL CORES 
Insulated or non-insulated types 

IRON SLEEVE CORES 
t  

provide higher Q. 
Smaller cores of any standar d materialls 

Maxi mu m 

Permeability... 

...unaffected by operating conditions 

• 

4I END MOLDED 

SIDE-MOLDED CORES 
Atir  Outstandingly superior lot- p, r 

meshility tuning 

4 SIDE MOLDED 

MOLDED IRON 
TRANSFORMER CORES 

The ideal core for filter cores in carrier-
frequency equipment 

THREADED CORES 
Permit higher Q, smaller assemblies, 

simplified design and AM or FM tuning 

CUP CORES 
Space savers de luxe. Dozens of 
shapes and sizes 

STACKPOLE 
IRON CORES 

..and now 

HIGH PER MEABILITY 
CERA MIC CORES 

FOR TELEVISION 
Stackpole Ceramag TV flyback transformer cores are half 

the size of conventional types—assure permeability on the order 
of 10 to 1 by comparison. Width control types give ratios of 
from 1 to 8 or more compared with 1-5 for previous high per-
meability types assuring more positive width control in low 
voltage areas. 

Electronic Components Division 

STAC KP OLE  CARB O N  CO MPA NY  •  ST.  M ARYS,  PE N N A. 
8A 
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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 DCw 
2 — 525 mmf. cap. at 300v DC w 
Temp. Co-efficient -_-L-50 parts per million 
per degree C for most capacity values. 
6-dot color coded. 

M OLDED MICAE 

0 

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. 
WIUIMANTIC  CONNECTICUT 

enc 
CAPACIT O RS 

Write on your 
firm letterhead/or 
Catalog and Samples 

MICA TRI M MER 

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

ARfiaggLECTRONICS, INC. 135 Liberty St., New York, N. Y.- Sole Agent for Jobbers and Distributors in U.S. and Canada 

PROCEED/\.6.S OF I ill; Lk.L.  !um., Py.),., 



74 Most   

Widely Used 

Electrolytics in 

TV Receivers Today 
• • • • Television set makers are turning to Sprague 

as their major source for electrolytic capacitors. 

• • • • Stability under maximum operating condi-

tions plus outstandingly I-o-n-g service life are 

the reasons for this preference. 

• • • • And expanded facilities, now being com-

pleted, permit Sprague to accept a larger portion 

of your requirements. 

PI O N EE R S  IN 
SPRAGUE SPRAGUE ELECTRIC COMPARY North Adams, Massachusetts 

.Z . ELE CT RI C  A N D  ELE CT R O NI C  DE VEL OP ME NT 

10A 
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New Dust-Tight Plug-in 

It 4 TYPE O NITACT RE LA 
To Meet Severe Operatin  onditions 

A MA, 
— 

Steel cover, securely held by 
a slotted-head screw, is easily 
removed for inspection. 

• This new CLARE dust-tight plug-in enclosure for the small Type "J" 

Relay offers designers a number of unusual features for installation on 

industrial equipment. 

Entrance of dust is prevented by the steel cover and by use of a Neoprene 
gasket which is closely fitted at the factory to the relay terminals. The dust. 
tight cover is easily removed for inspection. Use of standard radio plug 

simplifies installation and cuts wiring costs. Base is secured to chassis to 
prevent plug from being jarred or accidentally pulled from its socket. 

Exclusive design of the CLARE Type "J" Relay allows the twin contacts to 
operate independently of each other. One contact is sure to close, reducing 
contact failure to the practical limit. This relay combines all the best fea-
tures of the conventional telephone-type relay with small size and light 
weight. It provides unusually high current-carrying capacity, large contact 
spring capacity, extreme sensitivity and high operating speed. 

This new dust-tight enclosed relay is one of many outstanding CLARE con-
tributions in the development of new and better relay components for indus-
try. CLARE Sales Engineers are located in principal cities to consult with 
you on your relay problems. Call them direct or write: C. P. Clare & Co., 
4719 West Sunnyside Avenue, Chicago 30, Illinois. Cable Address: CLARE-
LAY. In Canada: Canadian Line Materials Ltd., Toronto 13. 

Write for Bulletin No. 108 

trst in the Field 

Neoprene gasket, closely fitted at 
factory to relay terminals, between 
base and cover, effectively 
occludes dust. 

Plug is standard radio-type plug. 
Standard finishes are silver lustre 
lacquer for cover, cadmium for 
base. Retaining screws hold base 
securely to ponel. 



Specialization is 

Specialization—and only specialization—can keep 
manufacturers abreast of today's resistance needs. 

The constantly-growing multitude of resistor 
applications demands full-time concentration on 

resistance products. IRC has concentrated—for 25 years! 

Result:—The widest line of resistance products 

in the industry; parts designed to suit specific circuit 

requirements in virtually every type of application; 

unbiased recommendations. 

LOW-WATTAGE WIRE WOUND REQUIRE-
MENTS are met efficiently by IRC Type 
BW Wire Wound Resistors. Exceptional 
low-range stability and economy suit these 
small, completely insulated resistors to use 

in meters, analyzers, cathode bias resistors, 
television circuits, low-range bridge circuits, 
high stability attenuators, low-power igni-
tion circuits. Check coupon for Bulletin B-5. 



important  016000°:r"-
IIM M  M i n  IMI M =I n MEIN M I 

where high 

resistance and  power are  required,  Type 
MVX high ohmic, high voltage resistors afford 
exceptional stability. Construction is similar to 
that of Type MV, but distinctive terminal permits 
mounting through a hole in mounting block of 
insulating material without terminal interference. 

Long resistance path per-
mits use of high voltage 
on resistor while keeping 
voltage per unit length of 
path comparatively  low. 
Check  coupon  for 
Catalog G-2. 

IN CRITICAL HIGH -FREQUENCY CIRCUITS, Type MP High Frequency 
Resistors offer dependable performance and unusual stability. Special 
resistance film on a steatite ceramic form provides a stable resistor with 
low inherent inductance and capacity —entirely suitable for broad band 
RF amplifiers, RF probes, dummy loads for transmitters, television side-
bond filters, radar pulse equipment, and other circuits involving steep 

wave fronts. Send coupon for Bulletin F-1. 

offers many ad-
vantages to engineers and  purchasing 
agents. Its modern 15A6" diameter size 
features a one-piece dual contactor of 
thin, high-stress alloy; simplified single-unit 
collector ring; molded voltage baffles; and 
speciai brass eiement terminals that will not 
loosen or become noisy when bent or 
soldered. Increased arc of rotation pro-
vides same resistance ratio as larger IRC 
controls. Solt-spray materials are employed. 
Complete mechanization in manufacture 
assures absolute uniformity and provides a 
dependable source of supply for small 
control requirements. Coupon brings you 
full details in Catalog A-4. 

Power Resistors • Voltmeter Multipliers 

• Insolated Composition Resistors • Low 

Wattage Wire Wounds • Controls 

• Rheostats • Voltage Dividers • 

Precisions • Deposited Carbon 

Predators • HF and High Voltage 

Resistors • Insulated Chokes. 
INTER N ATI O N AL 

RESIST A NCE  C O MPA NY 

401 N. Broad Str•et, PhIlad•lphla B, Pa. 

When you have special need of maintenance or 
experimental quantities of standard resistors in 
a hurry, simply phone your local IRC Dis-
tributor. IRC's Industrial Service Plan keeps 
him fully stocked with the most popular types 
and ranges —enables him to give you 'round-
the-corner delivery of small order requirements. 
We'll gladly send you his name and address. 

.11 1, moms ammo 

INTERNATIONAL RESISTANCE CO. 
405 N. BROAD ST., PHILADELPHIA II, PA. 

Please send me complete information on the items checked below, 

0  New "0" Controls I 1MP High Frequency Resistors 

D sw Insulated Wire Wounds  MVX High Voltage Resistors 

Name of Local IRC Distributor 

NAME   

TITLE   

COMPANY 

ADDRESS  

A 

In Canada: Intornollonol RosIstonc• Co., Ltd., Toronto, Licensee 

.J. V.  • GO.. ADV. MANGY 
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WHY has Nine Truscon Radio Towers 
in the Milling Capital of America... 

WDGY, Minneapolis, Minnesota now represents 

a powerful new selling force in the great north-

west. It has 50,000 watts power on 1130 kilocycles, 

reaching 55% of Minnesota radio homes within 

its daytime 0.5 Mv/m. contour. It carries an 

effective power signal into 96 counties in three 

states, representing nearly a million radio homes. 

The nine W DGY self-supporting Truscon Radio 

Towers typify Truscon's world-wide experience in 
designing towers to fit individual needs. _Whether 

your own plans call for new or enlarged AM, FM, 

or TV transmission, 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 ac-

tion. There is no obligation on your part, of course. 

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

Subsidiary of Republic Steel Corporation 

TRUSCON tits 
SELF-SUPPORTING 

AND UNIFORM TOWERS 
CROSS SECTION GUYED 

TRUSCON COPPER MESH GROUND SCREEN 

14A 
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Ask about 

CLEVELAND TUBES 
in various  types  and  specifications 

being used in the Electrical Industry. 

CLEVELAN D 
COSMALITE  and CLEVELITE 

Laminated Phenolic Tubes 

Outstanding as the Standard of Quality! 

COSMALITE known for its many years of Top Performance. 

CLEVELITE for its ability to meet unusual specifications. 

Available in diameters, wall thicknesses, and lengths desired. 

These CLEVELAND TUBES combine ... High Dielectric Strength 
... Low Moisture Absorption ... Great Mechanical Strength ... 
Excellent Machining Properties . . . Low Power Factor . . . and 

Good Dimensional Stability. 

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

CLEVELAND CONTAINER 
6201 BARBERTON AVE.  CLEVELAND 2, OHIO 

PLANTS AND SALES OFFICES at Plymouth, Wm, , Chicago, Detroit, Ogdensburg, N Y , Jarnetbutg, N. J. 

ABRASIVE DIVISION at Cleveland, Ohio 

CANADIAN PLANT The Cleveland Container, Canada, Ltd , Prescott, Ontario 

REPRESENTATIVES 

NE W YORK AREA  R. T. MURRAY, 614 CENTRAL AVE, EAST ORANGE, N.I. 

NE W ENGLAND  R. S. PETTIGRE W & CO„ 968 FARMINGTON AVE. 
WEST HARTFORD, CONN. 

CANADA  W M. T. BARRON, EIGHTH LINE, RR It OAKVILLE, ONTARIO 
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Mallory Contact Development 
Anticipates 

Customer Needs! 

Elkonite . Contacts 

Elkonite is the trade name for-a series of 
contact materials developed by Mallory 
and manufactured from metal powders. 
They are best known for their hardness. 
resistance to mechanical wear and im-
pact, resistance to erosion by arcing. 
and resistance to sticking. 

Elkonite contacts are made by the onl% 
method which permits the combining of 
the desirable features of basic metals 
which cannot be alloyed. By this means. 
the high melting points of tungsten. 
molybdenum, or their carbides, can be 
combined with the current-carrying 
ability of silver arid copper. 

*Reg. U. S. Pat. Off. 

Customers' contact problems are solved rapidly and effec-
tively due to Mallory's precise attention to every detail of 
design, material and production. 

A manufacturer of small industrial circuit breakers recently 

asked Mallory to study his contact assembly ... with an 
eye to reducing costs. InYestigation proved that new Mallory 

equipment coupled 1% ith unique Mallory production tech-
niques would eliminate certain expensive finishing opera-
tions. As a result, the problem was solved in rapid-fire order 
. . . and the contacts delivered at a price that is 21% less than 
the customer previously had been paying. 

That's value beyond the purchase! 

Mallory contact know-how is at your disposal. What Mallory 
has done for others can be done for you! 

I,, I months. mode and sold by „johnson Ilatthey IC !Urinary. Ltd.. 110 Industry St.. Toronto 15. Ontario 

Electrical Contacts and Contact Assemblies 

P.R. MALLORY& M A L L OCO.,I Rnc Y . 

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

SERVING INDUSTRY WITH 

Capacitors  Contacts 

Controls  Resistors 

Rectifiers  Vibrators 

Special  Power 
Switches  Supplies 

Resistance Welding Materials 

16A 
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research 
at American Lava Corporation is continuous, 

to anticipate and answer your problems 

on Custom Made Technical Ceramics 

4 9 T H  Y E A R  O F  C E R A M I C  L E A D E R S H I P 

Here ore AlSiMag custom made components for radar, radio, 

television, electric appliance, textile, chemical, metallurgical, 

gas, petroleum, rubber, carbon and foundry applications. 

Here you are most apt to find the answer 

to any question involving technical ceramics. 

The Research Division has developed hundreds of 

highly successful compositions which combine 

special physical characteristics needed for unusual 

requirements. These compositions are custom 

fabricated to your specifications. 

AIS.Mog's Research Division ma nta,ns accurate, cross•indexed 

records of all research findings to give you a prompt answer 

on the possibilities of furnishing you any special combina-

tions of physical characteristics you may find desirable. 

AMERICAN LAVA CORPORATION 
CH ATT A N O O G A  5,  TE N NESSEE 

OFFICES,  METROPOLITAN AREA,  671  Broad St.,  N•work, N.  J., Mitch•Il 2-8159  • CHICAG O, 9 South Clinton St., C•ntral 6-1721 
PHIL ADELPHI A,  1649  North  Broad  St.,  St 00000 on  4-2823  •  LOS  AN GELES,  232  South  Hill  St.,  Mutual  9076 
NE W EN GLA ND, 38.8 'rattle 5s,, Cei,nbridg•, Mass., Kirkland 7-4498  • ST. LOUIS, 1123 Washington  Garli•ld 1959 



WILCOX ...FIRST CHOICE of HA WAIIAN AIRLINES 

VHF AIR-BORNE COMMUNICATIONS 

Hawaiian Airlines selected the WILCOX TYPE 361A COMMUNICATIONS SYSTEM for all aircraft. This 
consists of a 50 watt transmitter, a high sensitivity receiver, and o compact power supply, each contained 
in a separate '1 ATR chassis. Transmitter and receiver contain frequency selector with provisions for 70 
channels . . . ample for both present and future needs. 

VHF GROUND STATION PACKAGED RADIO 

Hawaiian Airlines selected the WILCOX TYPE 428A FACTORY PACKAGED STATION for all ground stations. 
This consists of the WILCOX 406A fixed frequency 50 watt transmitter, the WILCOX 305A fixed frequency 
receiver, the WILCOX 407A power supply, the WILCOX 614A VHF antenna, telephone handset, loudspeaker, 
desk front, typewriter well, and message rack. 

DEPENDABLE COMMUNICATIONS FOR THE WORLD'S AIRLINES 

During recent months, many of the world's foremost airlines, UNITED, EASTERN, TWA, MID•CONTINENT, 

BRANIFF, PIONEER, ROBINSON, and WISCONSIN CENTRAL have placed volume orders for similar com-
munications equipment. No greater compliment could be paid to the performance, dependability, and 
economy of WILCOX equipment than to be "FIRST CHOICE" of this distinguished group. 

WAKete 7.04:11/0 for complete information on the Type 361A VHF Air-borne Communications System and 
the Type 428 Packaged VHF Ground Station. 

WILCOX ELECTRIC COMPANY 

KANSAS CITY 1, 
MISSOURI, U.S.A. 

Type 428 Packaged VHF 
Station 

18A 
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Why a Fusite Terminal Where a Diamond Ought To Be? 

t. E c 

TO 
cS 

IT 

GL4' 

TERMINALS 
el PROTECT PRODUCT "1 

10, PERFORMANCE  

R m 

A Fusite Terminal would look much more natural performing its 

vital function in the hermetic sealing of your electrical product. But 

since it's every bit as valuable for 1000 other products that should 

be fusion sealed, we aren't playing favorites. 

The smooth uniform interfusion of steel and inorganic glass that 
is a Fusite Terminal is as beautiful as a flawless diamond to any 

design engineer. In its own way, it's as rugged as the diamond used 

on the tip of a heavy duty drill. 

It withstands the thermal shock of tortuous heat from soldering 

or welding and the rapid cooling that follows. It will carry up to 

3000 A.C. volts (RMS) with a 10,000 megohms insulation factor 

after salt water immersion. 

This is just one of a wide line of standard Fusite single and 

multiple electrode terminals. 

Would you like to know more and see samples? Write to Dept. P 

TERMINAL ILLUSTRATED 112 HTL 
SINGLE —HOLLOW TUBE ELECTRODE WITH LUG 

THE FUSITE CORPORATION 
CARTHAGE. AT HANNAFORD, NOR WOOD, CINCINNATI 12, OHIO 

111111k Jet  4110 
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For Electronic Computation 

Circutrol as a Resolver 

STATOR 

(01 • ICE SINO 

E 2•KE Cos e 

• ROTOR 

- 77-7--- -

Control-Synchro System 

Kollsman Circutrol units offer a high degree of ver-
satility as phase shifters, indicators and controllers. 

And when two or more are connected electrically, the 
solution of many complicated problems and func-
tions is possible. These units are designed with high 

impedance windings to perform over a wide range of 
voltages and frequencies — characteristics that facili-

tate working them directly into any electronic circuit. 
The Circutrol is but one of a complete line of mini-

ature special-purpose AC motors engineered and 

3 • 

INPUT 

CONSTANT 

VOLTAGE 

Circutrol as a Phase Shifter 

Circutrol as a Differential Unit 

OUTPUT, VO. 
CONS,A NE vOLTAGE 
VAPiAlkE PHASE 

Double Phase-Shifter Circuit 

Resolver-Control System 

manufactured by Kollsman Division, specialists for 

over twenty years in precision aircraft instrumentation 
and control. Each unit represents the solution to 
specific requirements. Among those available, you 

may find the exact answer to your control problems. 
If not, the experience and skill of Kollsman engin-
eers may be called upon to produce units to your 
particular needs. For complete information, address: 
Kollsman Instrument Division, Square D Company, 
80-08 45th Avenue. Elmhurst. N. Y. 

KOLLSMAN INSTRUMENT DIVISION 

ELMHURST, NUN TORII OLINDALI. CALIFORNIA 

20A 
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Picture tube sizes for television have been paced by Du Mont for the past 
decade. And again it's Du Mont with the rectangular tube in the size the 
public wants — a rectangular with screen area (150 sq. in.) comparable 

with the round sixteen-inch tube. There is no need to sacrifice picture size to 
incorporate the advantages of the rectangular tube. This latest Teletron• fea-
tures the exclusive Du Mont-designed Bent Gun for the sharpest focus and longest 
life free from ion spot blemishes. For that extra sales appeal, incorporate this 

newest Du Mont design in your receiver. Write for complete specifications. 

GENERAL SPECIFICATIONS... 
Overall length  18S " 
Greatest dimension of bulb  16 5s" 
Minimum useful screen diagonal  15 1'2" 
Base  Duodecal 5 pin 
Bulb contact  Recessed small cavity cap 
Anode voltage    12,000 volts DC 
Grid No. 2 voltage  300 volts DC 
Focusing coil current    115 approx. ma. DC 
Grid No. 1 circuit resistance  1.5 max. megohms 

FIRST WITH THE FINEST IN TV TUBES 
• Trade-ma r k 

Al LIP.  0  L A D O n • T O PI l i 

ALLEN B. DU MONT LABORATORIES, INC. • TUBE DIVISION • CLIFTON. N. I. 
PROCEEDINGS OF THE I.R.E. 

2I.N 



HIM,OTE 

two dependable performers* 

"Little Devil" 
Composition Resistors 
For quick, easy identificaticm, 
resistance and wattage are 
clearly marked on every one 
of these tiny, rugged insu-
lated composition resistors. In 
three sizes- 1/4 , 1, and 2-watt, 
and all RMA values. Toler-
ances  5 and  • 10%. 

Here are two Olimite stars that can always 
be depended upon to give a good perform-
ance—anywhere, anytime. Made to the high 
standards that characterize all Ohmite 
products, they are built to stand up under 
the most severe test and service conditions. 
In laboratory and development compo-
nents, as well as maintenance parts, you 
need that dependable preformance. Follow 
the lead of thousands of engineers and de-
signers —"Be Right with Olimiter 

*So that these two exceptionally high-quality prod-
ucts will be universally obtainable, 01  le Manu-
facturing Company, in co-operation with the Allen-
Bradley Company, has arranged for the Type AB 
(Allen-Bradley Type J) control, and Little Devil 
Molded Composition Resistors (Allen-Bradley Types 
Eli, GB, and 1113) to be available from stock at 
Ohniite distributors. 

Available at all OHMITE Distributors 

WRITE FOR CATALOG 40 ON COMPANY LETTERHEAD 

Type AB 
Potentiometer 

It's quiet! This composition 
potentiometer has a resist-
ance unit that's solid-molded 
As a result, the noise level 
often becomes less with use. 
Has 2-watt rating, good safe-
ty factor. 

OHMITE MANUFACTURING CO. 
4862 Flournoy Street, Chicago 44, Illinois 

Ee Re9itit eat% 
Re.; U S 

R H E O S  T A T S  •  R E S I S T O R S  •  T A P 
S W I T C H E S 
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COMMUNICATIONS 

• Transmitter —•Receiver:  A.M.,  F.M.;  P.M.; 

TV 

• Navigational  Aids  and  devices — Homing 

and Direction Finding Equipment 

• Telemetering; Radar; Sonar 

• Micro•wave techniques and applications — 
Generators;  Convertors  and  complete  as. 

ELECTRONIC CONTROL EQUIPMENT FO; 

• Guided  Missiles.  Drone  Aircraft;  Remote 

Control Devices 

• Computers and Calculators  • Servo  Links 

• Velocity Propagation Measurement 

• Processing  equipment — industrial  applica-

tions, quality control 

VACUUM TUBE CIRCUIT DEVELOPMENT 

• New applications for existing and  newly 

developed vacuum tubes 

• Precision  Test  and  Processing  Equipment 
•  for all types of vacuum tubes, laboratory, 

production or composite 

ELECTRONIC MEASURING DEVICES 

• Flow indicators —Liquids, gases, solid com-

ponents 

• Sorting, counting and inspection 

• Chemical process control; titration; ioniza-

tion; diffusion 

• Flow detection — strains, stresses,  inner 

faults 

• X•Roy, supersonic and radio frequency appli-

cations to measurement 

INSTRUMENTATION 

• DC; AC; Audio; RE ; Microwaves; Infra•Red; 

Visible  Spectrum,  Ultra-Violet;  Soft  and 
Hord X•Ray; Cosmic Radiation 

• Vacuum Tube Meters • Null Detectors 

• RF; Audio frequency generators • Bridges 

• Multi- Wave Shope Generators 

• High Gain Amplifiers  • Oscilloscopes 

• Power  Supplies,  Regulated,  High  & Low 

Level 

TELEVISION 

• Television Signal Synthesizer 

• Shapers; Timers; Delay Circuits 

• Air Monitors • Sync Generators 

• Field Intensity Equipment 

NUCLEONICS 

• Counters — Geiger-Muller, Scintillation, and 

crystal types 

• Cornp eeeee — Mechanical  linkages, complex 

electrical analogues digital computers 

• Servo • Mechanisms — Velocity  and  position 
control to specified practical accuracy limits 

• Amplifiers — SHF, UHF ; VHF; LP; D.C. to 
fit any application 

• Oscillators — All frequencies, audio to the 
iextrisomly high microwaves 

• Power  Supplies — High IS Low power and 

voltage. D.C. output hurn•free to your limits 

• Regulators — Electronic  or  electro•rn•chan-

icol. Regulotion, drift, range of control, to 

your specifications 

M wsutirnent —Devices for measurement and 

control of all parameters capable of being 
controlled and capable of producing propor-
tional electrical, optical  or  other physical 

indication 

SHERRON WILL INITIATE OR 

DEVELOP AND MANUFACTURE 

111 PROTOTYPES FRom 
g0 
l ag  III all 

• Particle Acc•lerotor Controls — Grouping of 
COnrfOlt,  supplementary apparatus, and six• 
perirsental system into a compact integrated 
unit 

YOUR SPECIFICATIONS 

SHERRON OFFERS AN OVER-ALL, 
START-TO-FINISH 

ELECTRONICS SERVICE 

RESEARCH • DESIGN • DEVELOPMENT 

You get all the benefits of an experienced, integrated, 
all inclusive electronics service — when you work with 
Sherron. This definitive service includes . . . research 
and development in our electronics and electro-
mechanical laboratories right through sheet metal fab-
rication in our block-long plant. 

At the top of the Sherron personnel pyramid are physi-
cists with electronic knowledge who will provide the 
necessary research for your project . . . electronic and 
mechanical engineers who will develop it...technicians 
who will accredit its workability. These men work hand 
in hand with our production engineers, who have at 
their command the necessary sheet metal fabrication 
facilities and manpower to turn out a finished proto-
type . . . ready for you to manufacture. Whether we 
initiate the design — or work from your prints and 
specifications — our service is confidential. 

Mt, 

ELECTRO MECHANICAL LAB. 

To design, style, develop and manu-
facture  prototypes and high precision 

mechanical sub-assemblies, or assem-
blies involving port manufacture and 

assembly of  units  incorporating  ma-
chine elements of bases, springs, levers, 

shafts, bearings, cams, valves, regu-

lators, drives, transmissions and con-

trols for: 

• ELECTRO MECHANICAL TEST 

EQUIPMENT 

• SPECIAL HYDRAULIC UNITS 

• SPECIAL MEASURING INSTRUMENTS 

• EQUIPMENT FOR NUCLEAR 

PHYSICS 

• SERVO MECHANISMS 

• KEYERS & COUPLERS 

• DRIVING AND CONTROLLING 

EQUIPMENT 

• REGULATORS 

• MICRO WAVE APPARATUS 

• MECHANICAL ELEMENTS FOR 
SPECIAL ATOMIC ENERGY 

EQUIPMENT 

• RADAR MECHANISMS 

• COMPUTER MECHANISMS 

• MECHANICAL OPTICAL 
SPECIALTIES 

• MECHANISMS OF NAVIGATIONAL 

DEVICES 

• VIBRATION CONTROL MOUNTINGS 

• AUTOMATIC SCRE W MACHINE 

PARTS 

• PRECISION GEAR TRAINS 

• MECHANICAL PORTIONS OF 
MEDICAL AND OPERATING 

EQUIPMENT 

• MECHANICAL PORTIONS OF ULTRA 

HIGH  FREQUENCY  EQUIPMENT 

SHERRON EELLEECCTTRROONNIICCSS  COMPANY 
Division of Sherron M eanie Corporation 

1201 FLUSHING AVENUE • BROOKLYN 6, NEW YORK 
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101,11110 0 PERVIALLOI 

PONDS COREV 

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 physical 
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. 

* Manufactured under licensing arrangements with Western Electric Company. 
w •O 

TH ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

147  - TREET, CHICAGO 11, ILLINOIS 

PROCEEDINGS OF THE I.R.E.  



... Promptly and at Moderate Cost! 

SPECIALIZED 
RNA: WINS 

Bendix dynamotors are built to supply the 
exact power requirements of your equip-
ment—to work from any input voltage and 
to deliver the necessary power at any out-
put voltage. Dual or triple output voltages 
are available for high and low-level por-
tions of the circuit, or for biasing. For crit-
ical circuits, regulated outputs will simplify 
your design problems, especially since a 
regulated filament supply can be obtained 
as a bonus when regulating the high voltage 

output. Bendix will build your dynamotors 
to the usual military specifications or to 
meet even more rigid requirements, such 
as operation at higher temperature, or 
altitudes in experimental equipment. 
Samples or production units of special dyna-

motors are priced competitively. A definite 
proposal will be made upon receipt of the details 
of your problem. For immediate information 
call our Engineering Staff —Red Bank 6-3600, 
Red Bank, New Jersey. 

THE RIGHT DYNAMOTOR FOR EVERY PURPOSE 

• Sizes-23/4" to 51/4 " diameter 

• Power Range-10 to 
500 watts 

• Input Voltage -6 to 
115 volts 

e Output Voltage -6 to 
1500 volts 

• Single and multiple output 

and input 

• Plain and regulated types 

RED  BANK  DIVISION  OF  BENDIX  AVIATI ON 
RED  BA NK,  NE W  JERSEY 

bpi Sales: Beadle leterealieeal DIrlelse. 12 Filth Arent N. T. It N. T. 

CORPORATION 

R EY& OVFAN it 

DIV/1'51 0 N 

410 
N O M,  

AVIATION CORPORATION 
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UNIVERSAL RELAY 

for a-c circuits up to 
10 amperes. 

SOLENOID CONTACTORS 
from 10 to 900 Amperes 
When power supply circuits carry substantial currents . . . or are 

switched frequently . . . or their functioning must be foolproof . . . the 

relays and contactors used in such circuits must be rugged, consistent in 
action . . . and trouble free. 

Allen-Bradley relays and contactors are extremely compact for their 

ratings . . . but designed for tough service. They are built up to a high 

quality standard ... not down to a price. They have but one moving part 

... there are no trouble breeding pins, pivots, levers, or flexible shunts. 

The double break, silver alloy contacts are maintenance free. 

For sturdy, long lived switching units, specify Allen-Bradley solenoid 
contactors . . . made in a full range of sizes up to 900 amperes. Send 
for catalog, today. 

Allen-Bradley Co. 

114 W. Greenfield Ave., Milwaukee 4, Wis. 

LIMIT SWITCHES OF ALL TYPES 
The Allen-Bradley line of Bulletin 801-302 

limit switches covers a remarkable assortment 
of pilot controls for automatic limiting of con-
trol circuits. All types of standard and pre-
cision limit switches are available with lever 
arms, rollers, forks, and chain controls. 

ALLE (1 4 MI B R-'--..\1A ) 

RELAYS • RESISTORS 
Sold exclusively to manufacturers of radio and electronic equipment 

100 AMPERE CONTACTOR 

Allen-Bradley solenoid con-
tactor for circuits up to 100 
amperes. Double break, silver 
alloy contacts are totally en-
closed. Simple, straight line 
solenoid action means long, 
trouble free operating life. 

DLEY 

26A 
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FOR CONGESTED AREAS 

specify Bt. PM -1(00X 
whether  it's for a speLtacular TV  antenna or a modest 
mobile communication  system,  a Illaaw -sla(fnesotx  Tower 

designed for the job is your best—an —buy. In 
congested areas and cities th  bout  the .c 

roug ountry hun-

dreds of Blaw-Knox Towers—both large and small— 
ar e proving the worth of their superior construction. For 

this  assurance of safety and perform  you 
ance Towers 

m ight 

expect a p n those of  doub  

rem ium price but-131aw siox  cost 

no more 'than 

stability! Specify 

SLAW-KNOX DIVISION a be sure.  OF BLAW-KNOX CO. 
Blaw-l(nox, an   

2037 Formers  Bcink Bldg, Pittsburgh, Pct. 

Oa 

BILAW-KNOXANTENNATOWERS 
27A PROCEEDINGS OF THE I.R.E. funt• 1950 



t 0,velarflar• • 

s1 

. .. the outstanding heritage 
of another great performer 

DEFINING THE OSCILLOGRAPHIC 

SPECTRUM 

* The Type 294 is an extremely versatile cathode-ray 

oscillograph combining high-voltage operation with 

precise high-frequency circuit design, extending its 

general-purpose utility to meet the specialized needs 
of high-speed transient study. 

Stable operation of the high-gain, wide-band ampli-

fier of the Y axis over the entire frequency range from 
10 cps. to 15 megacycles includes the performance of 

a signal-delay line built into the Y-axis circuit to insure 
full display of short-durqtion pulses. An input pulse 

rise time of 0.01 ps. will be reproduced with a rise time 
not exceeding 0.0,3 ps. 

Available undistorted deflection of both symmetri-

cal signals and unidirectional pulses of either positive 

THE NEW DU MONT TYPE 294 CATHODE-RAY OSCILLOGRAPH 
or negative polarity exceeds the usable vertical scan 

of the cathode-ray tube. A built-in high-voltage unit 
supplies 12 kv. accelerating potential to the Du Mont 

Type 5XP cathode-ray tube: rear-panel selection of a 

lower potential may be made for increased sensitivity 
and deflection. 

. A flexible sweep circuit provides continuously var-

iable driven and recurrent sweeps with sweep cali-

bration being provided by infernal timing markers 
applied through the Z-axis amplifier. 

•  • 

Permanent records of phenomena studied with the 
Type 294 may be made with either the Du Mont Type 
271-A or 314-A Oscillograph-record Camera. 

GE NE R AL  SPE CIFI C A TI O N S 

Cathode-ray Tube  Du Mont Type 5XP.  X-axis Amplifier 

Accelerating potential   12,000 volts  Frequency response  2 cPs. to 700 kc. 

  7,000 volts  Sensitivity  04 rms volt/in. at 7 kv. 

05 rms volt/in. at 12 kv. 
Rise time  0  5 ps. from 10 % to 90 % 

Driven Sweep Range  0  1 sec. to 2 ps. 

Recurrent Sweep Range.. 10 cps. to 150 kc. 

Z-axis Amplifier 

Polarity selection-3 volts peak to blank 
0  25 ps.  trace  of norma l intensity.  

Y-axis Amplifier 
Frequency response  

10 cps. to 15 megacyc les  
Sensitivity  0  15 rms  vo lt/ in. at  7 kv.  

....0.20 rms volt/in. at 12 kv. 
Rise time ... .0.03 ps. from  10 % to  90%  

Signal Delay 

Timing-Marker Intervals 

100 ps., 10 ps., 1 ps. 

Trigger Generator 

Repetition rate  200 to 3600 p.p.s. 
Output amplitude  50 volts peak 
Output polarity ....positive or negative 

Physical Specifications 
Indicator Unit 

24 12" d.-15,4"  w.-62 lbs. 
Power Supply 

19,4" d.-1534" h.-1234" w.-100 lbs. 

ALLE N B  DV M ONT LABORATORIES. INC 

ALLEN  B. DU M ONT  LAB ORATORIES,  INC  INSTRUMENT  DIVISION, 1000  MAIN  AVENUE,' CLIFTON, NE W  JERSEY 
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Now it can be told! After years of research and months 
of field-testing, INDIANA announces exclusive new super-

strength permanent magnets made of HYFLUX Alnico V. 
The industry's highest published guaranteed energy 

product for standard Alnico V has been 41/2 million 
BHmax. Now, INDIANA guarantees much greater 

strength — 51/4  million BHmax, and the average energy 
product reaches 51/2 million BHmax, or more. Yet, for 
these higher-energy HYFLUX magnets, you pay not a 

penny premium. 

What is HYFLUX Alnico V? INDIANA HYFLUX is not a 
new alloy. It's the result of a new precision technique 
applied to dependable Alnico V ... new procedures, con-

See witat HYFLUX doeil 
When this standard R. M. A. No. i loud speaker 
magnet is INDIANA HYFLUX Alnico V with 
the minimum guaranteed energy product of 
51/2  million BHmax, it has .7 decibels greater 
output than when made with 41/2  million 
BHmax regular Alnico V. Similar improve-
ments—in strength or size—apply to all appli-
cations. INDIANA HYFLUX is ready now to 
bring you these advantages. 

For Cost-Cutting Engineering Aid, 
Put Your Magnet Problems up to INDIANA. 

I. The Stronger Magnets 
you've been hoping for 
ARE HERE! 

trols, instrumentation, and equipment, and precise super-
vision over every step of production. Add to this the 42 

years of permanent magnet experience and a long-term 

training program for personnel by the world's largest 
exclusive producer, and you have the background and 
reasons why INDIANA HYFLUX is so outstanding in 

both performance and value. 

Find Out What HYFLUX Can Do! For greater strength... 
more compact designing ... for the lower production 
costs these smaller, better magnets can bring to your own 
products, get all the facts today on amazing INDIANA 
HYFLUX. It's the most important development in perma-
nent magnets since the introduction of Alnico V. 

• • • • 

THE INDIANA STEEL PRODUCTS COMPANY 
sabots in Packaged Energy Since I 

SALES OFFICES SOSTON, CHICAGO. ClivetANG, 

LOS ANGtitS. NII W YO U. PHA ADtt PHiA. 110C14155111 

• • • • • 

INDIANA 
PERMANENT 

MAGNETS 

Name   

Company   

Street   

City 

• • • • • • • • • • • • • • • 4 

THE INDIANA STEEL PRODUCTS COMPANY 

DEPT. N-60, VALPARAISO, INDIANA 

Please send me all the facts on IN 1)1 A N A 
HYFLUX. I am interested in permanent 

magnets for: 

 Zone  State  .. 
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Extremely Small 
Transformers 

United Transformer Co., 150 Varick 
St., New York 13, N. Y. claims to have 
manufactured the smallest standard audio 
transformer in the world. This new unit is 
so small that 30 will fit into a cigarette 
pack. 

The Type SSO transformer's dimen-
sions are only 0.4 X0.75 X0.56 inch. It 
weighs 0.28 ounce. Five stock types cover 
input, interstage, output, and reactor ap-
plications. 
Especially suitable for hearing aid, air-

craft, and all other instances where size 
and weight are the prime consideration, the 
SSO is suited for the miniaturization pro-
gram in Government aircraft and for Navy 
emergency miniature transmitters. De-
signs are available for all types of low-level 
applications requiring wide frequency 
range. 
Great dependability is provided in this 

minute structure through the use of a 
molded nylon bobbin and nonhygroscopic 
insulation throughout. All SSO transform-
ers are vacuum impregnated to assure de-
pendable operation under high humidity 
conditions. 

Recent Catalogs 

• • • A new folder "On Air," to be pub-
lished every other month by Broadcast 
Equipment Section, Radio Corp. of Amer-
ica, Camden 2, N. J., is now available. 

NOTICE 

"Information for our News and New 
1'roducts section is warmly welcomed. 
News releases should be addressed to 
Industry Research Division, Proceed-
ings of The I.R.E., Room 707, 303 West 
42nd Street, New York 18, New York 
Photographs and electrotypes, if not 
over two inches wide, are helpful. 
Stories should pertain to products of in-
terest specifically to Radio Engineers." 

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

Two-Variable Plotting 
Board 

The Model 205 Variplotter, a new two-
variable, graphic recorder, has been intro-
duced by Electronic Associates, Inc., 
Long Branch, N. J., to the instrumentation 
field. 

The Variplotter graphically presents 
. one variable as a function of another where-
ever the variables can be expressed in 
terms of dc voltages. Information such as 
stress versus strain, pressure versus tem-
perature, speed versus torque, frequency 
response,  antenna  pattern,  hysteresis 
loops, tube characteristics, and process 
control is readily obtained with the instru-
ment. 
Another feature of the Variplotter is its 

30-inch plotting surface, which is equipped 
with back-lighting to aid viewing. This 
does not restrict use to 30-inch square 
charts. If smaller standard forms are pres-
ently employed, these may be used. 
The static accuracy is 0.05 per cent of 

full scale at 70° Fahrenheit. The dynamic 
accuracy averages 0.05 per cent of full 
scale plus the static accuracy at a writing 
speed of 8.5 inches per second. The maxi-
mum pen and arm accelerations are 350 
and 150 inches per second squared, respec-
tively. Slewing speeds of both pen and 
arm are 10 inches per second. 
Accessories are available which will in-

crease the usefulness of the Variplotter; for 
example, conversion kits which add an 
additional arm and pen to the plotting 
board, enabling it to present the equivalent 
of four variables, analog computer com-
ponents or systems to meet a specific re-
quirement; and a standard line of com-
ponents, such as de amplifiers, resolvers, 
reference voltage standards, and power 
supplies, etc. 

Precision Attenuators 
Precision decade attentlittors for labo-

ratory use and for building into other 
equipment are now available from the 
General Radio Co., 275 Massachusetts 
Ave., Cambridge 39, Mass. 

Des:gned to operate at audio- and low - 
radio frequencies, these attentiators are 
built into a compartmented metal casting, 
which affords such excellent shielding be-
tween pads that some of the units can be 
operated at frequencies as high as 1 lc, 
with errors of less than 2 per cent. 
The Type 829 decade attenuator units 

can be built into speech and ultrasonic 
equipment, recording channels, measuring 
devices, etc. Characteristic impedance is 
600 ohms for both  and T types. Tapered 
units are available for matching to other 
impedances. 
The Type 1450 decade attenuators are 

assemblies of attenuator units in metal 
cabinets for laboratory bench use. Two-
and three-dial boxes are available with 
maximum attenuation of 110 (lb. 

Omni Test Equipment 
To fill a need for test equipment, re-

quired for field overhaul and major service 
on omnirange navigational equipment, the 
National Aeronautical Corp., Wings Field, 
Ambler, l'.t., has designed the Model T-3 
test set. 

The T-3 generates all of the signal com-
ponents of an omnistation, and the omni-
track, which is transmitted, may be set on 
any bearing by means of an accurately 
calibrated dial. This permits a complete 
calibration test to be made on any omni 
equipment, without removing the receiving 
equipment from the plane. 
For major overhaul work on the bench, 

the test set produces the necessary signals 
to make a complete adjustment of all the 
necessary balancers and compensations that 
are required. The T-3 also produces the 
signals necessary for testing the adjust-
ment of phase localizer approach equip-
ment and provides the necessary signals 
for tone localizer and VAR equipment. 

(Continued on page 64.4) 
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• • • a major advance in studio-type image orthicons 

A NOTABLE PRODUCT of RCA leadership in tube 
research and engineering—the new RCA-5826 image 
orthicon provides important refinements over previous 

types of television camera tubes for studio use. 

The new RCA-5826 combines exceptionally high 

sensitivity, a resolution capability of better than 500 
lines, high signal-to-noise ratio—about twice that of 
outdoor camera types—and improved gray-scale ren-
dition in the vicinity of the "blacks." 

Having the same spectral response as the companion 
outdoor pickup type RCA-5820—a response closely 

approaching that of the eye—this new studio camera 

tube permits portrayal of colors in nearly their true 

Voir 

tone gradation. The use of the RCA-5826 in the studio 

and the RCA-5820 outdoors facilitates the combina-
tion of indoor and outdoor pickups on the same pro-

gram ... improvements that are automatically extended 
to every receiver. 

ANOTHER new RCA tube ... 
...the RCA 6AX5-GT Heater-Cathode Type Full-
Wave Vasuum Rectifier: Designed to operate from 
ionimon 6.3-volt heater supply in ac-operated 

sets or auto receivers. Has the same heating time 
as other heater-cathode types, thus permitting the 
use of filter capacitors having lower peak voltage 
ratings than required for filament-type rectifiers. 
Delivers 125 ma. at 350 volts to a capacitor-input 
filter. 

THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA 

RA DIO CORPORATIO N of A MERICA 
EL ECTR O N TUBES 

HA RRISO N, N. J. 
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John D. Reid 
REGIONAL DIRECTOR, 1950-195.1 

John D. Reid, Regional Director of the Central Re-
gion, was born in Morristown, New Jersey, on March 18, 
1907. Mr. Reid attended the University of Pennsyl-
vania during the years 1923-1925, taking a combined 
Wharton-Engineering course. After spending a year 
with the Arcturus Radio Tube Company as a circuit 
application engineer, he returned to the University as a 
special student during 1928 and 1929. 
He then joined the Norden-Hauck Radio Manufac-

turing Company as chief engineer, and developed the 
"Admirality Super 12," the first all-wave superhetero-
dyne with a high frequency intermediate frequency (475 
kc) and built-in band-spread short-wave ranges. 
Mr. Reid was associated with the Radio Corporation 

of America as a radio and television development 
engineer in 1930. At that time he was responsible for 
the development of all wave tuning systems ("Magic 
Brain"), FM detector systems, and the television in-
put tuner used on their prewar receivers. In 1934 Mr. 
Reid took part in a radio field survey trip made through 
the Caribbean Islands, the northern part of South 
America and Central America. During 1937, Mr. Reid 
spent five months in Russia where he was assigned to 

service as a special consultant to the Soviet Union. 
He became affiliated with Crosley Division, Avco 

Manufacturing Company, Cincinnati, Ohio, in October, 
1940, heading an Advance DevelOpment Group. Pre-
war developments included the large radius phonograph 
needle and the decimal tuning double superheterodyne. 
During the war he was in charge of Crosley's develop-

ment work on the proximity fuze, for which he was 
awarded the Naval Ordnance Development Award and 
the President's Certificate of Merit. Since the war Mr. 
Reid has been Manager of Research for the Crosley 
Division. 
Largely responsible for the inception of the Cincin-

nati Spring Technical Session on Television, Mr. Reid 
has taken part in numerous IRE activities, including 
service as Chairman of the Cincinnati Section during 
1945 to 1947; Chairman of the Cincinnati Spring Tech-
nical Meeting, 1947; Chairman of the IRE Papers Pro-
curement Committee, 1948 and 1949; and membership 
on the following committees: Papers Procurement, 
Radio Receivers, Board of Editors, Membership, Papers 
Review, and Professional Groups. Mr. Reid was made a 
Fellow of the Institute in 1948. 
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In Government and industry alike, the skilled and respected engineer is increasingly offered executive 
responsibility. A great obligation rests upon those engineers who reach such positions of authority where 
they must make thoughtful decisions based on human needs and reactions, as well as on measurable data. 
These men must meet the definition of a great engineer, namely, that he is a man who, given incomplete 
and partially incorrect premises, can draw correct conclusions! 
Fortunately there are such engineers, distinguished alike by technical ability, good judgment, social 

consciousness, and sincerity of purpose. Their thoughts are of major importance to their fellow engineers. 
The following guest editorial by a member of the Federal Communications Commission is particularly 
noteworthy. It was written by one whose Fellow award in the IRE carries the citation: "For his contribu-
tions to the development of the maritime mobile radio services and his leadership in promoting measures 
for enhancing the safety of life and property at sea."—The Editor. 

Our New Environment of Decision 
E. M. WEBSTER 

About three years ago I found myself a Commissioner on the Federal Communications Commission, and thus in 
the position of "high level administrator" within our Government. I was appointed to this position from the ranks of 
the radio engineering profession. Immediately, I was faced with heavy responsibilities and many complex and divergent 
problems. Out of this experience I pose this question: 'How can technicians achieve the breadth of view that is re-
quired on the part of administrators concerned with some of today's public policy problems?" 
The need for assuming this heightened responsibility stems, I believe, from two sources—the enlarged role of our 

government in technological fields as the result of postwar developments, and the new position of the United States as 
a leader in world affairs. How can a technical man adjust himself to such responsibilities? As Harvard's Sumner Slichter 
recently pointed out, "Is it not asking the impossible to expect men to be both able administrators and important 
thinkers in the field of public policy? How can men find time both to manage an enterprise in a highly competitive and 
rapidly changing economy and to become sufficiently well informed in the fields of economics, political science, soci-

ology, and other disciplines to do first-class thinking in the field of public policy?"' 
To illustrate the need for going beyond a technical viewpoint in many radio engineering matters, let's take the 

television problem, for example. In establishing a national television policy, the serious technical problems which the 
Federal Communications Commission is of necessity appraising today may only be a minor element in the final na-
tional television policy that eventually will be promulgated. 
The Commission must, in addition, consider many intangible economic aspects of our proposed television industry. 

For instance, it has been estimated that it may cost well over a billion dollars per year to provide a minimum of 
national television service. Will that kind of money be available to the industry? If we take the position that "the 
public interest, convenience, and necessity" require that we have a national television service for all the people, 
must not the government be just as concerned with where this money is coming from as it is with television's various 

technical problems? 
I trust that you have already recognized that this economic question also closely ties into a political problem. 

What constitutes a national television service? What elements of the population must be served before we can justly 
say that we have a national television service? These are questions I think our politicians will ask. There is a further 
question, too, of the kind of national television service the public is entitled to. Do we escape the responsibility to see 
that a minimum standard of programming efficiency is maintained to protect the public from the social impact of 
this new instrument of communication? To achieve this, should we authorize some new system of "phonevision" or 
metered television which allows the public a voice in programming? Yet, by virtue of the fact that the public then pays 
for some of the programs it hears, will not the government perhaps be forced to take on greater responsibilities to see 
that the demands of this paying public are answered? 
Development of breadth of view is not easy. However, a previous editorial in this space called "Feedback" pointed 

up one possible error in our thinking, I believe. That editorial implied that the evolutionary integration of social and 
natural science would enable engineers to do a better job and to broaden their thinking. I do not believe that the ap-
plication of more science to problems already raised by natural science is necessarily the total answer. We are continu-
ally, in the formation of national policies, making decisions in which intangible facts and certain assumptions must be 
inherently accepted as elements in the situation: there often is just no "good" choice among the alternatives, and time 
alone can tell whether or not the chosen course of action will work out. It is impossible to apply a "slide-rule" type 
of thinking to such decisions. To make such decisions requires a certain open-mindedness, a willingness to set up a 
program which has the risk of failing, and the fortitude to reconstruct that failure—in the light of new developments— 
into a positive policy. It is this integration of open-mindedness and willingness to take calculated risks that we tech-
nicians must develop if we are fully to meet our responsibilities in the new environment of decision in which United 
States citizens are working today. 

' Harvard Business School Alumni Bulletin. p. 132, Autumn, 1949. 
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Distant Electric Vision* 
J. D. McGEEt 

Summary—An outline of the history of television is followed by a 
detailed description of the design and development of some English 
television pickup tubes. 

jUST OVER FORTY YEARS AGO a short letter appeared in Nature under the title "Distant Electric 
Vision." It was signed A. A. Campbell-Swinton.' I 

have ventured to borrow that same title for my paper, 
since I would like you to regard what I have to write as 
a part of the story of the development of the brilliant 
idea first proposed in that letter before even the word 
"Television" had been coined. I shall return to Camp-
bell-Swinton's proposal presently, but first I must re-
view briefly what had gone before. The photoelectric ef-
fect, discovered in 1873, was very soon realized to be the 
key to "distant electric vision." The first practical device 
for generation of television signals was, in fact, proposed 
only eleven years later by Nipkow.2 The apparatus pro-
posed by Nipkow is shown in Fig. 1. An image 4 of the 
scene to be transmitted 5 is formed by the lens 6 on the 

4 

Fig. 1—The Nipkow disk. 

• surface of a disk 1 which can rotate about its axis 2. 
Around the periphery of this disk is a spiral of small ap-
ertures 3 spaced at equal angular intervals and each 
spaced radially from the center of the disk at distances 
increasing successively by the heightof an aperture. At any 
given time light can pass through one aperture only and 
enter the photocell 7, where it releases an electron cur-
rent proportional to the intensity of the light; that is, pro-
portional to the brightness of the image at the point 
where the aperture happens to be at that instant. These 
electrons are collected on the anode of the photocell by 
the electric field maintained by the battery 8 and the 

• Decimal classification: R095 XR583.6. Paper received by the 
Institute. November 4, 1949. Presented, I.R.E. Radio Engineering 
Convention, Sydney, Australia, November, 1948. (Since Dr. McGee 
was unable to present this paper personally to the Convention, the 
entire manuscript was delivered by means of a magnetic tape re-
corder.) Reprinted from the Proceedings of the Institution of Radio 
Engineers, Australia, vol. 10, pp. 211-223; August, 1949. 
t E.M.I. Research Laboratories, Ltd., Hayes, Middlesex, England. 
' A. A. Campbell-Swinton, "Distant electric vision," Nature, 

(London), vol. 78, p. 151; June, 1908. 
2 P. Nipkow, Deutsches Reichs Patent No. 30,105; January 6, 

1884. 

current passing through the resistance R produces a 
voltage change across it. As the disk rotates, the aper-
ture will scan across the optical image, and the light 
passing through it will fluctuate proportionally to the 
light and shade along that line of the image. The voltage 
fluctuations across the resistance R will be also pro-
portional to the light fluctuations. Thus, a "picture 
signal" will have been generated for that line of the 
image. As one aperture completes its scan of one "line" 
of the image, the next aperture begins to scan the next 
line of the picture, and so on, until the whole image has 
been scanned in one complete revolution of the disk. 
For modern television pictures of, say, 405 lines and 

25 pictures per second, the disk must rotate at 1,500 
rpm. The diameter of the disk must be as large as pos-
sible in order that the apertures may be made of a 
reasonable size; otherwise, the signal current will be 
very small and the signal-to-noise ratio very poor. How-
ever, a disk of, say, 3 feet in diameter rotating with high 
precision at 1,500 rpm, is not exactly a convenient or 
mobile piece of equipment. Moreover, an amplifier of 
sufficient bandwidth for a 405-line television picture sig-
nal (say, 3 Mc) requires a peak input signal of about 
0.1. µa to override by an order of magnitude the noise 
of the first stage of the amplifier. If we assume a high 
photoelectric efficiency of MO µa per lumen for the 
photocell it follows that 10-' lumens must fall into the 
photocell to give this signal current in the peak whites of 
the image. Since there are 200,000 picture points in such 
a picture, this corresponds to a light flux of 200 lumens 
in the whole image, assuming it to be of uniform bright-
ness. Again, assuming an area of the image on the disk 
of 4 X 5 inches, this corresponds to light flux of 1,440 lu-
mens per square foot or 1,440 foot-candles illumination. 
The illumination in the plane of the image /i is related 

to the illumination on the scene I. by the well-known 
formula 

4, X   

4 A2 

where  is the reflection coefficient of the scene which 
may be taken as unity for a perfect white diffusing sur-
face, and A is the numerical aperture of the lens, say 
f/2. 
Then 

I. X 4 A' 
I.—   —23,000 foot-candles. 

7 

Such illumination is about a hundred times greater 
than that used in television studios today and would 
be quite intolerable. 
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The advent of the electron multiplier made it possible 
to multiply the initial photoelectric current by a very 
large factor, 10° or more, without seriously changing the 
signal-to-noise ratio of the initial current which is due to 
probability fluctuations in the photoelectric emission. 
In this way the input signal to the amplifier can be 
made large compared with the noise of the first stage, 
and the limiting noise then becomes that of the primary 
photoelectric current. A simple calculation shows that 
the illumination required is then very much less but still 
about 1,000 foot-candles, even when the most favorable 
conditions are assumed. 
Thus, the inconvenience of the mechanical scanner, 

together with its very low sensitivity, has doomed it 
to oblivion except possibly for film scanning, but, even 
here, all-electronic systems have found greatest favor. 

CAMPBELL-SWINTON'S PROPOSAL 

I never cease to wonder at the vision and imagination 
of that great television engineer, the late A. A. Camp-
bell-Swinton, F.R.S.. who as long ago as 1908 not only 
saw clearly the fundamental limitations of the mechani-
cal systems, but actually proposed the all-electronic sys-
tem which, with modern technical embellishments, has 
become the television system of today. I believe I need 
not apologize to you for showing you in Fig. 2 the actual 
schematic diagram of the system for "distant electric vi-

Fig. 2—Electronic television system proposed by Campbell-Swinton. 

sion" which he proposed in 1908 and amplified in a paper 
in 1911.z In this figure, you see the transmitter on the 
left; the receiver on the right. The transmitter is a cath-
ode-ray tube A, in which an electron beam from the 
cathode B is scanned by crossed magnetic fields D and E 
line by line over a mosaic of photoelectric cells J. An op-
tical image of a scene N is focused by the lens M on to 
the other side of this mosaic of photocells which become 
charged by the loss of photoelectrons. These charges are 
discharged at each scan of the electron beam to the grid 
L. These fluctuating "picture signals" are conducted 
over a line to modulate an electron beam which scans the 

3 A. A. Campbell-Swinton, "Presidential address," Jour. Roentgen 
Soc., vol. 8, p. 7; January, 1912. 

fluorescent screen of the receiving cathode-ray tube in 
synchronism with that of the transmitting tube. Here are 
two ideas of capital importance; the use of inertia-less 
cathode-ray beams for scanning at very high speed, 
and the mosaic of photocells in the pickup tube. I think 
one may well claim that this was the seed from which 
present-day television engineering has grown. 

FARNSWORTH DISSECTOR 

One feature of Campbell-Swinton's scheme was real-
ized in the Farnsworth dissector tube,4 namely, that of 
all-electric operation. This tube was first described in 
1934 and, because it still may find an application in 
film scanning, it is worthy of a brief description here. 
The tube and associated equipment are shown in 

Fig. 3. An optical image of the scene is focused on a 
transparent conducting photoelectric layer 1 on the in-
side surface of the flat end wall 2 of the high-vacuum 
tube 3. Electrons are emitted from this surface under 
the influence of, and proportional in number to, the 

4 \  
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Fig. 3--Diagram of Farnsworth dissector tube. 

incident light. These electrons are accelerated by an 
axial electrostatic field and focused by means of a uni-
form axial magnetic field produced by the solenoid 4 to 
form an electron image in the plane of the electrode 8. 
A pencil of electrons passes through the small aperture 
7 and falls on the first plate 5 of a multistage electron 
multiplier, the output of which is fed to a suitable am-
plifier. Two pairs of coils, one of which is shown at 6, 
actuated by frame and line frequency currents of saw-
tooth wave form, produce two transverse magnetic fields 
at right angles to one another which scan the whole elec-
tron image across the aperture in a series of lines. Since 
the aperture 7 must allow only those electrons from one 
picture point to pass through to the multiplier, it follows 
that for a 400-line television picture the linear dimen-
sions of the aperture must be 1/400th of the dimensions 
of the electron image, and, since there are 200,000 pic-
ture points in such a picture, only one part in 200,000 of 
the electron emission from the photocathode passes 
through the aperture. In practice, this current is so small 
(of the order of 10-" amperes) that if it were fed directly 
to the input of an amplifier of the necessary bandwidth, 

' P. T. Farnsworth, "Television by electron image scanning," 
Jour. Frank. Inst., vol. 218, p. 411; October, 1934. 
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the signal produced would be far smaller than the am-
plifier noise. However, by multiplying the primary elec-
tron current in a multiplier by a factor of 10' or more 
the output can be increased until the signal is much 
greater than the amplifier noise. The signal-to-noise 
ratio of the signal is then determined by the random 
fluctuations of the primary photoelectric current which 
is not changed appreciably in the process of multiplica-
tion. Thus, the Farnsworth dissector is the electric ana-
logue of the Nipkow disk and to a first approximation, 
the sensitivities of both signal-generating systems are 
the same. Minor advantages make the Farnsworth dis-
sector slightly more efficient, but it still requires a scene 
illumination of about 1,000 foot-candles. This is, of 
course, a hundred times the illumination required by 
modern television cameras. 

CHARGE STORAGE PRINCIPLE 

It will have been noticed that, in both the Nipkow 
and the Farnsworth methods, only a minute fraction of 
the light from the scene is effective in producing picture 
signal—in fact, the light from one picture element. Less 
than 10-5 of the light or photoelectric current is used. 
It is obvious that if all of the photoelectrons released by 
the light in the Farnsworth dissector could be stored 
(luring the frame-scanning period and discharged once 
per frame period, the gain in efficiency would be enor-
mous—a factor of 105 or more. 
The obvious line of attack on this problem was clearly 

suggested by Campbell-Swinton's mosaic of photoelec-
tric cells. If an optical image is formed on a mosaic of 
minute photoelectric cathodes, each of which is associ-
ated with a minute condenser, and the photoelectrons 
liberated from the cathodes by the light are saturated to 
a common anode, charges will be built up on the con-
densers which are at all points proportional to the in-
cident light. Thus, a reproduction of the optical image 
is built up in electric charges. If now this mosaic of 
condensers is scanned by a suitable commutator, e.g., 
a beam of electrons, which discharges those condensers 
in the area of one picture point simultaneously through 
a signal resistance, the potential fluctuations across this 
resistance will be the required picture signal. 
A single cell of such a system is shown diagram-

matically in Fig. 4. Light L falling on the cathode of 
L 

To Asplbfler 

"Ir 
Fig. 4—Elementary charge storage circuit. 
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the photocell P liberates electrons in proportion to its 
intensity. These are collected by the anode which is 
maintained at a positive potential by the battery B. 
This current flowing through the resistance R charges 
the condenser C. If now, once per frame period, this 
condenser is discharged by the commutator A (which 
may be an electron beam with an impedance r) a pulse 
of charge will pass through the resistance R proportional 
to the integrated light flux on the photocell during the 
period of storage. The potential change across R will 
be proportional to the discharge current and may be 
applied to the grid of the first valve of an amplifier 
chain. The discharge time of the circuit consisting of 
C, r, and R must be not less than the time required to 
scan one picture element, i.e., 2 X10-7 seconds. The po-
tential drop across R during the charging period is the 
picture signal that would be obtained without storage; 
hence, the increase in signal strength due to storage is 
the ratio of the charging time (0.04 second) to the dis-
charging time 2 X10-7 seconds of the condenser C. That 
is, a gain of 2 X105 is achieved. If in practice only a 
small part of this theoretical gain could be realized, say 
1 per cent, it would still represent an increase in sen-
sitivity by a factor of 2,000. 
The first account of a television pickup tube employ-

ing charge storage was published by Zworykin in 1933.5 
This tube was named the "iconoscope" and it has been 
the main tube employed in American television cameras 
until quite recently. Work had been in progress in the 
Electric and Musical Industries Ltd. Laboratories and, 
in 1932, Tedham and the author succeeded in producing 
television signals with a tube which proved to be funda-
mentally the same as the iconoscope but which differed 
from it in many important practical details. Continua-
tion of this work led to the development of the emitron6.7 
which was used from the beginning of the first regular 
public television service instituted by the BBC in Lon-
don in 1936. It is still the only tube used for studio 
broadcasts by the BBC. Further development led to the 
super-emitron.7.8 

I will now give a brief outline of the operation of the 
emitron and super-emitron before going on to describe 
the CPS emitron which has been developed since the 
end of the war and has only recently gone into service. 

THE EMITRON 

The tube with its immediate operating circuits is 
shown in Fig. 5, while a very much enlarged section of 
the target is shown in the inset. The highly evacuated 
envelope 1 carries a side tube in which a more or less 
conventional electron gun is mounted. The gun consists 

6 V. K. Zworykin, "Television with cathode-ray tubes," Jour. 
IEE, vol. 73, p. 437; 1933. 

6 J. D. McGee and H. G. Lubszynski, "E M.!. cathode-ray tele-
vision transmission tubes," Jour. IEE, vol. 84, p. 468; April, 1939. 

7 J. D. McGee, "The development of high definition electronic 
television in Great Britain," Proc. I.R.E. (Australia), Proc. World 
Radio Convention, Sidney, Australia; April, 1938. 
• H. G. Lubszynski and S. Rodda, British Patent No. 442,666; 

May 12, 1934. 
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of a cathode 5, modulator 6, first anode 7, and second 
anode 8. The latter is held at earth potential and extends 
some distance into the spherical part of the tube where 
it acts as anode for the photoelectric mosaic also. The 
cathode of the electron gun is held at about —1,500 volts 
and the electron beam is focused by the electrostatic 
electron lens between the first and second anodes, 7 and 
8. The beam is scanned over the mosaic by two pairs 
of coils, one of which is shown at 9. Since the beam falls 
obliquely onto the target, a conventional scanning raster 
would appear as a trapezium or keystone shape. This 
must be corrected by modulating the line-scan ampli-
tude by the frame-scan amplitude. This is termed "key-
stone correction." Further, the frame-scan wave form 
must be slightly distorted from linear to obtain even 
spacing of the lines from top to bottom of the mosaic. 
The electron beam comes to a focus on the surface of a 
sphere, the center of which is the point of deflection 
of the beam. This sphere intersects the plane of the 
target in a circle and at all points off this circle the 
beam is more or less out of focus. The loss of definition 
due to this difficulty is minimized by restricting the 
beam to a very narrow pencil by limiting apertures in 
the gun so that its depth of focus is increased. This can 
be done because only a very small beam current of a 
few tenths of a microampere is required. All these in-
conveniences in design are accepted in order to be able 
to project the optical image normally onto the target. 
The lens 13 forms an image of the scene through the 
flat window 4 on the surface of the target, which is also 
scanned by the electron beam. The lens is usually 64" 
focal length with a numerical aperture of f/3. 
The target is 4 X5 inches (if the agreed picture aspect 

ratio is to be 5 to 4). A small section of it, greatly magni-
fied, is shown in the inset of Fig. 5. It consists of a sheet 
of highly insulating dielectric D—for example, mica— 
coated on the side which is not scanned by the electron 
beam with a conducting layer S, known as the signal 
plate. This signal plate is connected to earth through a 
signal resistance and to the grid of the first tube of 
the amplifier. On the side of the dielectric which is 

(a)  (14 
Fig. 5—(a) The emitron. (b) Cross section of emitron target. 

scanned by the electron beam is formed the photoelec-
tric mosaic M. This may be regarded as a vast number 
of minute islands of photosensitized metal each sepa-
rated and highly insulated from its neighbors. Also, each 
mosaic element forms a small condenser with the signal 

plate. 
The basic material of the mosaic elements is usually 

silver which can be formed into a mosaic by evaporating 
a very thin layer and aggregating this by heating. The 
mosaic may also be formed by evaporating the metal 
through a fine metal mesh which acts as a stencil and 
in several other ways. The silver mosaic is made photo-
sensitive by oxidation and subsequent treatment with 
cesium. Here a difficulty is encountered. It is difficult 
to obtain high photosensitivity of the mosaic elements 
while preserving good insulation between them because 
the metallic cesium tends to form a slightly conducting 
film over the surface of the dielectric between them. A 
compromise has to be accepted by which we obtain 
about half the maximum possible sensitivity. Also, the 
mosaic elements cannot cover more than about 50 per 
cent of the target surface so that another factor of two is 
lost in photoelectric efficiency. We can obtain an effi-
ciency of about 10 iza per lumen instead of over 30 /ha 
per lumen that can be obtained from a normal photocell. 
These points are important and will be referred to when 
we consider the super-emitron. 
We must next consider the mechanism of signal gen-

eration in the emitron. This is a complex problem and 
I ask your pardon if my treatment of it in this paper 
leaves many unsatisfactory loose ends. 
In its simplest form we may be sure that the light 

of the image which falls on the mosaic liberates photo-
electrons at all points in numbers proportional to the 
light intensity. If these negative electrons are removed 
from the mosaic, for example, to the anode of the tube, 
a distribution of positive charges will be built up con-
tinually on the minute condensers formed by the mosaic 
elements and the signal plate. If now the electron beam 
scans the mosaic line by line, neutralizing these positive 
charges point by point, equal and opposite (i.e., nega-
tive) charges will flow to earth through the signal re-
sistance R. These charges and the voltages produced 
across R will be proportional to the integrated intensity 
at the corresponding points in the image over the previ-
ous frame period, i.e., 1/25th of a second. Thus a rapidly 
moving object should be reproduced with a loss of defini-
tion corresponding to that seen in a photograph taken 
with a time exposure of 1/25th of a second. In fact, this 
is not found to be the case. A television picture of a 
rapidly moving object produced by an emitron shows 
it as a series of sharply defined images. This means that 
uniform charge storage cannot be taking place during 
the whole frame period. Moreover spurious signals are 
produced which cannot be explained on this simple the-
ory. 
These experimental observations can only be ex-

plained when we take into account the fact that the 
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scanning beam electrons, which reach the mosaic with 
an energy of 1,500 electron volts, each releases between 
5 and 10 secondary electrons. These relatively slow sec-
ondary electrons stabilize the potential of the mosaic at 
approximately that of the nearest electrode of fixed po-
tential, i.e., the second anode. There is therefore no elec-
trical field of sufficient strength to saturate the photo-
electrons away from the mosaic. If we now consider the 
mosaic being scanned by the beam but without light fall-
ing on it, it is clear that over a period of time it can 
neither gain nor lose charge; that is, only one secondary 
electron can leave the mosaic for each primary falling on 
it. The remaining secondary electrons must return to 
some part of the mosaic, but not necessarily the point 
from which they were released. 
Now the point on the mosaic on which the beam is 

falling at any instant will initially lose between 5 and 10 
secondary electrons for every incident primary elec-
tron. Thus, its potential will be driven positive until it 
can recapture all but one of the secondaries released by 
each primary electron. This charge and discharge of 
mosaic elements is illustrated for two successive ele-
ments A and B in Fig. 6. It is estimated that the poten-
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Fig. 6—Charge and discharge curves of mosaic elements. 

tial rise of the mosaic during scanning is about +6 volts 
relative to the surrounding areas. As the scanning beam 
passes on to the next point on the mosaic the secondary 
electrons liberated from it tend to be deflected towards, 
and captured by, those areas which have just been 
scanned since they are the most positive areas in the 
neighborhood. 

It will, I think, be clear that this exchange mechanism 
cannot be uniform over the whole scanning cycle. The 
charges on the surrounding areas of the mosaic must 
be very different at the beginning and end of line and 
frame scans and this will influence locally the sharing 
of secondary electrons between the second anode and 
the surrounding mosaic. Other factors such as the asym-
metry of the tube, variations in the focus of the scan-
ning beam, local charges due to the light image, etc., 
can also affect this sharing of electrons between the 
mosaic and the second anode. It is this variation in the 
sharing of the secondary electrons between the mosaic 
and the second anode that causes the spurious signals. 
These are illustrated in Fig. 7, in which line A shows 
the wave form of the uncorrected signals for three suc-
cessive lines. There are large spurious pulses at the be-

ginning and end of each line, and a spurious low-fre-
quency signal known as "shading" is superimposed on 
the true signal. In line B is shown the artificially gen-
erated correcting signals, "Tilt" and "Bend," which 
when mixed with the crude signals result in the train 
of signals shown in line C. The large spurious signals 
between lines are then suppressed, leaving the corrected 
signal as it appears in line D. Finally, synchronizing 
signals are inserted between the lines as shown in line E. 

Fig. 7—Emitron signals. 

If, when once corrected, the shading signals remained 
constant, they would be of little consequence. Unfortu-
nately they do not, but change appreciably with distribu-
tion and intensity of light falling on the mosaic. Hence, 
the shading controls must be constantly adjusted as the 
scene changes in front of the camera and, at the lower 
limit of light levels when the amplifier gain must be 
increased, the satisfactory correction of shading becomes 
almost impossible. In fact, the lowest level of illumina-
tion at which an emitron camera will work satisfactorily 
is usually determined by uncorrected shading signals 
rather than by amplifier noise. Another important result 
of this mechanism of operation is,the fact that at no 
part of the scanning cycle is a signal generated which can 
be regarded as corresponding to the true black level of 
the picture. This is a great disadvantage, since there is 
then no absolute method of te-establishing the true black 
level of a picture after it has passed through an alternat-
ing-current system. It must be left to the arbitrary 
adjustment by some operator. 
We have seen how the unwanted signals are gener-

ated. We must now consider the true picture signals 
which are wanted. As I have explained above, each ele-
ment of the mosaic is driven strongly positive by the 
scanning beam and then gradually falls in potential un-
til the scanning beam reaches it on the next cycle. Thus, 
there is an area of the mosaic that has just been scanned 
which is about 6 volts positive relative to those ele-
ments which are about to be scanned. Hence, any photo-
electrons liberated in a narrow band across the mosaic 
in front of the scanning beam will find themselves in a 
quite strong electric field attracting them to those areas 
of the mosaic which have just been scanned. This nar-
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row band within which the photoemission is saturated is 
estimated to extend something like 1 centimeter beyond 
the last line to be scanned. Most of the photoelectrons 
liberated in this area leave the mosaic element from 
which they were liberated and consequently charge 
them positively. They are collected in a random distri-
bution on the mosaic areas that have just been scanned 
which they drive more negative in potential. Beyond the 
narrow band of mosaic from which the photoelectrons 
are completely removed, the percentage of photoelec-
trons collected will decrease with distance. Over the 
greater part of the rest of the mosaic the photoelectrons 
which are liberated by the light will fall back onto the 
mosaic at random and so will not contribute appreciably 
to the stored charges. As the scanning beam passes over 
these elements on which varying positive charges have 
been stored, they will all be driven up to a fairly con-
stant peak positive potential. Thus, at a point which 
has been exposed to light and on which positive charge 
has been stored, the potential change on being scanned 
will be less than for an element which has not been ex-
posed to light. It is, in fact, the differences in these po-
tential changes as the beam scans the mosaic that con-
stitute the picture signal. 
It will be clear from the above that the emitron oper-

ates in a manner very similar to a camera using a focal-
plane shutter, and the charges that give rise to picture 
signal are built up in a very short period of time, about 
1/250th of a second, before the scanning beam reaches 
each part of the mosaic. This explains why fast-moving 
objects appear as a succession of sharp images rather 
than as a continuous blurred image. 
This same mechanism of operation explains the low 

sensitivity of an emitron which gives only about 5 per 
cent of the sensitivity to be expected from a full storage 
tube. It will be seen that the photoelectric emission is 
used to build up charges on the mosaic only during a 
small fraction of each frame period. 
Another consequence of this mechanism is that the 

signal output is not proportional to the light input. This 
is to be expected since, as a mosaic element which is 
exposed to light becomes more positive, it tends to col-
lect secondary electrons itself. If we express the signal S 
in terms of the illumination of the mosaic I by the 
formula 

S = /7, 

we find that 7 is not greater than about 0.75. This was 
rather a lucky accident, since this reduction in contrast 
of the generated signal compensates the inevitable in-
crease in contrast which occurs when such signals are 
displayed on a normal cathode-ray receiving tube. How-
ever, when the scene to be televised lacks contrast there 
is nothing that can be done to improve its appearance 
to the viewer. 
One final curiosity which can frequently be noticed 

in an emitron picture can be explained on this theory. 
If the picture to be televised has horizontal lines that 

are emphasized, it is found that a white horizontal bar 
is followed by a black streak extending possibly half 
the width of the picture in the direction of scanning and 
vice versa. This is believed to be due to the charges on 
the mosaic that are about to be scanned influencing the 
level of the peak positive potential to which the mosaic 
elements are driven by the scanning beam. This may be 
regarded as a loss in response at the lower frequencies 
and it can be corrected to some extent by introducing a 
bass boost in the amplifier chain between 5 and 10 kc. 
The emitron tube mounted on the base of the camera 

is shown in Fig. 8. The first few stages of the amplifier 
are built into the camera chassis in order to keep the 
input capacity of the amplifier as low as possible. Also, 
the line and frame scan amplifiers are built into this 
chassis. The complete camera is shown in Fig. 9, show-
ing the objective lens and the view-finding and focusing 
lens. Such a camera will give a very satisfactory picture 

Fig. 8--Emitron tube mounted on base. 

Fig. 9—Emitron camera. 
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with about 200 foot-candles of illumination incident 
on a studio scene when the lens is at full aperture (f/3). 
However, under these conditions the depth of focus is 
very small, which imposes restrictions on the studio 
production. This can be improved only by increasing 
the light and stopping down the lens. A worthwhile 
increase in light becomes expensive and uncomfortable. 
The definition of the picture is excellent and the geo-
metrical distortion of the image practically negligible. 
However, the pictures are frequently marred by uncor-
rected shading and the absence of a definite black level. 
Moving objects do not appear to lose definition and 
very rapidly moving objects may even appear as a series 
of well-defined separate images. It is a doubtful point 
whether this is preferable to a single blurred image 
which is more nearly what is seen by the eye. 

THE SUPER-EMITRON 

I have spent a considerable time over the details of 
the theory of the emitron because it is mostly applicable 
to the super-emitron also. This type of tube was pro-
posed by Lubszynski and Rodda in 1934, was developed 
in the Electric and Musical Industries Ltd. Laborator-
ies' and was first used by the BBC for an outside broad-
cast in November, 1937. 
The tube and associated equipment are shown in Fig. 

10. The electron gun 1, scanning system 2, and target, 
are similar to those of the emitron except that in this 
tube the mosaic is not photosensitive but is a good 

Fig. 10—The super-emitron. 

emitter of secondary electrons. In place of the flat win-
dow of the emitron, a tubular extension 4, is provided 
with a flat window 5 at its end. Inside this flat window 
a sheet of transparent mica or glass is mounted, and a 
transparent conducting photocathode 6 is formed on 
that side of it which faces the target. Contact is made to 
this photocathode from a solid metal border 7 and it is 
held at about 500 volts negative relative to the metal 
coating on the tube wall, which is an extension of the 
gun second anode. A light image is formed on the photo-
cathode by the lens 8 and the photoelectrons liberated 
by the light are accelerated by the axial electric field 

towards the target. A magnetic field produced by a cur-
rent in the coil 9 brings these electrons to a focus on the 
surface of the target. Each of these photoelectrons im-
pinging on the mosaic surface of the target with an en-
ergy of about 500 electrons volts will liberate between 5 
and 10 secondary electrons. These relatively low-veloc-
ity secondary electrons play much the same role in the 
generation of picture signals as do the photoelectrons 
liberated from the mosaic of the emitron by the direct 
action of light. 
Two significant advantages have been gained in this 

tube. First, the functions of photoelectric emission and 
insulating mosaic have been separated. The photoelec-
tric sensitivity can be pushed up as high as possible 
without ruining the mosaic insulation. In fact, photo-
sensitivity of 30 to 40 µa per lumen can be reached as 
compared with 10 µa per lumen for the emitron. Sec-
ond, each photoelectron that impinges on the mosaic 
liberates at least 5 secondaries. Thus, for the same 
amount of light gathered by the objective lens the num-
ber of electrons liberated from the mosaic is between 15 
and 20 times greater in the super-emitron than in the 
emitron. Since the average energy of these secondary 
electrons is about ten times that of photoelectrons, it is 
not to be expected that the mechanism of signal gen-
eration would be the same in both tubes. In fact, notice-
able differences are observed. The super-emitron shows 
less evidence of the very short-term charge storage, 
which is so characteristic of the emitron, and more 
evidence of uniform charge storage during the whole 
frame period. This is shown by rather more blurring of 
moving objects in pictures transmitted by a super-
emitron as compared with those transmitted by an 
emitron. The increase in efficiency of the super-emitron 
over the emitron does agree fairly well- with the factor 
of 15 to 20 given above. 
Another useful feature of the super-emitron is that 

the electron image can be magnified, between the photo-
cathode and the mosaic. Thus, we usually start with an 
optical image 1 X0.8 inch and magnify it to cover a mo-
saic 5 X4 inches. Then for normal work a lens of 2-inch 
focal length and f/2 or better can be used. This lens has 
a light gathering capacity of about 25 per cent of the 
normal lens of the emitron camera, but it gives a much 
greater depth of focus. Also, telephoto lenses may be 
used conveniently and a series of lenses can be mounted 
on a rotating turret. 
Since, of the total increase in efficiency of the super-

emitron over the emitron by a factor of 15 to 20,a factor 
of 4 has been used in improving the optical conditions, 
we are left with a factor of between 4 and 5, as the in-
crease in the sensitivity of the super-emitron camera 
over the emitron camera. That is, a super-emitron cam-
era will give the same quality of picture at 40 to 50 
foot-candles as an emitron camera will give at 200 foot-
candles incident illumination. 
A practical advantage of the super-emitron is due to 

the fact that the mosaic is not photosensitive as in the 
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emitron, where the action of the electron beam slowly 
reduces the photosensitivity and so shortens the life of 
the tube. The scanning beam has no noticeable effect 
on the super-emitron mosaic and the photocathode has 
a very long life. 
In focusing the electron image onto the mosaic, the 

whole image is rotated through an angle of 20° to 30° 
about the axis of the electron lens. This is easily com-
pensated by rotating the whole tube by the same 
amount about the same axis. More important is the 
geometrical distortion introduced by aberrations in the 
electron lens, which result in peripheral points of the 
electron image being rotated slightly more than points 
nearer the center. By careful design it has been found 
possible to reduce this distortion to a tolerable magni-

. tude. 
Very efficient magnetic screening between the focus-

ing field and the scanning fields is necessary. Other-

Fig. 11--Super-emitron camera without cover. 

Fig. 12—Complete super-emitron camera. 

wise, the former will distort the scanning raster and the 
latter will cause the electron image to oscillate slightly 
on the mosaic and definition will be impaired. 
The super-emitron suffers from the same inconven-

iences due to oblique scanning and generates the same 
type of spurious signal, shading signal, and streaking. 
Also, it does not produce a signal corresponding to true 

black. 
A super-emitron camera with its cover removed is 

shown in Fig. 11. The magnetic focusing coil is easily 
visible and also the rotation of the tube to compensate 
for the rotation of the electron image. The complete 
super-emitron camera is shown in Fig. 12. Its greater 
sensitivity and adaptability to telephoto shots are of 
great value in outside broadcasts. 
A small-size super-emitron tube has recently been de-

veloped which has a very similar performance to that of 
the standard tube. Its smaller size facilitates camera de-
sign, especially in regard to the lens system, since shorter 
focal length leqses can be used to give the same angle of 
view. 

THE CPS EMITRON 

We had realized as early as 1934 that it is the uncon-
trolled secondary electrons that are responsibie for the 
spurious signals and low sensitivities of the emitron. In 
that year the late A. D. Blumlein and the author pro-
posed a method which, it was hoped, would eliminate 
these troubles.9The fundamental principle of this scheme 
was to scan the mosaic with a beam of electrons which 
have so little energy when they reach its surface that 
they liberate substantially no secondary electrons. Un-
der these conditions the mosaic must be driven negative 
until it reaches the potential of the cathode from which 
the electron beam originates. Since there are no secondary 
electrons, we argued, there can be no spurious signals 
and this has, in fact, proved to be true. Furthermore, 
since a strong field gradient is established in front of the 
mosaic which decelerates the approaching beam elec-
trons, this must also serve to saturate away from the 
mosaic all photoelectrons that are liberated by the light 
of the image. Thus, there should be full storage of the 
photoelectric charges during the whole scanning cycle, 
leading to a great improvement in efficiency, which also 
proved to be true. 
Considerable work had been done in our Laboratories 

before the war on tubes of this type and it had been 
realized by my colleague, Lubszynski, that the essential 
condition for stable operation of tubes in this manner 
is that the electron beam should fall almost normally 
onto the mosaic." That is to say, the mosaic must be 
scanned orthogonally. However it is not because of this 
feature that the name "Orthicon" has been coined, but 

A. D. Blumlein and J. D. McGee, British Patent No. 446,661; 
August 3,19  3 

'° H H. G. Ltbsz y nsk i , British Patent No. 468,965; January 15, 
1936. 
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because the signals generated are strictly proportional 
to the incident light." We prefer to call this type of tube 
by the initials"CPS" of the earlier and even more funda-
mental principle employed of "cathode potential stabil-
ization" of the mosaic. 
Pre-war tubes of this type did not prove good enough 

to displace the emitron or super-emitron, but since the 
end of the war we have returned to this line of work 
and now have a CPS•emitron with characteristics which 
I believe will interest you. An experimental camera us-
ing this tube was first used by the BBC to televise the 
royal wedding procession in November, 1947, and a 
properly engineered three-camera mobile unit was used 
for the first time in August, 1948, to televise those 
events of the Olympic Games that took place in the 
Empire Swimming Pool at Wembley, near London. 
The tube and its associated driving coils is shown dia-

grammatically in Fig. 13. The cylindrical glass tube 1, 
about 21 inches in diameter, has a narrow neck at one 
end in which a simple electron gun 2 is mounted. This 
consists of a cathode held at earth potential, a modulator 
slightly negative, and a first anode held at about +300 
volts. This latter electrode accelerates the electron beam 
and restricts it by an aperture at its center to a diameter 
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Fig. 13—Sectional diagram of CPS emitron. 

of about 0.002 inch. The electrons are projected along 
the axis of the middle section of the tube which has a 
metal coating 3 on the walls extending from the first an-
ode to slightly beyond a fine metal mesh 4. This "wall 
anode" and the metal mesh are held at the same poten-
tial, about +200 volts. On the wall near the end of the 
large diameter section of the tube is a short cylindrical 
electrode 5 known as the decelerator. It is held at approxi-
mately earth potential. This end of the tube is closed with 
a flat polished window 6 and the target 7 is mounted on 
the flat inner surface of this window. This target is simi-
lar to the emitron target. It consists of a thin sheet of trans-
parent dielectric which may be mica or glass between 
0.002 and 0.004 inch thick. The surface of this di-
electric facing towards the window is coated with a con-
ducting but transparent metal layer, the signal plate. 
Contact is made to this layer through a metal seal at the 
edge of the window from a small metal plate 8 on the 

A. Rose and H. lams! "Television pickup tubes using low-
velocity electron-beam scanning," PROC. I.R.E., vol. 27, pp. 547-554; 
September, 1939. 

front surface of the window. Here a spring makes con-
tact to the first stage of the head amplifier 9. 
The photosensitive mosaic is formed on that side of 

the dielectric which is scanned by the beam. It is 35 mm 
X44 mm in standard tubes and 20 mm X25 mm in spe-
cial purpose tubes. The mosaic is framed by an opaque 
metal border which is connected electrically to the sig-
nal plate. The optical image is focused onto this mosaic 
by the lens system 10 through the glass window, the 
transparent metal signal plate, and the dielectric. The 
light passes through the transparent elements of the 
mosaic itself to liberate photoelectrons from the side on 
which the electron beam falls. In the past, two reasons 
for the poor performance of tubes of this type were (1) 
the strong absorption of light in the signal plate and (2) 
the very poor photoelectric efficiency of the mosaics 
then used. The former loss has been reduced from 60 per 
cent to about 30 per cent while the efficiency of the mo-
saic has been increased from about 3 µa per lumen to be-
tween 12 and 15 lia per lumen. It had been known for 
ten years that the most efficient photo surface for visible 
light was a layer of antimony treated with cesium which 
is in fact used in the conducting photocathode of the 
super-emitron. It had proved impossible, however, to 
make a mosaic of this material by the usual techniques. 
This problem was solved when my colleague, Holman, 
produced extremely fine metal meshes having 1,000 
meshes per inch or one million apertures per square inch 
and a shadow ratio of as low as 30 per cent. Having 
been provided with such a mesh we are able to use it as 
a stencil to make the mosaic. It is held in close contact 
with the surface of the dielectric, while the basic an-
timony element's of the mosaic are evaporated through 
it. This gives a mosaic having about 1,750 elements in 
the line direction and 1,400 in the frame-direction, and a 
total for the whole mosaic of 2.5 million elements. Thus, 
there are over ten mosaic elements for each picture point 
of a 405-line picture. Fig. 14 shows -on the left a micro-
photograph of a small piece of this metal mesh and on 
the right a similar photograph of the mosaic elements 
formed by using it as a stencil. 

Fig. 14—Microphotographs of mesh (left) and mosaic 
(right) for the CPS emitron. 
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It is interesting to look back to the first emitron mo-  tions to this simple theory due to such effects as space 
saic made ,in our laboratories in 1932 which we made by  charge, contact potential, and lateral energies of beam 
evaporation through a mesh having 2,500 apertures per  electrons, should be added here if time permitted, but 
square inch.  they do not affect the final result much. When the beam 
I must now refer back to Fig. 13 to explain the focus-  electrons can no longer reach the mosaic they are re-

ing and scanning systems 4. The tube is surrounded  flected, accelerated towards the mesh 4, retrace their 
by a solenoid 11 which produces a fairly uniform axial  outward paths very approximately, and are captured 

magnetic field of about 50 gauss. As the electron beam  on the first anode. 
is projected along the axis of the tube each electron  If now a light image is formed on the mosaic, the 
traverses a spiral path and all return periodically to a photoelectrons liberated by the light are accelerated 
focus in the well-known manner. The axial magnetic  towards the mesh 4. The electric field is sufficient to 
field and the electric accelerating fields are so adjusted  give full saturation of the photoelectric emission. Thus, 
as to bring the electrons to a focus on the surface of  a positive charge image is constantly being built up on 
the mosaic. If the electron beam is not projected accu-  the mosaic and at each passage of the beam the mosaic 
rately parallel to the lines of force of the axial magnetic  elements are driven back to cathode potential. The 
field, the whole beam will follow a spiral path and poor  electron beam must be of sufficient intensity to dis-
focus quality will result. It is impossible to guarantee  charge completely at each scan those mosaic elements 
mechanical accuracy of the electron gun, so two pairs  exposed to the brightest parts of the image. Even in 
of saddle coils are provided, one of which is shown at 12,  these peak white areas only about 10 per cent of the 
to give a steady transverse magnetic field where the  beam current is effective in discharging mosaic ele-
beam leaves the gun. By suitable adjustment of the  ments. In praaice, a beam current of about 1 µa is used 
resultant field from these coils the beam can be de-  and the discharging current, which is the effective sig-
flected at the beginning of its path to bring it into align-  nal current, is about 0.1 µa. The residue of unused beam 
ment with the axial focusing field. Hence these coils  current returns to the electron gun. Obviously, in ab-
have become known as the "alignment coils." On the  solutely black areas of the image no beam electrons are 
long medium diameter section of the tube two more  accepted by the mosaic, all being returned to the first 
pairs of saddle coils 13 are mounted, producing trans-  anode. That is to say, true black level in the picture sig-
verse magnetic fields at right angles to one another.  nal corresponds to the state where the mosaic is receiv-
They are actuated with currents of sawtooth wave  ing no electrons from the beam. It is obvious that this is 
form, one at line frequency, the other at frame fre-  the signal level produced during the return strokes of 
quency. The maximum transverse field Hr produced by  the scanning. Thus, there is provided automatically, 
these coils is small (about 5 gauss) compared with the  when the beam is biased to zero, a signal which cor-
axial field HA (50 gauss). So the instantaneous effect of  responds to true black, even though there may be no 
this transverse field is to distort or bend the resultant  completely black area in the picture being transmitted. 
field to make a small angle 0 with the axis, where  This gives a great advantage over the older tubes in 
tan 0=Hr/HA. Outside the region enclosed by these  that however extremely the light content of the picture 
coils the magnetic lines of force again become parallel to  may vary, the black level remains rock-steady. Conse-
the axis. Provided that the distortion in the magnetic  quently all the other gradations of picture brightness 
lines of force is not too great, the spiral paths of the elec-  are truly reproduced. 
trons will be so modified that they will follow the re-  A less desirable feature of this tube, which is common 
sultant lines of force through the deflecting fields, and  to all full-storage tubes, is the fact that movement 
after leaving the deflecting fields they continue to fol-  of the image results in a blurring of the charge im-
low the lines of force which are now parallel to the tube  age and so of the reproduced picture. This loss of de-
axis. So the electron beam arrives normal to the mosaic.  finition in individual pictures is equivalent to that ob-
If, having excluded all light from the mosaic and  served in a photograph taken with 1/25th of a second 

biased off the electron beam, we gradually apply volts  exposure. However, just as in a cinematograph picture 
to the electrodes of the tube, the mosaic will remain  of moving objects, the eye is able to integrate the suc-
substantially at earth potential. If now we turn on the  cessive pictures to some extent and the total effect is 
electron beam, the electrons will enter a retarding elec-  not nearly so disturbing as would be expected from 
tric field as soon as they pass the mesh 4. Between this  examining one single fame as a "still." 
mesh and the mosaic they will be slowed down to an  The capacity of the mosaic to the signal plate has an 
energy of a few electron-volts and hence, on reaching  important bearing on this question of blurring of moving 
the mosaic surface; each electron has a very small chance  objects. If the dielectric is too thin, giving a capacity 
of liberating a secondary electron. It follows that the  that is too great, the potential changes of the mosaic 
beam will drive the mosaic more and more negative in elements will be small. Hence a small proportion of the 
potential until it has reached the potential of the ther-  beam electrons will be able to reach the mosaic elements 
mionic cathode from which the electrons originated,  and the discharge will be inefficient. In these circum-
With the scanning fields operating, the whole mosaic is stances it is quite possible for charges to remain incom-
quickly established at cathode potential. Some correc-  pletely discharged for several frame periods which shows 
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as serious blurring of moving objects and trailing after 
white objects. On the other hand, if the dielectric is too 
thick, the potentials of the mosaic elements may rise 
so high that the beam electrons have sufficient energy 
on reaching them to liberate almost one secondary elec-
tron per primary. Under these conditions the discharg-
ing is also inefficient with similar results. A compromise 
must be reached between these two extremes, and it is 
found possible to arrive at a fairly satisfactory result. 
If a large amount' of light falls on the mosaic it is 

possible for the photoemission to exceed the beam cur-
rent. The mosaic elements will then rise rapidly in po-
tential until the beam electrons can reach them with 
sufficient energy to liberate more than one secondary 
per primary. The beam then drives the mosaic elements 
still more positive, neighboring elements follow suit, and 
in a few seconds the mosaic will reach the potential of 
the wall anode. It then functions as a very bad emitron. 
This is corrected by first reducing the light to a reason-
able level and then lowering the wall anode to earth for 
a few seconds and raising it again. Earlier tubes of 
this type were very unstable in this way and required 
very careful operation. This new tube is much more 
stable for the reason that the strips of highly insulat-
ing dielectric surface that separate the mosaic elements 
do not lose photoelectrons, and hence tend to remain at 
cathode potential. They therefore exert a stabilizing in-
fluence and may even reduce or stop altogether the es-
cape of photoelectrons from those elements that have 
drifted dangerously positive. 
In general, this control action of the "grid" of strips 

of insulating surface only comes into action when the 
potential of the mosaic element has risen well above the 
normal level for peak white. Over the normal working 
range of mosaic illumination it has little effect, and the 
charges built up are proportional to the image bright-
ness; or the device has 7 =1. Since the normal cathode-
ray tube increases the contrast of the signals which mod-
ulate its beam, this results in a picture with far too much 
contrast. The highlights are too bright and the darker 
tones are too dark. If the scene to be televised is very 
"flat" and lacking in contrast (imagine, for example, a 
grey winter's afternoon) this can be a good thing, since 
a much more interesting picture is presented to the 
viewer. But, on most occasions, a much more satisfac-
tory result can be obtained by reducing the contrast of 
the picture. Thanks to the fact that this tube does give 
a definite black level to work on, my colleague White 
and his circuit experts have succeeded in doing this very 
satisfactorily. So now for the first time in the new CPS 
emitron cameras the contrast of the picture can be 
adjusted to give the most pleasing result. 

You may have noticed a mesh 4 stretched across the 
path of the electron beam. This is to eliminate a white 
spot which may appear in the center of the picture 
which is produced by gas ions. The electrons pass 
along the tube, collide with molecules of residual gas, 
and produce positive ions. In the absence of this mesh 
4, these ions drift towards the mosaic under the influence 
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of the electric field which retards electrons but acceler-
ates positive ions. The convergence of this electric field 
also tends to concentrate these ions in a diffuse spot in 
the center of the mosaic. There they build up positive 
charges which are discharged by the beam, giving a 
white signal. The mesh 4 held at the same potential as 
the wall anode cuts off the electric field which collects 
these ions from some distance back along the tube axis. 
Any ions produced between the mesh and the mosaic 
are uniformly distributed over the mosaic area and 
hence do not appear as a disturbing signal in the picture. 
The mesh 4 need not be of such fine pitch as that used 
to make the mosaic, and it is placed at an antinodc 
where the beam is spread to its greatest diameter and 

covers some hundreds of mesh apertures. Thus the 
modulation of the beam by interception of electrons on 
the mesh is negligible. 
Fig. 15 is a picture of a CPS emitron tube. This shows 

the general appearance, but unfortunately the details 
of construction are not shown. Fig. 16 gives a half-front 
view of the CPS emitron camera. I can only briefly out-
line its design. The tube with its driving coils and head 
amplifier is mounted rigidly on a platform which can be 
racked back and forth on a very accurate "tramway," 
so the lenses are fixed and focusing is done by moving 

Fig. 15—The CPS emitron tube. 

Fig. 16—CPS emitron camera (front view). 
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the tube. Two interchangeable lens turrets are provided, 
one having lenses 2.5-, 4-, and 6-inch focal length, all of 
maximum aperture f/1.9; the other having lenses of 
focal lengths 6-, 12-, and 17-inch and maximum aperture 

f/4.5. 
Thus a range of angles of view from 5.5° to 40° is 

provided. A modified tube can now be provided with a 
smaller mosaic which gives an angle of view of 3 inches 
with the 17-inch telephoto lens. The iris diaphragms of 
the three lenses on each turret are ganged together and 
can be operated by a handle at the back of the camera. 
Thus all lenses are set at the same f number, so that when 
the turret is rotated the picture always comes up at the 
same signal strength. The turrets can be interchanged 
in a few minutes—if necessary, during a broadcast. 
Fig. 17 shows a half-back view of the camera. At the 

side is the focusing handle and just below the viewing 
mask can be seen a large lever for rotating the turret 
and a smaller concentric lever for controlling the iris 

Fig. 17—CPS emitron camera (back-view). 

Fig. 18—Interior of CPS emitron control van. 
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diaphragm. An electronic view finder is built into the 
camera and is observed by the operator through the 
mask which is seen on the back of the camera. This view 
finder is a small cathode-ray-tube television receiver on 
which the picture signals being generated by the camera 
are displayed. Thus it enables the operator to view-find 
and focus without an independent optical system. 
In Fig. 18 the interior of the mobile control van is il-

lustrated. Four similar units can be seen. Of the three 
on the right, each controls one of the three cameras that 
can be operated simultaneously. One operator controls 
each camera channel and is responsible for maintaining 
a satisfactory picture on his monitor. The fourth unit 
on the extreme left is the fading and mixing unit on 
which the picture from any camera can be selected for 
transmission. Above the four main units is the radio 
monitor where the picture as seen by the home viewer 
is displayed. 

CONCLUSION 

I would now-like to summarize as far as I am able the 
relative merits of the television pickup tubes that have 
been described. 
The quality of a television service depends on a large 

number of more or less independent features of the pick-
up tube that is used. The ten most important features 

are as follows: 
1. Sensitivity and the closely related depth of focus. 
2. Picture definition. 
3. Picture geometry. 
4. Prevalence of background blemishes. 
5. Color response. 
6. Spurious signals. 
7. Stability to variations in light. 
8. Picture tone gradation. 
9. Effect on picture of movement. 
10. Life of the tube. 

I will now try to give an estimate of the performance 
of the three tubes, emitron, super-emitron, and CPS 
emitron in respect of each of these ten characteristics. 

1. Sensitivity 

The emitron has low sensitivity requiring about 200 
foot-candles of illumination incident on the scene, and 
even then has very small depth of focus. The super-
emitron has moderate sensitivity requiring about 50 
foot-candles but has good depth of focus even with the 
lens at full aperture. The CPS emitron has still better 
sensitivity, requiring about 10 foot-candles, and also has 
good depth of focus at full aperture. Under reasonable 
illumination the lens can be stopped down and great 
depth of focus obtained. Even at much lower illumina-
tion a reasonable picture can be obtained, for though the 
signal-to-noise ratio becomes worse, the picture is not 
vitiated by uncontrollable and variable shading. It 
makes possible direct transmissions from locations 
where extra lighting is impracticable or impossible, e.g., 
theatres, public functions, and the like. 
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2. Picture Definition 

All three tubes are very good for 405-line pictures, 
but the super-emitron is somewhat better than the emi-
tron, and the CPS emitron is the best of the three. The 
limiting resolutions obtainable are as follows: 

Emitron 
Super-emitron 
CPS emitron 

800 lines 
1,000 lines 
1,250 lines. 

The definition of the latter is more uniform over the 
whole picture than either of the other tubes. 

3. Picture Geometry 

The emitron is excellent, the super-emitron is the 
worst, being prone to spiral distortion, while the CPS 
emitron is about as good as the emitron. 

4. Background 

All tubes can be made with very clean backgrounds 
and there is little to choose between them in this respect, 
although extreme care is necessary in manufacture. 

5. Color Response 

The response of the emitron to colors is very close to 
the response of the human eye with a little more re-
sponse to the red and infrared than is desirable. How-
ever, very light make-up is all that is necessary. The 
super-emitron and CPS emitron have the same response 
and are rather less sensitive to red than the eye. They 
have no response to the infrared. There is little to choose 
between the tubes on this score. 

6. Spurious Signals 

Strong and variable spurious signals are produced by 
the emitron and super-emitron which require continual 
correction. The bad effects due to them are seldom 
completely eliminated and they become serious at low 
light levels. The CPS emitron has no spurious signals 
that affect the viewer. 

7. Stability to Light Variations 

The emitron and super-emitron are completely stable 
to light, though to get the best results the amount of 
light falling on the photosurface must be adjusted. The 
CPS emitron is fairly stable and will cope with most 
light variations met with in practice. To get the best 
results, the amount of light falling on the mosaic must 
be kept within a range of 4 to 1 by adjustment of the 
iris diaphragm. Excessive light can destabilize the mo-
saic and put the tube out of operation for a few seconds. 

8. Picture Tone Gradation 

The emitron and super-emitron give low contrast pic-
tures which are a good average compromise for most 
cases. However, their contrast is fixed and nothing can 
be done to alter it, since there is no fixed black level in 
the picture signal. For this reason also, the general level 
of a transmitted picture depends on the manual adjust-

June 

ment of an operator, who may not even see the actual 
scene being televised. It is therefore quite arbitrary. 
Furthermore, the uncorrected shading results in some 
fogging of the dark areas of the picture. The CPS emi-
tron gives very true blacks and, whatever the distribu-
tion of light and shade in the picture, the reproduction is 
accurate. The gradation between black and white is ex-
cellent and is not vitiated by uncorrected shading. The 
signal output is proportional to light input which gives 
too high a contrast law for general use. However, since 
the black level is fixed, control can be applied success-
fully, and the contrast of the transmitted picture can be 
adjusted to optimum. 

9. Effect on Definition of Movement in the Picture 

Emitron pictures of normal movement remain very 
sharp, equivalent to an exposure time of 1/250 second, 
but very rapidly moving objects appear as a succession 
of separate images which sometimes leads to curious 
results. The super-emitron gives pictures which are not 
so sharp, some blurring being noticeable in cases of rapid 
movement equivalent to an exposure time of, say, 1/100 
second. The CPS emitron gives pictures at best corre-
sponding to the equivalent of 1/25 second exposure, and 
so some loss of definition of rapidly moving objects is 
noticeable. 

10. Life 

The emitron has a relatively short life of around 100 
hours. The super-emitron has a long life—probably be-
tween 500 and 1,000 hours. The CPS Emitron has not 
yet had sufficient use to be certain on this point but 
some tubes have already done 200 to 300 hours of opera-
tion without any serious deterioration occurring, so I 
believe the prospect for a long life is good. 
You will see from this brief summary that there is as 

yet no perfect television pickup tube. I leave it to you 
to give marks and to add up the score. In the end the 
question of what is, and what is not, a good television 
picture is to some extent subjective, and people are in-
fluenced by what they have become accustomed to. 
The only final test is a long series of broadcasts ranging 
over a wide variety of subjects. The virtues and vices 
of the emitron and super-emitron are well known. The 
CPS emitron has had, as yet, only one serious test—the 
Olympic events from the Empire Pool at Wembley. It 
is generally agreed, I think, that it survived this severe 
test with flying colors. 

ACKNOWLEDGMENTS 

I wish to thank Sir Ernest Fisk, I. Shoenberg aid 
G. E. Condliffe, and the Directors of Electrical aild 
Musical Industries, Ltd. Research Laboratories, Inc., 
for permission to present this paper to you; my col-
leagues of Electrical and Musical Industries, Ltd., who 
have done so much of the work, and last but not least 
my friend, J. Briton, who I am sure will have helped to 
make this cold meal considerably more palatable. 



1950 PROCEEDINGS OF THE I.R.E. 609 

Who Is the True Inventor?* 
I. E. MOUROMTSEFFt, FELLOW, IRE 

THE QUESTION, "who is the true in-
ventor," is often asked about many 
modern inventions and, perhaps more 

often, about those cases which have already 
became past history. At first, this rather 
ideological question seems to be superfluous, 
if not ridiculous. Indeed, is it not the duty 
of the law, before a patent can be granted, to 
find out the whole truth about the inven-
tion? Or to restore the truth, if some error 
has crept into the original procedure? Large 

•  sums of money are sometimes spent on law 
suits in an effort to establish the "true" 
inventor. 
And yet, one can hardly think of a single 

important invention for which the full 
credit would be unequivocally given by vox 
populi—and off the record, even by experts 
—to a single person, or to the same person. 
Moreover, the favored person is by far not 
always the official patentee. A good illustra-
tion of this apparently strange phenomenon 
is the case of radio. 
Up to the most recent time, the average 

American and Western European, if asked, 
who invented radio, would unhesitatingly 
answer: "Of course, Guglielmo Marconi." 
However, to the confusion of many during 
the last few recent years, the idea was re-
peatedly advanced by the Soviet press and 
radio that the true inventor of radio was not 
Marconi but a Russian professor, Alexandre 
Popov.' The evidence given in support of 
this claim has apparently not been heeded by 
the Westerners, as to the mat majority 
Marconi still remains the inventor of radio; 
yet some people begin to wonder if it was 
really so. This controversy was conspicu-
ously reflected in the fact that the fiftieth 
anniversary of radio was solemnly observed 
in Moscow on May 7, 1945, while the West-
ern world celebrated it by an International 
Marconi Radio Congress in the fall of 
1947. 
Those, who are acquainted with the 

history of scientific events preceding the 
advent of radio, know that Marconi and 
Popov are not the only names connected 
with it. Nearly a dozen other names of 
renown have been suggested by various 
authors, each one favoring his own hero as 
being the most important contributor in 
originating radio. 
Such lack of consensus amounting to an 

ideological controversy is not new in the 
history of science and engineering. Thus, for 
example, in 1676, bitter arguments were ex-
changed between Leibnitz and Newton and 
their friends as to who was the true inventor 
of calculus, the basis of modern mathe-

• Decimal classification: R.015. Original manu-
script received by the Institute, December 27,1949. 

Upsala College, East Orange, N. J. 
A. S. Popov. 1859-1905. Professor of Physics in 

Navy Torpedo School. Cronstadt, 1884-1901, and in 
St. Petersbourg Electrical Institute (also, its elected 
President). 1901-1905. 

"Some men are born great, 
Some achieve greatness, and 
Some have greatness thrust upon them." 

Shakespeare ("Twelfth Night") 

matics.3 The arguments continued for many 
years and were accompanied by outright 
accusations of plagiarism. But even now 
the case remains unsettled. 
About the middle of the nineteenth cen-

tury, the discovery of the classical law of 
Conservation of Energy aroused a heated 
discussion among the supporters of James 
Prescott Joule, of Hermann Helmholtz and 
of Robert Mayer. Yet, even now, there is 
no full accord on the subject among scien-
tific authors.3 
Many more examples to the same point 

could be quoted from the history of science. 
It is enough to compare textbooks by differ-
ent authors and books published in different 
countries in order to see a flagrant lack 
of agreement in evaluating the merits' of 
various contributors to scientific advance-
ment. 
If, then, lack of harmonious judgment is 

a common occurrence in the domain of pure 
science, where untainted truth should be 
paramount, can one wonder that there is no 
general agreement in regard to those in-
ventions which arouse the curiosity and 
admiration of the general public who do not 
know their true history. Steamboats, electro-
magnetic telegraph, telephone, electric light, 
movies, radio, radio broadcasting, television, 
radar, and others,—practically all inven-
tions of the industrial age have a multiplicity 
of names attached to each of them. Many of 
them have the 'true inventors" in several 
countries with memorial plaques adorning 
the walls of their birthplace. Some countries 
count two or more "true inventors" of the 
same device within their own boundaries. In 
fact, there is hardly a single invention with a 
single "true" inventor. What is the cause of 
this confusion? 
The main fallacy of all such contro-

versies, scientific or otherwise, undoubtedly 
lies in the attempt of the disputing parties 
to offer an absolute answer. Indeed, under 
the term "true" inventor or discoverer one 
tacitly understands a benefactor of human-
ity such that, had he not been born, the 
particular invention or discovery would 
have never seen daylight. Yet, the whole 
history of science, pure and applied, clearly 
shows that there are no such indispensable 
men. The very fact that several names are 
usually attached to many significant dis-
coveries proves the incorrectness of such an 
assumption. Of course, in each case, the 
relative importance and merits of individual 
contributors may and usually do differ in 
value. 
In an attempt to establish a criterion for 

W. W. R. Ball, 'A Short History of Mathe-
matics,' Macmillan and Co., New York, N. Y., pp. 
362-367; 1893. 
.I I. E. Mouromtseff, 'Of what value is history?" 
Eke. Egg., vol. 68. pp. 945-948; November, 1949. 

ascertaining the true role of different con-
tributors to human progress, we must make 
it clear to ourselves as to what factors are 
usually involved in making great inventions 
and discoveries. This subject is often 
touched upon in biographies of great men, 
in books on history and philosophy of 
science, etc., but usually no definite or uni-
formly general solution is given. First, one 
may ask a natural question: Why is it that 
from the multitude of students of science 
and engineering only an extremely few 
succeed in enriching humanity with really 
outstanding novel ideas and revolutionary 
inventions. 
It seems that a satisfactory answer to 

this query can be found by postulating the 
following working hypothesis. Let us imagine, 
as Plato did, that all kinds of general ideas, 
when time is ripe, are found, so to say, 
"floating in the air." How they get there is 
immaterial to our present thesis. As general 
progress marches on, humanity reaches 
different levels of intellectual and spiritual 
maturity, at which it becomes capable of 
assimilating certain ideas heretofore unre-
vealed to it, or revealed and long forgotten. 
In this general evolutionary movement a 
few individuals, pioneers of the spirit, be-
come attuned earlier than others to some of 
these ideas, more readily respond to them 
and perceive their manifestation in ob-
servable phenomena, while other people 
pass them by without noticing them. His-
tory shows that, in addition to some other 
necessary qualities, the conditio sine qua 
non (the condition without which the matter 
cannot be) for such an ability to perceive 
and to discover seems to be a spirit full of 
interest and devotion to the subject and the 
absence of prejudices. These people become 
channels through which humanity as a whole 
receives new ideas. They are those who are 
born great. 
The postulated hypothesis is not mo.e 

arbitrary than Newton's force of gravity 
jumping over the space separating material 
bodies;4 or Huyghens' luminiferous ether ;*or 
relativistic independence of velocity of 
light of the observer's motion. Similar to 
other practical hypotheses this one permits 
a convenient explanation of several observ-
able facts about the subject—discoveries 
and inventions. 
In the first place, it explains why many a 

discovery was often made by several in-
dividuals located in different quarters of the 
world and knowing nothing about each 
other's work. The postulated phenomenon 
is not unlike the reception of a broadcast 

'Evidence is available that Newton himself 
viewed this idea absurd and Incompatible with com-
mon sense. 

Huyghena' ether wasendowed with contradictory 
properties of a perfect elastic solid and of a perfect 
fluid. 
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message by several independent, properly 
tuned receiving stations. Acceptance of this 
hypothesis immediately suggests the futility 
of looking for a single "true" inventor to the 
exclusion of all others. It should also suggest 
the fallacy, in many cases, of mutual ac-
cusation of plagiarism. 
Indeed, even the bare fact of an earlier 

publication of a new idea by one of the dis-
coverers, or an earlier patent application not 
always can be taken as the undisputable 
proof of the lack of authenticity with some 
other contributor. Even right now, with all 
modern means of exchange of information, 
very few individuals, if any, can claim that 
they are perfectly well informed about the 
recent achievements made in their fields in 
foreign countries. A lag of one or two, or even 
more years is quite common. Language 
barriers naturally augment the difficulties. 
As an interesting illustration, the case of 
Oliver Lodge can be given. As is known, this 
eminent British scientist was working in the 
same direction as Heinrich Hertz, that is, on 
the path to discovery of electromagnetic 
waves. In a public lecture in July, 1888, 
Oliver Lodge demonstrated to the audience 
standing electric waves on wires and in air, 
he thought, discovered by him. He was 
genuinely disappointed when, shortly after, 
he learned about the ingenious and more 
complete work of Hertz on the same sub-
ject, eight months before his lecture.' 
The postulated hypothesis also makes 

comprehensible why in the achievements of 
pioneers—the original discoverers, explorers, 
great inventors—there always is a pro-
nounced element of what may be called 
intuition or inspiration, or simply a mental 
jump into unknown and unexplored do-
mains not governed by laws of logic. Logic 
comes into the picture later on after the dis-
covery is made, when the discoverer (or the 
inventor) himself, or other persons begin to 
accumulate new facts and to arrange them 
in logical harmony with the previous knowl-
edge into a new theory. One commonly calls 
this period of logical activity the development 
stlge. 
A new idea often comes to the discoverer 

like a flash of lightning, apparently un-
warranted, often in the most inappropriate 
circumstances (e.g., Archimedes in the bath 
tub). At that moment, the discoverer may 
not even be in a position to prove the sound-
ness of his idea, theoretically; he simply 
knows it is true; he senses it. 
Many an author bears witness to such 

spontaneity and absence of logical assured-
ness in the truth of his discovery. Thus, it 
took Newton almost twenty years to prove 
in detail the soundness of his law of Uni-
versal Gravitation? It took natural phi-
losophers more than a hundred years to 
prove the correctness of Huyghens' inspired 
idea of undulatory theory of light. Robert 
Mayer in his diary plainly states that the 
idea of Conservation of Energy flashed 
through his head as lightning when he was 

Oliver Lodge. 'On the theory of lightning con-
ductors," Phil. Mae.. vol. XXVI, pp. 217-230; 
August. 1888; especially the postscript. 

7 William Cecil Dampier Dampier- Whetham." A 
History of Science," Macmillan Co.. New York. N. Y., 
pp. 167-168; 1929. 

performing a bleeding operation on a sailor 
at Java." 
The idea of inspirational discoveries 

versus logical development (Edison's "in-
spiration vs. perspiration")  is strongly 
emphasized  by  the  most  outstanding 
French mathematician, Henri Poincare, in 
his excellent essay, "Mathematical Crea-
tion." It is even said that he often made 
public his mathematical discoveries without 
their logical proofs and had to supply these 
on his friends' insistence." 
One may rematk that with different 

authors the term inspiration used in this 
article acquires different names, e.g., in-
tuition, spontaneous revelation, subcon-
scious mind, supersensory perception, hunch, 
accident, good luck, and what not. However, 
in every case it definitely means the same: 
a mental jump into the realm of new ideas, 
unaided by logic. The legal domain of logic 
is only the past with respect to the ever 
moving present." In the distinctive role of 
inspiration versus logic lies also the as-
surance that no inventing machine can ever 
be designed to replace the human mind. 
Also, in defiance of the popular scientific 
illustration of the significance of probability, 
humanity will always need for creative 
work  the  Shakespeares,  Goethes,  and 
Tolstoys with their quills, not "the army of 
monkeys strumming on typewriters."" 
The dominant role of inspiration in 

bringing about novel ideas explains the 
known fact that sometimes great contribu-
tions to science, pure and applied, were 
made by amateurs, men with no conven-
tional schooling, or by men trained in an 
entirely different art. Enough to mention 
Benjamin Thomson of Boston (Count Rum-
ford), Sir Humphry Davy, Faraday, Joule, 
Robert Mayer,' Pasteur, and pleiads of 
great inventors, such as Samuel Morse, 
Peter Cooper, Alexander Graham Bell, 
George  Westinghouse,  Thomas  Edison, 
Marconi, etc. One cannot teach the art of 
great discoveries or great inventions." 
In this light, logic may even exert an 

impeding effect. Indeed, one may observe 
that a majority of revolutionary discoveries 
even by the greatest scientists were made 
preeminently in their prime, or at least 
during the first half of their manhood, when 
the ingrained habits of logical thinking were 
not yet restricting the flight of their inspira-
tion. A shining example of this was Newton 
himself. Practically all his great ideas were 

Wilhelm Ostvrald,  'Grosse Manner.' Akad 
Verlagsgesellschaft m.b.H., Third and Fourth Ed., p. 
65; 1910. 

Poincare says: "The ideas come to me with the 
same characteristics of brevity, suddenness and im-
mediate certainty." 
io W. W. R. Bell. 'A Short History of Mathe-

matics." Macmillan Co., pp. 536-537; 1893; Quota-
tion from Poincare's biography by Gaston Darboux, 
his fellow mathematician. 
" 'Heisenberg has recently pointed out that the 

principle of uncertainty implies that the past may be 
completely deduced from the present, but the future 
cannot." J. G. Crowther, 'Men of Science." W. W. 
Norton and Co., Inc., New York. N. Y., p. 325; 
1936. 

73  Emil Sorel, "Le hasard." Librairie Felix Alcan. 
Paris, Second Ed.. p.164; 1914. 
A. S. Eddington. 'The Nature of the Physical 

World." Macmillan Co.. New York, N.Y., p. 164; 1929. 
14 "Rides of discovery. The first rule of discovery is 

to have brains and good luck. The second rule of dis-
covery is to sit tight and wait till you get a bright 
idea." (G. Polya, "How to Solve It?' Princeton I ni-
versity Press, p. 158; 1948.) 

conceived by him at the age of 23, when he 
retired to his farm, Woolsthorpe, during the 
great plague of 1665-1666." The rest of his 
life he was busy with the logical elaboration 
of his ideas; often, he did it reluctantly, 
urged by his friends and admirers." 
The "odder" a novel idea, the greater 

may be its potential value. Thus, Faraday's 
revolutionary concept of "lines of force" 
was simply repulsive to the great mathe-
matical physicists of his time. Many of 
them used all their mathematical skill to 
circumvent Faraday's explanation of elec-
tromagnetic induction as an effect of lines of 
force propagating through space." It took 
another genius, James Clark Maxwell, to 
grasp and assimilate Faraday's ideas and to 
unfold them into a great logical system 
known as "Maxwell's theory" of electro-
magnetism. Again, when Marconi started 
his first experiments on wireless transmission 
across the ocean, his intent appeared odd, 
even ridiculous to those whose strictly logical 
minds could not conceive how radio waves— 
in everything but their length similar to light 
waves—could go around the earth's curva-
ture. Therefore, the first news of Marconi's 
success (December 14, 1901) was met by 
many a good scientist with great scep-
ticism." Logical justification of this un-
predicted phenomenon took almost a quarter 
of a century. 
Admitting the fact of illogical inspiration 

by no means deprives logic of its great value 
in bringing discoveries and inventions down 
to earth and in interpreting them to man-
kind at large. Just the opposite, if not sub-
stantiated by a subsequent logical analysis 
and proper development, any novel idea, no 
matter how good, may be rendered futile; if 
unheeded, it may go back into oblivion. 
Such actually was the fate of the atomic 
theory of Lucretius. This also happened to 
the amazing ideas of Roger Bacon.' Again, 
lack of logical support postponed the advent 
of bacteriology and its medical implications 
by two centuries. Indeed, John Astruc, 
physician to Louis XIV, speaks with con-
tempt and indignation of the "visionary 
imagination" of some of his contemporaries 
(he exposes their names) who believed that 
various contagious diseases were caused by 
"numerous schools of little, nimble, brisk 
invisible things of a very prolific nature 
which, once admitted (to the blood), increase 
and multiply in abundance . . . and occasion 
all symptoms of diseases."'" 
In order to emphasize the importance of 

logical development, we may conjecture, for 

14 In a memorandum in Newton's handwriting, 
preserved at the University of Cambridge. Newton 
speaks reminiscently of his past important work: 
"... All this was in the two plague years of 1665 and 
1666, for in those days I was in the prime of my age 
for invention, and minded Mathematics and Philoso-
phy more that any time since.... • (William Cecil 
Dampier Dampier- Whetham. "A History of Science." 
Macmillan Co.. New York, N. Y., p. 165; 1929.) 

LI W m. Cecil Dampier Dampier- Whetham. 'A 
History of Science," The Macmillan Co.. New York, 
N. Y., p. 176; 1929. 

" Ja mes Clark Maxwell. •A Treatise on Electricity 
and Magnetism," Vol. II, Third Ed.. Oxford Univ. 
Press. London: Humphry Milford, (First Ed.) 1872, 
(3rd Ed.). pp. 486-492; 1893. 

27  Oliver Lodge. 'Talks about Radio,' George H. 
Doran Co., New York. N. Y. p. 61; 1925. 
"Howard W. Haggard,  "Devils. Drugs and 

Doctors." Harper and Brothers. New York, N. Y.. p. 
247; 1929. 
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example, that without Maxwell's supreme 
mathematical logic, Faraday's inspirational 
ideas of gradual propagation of electromag-
netic disturbances through space and time 
could have lapsed into oblivion, or their full 
development would have been postponed by 
some period of time. 
The great logical contributors are those 

who achieve greatness through their endeavor, 
knowledge, and skill. 
It may be remarked that inspiration is 

necessary not only for discovery of novel 
basic ideas but also is needed at various 
stages of their logical development. It is 
needed each time the trodden path of logic 
comes to a dead end in solving even minor 
problems. The apparently simple idea of 
drilling a hole may come through inspira-
tion. Thus, rows of holes along the edges of a 
movie film conceived by LePrince in 1890,19 
actually saved movies from being a failure 
at their very inception. 
The outlined hypothesis and its in-

ferences, once accepted, surely can help one 
more easily to untangle the existing am-
biguities, discrepancies, and outright errors 
in historical information as often given in 
textbooks on science, historical essays and 
in so-called historical movies. However, 
even with the most sincere desire to give 
full justice to various contributors to human 
progress, it often proves difficult to escape 
the influence of certain biases. One of them 
is the "legal" bias. 
The legal viewpoint is of course involved 

through the patents pertaining to the basic 
idea under consideration. As already stated, 
the legal criteria of the true inventor do not 
always coincide with the common under-
standing of justice. To begin with, patent 
laws are different in different countries: this 
immediately renders the legal truth multi-
faced. Furthermore, from the legal view-
point a bare idea—no matter how brilliant 
—cannot be subject to a patent; it should be 
embodied in a useful device. Thus1 for ex-
ample, the law would refuse to view Sir 
William Crookes as the originator of radio, 
although he was actually the first to go on 
record in 189r° with the idea of utilizing the 
then recently discovered electric waves for 
practical communication. On the other 

Is Roger Burlington, 'Inventors Behind the Inven-
tions.' Harcourt. Brace and Co., New York, N. Y.. 
p. 147; 1947. 

Sir William Crooke,. "Some possibilities of 
electricity,' Fortnightly Rev.. vol. 57, pp. 122-181; 
February, 1892. 

hand, if a "legal" inventor, inspired by some 
one else's idea, made it serviceable to man-
kind through his skill and ingenuity, one 
must certainly admit that he contributed to 
human progress more than he who had con-
ceived a wondrous idea but "hid it under a 
bushel. "21.22  The relative merits of all persons 
involved should be judged in each individual 
case according to the fruits of their deeds, 
either directly or by inspiring other people. 
No general rule can be given for this. 
In addition to the legal bias, the correct 

pronouncement about a certain invention 
or a certain discovery is not infrequently in-
fluenced by what one may call, "human re-
lation" factors. These are: personal friend-
ship, business connections, commercial and 
industrial interests of organizations to which 
the inventor belongs or belonged even in the 
remote past—all of these tend to exaggerate 
his merits unduly and to minimize the 
virtues of competitors. In evaluation of in-
dividual inventors and scientists, such one-
sided publicity is to be discounted. 
Undoubtedly, the most damaging to 

truth in general picture of human progress 
seem to be national prejudices. Because of 
these, young generations are educated in tile 
habit of disregarding contribution to prog-
ress by other nationals and of greatly ex-
aggerating the merits of their own lands-
men.3 Why, for example, is the well-known 
Boyle's law of isothermal expansion of gases 
not called Boyle-Mariotte's law? Mariotte, 
a Frenchman, discovered the same law quite 
independently of Boyle, although he did it 
several years later. Yet, it was Mariotte who 
first realized the prime importance of this 
law and immediately applied it to the cal-
culation of the distribution of atmospheric 
pressure, while the same law, probably con-
sidered unimportant, was not even included 
in the first publication of Boyle's work.0 
Again, why should the author of a text-

book on physics in the chapter on light con-
vey to the students the idea that velocity of 
light was first measured by Michelson? The 
names of the previous workers in this realm, 

A good example of this is represented by the 
discovery of 'Edison Effect." After a feeble attempt to 
commercialize this phenomenon, Th. Edison com-
pletely forgot about it. It took 0. W. Richardson, A. 
Weimelt, J. A. Fleming, and Lee DeForest to investi-
gate the phenomenon scientifically and to put it to 
work.", 
" Clay H. Sharp, 'Edison effect and its modern 

applications." Proc. AIEE, vol. 41, p. 69; 1922. 
U Philip Lenard, "Great Men of Science." Mac-

millan Co., New York. N. Y.. pp. 63-64; 1925. 

Roemer, Bradley, Fizeau, and Foucault, are 
not even mentioned. Michelson contributed 
enough to science not to live on borrowed 
glory. 
Such "why's" could be extended over 

many pages. There are indeed numberless 
cases in which greatness is thrust upon certain 
men while it is deliberately taken away from 
the others. It is not infrequently thrust upon 
those who themselves have already achieved 
greatness or were born great. (Edison and 
Einstein are good examples.) Why should not 
science be completely impartial in the matter 
of recognition of the merits of its great men 
without regard to their nationalities? Only 
mutual respect and justice may some day 
become a solid basis of pax per cultura 
(peace through culture), the dream of many 
scientists. Why should not Alexandre Popov 
and Guglielmo Marconi be given justice and 
honor, each according to his specific merits, 
without trying to disparage the other? 
The factual material and official records 

of the dawn of the "wireless," historical 
literature, also the vast evidence produced 
by friends and admirers on both sides—all 
corroborate that Marconi and Popov ar-
rived at the solution of practical wireless 
communication independently and, broadly 
speaking, simultaneously. Both inventors 
started their work in this direction during 
1895. In that year Marconi developed his 
first apparatus and experimented at his 
father's farm near Bologna, Italy. Popov 
demonstrated to Russian scientists his 
thunderstorm recording station; this later on 
became his first radio receiving station. After 
further development, both inventors were 
able to demonstrate, in 1897, practical com-
munication over distances of several miles, 
Marconi in England and Italy, Popov in 
Russia. It is hardly possible to establish 
with certainty on which particular day either 
inventor conceived his final idea of wireless 
communication. Is it, however, necessary? 
Is it necessary in a matter of such great 
cultural importance to apply horse-race logic 
in which a split-second may mean a total 
gain or a total loss? From all evidence it is 
clear that Russia learned about wireless and 
obtained it in practical form through the 
knowledge and ingenuity of the sedate sci-
entist professor Popov; the Western world 
unquestionably received all that through 
the energy and ingenuity of the young 
Marconi, and his unabatable faith in the 
great future of radio. 
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A Source of Error in Radio Phase Measuring Systems* 
ROSS BATEMANt, ASSOCIATE, IRE, E. F. FLORMANt, 

ASSOCIATE, IRE, AND A. TAITt 

Summary—A source of error in radio navigation or distance-
measuring systems involving the measurement of phase is discussed. 
Experimental evidence is given showing the effect of certain reradiat-
ing structures on the accuracy of such phase measurements. 

ASOURCE of error in radio-navigation and dis-
tance-measuring systems involving measure-
ments of phase has been observed during the 

course of field calibration of an experimental system de-
signed to measure the phase difference of radio-fre-
quency fields as received at two widely spaced antennas. 
As far as is known, this type of error has not previously 
been reported in the literature. 
Fig. 1 shows a simplified block diagram of the experi-

mental system which consisted of two radio receivers 
spaced about 2.4 miles apart and a "local oscillator" and 

R EC.  TRANS.' REC. 

Fig. 1—Block diagram of low-frequency phase-. 
measuring system. 

phase-measuring unit located approximately midway 
between the two receivers. The audio-frequency beat 
voltages obtained at the receivers by the combination 
of the signals from the local oscillator and a remote 
mobile transmitter were relayed to the phase measuring 
unit over vhf FM links. A measurement of the variation 
of the phase difference of the fields produced at the two 
receivers by the distant mobile transmitter could then 
be made conveniently by comparing the phase between 
the two audio-frequency beat signals as received over 
the vhf link at the central phase-measuring unit. 
Referring to Fig. 2, if the mobile transmitter is carried 

halfway around the system from Pi to P2 via any path, 
the total change in the indicated phase difference should 
be 47rD/X radians, where D=distance between receiv-
ers, X =wavelength in same units as D. 
If the mobile transmitter travels completely around 

the system returning to position P1, the total change in 
phase difference should be zero. 
During several tests on a frequency of 300 kc, it was 

found that when the mobile transmitter traversed cer-
tain particular paths in the vicinity of re-radiating 

Decimal classification: R246. Original manuscript received by 
the Institute, June 30, 1949; revised manuscript received, November 
18, 1949. 
1' Central Radio Propagation Laboratory, National Bureau of 

Standards, Washington, D. C. 

180' 
t,;1360'  

so* 
r 36 cr--0. lee 
360.- 4   

ct  180' 
/7.." 36 

6,  36 
ffj 
t, 360*  
I, lee 
o 360'   

18e -**/ 40. 8  12cf lett zoo°24cf 2Eid' 3204<36d 
O   AZIMUTH 

(b) 

Fig. 2—(a) Plan of low-frequency phase-differential measuring sys-
tem and path traversed by mobile transmitter around the system. 
(b) Phase-differential versus position of mobile transmitter. 

structures, such as power lines or telephone lines, the 
total indicated phase change differed from the expected 
result by 2rN radians, where N is an integer. Fig. 2(b) 
shows a plot of. the phase change measured by the sys-
tem as the mobile transmitter traversed the path shown 
in Fig. 2(a). For comparison, the calculated change in 
phase differential is also plotted for the path shown in 
Fig. 2(a). Inspection of these results shows that the 
measured differential phase change over the path P1 to 
P2 was approximately 2,390 degrees, while the calcu-
lated value was 2,784 degrees; furthermore, a net phase 
loss of 720 degrees was encountered in making a com-
plete circuit around the system. It was noted during the 
tests that the sections along the path where rapid 
changes in phase were observed usually occurred in the 
neighborhood of power and telephone lines. Further 
tests resulted in the localizing of a relatively small 
region in which the mobile transmitter could be carried 
around a closed path, with the result that the indicated 
phase at the completion of the trip differed by 27r 
radians from the value indicated at the start. 
Fig. 3 shows a section of the path shown in Fig. 2(a) 

and also a plot of the phase differential measured as the 
mobile transmitter was carried around this section 
(C-B-D). These results show a change of 360 degrees of 
phase differential for one traverse of the mobile trans-
mitter around the closed path. 
An analysis indicated that this type of error could oc-

cur under certain conditions when the field produced at 
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one of the receivers by re-radiation from a parasite is of 
the same order of magnitude as that produced by the 
mobile transmitting antenna. In particular, it was 
found, both theoretically and experimentally, that the 
phase of the field at a distant receiver would change by 
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Fig. 3—Plot of phase-differential measured by system, versus position 
of mobile transmitter over path C-B-D. 

PAO,ASITIC 
ANT\ENNA 

Fig. 4—Loci of driven-antenna position in the region of a parasite for 
constant phase of the resultant field at a distant receiver. 
Note: The driven antenna and the parasite antenna are each  X 

360 degrees if a mobile transmitter employing a IX ver-
tical antenna was carried around certain closed paths 
in the vicinity of a grounded IX vertical parasite with 
its self-reactance approximately tuned out. Fig. 4 pre-
sents curves showing calculated variations in the phase 
of the field at a remote receiver produced by a mobile 

=- tan-1 
LI EPI sin 1180° + ODP 

impedance for the various spacings between the trans-
mitting and parasite antennas were based on the as-
sumption that infinitely thin conductors were em-
ployed.0 
The calculated curves of Fig. 4 were based on the fol-

lowing derived equations: 

360d 
= [I EPI  +I EDI /  COS la — Al] 

360s 

/ X 
(1) 

where, 
= Resultant field intensity at the distant re-
ceiver, assuming the parasitic antenna to be 
fixed at the origin. 

Epl =Field intensity amplitude at distant receiver, 
produced by radiation from the parasitic an-
tenna. 

I EDI =Field' intensity amplitude at distant receiver, 
produced by radiation from the mobile 
(driven) antenna. 

13 =180°+ODP-7. 
Opp= Phase of mutual impedance between "driven" 

antenna and parasitic antenna, 

= XDp/RDp. 
r = Phase of self-impedance of parasitic antenna, 
which is zero in this case, since tuned condi-
tions are assumed for the parasite. 

d/X = Distance from parasitic antenna to driven an-
tenna, wavelengths. 

s/X = Distance from parasitic antenna to distant re-
ceiver, wavelengths. 

a = Angle between x axis and a line from the ori-
gin to the driven antenna. 

A =Angle between the x axis and a line from the 
origin to the distant receiver. This angle was 
assumed to be zero for the calculations of 
curves in Fig. 4. 

Equation (1) is of the form: 

= I ERI /(1) — (2) 

where, 

and 

+ I ED I sin {360d —  cos (a 

I Ep I cos I 180° -I- ODP 

transmitting antenna and a tuned parasite at a fixed 
position relative to the receiver. In determining the ef-
fects of the tuned parasite, the computations of mutual 

cos {360d —  cos (a 
X 

360s 

X 

— 

— A)} 

(3) 

' G. H. Brown, 'Directional antennas," Pitoc. 1.R.E., vol. 25, pp. 
78-145; January, 1937. 

2 C. Russell Cox, "Mutual impedance between vertical antennas 
of unequal heights," Pxoc. 1.R.E., vol. 35, pp. 1367-1370; November, 
1947. 
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For a given (fixed) position of the distant receiver, the 
angle 4, is the phase of the resultant field intensity at the 
receiver. 
From equation (3): 

a = cos-' 

JI E I  

11EDI 

Since the parasitic antenna and the driven antenna were 
each X/4 and tuned, it follows that: 

Epl I Z DPI  
(5) 

ED Rp 
where 
IZBp1 = mutual impedance between the parasitic an-

tenna and the driven antenna. 
Rp=resistance of parasitic antenna. 

Values of 41 and d/X were assumed and the correspond-
ing values of a were calculated from (4), (5) and the 
work cited in footnote reference 2. 
The set of curves shown in Fig. 4 indicate two points 

of singularity, PA and PB. When the transmitting an-
tenna is at either of these singular points, the field in-
tensity at the remote receiver is zero and the phase is 
indeterminate. If the transmitting antenna is carried 
around a closed path enclosing either one of these singu-
lar points, the resultant phase of the field at the distant 
receiver will change 360 degrees for each traverse of the 
closed path. 
Furthermore, it was determined experimentally that 

other combinations of lengths of a mobile transmitter 
antenna and a re-radiating parasitic antenna resulted in 
a phase discrepancy of 360 degrees, when the mobile 

transmitter traversed particular closed paths in the vi-
cinity of the parasite. It appears that this type of error 
would be encountered in certain types of radio naviga-
tion or radio distance-measuring systems involving 

icos (I) (tan 4) cos Opp —  sin °DP)} 

360d 

X 

• (4) 

measurements of radio-frequency phase if the mobile 
transmitter or receiver passed near structures, objects, 
or wire systems which act as efficient parasites. 
A phase-error effect similar to that discussed above 

would be encountered in the case where the reflected 
signal from an airplane to a radio receiver in a ground-
based vhf phase-measuring system became greater than 
the ground-wave signal to the receiver. In this case the 
reflected signal would take over or "capture" the phase, 
with the result that the indicated phase change could 
be very large and caused solely by the movement of the 
airplane. This spurious phase change could either add or 
subtract from normal phase reading, depending upon 
the movement of the airplane relative to the phase-
measuring system. In general, the net spurious phase 
change produced by the movement of the airplane 
would not be zero and would depend on the difference 
in path lengths for the signal reflected from the aircraft 
at the aircraft positions where "capture" began and 
ended. 

Further experimental and theoretical studies are un-
der way for determining the nature of the conditions 
under which errors of this type are encountered, as well 
as methods of operation or instrumentation techniques 
for avoiding such errors in practical systems. 

An Analysis of Some Anomalous Properties 
of Equiphase Contours* 
GEORGE A. HUFFORDt, ASSOCIATE, IRE 

Summary—If one thinks of the voltage of a radio signal as a func-
tion of the location of some target point, then the phase of this volt-
age is also such a function. One might imagine that since the voltage 
exhibits no peculiar properties, neither does the phase; but this is 
not true. There are many cases for which the phase becomes a 

• Decimal classification: R246. Original manuscript received by 
the Institute, August 9, 1949; revised manuscript received, March 
8, 1950. 

Central Radio Propagation Laboratory, National Bureau of 
Standards, Washington, D. C. 

multivalued function. This fact is very important in the theory of the 
phase measurement type of radio surveying or navigational systems; 

for the phase difference between two points depends not only on the 
location of the points, but also on the path over which the target is 
carried. 

INTRODUCTION 

ONE OF THE more popular types of radio survey-
ing systems is the phase measurement type in 
which the phase of a radio-frequency signal is 

used to determine the location of a "target point." This 
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can be done in any of a great many ways; but essentially 
the technique consists of erecting an antenna at the tar-
get point and another at some point whose location is 
known, and then transmitting a continuous wave be-
tween the two. If the phase of the received voltage can 
be measured, an equiphase contour will be determined 
along which the target point must lie. With two such 
arrangements, two contours will be determined, and the 
target point must be located at their intersection. 
Unfortunately, measuring the phase of a voltage is 

not a simple matter, largely because the term "phase" 
is, as it stands, ambiguous. Phase must always be meas-
ured relative to the phase of some reference voltage of 
the circuit, and even then it can be defined only to 
within an integral number of whole cycles. 
In order to resolve these two difficulties, it has been 

found necessary to change to some extent the ele-
mentary concept we have just outlined. The first diffi-
culty is generally disposed of by speaking only in terms 
of the phase difference between voltages at the two ends 
of some established base line; while the second is re-
solved if we are content to carry the target antenna from 
some point whose location is known to the point whose 
location we wish to find, meanwhile making sure that we 
count out the number of whole cycles over which the 

phase changes. 
Whelpton and Redgmenti have described a large 

number of such systems that were developed during the 
war. This number is so great and the applications so 
wide that there seems to be little room for doubt that the 
concept of using phase measurements as a position indi-
cator is fundamentally sound. 
Recently, however, Bateman, Florman, and Tait2 

have reported an experiment which raises some new 
questions as to this soundness. Using an experimental 
phase measuring system, they found that by carrying 
the target antenna between two points by several dif-
ferent paths they got, contrary to all expectations, dif-
ferent phase measurements. These differences seemed 
always to be equal to an integral number of whole 
cycles. 
According to these authors, this phenomenon is 

caused by the presence of parasitic reradiators. They 
found that such parasites would often set up interference 
patterns which contained points where the received 
voltage vanished. Encircling such a point in a closed 
path gave a total phase change not of zero, but of pre-
cisely one whole cycle. 
And as a matter of fact, using their hypothesis to 

guide us, it is quite easy to construct examples in which 
this anomaly appears. Bateman, Florman, and Tait in 
their paper have given one such example. Sandeman2 

R. V. Whelpton end P. G. Redgment, "The development of C. 
W. radio navigation aids, with particular reference to long-range 
operation," Jour. M E, vol. 24, pt. III A, pp. 244-254; 1947. 

2 Ross Bateman, E. F. Florman, and A. Tait, "A source of error 
in radio phase measuring systems," PROC. I.R.E., this issue. 

3 E. K. Sand man, "Spiral-phase fields," Wireless Eng., vol. 26, 
pp. 96-105; March, 1949. 

has put the principle to practical use by setting up 
spiral-phase fields for azimuth determination. 
In Fig. 1 is still another example. Here we have drawn 

a set of equiphase contours which appear at the 
ground when there is a dipole at R and a second at S, 
four wavelengths away. The dipole at S carries half the 
current that the one at R does, and the two are 180° 
out of phase. Notice how at the five points A, B, C, D, 
and E the contours seem to fold back on each other. If 
we measure the phase difference between, say, points R 
and P, the result depends very much on how the path 
we take interlaces these five points. Three such paths 
are shown in Fig. 1 which give this phase difference 
variously as 3,060°, 2,340°, and 2,700°. 
It thus appears that the phase of a radio signal is not 

as has been previously thought, a single-valued function 
of position, but must be considered multiple-valued. 
This paper is written as an introduction to this multiple-
valuedness. In it will be shown when and why equiphase 
contours become ambiguous. 

THE ANALYSIS IN Two DIMENSIONS 

First of all, let us suppose that we are surveying on 
some plane surface. A target antenna is placed at a point 
P which we can describe by the rectangular co-or-
dinates (x, y). Then at the receiver terminals, whether 
they are attached to the target antenna or to some sta-
tionary antenna, we shall find a voltage E(x, y) which 
will be a function of the point P. 
It is the phase of this voltage that we must measure. 

Therefore, if we separate E(x, y) into its real and imag-
inary parts, 

E(x, y) = u(x, y) + iv(x, y), 

the phase 0(x, y) will be defined as 

v(x, y) 
41(x, y) = tan-'  • (2) 

u(x, y) 

We cannot, as we have already seen, measure this 
phase directly. But if we proceed from the point (x, y) 
to the point (x+dx, y-Fdy) an infinitesimal distance 
away, we can measure the resultant change in phase, 

dck = — dx  — dy 
a x ay 

av  au  av  au 

Ox  ax  ay  Oy 
 dx +  dy. 

u 2  v2 u2 v2 

(1) 

(3) 

Continuing along some curve C, our phase measuring 
device will add together all the infinitesimal changes of 
phase, and the net phase change will be 

4, = f do(x, y). (4) 

Now if d4 is a continuous differential throughout the 
entire plane, then, of course, this integral is equal sim-
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Fig. 1—Equiphase contours with a contour interval of 45° for an antenna system consisting of a dipole at R and a second dipole at S four 
wavelengths away. This latter dipole carries half as much current as the former, and the two are 180° out of phase. 

ply to the difference of the values of O. at the two end-
points of the curve C, and we run into no difficulties at 
all. However, by examining (3) we see that 46 will not 
in general be a continuous differential. It will have sin-
gular points wherever both u and v vanish. In the pres-
ence of such points, therefore, we can expect anomalies. 
Although the existence of singularities somewhere in 

the plane means that we can no longer evaluate immedi-
ately the integral of (4), it is still possible to make sev-
eral simplifying statements. First, it is shown in many 
of the text-books 4 that if the curve C is closed and (1.0 
is continuous at all points within and on C, then the 
integral vanishes. From this it can in turn be shown 
that if K is some simply connected region within which 
thtt is always continuous, then the integral in (4) is inde-
pendent of the path taken provided only that this path 
together with its end points lies wholly within the region 
K. 

Thus just as in the integration of an analytic function 
of a complex variable, we can determine what effect the 
path has on the net phase change if only we know what 
values the integral assumes when the path is a small 
closed loop around each singularity. 

Suppose, then, that at some point Q both u and v 
vanish. We shall transfer the origin of our co-ordinate 

4 W. F. Osgood, "Advanced Calculus," Macmillan and Co., New 
York, N. Y., pp. 220-231; 1929. 

system to the point Q. Then from Taylor's theorem we 
know that at any point in the neighborhood of Q 

a = uzx  u„y 0(r2) 

v = vzx 0(r2), _ 

where the subscripts indicate partial derivatives evalu-
ated at Q, and r is the radial distance (x2 ± y2)1/2 from Q. 

Consider the co-ordinate transformation 

x = (uw2 v.2)'/2/3 cos 0 

y  ( u . 2  v z2) I/ 2 p  sin 0. 

The curves of constant pare evidently concentric ellipses 
encircling the origin Q. Since it makes no difference 
what particular form we use for the path C so long as 
this path encloses the singularity at Q and no other singu-
larities, we shall define C to be one of these ellipses. Sub-
stituting (3), (5), and (6) into (4), we find the total 
phase change 

(5) 

— 
U zVI, -  ViU m 

(u. 2  v.2)1/2( 43, 2 ± vv2)1/2 

[I ±  0(p)1d0 

1 + 
(uiu, — vv,) sin 20 

(u .2 _f_ v.2)1/2(uv 2 _f_ vw2)1/2 

(6) 

(7) 

Note that if uzv,—v.u.= 0 this expression vanishes; that 
is, we still get zero phase change. To evaluate 42 in the 
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case where upv—v.u„00 we remark that it must be in-
dependent of p. This means that the term in (7) which 
contains the function 0(p) must be zero when in-
tegrated. For otherwise we could by taking p small 
enough always effect an impossible variation in (1). 
Discarding this term and using the formula 

de 

.1  k sin 0 
2  [tan 0/2 + kl 

  tan--'   
(1 — k2)ii2 (1 — k2)/2 

we can integrate (7), getting finally 

(11 = 2ir 
- V.Uy 

•  [(u.v„ — vzu.)1112  

where the sign to be taken is the same as that of the 
quantity up.— v.u.. 
In other words, we have shown that if we encircle an 

isolated zero of the voltage E=u-Fiv, we shall find a 
net phase change of -1-27r, —27r or 0 when the quantity 
74.74—vzu, is positive, negative, or zero, respectively. 
This quantity upv—v,u, which plays such an impor-

tant part in the preceding analysis, is nothing more than 

the Jacobian 

(8) 

(9) 

au(Q)  au(Q) 

ax  ay 
av(Q) av(Q) 

(10) 

Ox  ay 

evaluated at the point Q. If we write E* for the complex 
conjugate of E, it is not difficult to see that J may be 
expressed directly in terms of E by the relation 

OE = hn 5aE* 
ax ay I 

Let us see how this may be applied to the example in 
Fig. 1. We are given the voltage 

(11) 

ei2rriA  e 2/X 

E(P) =   (12) 
ri  2r2 

v, here rl is the radial distance PR and r2 the distance 
PS. At the five points A, B, C, D, and E, defined by the 
relations 

ri = 2nX 

r2 = nX  n = 2, 3, 4 

the voltage will be zero. If we place the origin of our 
co-ordinate system at R with the x axis directed along the 
line RS, a straightforward differentiation at these five 
points will give 

OE* aE = rm =  YT 
ax  ay  2niX6 

(13) 

(14) 

At the points A and B, y is positive; (14) shows that 
therefore J is negative. As we circle either of these 
points in a positive, counterclockwise direction, we 
should find that the phase has decreased by one whole 
cycle. Fig. 1 shows that this is indeed true. 
Meanwhile at the points C and D where y is negative, 

J will be positive. Circling either of these points will 
increase the phase by one whole cycle. 
But at E we have a different sort of result. For this 

time y is zero, so that according to (14) J is also zero. 
As we have seen, this means that the integral (7) 
vanishes and there is no net phase change. This, too, is 

borne out by Fig. 1. 

THE ANALYSIS IN THREE DIMENSIONS 

Perhaps this whole question of equiphase contours 
is better pictured in a full three dimensions. To do this 
it is merely necessary to define all our quantities as 
functions of the point P(x, y, z). Thus we define the 

voltage 

E(x, y, z) = u(x, y, z)  iv(x, y, z)  (15) 

and the phase 

v(x, y, z) 
(1)(x, y, z) = tan-1   (16) 

u(x, y, z) 

Then if C is a three-dimensional curve, we have for 

the total phase change 

ad,  ad. (17) 
C OX  ay  Oz 

where ds is the incremental vector directed along C. 
Suppose that C is a closed curve bounding some sur-

face S; and suppose that throughout S, VO together with 
its derivatives is a continuous vector field. Then we can 
transform (17) by means of Stokes' theorem, finding, 
since the curl of a gradient is always zero, that 

CI) =  f  V  X  (V(k)•nda = 0 (18) 

where N is the unit vector normal to the positive side 
(which is determined by the direction of ds on the bound-
ary C) of the element of area da. 
On the other hand, if there is some point on S for 

which E vanishes, then V4. is not continuous. And, in 
fact, by reasoning similar to that we have already used 
for a plane surface, it is easily shown that 

=  27r  (19) 

where now the sign is determined by the sign of the 
quantity 

n•Vu X Vv = /mIn•VE* X VE .  (20) 

It must be remembered that the gradients are to be 
evaluated at the point where E vanishes, while the vec-
tor n is determined by the usual right-hand rule as ap-
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plied to the direction in which the target antenna is car-
ried along the curve C. 
Let us examine now the analytic behavior of the set of 

points for which E is zero. At such a point we know that 
the two equations 

u(x, y, z) = 0 

v(x, y, z) = 0 

must be satisfied. But we may also look upon these equa-
tions as a set of two equations in the three unknowns x, 
y, and z. Such a set will define a curve r, if and only if 
the Jacobian matrix 

au au au 

ax ay az 

av av av 

ax ay az 

(21) 

is of rank two. Saying that this matrix is of rank two is, 
moreover, equivalent to saying that 

Vu X Vv  0. (22) 

Furthermore, this is precisely the restriction that we 
must place on (19) and (20). 

Fig. 2—An example of a path of integration C interlinking a curve r 
of zero voltage. The net phase change along C will be one whole 
cycle. 

We can interpret these results in the following way. 
The net phase change around a closed curve C is one 
whole cycle, if and only if there exists within this curve 
a curve r along which the voltage vanishes. This can 
only happen if the curves C and r are related as in Fig. 
2. If C, instead of interlinking 1', goes completely 
around this curve then we shall no longer find a net 
phase change. 

CONCLUSION 

Returning to Fig. 1, we recall that the points A and C 
are determined by the relations 

ri = 4X 

r2 = 2X. 

Actually, of course, these two relations in three dimen-
sions determine an entire circle. The points A and C are 
only intersections of this circle with the ground plane. 
If the circle is interlinked with any closed curve, whether 
it be on the ground or not, we will observe a net phase 
change of 2r radians. 
Similarly the points B and D of Fig. 1 both belong to 

a second circle. Interlinking this circle will also produce 
a net phase change. But the point E represents a de-
generate case. For here a closed curve has been collapsed 
down to the single point E. Since we can no longer inter-
link this degenerate curve, it is not possible to obtain a 
net phase change. 

Another type of degeneracy is present in the case of 
two dipoles of equal amplitude but opposite phase. In 
this case, the voltage E vanishes at all points of the plane 
of perpendicular bisectors to the line joining the two 
dipoles. Still, since (21) will not define a curve but only 
a plane, the vector Vu X Vv is zero, and the phase re-
mains unambiguously defined. 
Finally, there is one case of zero voltage which we 

have purposely avoided up to now. This is the case of a 
single vertical dipole; for the field directly above a di-
pole is zero. Now this set of zeros defines a curve; and 
we have said that circling any curve of zero voltage will 
produce a net phase change. Obviously, in this case this 
is not so. The answer to the paradox lies in the fact that 
along this line the gradient VE does not-exist. In short, 
we cannot write down Taylor's series in (5), and all our 
conclusions from that point on are invalid. We must, in-
stead, consider this as a special case_which has no effect 
upon our phase measuring device. 
And so we have concluded an examination of what 

seems to be all forms of the voltage E which will arise 
in practice. We have seen that, except for certain special 
cases, the existence of points where the voltage vanishes 
implies a multiple-valued phase. If we include within 
our list of degenerate cases curves of the type considered 
in the last paragraph, we can state this fact more ex-
plicitly: A phase measuring device will provide results 
which are independent of the path over which it is car-
ried, if and only if there do not exist nondegenerate 
curves on which the received voltage vanishes. 
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A Microwave Propagation Test* 
J. Z. MILLA.Rt, SENIOR MEMBER, IRE, AND L. A. BYAM, 

Summary—A description is given of a microwave propagation 
test which was conducted over a period of a year with simultaneous 
transmission on wavelengths of 16.2, 7.2, 4.7, and 3.1 cm over an 
unobstructed 42-mile overland path. Comparative charts depict varia-
tions in daily fading range, illustrate diurnal and seasonal character-
istics of fading, and reveal the marked disparagement between 
winter and summer fading. Curves are presented showing relative 
field-strength distribution for both winter and summer periods, and 
also the distribution of hourly minima. These curves may be useful in 
considerations bearing on continuity of service that may be expected 
with relation to wavelength and to time of day, winter or summer. 

INTRODUCTION 

•  HE OBJECT of this paper is to describe a micro-
wave propagation test, recently completed, and 

  to present a summary of the results obtained. 
The term microwave is generally considered to desig-

nate frequencies of 1,000 Mc and higher (wavelengths of 
300 cm and shorter). 

DISCUSSION 

Some of the more important advantages which ob-
tain for radio communication systems operated at 
microwave frequencies are virtual freedom from ex-
ternal noise created by electrical and magnetic dis-
turbances, considerable power gain from relatively small 
antenna systems, highly directional radiation at low 
elevation angles, and complete absence of ionospheric 
reflections. 

NESHAN I C __________________ 

5 

• Decimal classification: R423.I6. Original manuscript received 
by the Institute, August 9, 1949; revised manuscript received, Febru-
ary 13, 1950. Presented, 1950 National IRE Convention, New York, 
N. Y., March 9, 1950. 
t Western Union Telegraph Company, New York, N. Y. 

The successful application of microwave techniques 
to communication systems requiring a high degree of 
circuit continuity and stability involves a reasonable 
knowledge and understanding of the behavior of micro-
wave signals under the influence of varying atmospheric 
conditions, especially under unfavorable conditions, and 
particularly with respect to their relative effects at dif-
ferent wavelengths. The microwave propagation test de-
scribed in this paper was undertaken for the purpose of 
investigating such behavior. 
To insure that an adequate volume of suitable data 

would be obtained, four widely separated frequencies 
were selected for the test and the test itself was con-
tinued for a period of well over a year, beginning in 
December, 1946. No attempt was made to provide an 
elaborate system for recording meteorological data, 
since the primiiy purpose of the test was to study the 
effects of, rather than their relation to, variable weather 
conditions. It was thought, however, that a qualitative 
analysis of a general nature could be made using the 
United States Weather Bureau weather map and data 
which are published in the New York Times newspaper. 
Observations were made on unmodulated carrier sig-

nals transmitted from a specially constructed tower at 
Neshanic, N. J., and received atop the Western Union 
building at 60 Hudson Street, New York, N. Y., a dis-
tance of 41.7 miles, entirely over land. The intervening 

FIRST FRESNEL ZONES 

X = 3.1 C.M. 
X = 16.2 c.m. 

15  20 
MILES 

Fig. 1—Profile of propagation test path (true earth radius). 

terrain is characterized by a series of hills, as indicated 
by the profile in Fig. 1, most of which are densely 
wooded. The first Fresnel zone for 3.1 cm and for 16.2 
cm, representing the shortest and longest wavelength 
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tested, are also shown. The picture of the 100-foot 
Neshanic Tower, with the four transmitting antennas 
facing New York, is shown in Fig. 2. In Fig. 3 (the prop-
agation tower may be seen in the background, with the 
main radio beam telegraph system tower appearing in 
the foreground. 
For comparative purposes, as explained, four indi-

vidual circuits or channels were set up and operated as 
indicated in Table I. 

Fig. 2—Neshanic propagation tower. 

Fig. 3—Neshanic main radio beam tower (left), 
and propagation tower (right). 

Each of the four transmitters consisted essentially 
of a reflex klystron oscillator tube for generating radio-
frequency power, its associated cavity, a matching sec-
tion and wave meter. These components, comprising 

TABLE I 

Channel 
No. 

Frequency 
Mc 

Wavelength 
cm 

Beam Width 
Transmitter Measured at 
Power Half-Power 

milliwatts Points 
degrees 

1 
2 
3 
4 

1,850 
4,150 
6,325 
9,550 

16.2 
7.2 
4.7 
3.1 

137 
159 
13.6 
7.4 

9.0 
4.7 
2.6 
1.9 

the "head-end" unit, were inclosed in a temperature 
controlled transmitter box. To minimize frequency 
drift, particular attention was given to the design and 
construction of the regulated power supply and to the 
thermostatically controlled oven temperature regula-
tion system. Pictures of the various transmitters are 
shown in Fig. 4. 

The antenna reflectors were of the parabolic type, 48 
inches in diameter and physically identical at both the 
transmitting and receiving terminals. 
In order that a continuous record of the relative trans-

mitter power would be obtained, a small portion of the 
transmitted energy was rectified in a crystal and the out-
put. fed to a four-point electronic recorder. The recorder 
is shown in Fig. 5 mounted below the transmitter con-
trol unit. This control unit permitted adjustment of the 
radio-frequency power output, frequency, cavity cur-
rent, and repeller voltage of the transmitting tube with-
out opening the ovens. 

Each of the four individual receiving installations 
consisted essentially of an antenna system, a tempera-
ture-controlled "head-end" receiving unit, mounted in 
the immediate vicinity of the ant&na, and an inter-
mediate-frequency amplifier unit and recording equip-
ment located about three hundred feet distant. The 
recording equipment consisted of four Brown Instru-
ment Company strip recorders, one for each channel, 
which were calibrated so as to provide a continuous 
graphical record of variations in signal strength at the 
input terminals of the receivers. These recorders were 
operated at a strip speed of six inches per hour. 
Although the strip record proved useful in examining 

specific cases of abnormal fading, this record was not in a 
form suitable for analyzing fading effects on a statistical 
basis. Due to the high recording speed, a 24-hour inter-
val involved a strip 12 feet in length. A more convenient 
and useful representation of the essential data was ob-
tained by transferring the maximum, minimum, and 
average value of signal strength for each hourly inter-
val from the strip record to weekly charts. Samples of 
these charts have been included to illustrate unusual 
fading conditions which will be discussed in a later para-
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1 

(b)  (d) 
Fig. 4—(a) Transmitter for 16.2 cm; (b) transmitter for 7.2 cm; (c) transmitter for 4.7 cm; (d) transmitter for 3.1 cm. 

graph. It should be noted, however, that signal strength 
is expressed in terms of decibels above or below a fixed 
reference level, designated as the normal signal level. 
The normal signal level, determined separately for each 
channel, represents the average signal strength for pe-
riods during which fading was absent or negligible, i.e., 
periods when transmission was highly stable. Once es-
tablished, the value of the normal signal level was con-
sidered fixed, except that adjustments to this reference 
level were made whenever it was found necessary or 
desirable to recalibrate the equipment in order to com-
pensate for changes, such as tube replacements, affect-
ing either the transmitter power level or receiver per-

formance. 
TABLE II 

Channel Frequency 
No.  Mc 

Wave-
length 
cm 

Free-
Space 
Attenua-
tion db 

Net 
Attenua-
tion db 

Received 
Carrier-
to-noise 
Ratio db 

1  1,850  16.2  134  83  26 
2 4,150  7.2  141  76  34 
3  6,325 4.7  145  73  27 
4  9,550 3.1  149  69  28 

Information relating to path attenuation and r( 
ceived carrier-to-noise ratio, is shown separately for 
each channel in Table II. Fig. 5—Control unit and recorder. 
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In each case, the difference between the value shown 
for free-space attenuation and that for net attenuation 
corresponds to the power gain of the antenna system. 
An efficiency of 65 per cent was assumed for each an-
tenna. Carrier-to-noise ratios were calculated on the 
basis of a receiver bandwidth of 4 Mc and receiver noise 
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power of approximately 17 db above thermal. 
During periods when conditions for reception were 

favorable, i.e., periods when fading was entirely absent 
or negligible, the received signal approached within a 
few db of the calculated value on each channel. The ex-
tent of variations in signal strength is reflected in Fig. 6, 
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Fig. 6—Daily fading ranges from December, 1946, through November, 1947. 
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which shows the daily fading range separately for each 
channel from December, 1946, through November, 
1947. The daily fading range, as used here, is the ratio 
of the maximum signal occurring during a 24-hour pe-
riod to the minimum signal for the same period, ex-
pressed in decibels. As may be observed from the chart, 
fading generally was more pronounced during the sum-
mer months and more severe on the higher frequencies. 
To provide a comparison of fading ranges at different 

wavelengths, and in order to depict inherent seasonal 
characteristics of fading, the daily fading ranges were 
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Fig. 8—Seasonal variation in fading at 7.2 cm. 

averaged by month for each channel and the results 
represented graphically in Fig. 7. The general trend of 
increasing fading range with frequency is evident. Vari-
ations in fading range may also be observed to follow a 
rough seasonal pattern. In order to accentuate the sea-
sonal trend, the average daily fading range is shown 
separately for 7.2 cm in Fig. 8. 
Fading exhibits not only seasonal characteristics but 

diurnal as well. Fig. 9 illustrates diurnal variations in 
fading which occurred during the months of February 
and July, 1947, on 7.2-cm transmission. Here, the aver-
age fading range, in decibels, is shown graphically for 
each hour of the day. The fading range for any one hour 
represents the ratio of maximum to minimum signal 
strength for that hour, expressed in decibels. Fig. 9 re-
veals a marked difference in fading with respect to dif-
ferent periods of the day, i.e., that maximum fading 
generally occurred during the night and early morning 
hours while minimum fading occurred in the late morn-
ing and afternoon, usually between 10 A.M. and 6 P.M., 
local standard time. Although diurnal effects are illus-
trated for only one summer and one winter month and 
for only one wavelength, a similar definite diurnal tend-
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ency was found to exist throughout the year on all four 
wavelengths examined. The pronounced difference be-
tween winter and summer fading is again evident. 
Diurnal effects are also reflected in Fig. 12, which will 
be explained in a later paragraph. 
Average fading range data are useful and essential 

in dealing with system design problems bearing on fad-
ing tolerance considerations, although such data obvi-
ously are not sufficient. These data, for example, furnish 
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Fig. 9—Diurnal variation in fading at 7.2 cm during the 
months of February and July, 1947. 

no information with respect to the relative frequency 
of occurrence of abnormal fades or to the duration of 
such fades, both of which are important considerations 
since they are related to circuit continuity which in turn 
determines circuit performance. 
Relative circuit performance may be gauged fairly 

well from distribution curves of instantaneous received 
signal levels. For this purpose, distribution curves have 
been prepared for the wavelengths employed in the test 
and are shown in Figs. 10 and 11. The curves shown in 
Fig. 10 represent a period of five months, from June 1, 
1947, through October, 1947; the curves shown in Fig. 
11 represent a period of three months, from January 1, 
1947, through March, 1947. Data on which these curves 
are based were obtained by selecting a number of signal 
levels and determining the relative time the received 
signal was below each level during the periods shown. 
The month of October was included in the summer pe-
riod, since fading during that month corresponded very 
closely with typical summer fading, as may be seen 
from Fig. 7. 
In using these curves, one should remember that the 

reference level represents normal signal strength, as ex-
plained earlier, and that this reference is roughly 2 or 3 
db below the free-space value. Also, high accuracy is not 
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claimed, particularly for those portions of the curves ap-
pearing below the 0.1 per cent level which may be in 
error by as much as 20 per cent. 
The superior performance of the longer wavelength 

circuits is evident in both summer and in winter. A com-
parison of the curves in Fig. 10 with those of Fig. 11 re-
veals several interesting characteristics with respect to 
performance at the different wavelengths tested. The 
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Fig. 10—Distributions of relative field strength in summer. 
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summer curves are generally similar and the spread is 
not very great. This similarity is particularly evident 
for the two lower frequency curves, exhibiting a well-
defined mutual relationship which does not appear to 
exist for the two higher frequencies. The winter curves 
will be seen to indicate a definite normal probability dis-
tribution, at least down to a given signal level. The 
spread for the winter curves is more pronounced. Again, 
a well-defined relationship occurs between the two 
lower-frequency curves. Greater variability in signal 

strength is evident on all four wavelengths during the 
summer period. Summer signal strengths were often 
more than 5 db above normal for several hours at a time, 
occasionally as high as 10 db for shorter periods on the 
two higher frequency channels, whereas during winter 
months signal levels greater than 3 or 4 db above nor-
mal were rare and of very short duration. As will be ob-
served, upward swinging of the signal during the sum-
mer season was more pronounced at the shorter wave-
lengths. On the other hand, it was not unusual for the 
received signal to drop into the noise region during the 
summer months whereas such occasions were compara-
tively rare during the winter period, except that for a 
few days in January the 3.1-cm signal was abnormally 
low. The extreme fading indicated for 3.1 cm is attrib-
uted to heavy fog which occurred in January, 1947 and 
continued over a period of several days. Most of the 
time during this period the signal was in or near the 
noise level. 

Although the curves in Figs. 10 and 11 furnish a fairly 
representative picture as to relative circuit performance 
at different wavelengths, in certain applications of 
microwave radio transmission, such as commercial tele-
graph operation, information bearing on the frequency 
of interruptions in service due to fading conditions, how-
ever short they may be, and the approximate time of 
the day when such interruptions are most likely to oc-
cur, is particularly instructive. Interruptions in service 
will result whenever fading conditions cause the received 
signal to vanish or to fall below some nominal critical 
signal level. This fact suggested that an examination 
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Fig. 12—Diurnal variations in fading, from January I, 1947, to 
December 31, 1947, as illustrated by the per cent of hourly 
periods during which the received field fell more than 18 decibels 
below normal. 

into minimum signal levels, particularly those which 
fall below what might be considered as a safe operating 
level, should reveal a rough guide for use in determining 
the hourly periods during which interruptions in service 
are most likely. Accordingly, four arbitrary signal levels, 
—6, —12, —18, and —24 db, were selected and the 
number of hourly minima falling below each of these 
levels was recorded for each of the four wavelengths, 
according to the hour of the day and month, for the en-
tire year of 1947. By number of hourly minima is • 
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meant the number of hourly periods during any portion 
of which the signal fell below the level considered. Since 
these data were arranged in tabular form and are ex-
tremely voluminous, they are not included in this paper. 
Fig. 12, however, shows the manner in which the hourly 
minima were distributed with respect to the -18-db 
level for each hour of the day and for each of the four 
wavelengths. These curves illustrate the superior per-
formance of the longer wavelengths and again reflects 
diurnal effects on all four circuits. 
Data were also obtained as to the number of hourly 

occasions in which the received signal fell into the noise 
region and these data suggest that the number of such 
occasions varied roughly as the square of the frequency 
during summer months and nearly linear with frequency 
during winter months, again excluding the abnormal 
period mentioned earlier. Usually, the received signal 
was in the noise region for very short intervals of time, 
generally a matter of seconds, and when integrated rep-
resented virtually negligible percentage of the total time 
considered. 

(d) 

The four charts of Fig. 13 provide an interesting com-
parison of fading effects on transmission at 7.2 and 3.1 
cm. These charts are intended to reveal the marked 
contrast between unusually favorable conditions which 
occurred during an entire week in February and the un-
usually variable conditions encountered during a week 
in August. 

CONCLUSION 

Microwave radio communication systems operating 
on wavelengths down to about 5 cm may be expected 
to perform in a highly satisfactory manner throughout 
the year under properly selected conditions of path 
length, path clearance, and transmitter power. Circuit 
performance will deteriorate appreciably and progres-
sively at shorter wavelengths and at wavelengths of 
about 3 cm and below, shorter path lengths together 
with nominal increases in transmitter power are indi-
cated if a high degree of circuit continuity is required. 
Fading is observed with greater prevalence during the 
summer months, and at nights, as a result of changing 
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meteorological conditions. Diversity reception will prove 
beneficial in reducing the effects of multipath trans-
mission. 
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Magnetic Triggers 
AN WANGt, ASSOCIATE, IRE 

Summary—Magnetic cores of fairly rectangular hysteresis loop 
material are used as a trigger device. Magnetic fluxes are used in-
stead of electrical currents to indicate the two stable positions of the 
trigger. This paper shows how the magnetic flux level may be de-
tected without a mechanical motion. The construction and function-
ing of several types of such magnetic triggers are discussed. 

I. INTRODUCTION 

T: 
- RIGGER CIRCUITS have been used extensively 

during recent years in various electronic devices. 
They usually consist of a pair of vacuum tubes 

connected in such a way that two stable states of the 
system exist. The magnetic triggers to be described be-
low are a result of research in utilizing the funda-
mental hysteretic properties of a ferromagnetic ma-
terial as a trigger device. 
Any magnetic material, easily saturated and having 

fairly large retentivity properties, can be considered as 
a trigger device by itself. Consider the hysteresis loop 
shown in Fig. 1. When the material has been under the 
influence of a large positive magnetizing force, positive 
residual magnetism is retained. The material will remain 
at the point 1. If it was last subjected to a negative 
magnetizing force, the material will remain in the state 
of negative magnetization represented by the point 0. 
These two states, 1 and 0, represent the two possible 
stable conditions of the magnetic material. They can be 
easily reversed by the application of a magnetizing 
force of sufficient amplitude in the opposing direction. 
In contrast to the vacuum-tube trigger pair, the mag-
netic flux polarity, rather than the voltage level, de-
termines the two stable states. While dc voltages are 
necessary to maintain the dc currents flowing in the 
vacuum-tube trigger pair, it is not necessary to have a 
magnetizing force to maintain a flux in the magnetic 
core material. Thus, a magnetic trigger should be able 
to maintain the triggered position without the need of 

• Decimal classification: R282.3 X538 X R136. Original manu-
script received by the Institute, August 25, 1949; revised manuscript 
received, January 18, 1950. The work was undertaken under Contract 
W 19-122-AC-24 between Harvard University and the United States 
Air Force. 
t Computation Laboratory, Harvard University, Cambridge. 

Mass. 

any power. The magnetizing pulse then takes the place 
of the triggering pulse. It should be powerful enough to - 

I. 

NEGATIVE 
MAGNETIZING (   

FORCE 

POSITIVE 
 ) MAGNETIZING 

FORCE 

Fig. 1—Hysteresis loop curve of a highly 
saturated magnetic material. 

Fig. 2—Operating path of the magnetic trigger in B-H diagram. 
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drive the magnetic core to saturation. Alternate mag-
netizing pulses of 10 microseconds duration are applied 
to a magnetic material. The flux of the material is flip-
flopped between two saturation values. The material 
travels around the hysteresis loop while being triggered 
and remains at one of the two stable points / and 0 
when not being triggered. (See Fig. 2.) Notice that the 
points / and 0 are stationary when no magnetizing 
pulses are applied. 
While it is very easy to detect the difference of electric 

current, it is very difficult to sense the magnetic flux 
polarity unless it is changing. Thus, the simple magnetic 
trigger will not work statically until means of detecting 
the flux polarity are found. 

II. MAGNETIC TRIGGER PAIR 

By the nature of the saturation phenomena of mag-
netic materials, it is possible to determine the polarity 
of the residual magnetism by applying a powerful 
magnetizing force. Assume that this magnetizing force 
is in the negative direction (Fig. 1). Then, if the residual 
magnetism is at the point 0, very little flux change re-
sults. When the magnetizing force is discontinued, the 
magnetization returns to the point 0. If the residual 
magnetism is at point /, a large change of flux results 
along the trace of the hysteresis loop dropping from / 
to a and then returning from a to 0. During the sharp 
decrease of flux, a large voltage is induced across the 
coils linking the magnetic core. Then, no matter what 
polarity the residual magnetism, eventually the mag-
i netic core returns to point 0. A large induced voltage 
i across the secondary coil indicates that the original 
i state was at point /, while a very small induced voltage 
indicates that the original state was at point 0. 1A similar  magnetic core is now used in addition. Let 
us assume that it is at position 0. If the large induced 
voltage from the first core is able to drive the second 
" core from its 0 position to /, the flux condition of the 
first core is transferred to the second core. This has been 
demonstrated experimentally.' The connections are as 
shown in Fig. 3. The hysteresis curve below each core 
represents its magnetic state. When both cores are at 0 
position, the first magnetizing pulse, being negative, 
changes the flux of core number 1 very little, so that 
core number 1 produces very little linking current in to 
change the flux of core number 2. Similarly, the appli-
cation of the second pulse will do the same. Cores num-
ber 1 and number 2 experience small loops oac and o'a'c', 
constituting a stable limit cycle for each core. When 
a / is stored in core number 1, the application of the 
first magnetizing force changes the flux from / to a, 
from where it drops back to 0. This large change of 

Air Force Contract W19-122-AC-24 Progress Report No. 2, 
Harvard Computation Laboratory, sect. IV, 8; Nov. 10, 1948. 
Progress Report No. 4, Harvard Computation Laboratory, sect. V. 
3; May 10, 1948. 

flux induces sufficient voltage in its coil N1 to produce 
a current in which should be able to drive core num-
ber 2 from 0' to b' to I'. The differential equation of 
the link circuit is 

d(fil d(1),  din 
— N1 — N2 - = Rin — • 

dt  di  dl 
(1) 

Integrating this, 

—  — N2 42 = Rindt + Lti.  (2) 

As the flux of core number 1 changes from position 1 
to position a, the flux of core number 2 changes from 
0' to b'. N1 and N2 should be equal if they are sym-
metrical. The current in is always positive, and so is Ain 
during this change. It is necessary that 

+ z4 = a negative value.  (3) 

This means that the change of flux from 1 to a should 
always be greatei than the change of flux from 0 to b. 

SECOND 
MAGNETIZING 

PULSE 

i 12 

M 

FIRST 
MAGNETIZING 

PULSE 

4)1 

a 
0 

4° 2 Is 

0' 

Fig. 3—Magnetic trigger pair and its operation. 

Cs 

If it is possible to make core number 1 return from 0 to 
b to / by the application of the second magnetizing 
pulse, the stored digit is kept there. This requires the 
existence of a stable major hysteresis loop with slight un-
symmetry, which has been available. The operation of 
such a magnetic trigger pair is then stable. 
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III. MODIFIED MAGNETIC TRIGGER PAIR 

The above-mentioned unsymmetry in hysteresis loops 
can be stable only in a limited region. If 4 2 is smaller 
than Acth by a certain amount, the next time Acpi is less 
than 402, and so on. Gradually, in several cycles, both 
cores will end up a position 0, and the stored informa-
tion will be lost. This is the case experimentally when 
too much resistance or leakage inductance is present in 
the linking circuit.' Also, to produce change of flux as 
the frequency of operation is made higher, 112 must 
necessarily be larger, due to the presence of eddy cur-
rent. This makes the loop more unsymmetrical and con-
sequently more unstable. The trouble can be eliminated 
by a modification of the basic circuit. Note that (2) can 
be satisfied by using a value of N1 greater than N2, while 
Acki and Ach are exactly equal and opposite. Under this 
condition, stable operation of the trigger pair is possible 
without the necessity of having stable unsymmetrical 
hysteresis loops. The circuit of Fig. 4 is used. Rectifiers 
are necessary in the linking circuit so that when the 
first core is driven, the upper link is operative, and when 
the second core is driven, the lower link is operative. 

I 

N, 

4E-2 

N 2 

N 2 NI 

READ-IN 
COIL 

• 
FIRST 

MAGNETIZ ING 
PULSE 

SECOND 
MAGNETIZING 

PULSE 

Fig. 4—Modified magnetic trigger pair. 

In this case, stability of operation can be obtained 
more easily at the expense of two extra rectifiers. This 
form of trigger pair has been tested to hold information 
for an indefinitely long time, and can be triggered back 
and forth at a repetition frequency up to 50 kilocycles 
per second. The rectifiers used are of selenium type. 
Germanium diodes of course can also be used. There are 

many ways of introducing signals into the trigger pair. 
One way is to apply the positive or negative read-in 
pulse to the first core at the same instant as the second 
magnetizing pulse is applied to the second core. 

Fig. 5 shows the flux variation of the first core as the 
two magnetizing pulses are alternately applied. The 
upper portion represents the condition when a 0 is 
stored in the trigger pair, while the lower portion repre-
sents the condition when a 1 is stored. The oscillogram 
shows the operation at a repetition frequency of 5 kilo-
cycles per second. 

ra mp.  r eap., 

apamangsaml 

Fig. 5—Flux variation of the magnetic trigger pair. 

IV. SINGLE STROKE TRIGGER 

The trigger pairs described in the above two sections 
use two magnetic cores. The magnetic flux condition of 
the first core is transferred to the second core for tem-
porary storage by the first magnetizing pulse; then the 
state is transferred back by the second magnetizing 
pulse. Since there is no other way of telling the flux 
polarity statically, two transfers must be made. There is 
a great advantage in the use of a single core and a single 
magnetizing pulse to determine th polarity of the mag-
netic flux, while preserving that flux. 

CONSTANT 
CURRENT 

MAGNETIZING 
PULSE 

Fig. 6—Single-stroke magnetic trigger. 
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• the core is magnetized in the positive direction, or at 

coil and charges the capacity C. Then the magnetizing 

the position 1. The magnetizing pulse changes the posi-
tion from 1 to a; this causes a large voltage across the 

The procedure is as follows (Fig. 6): Assume first that 

pulse ceases to flow. C is discharged through the coil 
• which offers very low inductance because it is already 
saturated in the direction of the current. During the 
discharge of the capacity C, the circuit operation is 
very like a parallel resonance of L, C, and R, where R is 
high and L very low. The Q of this parallel circuit is 
equal to R-VeTt, which is high. The charge on the con-

1 

Fig. 7—Flux, voltage, and current shape of the single-stroke 
magnetic trigger during triggering. 
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denser C is easily reversed without much damping. 
However, when the condenser discharges again, the dis-
charging current flowing in the winding is in such a di-
rection as to cause the flux of the core to change from 0 
to 1 again. The coil offers a high inductance, the dis-
charging rate is much slower, and the damping high. 
If the values of R, C, and this inductance are such that 
damping is closed to critical, the condenser is com-
pletely discharged while the flux returns from 0 to 1 
again. This situation is very similar to a single-stroke 
electrical trigger pair. The polarity of the flux of the 
core returns to the original condition automatically a 
certain time after the first triggering. This interval is 
determined by the discharging time of the condenser. 
In Fig. 7 are shown the change of flux  with time as the 
magnetizing pulse is applied, the voltage across the 
condenser 17., the current iL through the coil, and the 
magnetizing current im. If originally the core is in the 
state 0, the magnetizing pulse does not change the flux 
by any appreciable amount. The coil essentially short-
circuits the CR circuit. The condenser is not charged 
and everything remains the same as the magnetizing 
pulse subsides. The output is very small. The flux 
change for this case is shown as the last curve in Fig. 7. 

V. CONCLUSION 

The above discussions show the general feasibility of 
using magnetic cores as triggers. There is every possi-
bility that such a magnetic trigger can take the place of 
vacuum-tube trigger pairs for some of their applica-
tions. Binary digits can be stored in such units. A stored 
digit can be delivered out or be transferred to another 
core. The possibility of transferring binary digits from 
core to core directly makes it possible to construct an 
information delay line in which a series of binary digits 
can be pushed along a series of such cores by magnetiz-
ing pulses at any rate from a very low speed up to about 
30 kilocycles per second. This has been described in 
another paper.2 Exact mathematical treatment of the 
subject is still difficult in view of the highly nonlinear 
characteristic of the hysteresis loop of the core material. 
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Feedback in Very-High-Frequency and 
Ultra-High-Frequency Oscillators* 

F. J. KAMPHOEFNERt, MEMBER, 

Summary—This paper covers a study of feedback considerations 
in low-power negative-grid triode oscillators for the frequency range 
of 100 to 1,000 Mc. Discussion is mainly confined to oscillators using 

a single tuned circuit between grid and plate in the modified Colpitts 
circuit wherein the feedback is provided by the internal tube capaci-

tances. The optimum feedback conditions are derived, and the 
analysis is applied to several typical oscillators. 

I. INTRODUCTION 

THE COLPITTS circuit, having a sing le tune d cir-
cuit between grid and plate, and using the in-

  ternal tube capacitances for feedback, is of prac-
tical interest for several reasons. The cathode lead in-
ductance is not a part of the radio-frequency circuit, 
and therefore does not affect the feedback. Second, the 
plate and grid lead inductances can be lumped with the 
external tuned circuit. Third, there is a minimum of 
parts, since there is no external radio-frequency path be-
tween plate and cathode or grid and cathode. Finally, 
it can be shown that the Colpitts circuit is less subject 
to initial transit-time effects than the Hartley or tuned-
plate-tuned-grid types. 
A paper by Bell, Gavin, James, and Warren,' in 1946, 

pointed out the basic requirements for oscillation in a 
triode, and also the necessary feedback conditions. The 
present study was initiated in order to extend these re-
sults. 

II. CONDITIONS FOR OSCILLATION 

Fig. 1(a) illustrates the general case of the negative-
grid triode oscillator. Applying linear circuit theory, the 
net dynamic grid-plate admittance is: 

Ggp" = Ggp  {[GakGpk(Ggk G k 

▪ BpkGgk(Bpk + B.) + Bpk( BpkGpk 

•  B,,,Gpk —  BpkGm).1 [(Gpk  Gpk  G,,,) 2 

▪ (Bgk Bpk  B m) 21} 

Bgp" = Bgp {[BokBpk(B gk B pk B,,,) 

▪ BpkGpk(Gpk ±  ± Gok(GgkBpk 

— B,Gpk)]  [(Gple  Gpk  G 

+ (Bo,  Bpk Brn) 2]). 

G„" = 

and 

IRE 

w 2C gk 2 1„,w 2C ok C pk  

(1 + 
rpC412(Cuk  Cpk) 2 

(3) 

co3C0C,,krp2(Cgk+Cpk) +0,C0k(1-i-A) 
B „"=(oC „-1-  (4) 

+A) 2+ rp 2,02(Cgk+Cpk ) 2 

The necessary conditions for oscillation are that the 
magnitude of the negative conductance presented by 
the tube be greater than the positive conductance of 
the load, and the susceptance presented by the tube be 
equal in magnitude but opposite in sign to that of the 
load at the frequency of oscillation. 

YPK 

YO'P 

YOIC Yak 
Yes 

Y1,4 • TRIODE TRAN8ADAIITTANCE 

(a) 

LP 

EXTERNAL 
CIRCUIT 

(b) 

(0  Fig. 1—(a) Basic diagram of a negative-grid triode oscillator; 
(b) special case of Colpitts oscillator using internal feedback. 

(2) 

In the case of the Colpitts circuit with small losses 
and short transit time, the admittance presented to the 
tuned circuit becomes: 

Decimal classification: R355.912. Original manuscript received 
by the Institute, June 5, 1949; revised manuscript received, February, 
21, 1950. 

t Stanford Research Institute, Stanford, Calif. 
J. Bell, M. R. Gavin, E. G. James, and G. W. Warren, "Triodes 

for very short waves—oscillators," Jour. IEE (London), part IIIA, 
vol. 93, pp. 833-846; 1946. 

III. FEEDBACK RELATIONSHIPS 

Considering (3), if the grid-plate conductance, Gop", 
is to be negative, the term (µ0C0C,,k) must be greater 
than co2CO 2, or (Cok/C,,k) <µ; this verifies the familiar 
low-frequency relationship for the Colpitts circuit. If 
the conductance is to be most negative, however, it is not 
necessarily true that the ratio Cok/C„k should be ag 
small as possible; on the contrary, it will have a certain 
optimum value. In order to establish this optimum ratio, 
examine the more general equation obtained from (1) 
by assuming only that transit time is small: 
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G " = G  G ,k(Go-1- Gpk  G.) ± (GoBo:  GoBpk2 — BoBpk) 
„ „  okG 

(Go + Gpk  Gin) 2 (B gk  Bpk) 2 

It has been shown' that Gpp" can be computed as a func-
tion of Bo and Bpk for a particular tube, and Fig. 2 
ows such computations as a family of curves for the 
F4, without losses. It is apparent from the curves that: 
1. If (Bok/B„k) <18, then the grid-plate conductance 
ecomes negative and oscillation is possible. Since 
./3„k/B„k = C„k/Cpk at any one frequency, this checks the 
previously mentioned condition for oscillation in a 
Colpitts oscillator, namely (C,k/C„k)<tt (µ=G„,/G„ 
=18). 
2. At a given frequency, the most negative grid-plate 

conductance is obtained by making both CO and Cpk 

large and equal to each other. 
3. If either Bpk or B gk must be limited to a small 

yalue, then an optimum ratio of B9/B5 k (i.e., Cpk/Cpk) 
can be defined. 
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0 

6F4 Gm . 6 K 10-3 MHOS 

Gp • 3.3311104/MHOS 
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IV 

7 o 
11. . 

10 4 
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i 

110-t 

GRID-CATHODE  SUSCEPTANCE - BO -MHOS 

Fig. 2—Dynamic grid-plate conductance of 6F4 as a 
function of feedback susceptances. 

4. A locus of points can be drawn through the mini-
mum points of the family of constant Bpk curves; this 
defines the optimum grid-cathode susceptance for a i 
given plate-cathode susceptance. Similarly, an envelope 

II
f the family of constant Bpk curves can be drawn; this 
efines the optimum plate-cathode susceptance for a 
iven grid-cathode susceptance. 
1 Now in an ultra-high-frequency oscillator, it is not 
feasible to increase the feedback capacitances indefi-
nitely; too large a set of feedback capacitances will be 
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(5) 

reflected in a large capacitance at the remaining pair 
of tube elements, resulting in a low-impedance tank cir-
cuit, and a low self-resonant frequency for the tube; as a 
result, a compromise may be necessary. 
To compare the 6F4 acorn triode with a fictitious 

6F4 having "optimum" feedback capacitances, plot 
from (3) the grid-plate conductance as a function of fre-
quency for a 6F4 using interelectrode capacitances for 
feedback, and add to the same illustration the optimum 
curves as extracted from Fig. 2. This has been done in 
Fig. 3. It can be seen that at low frequencies the internal 
feedback capacitances of the 6F4 are smaller than those 
which would produce the most negative output con-
ductance. 

6F4 

0 
0 

Ia 

1-   a -10-5 

Grri .6,10-3 MHOS 

Gp .3 33.10-4MHOS 

Cglk  20.10421 

Cpt.06.10421  

CURVE OF OPTIMUM 
Bgt FOR GIVEN BO 

100 MC 

250 MC 

-CURVE OF ACTUAL Bpk 
AND egk WITH INTERNAL 
FEEDBACK ONLY 

CURVE OF OPTIMUM 
Bp  FOR GIVEN BO 

MC 

1000 MC 

10 2   
10-3  10-2  

GRID -CATHODE  SUSCEPTANCE - Bpk-MHOS 

Fig. 3—A comparison of actual and optimum feedback ratios for 6F4. 

At 250 Mc, for example, the conductance can be made 
more negative by increasing either Cgk or Cpk, the change 
being much greater if it is Cpk that is altered. (Notice 
that the locus of optimum Bpk for a given value of Bpk 

must be approached along a curve of constant plate-
cathode susceptance—not grid-plate conductance.) In-
creasing both capacitances would make the conductance 
still more negative, but would excessively increase the 
effective grid-plate capacitance presented to the tuned 
circuit. At higher frequencies the situation is a little 
different. At 1,000 Mc, for example, Fig. 3 shows that 
the grid-plate conductance is again made more negative 
if both feedback capacitances are increased or if the 
plate-cathode capacitance alone is increased. If the 
grid-cathode capacitance is increased without also in-
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creasing the plate-cathode capacitance, however, the 
grid-plate conductance then becomes less negative. In 
any case, the internal capacitances are large enough in 
the 6F4, and of such ratio, that the conditions for oscil-
lation are favorable for the entire ultra-high-frequency 
range. 
In order to compare this with a tube that would not 

oscillate without external feedback, consider the 2C37 
co-planar triode with these characteristics: 

= 25 

r, = 5,000 ohms 

Co, = 1.40 X 10-" 

Gat = 0.02 X 10-12 1. 

Applying (3), tho dynamic conductance presented to 
the load is plotted in Fig. 4, and is seen to be positive 
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Fig. 4—Dynamic grid-plate conductance of 2C36 and 2C37. 

for the entire frequency range. The tube will therefore 
not oscillate in an ultra-high-frequency Colpitts circuit 
unless some form of feedback is added. Since it is often 
difficult to obtain satisfactory external feedback, a sec-
ond tube type has been made commercially available 
which is basically a 2C37 with an artificially increased 
plate-cathode capacitance; this is the 2C36, which has 
the characteristics: 

is = 25 

r, = 5,000 ohms 

= 1.40 X 10-12 f 

C 9k = 0.36 X 10-" J. 

The grid-plate conductance of the 2C36 is also plotted in 
Fig. 4, and it can be seen that it requires no additional 
external feedback for oscillation. 
The dotted curve, showing optimum feedback, is 

based on the assumption that the internal plate-cathode 

capacitance is adjusted for optimum feedback. (This is 't 
the practical case, since CO > Cpk.) This curve could be 
obtained from another family of curves, just as Fig. 3 
was taken from Fig. 2, but a less laborious method is 
to recall that it is the envelope of the first family of 
curves that is desired, and this envelope can be found blr 
setting (8c„"/aBig)m-0 and solving for BO. If this is 
done, using (5) rather than (3) so that the expression is 
kept more general by the inclusion of loss terms, the 
result is: 

pk(2G gk Gm)Bpk2 12G elt[(G gk G pit G•ts) 2 

G 9k(G pit ± G,k + G.)j ±2139,2(Gok —G,k)1 B ttk 

B pk[Gme(Gek +G,k  G.)' 

• 2GpkG,k(Go  G pit + Gm)] 

▪ Bpk3(2Gyk G„,)1  0. 

This is a quadratic equation of the form 

aB,k2 bB,k ± c = 

so that, 

— b  ‘,/b2 — 4ac 
Bp, =   (7) 

2a 

(When practical values are inserted in the solution, the 
sign of the second term of the quadratic solution is seen 
to be positive.) The computation by this method is still 
tedious, but it is much easier than plotting the entire 
family of curves. 

. IV. LEAD INDUCTANCE 

The equations of this paper are independent of the 
influence of lead inductance as long as the feedback is 
internal and the grid and plate lead inductances are con-
sidered as part of the external tuned circuit. If it is de-
sired to lump the grid-plate lead inductances with the 
tube, this can be done by converting the computed 
dynamic admittance of the tube to an impedance form 
and adding to it the lead reactance and loss resistance. 
The requirement of the external tuned circuit for oscil-
lation at a given frequency can then be predicted by the 
relationship 

Reube  Rckt 

X tube  Xckt = 0, 
(8) 

(9) 

provided that (G„")2<<(B„") 2. 

Despite the limitations of electron transit time and 
the fact that it is based on a small-signal approach, the 
analysis can be of value when applied to the practical 
design of low-power very-high-frequency and ultra-
high-frequency oscillators. An example and extension 
of this line of attack can be found in a companion paper 
by Pettit,2 whose help in the formulation of the present 
paper is gratefully recognized. 

2 J. M. Pettit, "Very-high-frequency triode oscillator using a series 
tuned circuit," this issue, PROC. I.R.E., pp. 633-635. 
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Ultra-High-Frequency Triode Oscillator 
Using a Series-Tuned Circuit* 

J. M. PETTITt, SENIOR MEMBER, IRE 
Summary—As the conventional triode oscillator is applied to 

higher and higher frequencies, one or both of two phenomena finally 
prevent oscillation. These phenomena are transit-time effects and 
self-resonance of the tube elements. The analysis described in this 
paper refers these effects to the resistance and reactance require-
ments of the tube upon the external circuit. In those instances where 
a given triode is limited primarily by the reactance effects, due to 
large lead inductance, it is shown that the self-resonant frequency of 
the tube is not the upper limit of oscillation if one departs from the 
conventional parallel-tuned circuit and uses a series-tuned circuit 

instead. 

THERE IS ALWAYS an interest in extending the 
frequency range of any given triode tube to higher 
frequencies. This is especially true in receiver ap-

plications, where, in addition, it is often desired to have 
wide tuning range and single control. The customary 
oscillator used in this application is the standard Hart-
ley or Colpitts circuit, but at higher frequencies the 
modified Colpitts circuit shown in Fig. 1 is employed. 
In this latter circuit the feedback is accomplished 
through the internal tube capacitances. It has been 

a t•rnsi 

Fig. 1—Ultra-high-frequency oscillator—modified Colpitts circuit. 

shown by previous authors' that this circuit is one of a 
class that is most favorable in reducing transit-time ef-
fects. With conventional small triodes, it provides a 
useful oscillator for receiver and signal generator ap-
plications up to frequencies of several hundred mega-
cycles, often using the "butterfly" circuit for the tuned 
element, as indicated in Fig. 1. 
In order to analyze the requirements of the external 

tuned circuit for a given triode tube, it is expedient to 
investigate the nature of the two-terminal impedance 
looking into the grid-plate terminals, then to compute 
the series resistive and reactive components as a func-
tion of frequency.2 When this is done, results such as 
those shown in Fig. 2 are obtained (6F4 triode, connec-

• Decimal classification: R355.912. Original manuscript received 
by the Institute, September 12, 1949; revised manuscript received, 
January 4, 1950. 
t Stanford University, Stanford, Calif. 
1 J. Bell, M. R. Gavin, E. G. James, and G. W. Warren, "Triodes 

for very short waves—oscillators," Jour. IEE (London), part III A. 
vol. 93, pp. 833-846; 1946. 

Further details on this approach will be found in a companion 
paper, F. J. Kamphoefner, "Feedback in vhf and uhf oscillators," in 
this issue, PROC. I.R.E., pp. 630-632. 

tions to only one pair of grid and plate terminals). Cal-
culated data are presented, together with measurements 
made upon a scaled model operating at one tenth of the 
frequencies shown. Simple linear theory is utilized, em-
ploying a real and constant transconductance. This 
provides, of course, no information as to the magnitude 
of the oscillation nor the available power output, but 
does define a set of minimum conditions required for 
oscillation. The lower curve shows the negative resist-
ance provided by the tube, and it follows that the ex-
ternal circuit must provide a positive resistance equal to 
or less than the appropriate negative value at the fre-
quency of interest. Likewise, the reactance of the ex-
ternal circuit must be equal in magnitude to and oppo-
site in sign from the reactance provided by the tube. 
This paper is restricted to those applications where 

the reactance of the external circuit is the limiting fac-
tor, especially operation in the region near and above the 
self-resonant frequency of the tube, which occurs at 
about 730 Mc for the example in Fig. 2. It is thus 
assumed that transit-time effects have not impaired the 
magnitude of the negative resistance presented by the 
tube to such an extent that usable external circuits are 
too lossy to operate. This situation might be expected 
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Fig. 2—Dynamic impedance presented to tuned circuit by 6F4 
Colpitts oscillator. (Note: Solid curves are computed. The dotted 
curves and encircled points are measured, using the frequency-
scaled model.) 
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to prevail in close-spaced triodes mounted in miniature 
envelopes, for instance the triode-connected 6AK5, 
where lead inductance is large and it, instead of transit 
time, will tend to be the limiting factor. 
The manner in which the external circuit operates in 

conjunction with the tube to provide the proper react-
ance and thus to determine the oscillating frequency is 
shown in the calculated curves of Fig. 3. Here the cus-
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Fig. 3—Reactance of parallel-tuned circuit. 

tomary parallel-tuned circuit is indicated, although the 
reactive component plotted is the equivalent series 
value. The point of intersection of the reactance re-
quired by the tube and the reactance available from the 
circuit determines the operating frequency, shown to be 
570 Mc in the example under consideration. It will be 
noted that the resonant frequency of the circuit alone 
is actually 667 Mc. The tube acts like a capacitance, 
very closely equal to the grid-plate capacitance, and 
.thus requires an inductive reactance to produce reso-
nance. Obtaining this from a tuned circuit requires that 
the circuit be tuned to a higher frequency than the de-
sired frequency of oscillation of the combined circuit. 
It can be plainly seen from Fig. 3 that, no matter how 
high the resonant frequency of the external circuit may 
be, oscillations cannot occur at a frequency higher than 
the self-resonant frequency of the tube, namely 730 
Mc. At this frequency a short circuit across the grid-
plate terminals would suffice equally well. 
It is noted that the behavior of the reactance required 

by the triode in the vicinity of self-resonance resembles 
that of a series-tuned circuit. Again considering the 
examples shown in the illustration, if a small induct-
ance and a series capacitance are connected to the grid-
plate terminals as in Fig. 4, the dotted curves in this 
figure show the calculated reactance presented by the 
series circuit for different values of tuning capacitance. 
Once more the intersections of these dotted lines with 
the solid lines, representing the reactance required by 

There is also an intersection at approximately 1,000 Mc, but 
the lower frequency provides the more favorable resistance condi-
tions. 
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0 

Fig. 6—Series-tuned ultra-high-frequency oscillator. 

the tube, determine the operating frequencies of the 
oscillator circuit. It is seen that with the capacitance 
variation shown, a substantial tuning range is covered, 
extending from well below to considerably above the 
self-resonant frequency of the tube. 
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PI H.V. 

Fig. 7—Schematic diagram of series-tuned ultra-
high-frequency oscillator. 

It is indeed feasible to operate such a circuit by add-
ing only a capacitor as the external circuit, using the in-
ductance of the leads as the inductive portion of the 
circuit. This is doubtless familiar to a few readers. The 
tuning ranges calculated in this circumstance are shown 
in Fig. 5. Such an oscillator, using the triode for which 
the previous calculations have been made, is pictured in 
Fig. 6, with its detailed schematic in Fig. 7. The capaci-
tor used was a concentric air trimmer, modified to pro-
vide a split stator and an isolated rotor. The frequency 
range is approximately 630 to 900 Mc, with a cor-
responding capacitance variation of 8.1 to 1.5 micro-

microfarads. 
For applications in which a large tuning range is de-

sired, both capacitance and inductance variation can be 
employed simultaneously. The chart of Fig. 8 shows the 

range of possibilities for the 6F4 example. 
It will be noted that, from the viewpoint of oscillation 

theory, the active part of the circuit, the electron 
stream, continues to see a parallel reactance. The ex-
ternal series circuit merely serves to adjust the magni-
tude of the inductive branch paralleled by the grid-

plate capacitance. 

5 rrf 

' rrf 

2 Frf 

E
 
T
E 

re 

rr 

CA
P
A
C 
I T
A
N
C
E 

2  h 0.5 h 
' -  • 

i 

( 

i 

k 

1 

S. 
• 

/ 

/ • 
• 

/ 

• 
• 

• 
/ 

/ 

• 
•• 

/ 

• 
/ 

/ 
• 
s / s 

I 

• / 

A tO•1 1 I 1 
•• / 

/ 

Drank. Cv • 1.i fir  • ,,,,f, 
al  • l freqs , 

'fetal 9a p leod L • 0.02. rh  ' 

.• / 

, 

. • 
• e / 
4 • 

- 

2.00  500  l00 
M EQUENCY td.g. 

2. ph 

I rh 

05 ph 

OZ ph 

0 ph 

Fig. 8—Frequency range of a 6F4 Colpitts oscillator for single series-
tuned circuit with both inductance and capacitance variable. 

In conclusion it should be emphasized that the so-
called self-resonant frequency of the tube used in a 
triode oscillator need not be a limit on the frequency 
coverage if proper choice of the external circuit is made. 
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The Theory of a Three-Terminal Capacitor* 
ROBERT E. CORBYt 

Summary—Theoretical equations are derived for the insertion 
loss of a three-terminal capacitor which check the experimental 
curves within their precision of measure. The condenser is assumed 
to behave like some equivalent transmission line and the line con-

INTRODUCTION 

T
HE THEORY OF a three-terminal capacitor de-
scribed by Allison and Beverly' can be developed 
from Maxwell's equations and transmission line 

theory. The insertion loss' of this filter is given as 

• Decimal classification: R215. Original manuscript received by 
the Institute, August 22, 1949; revised manuscript received, January 
13, 1950. 
f University of Arizona, Tucson, Ariz. 
I W. M. Allison and N. E. Beverly. "New high-frequency capaci-

tor," Trans. A I EE, vol. 63, p. 915; December, 1944. 
2 Alan Watton, Jr., "The duct capacitor," PROC. 1.R.E., vol. 36, 

pp. 550-554; April, 1948. 

stants of this line determined as a function of frequency. Skin effect 
and proximity effect are taken into consideration, and engineering 
curves are plotted to make the prediction of the behavior of such a 

condenser easy to determine. 

P = 20 log (1210/Z,), 

where R10 is the impedance level of the line (usually 
chosen as 10 ohms), and Z. is the impedance of the de-
vice whose loss is desired. From transmission line theory, 
the sending end impedance of an open-circuited line is Zo 
coth 71 where the characteristic impedance Zo is to a 

close approximation, 

Zo  (L/C)I12((o.)2 + 0)/0)", 
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where k is the ratio of R/L and the other symbols have 
their usual significance. The propagation constant 7 can 
be divided into its real and imaginary parts a and jii, 
where a and /3 are given as 

a2 = (ww/2)((„2 k2)112 _ 

=  (ww/2)((wt + k2)/2 + 

Substituting these equations back into the expression 
for insertion loss, we .get 

P = 20 — 10 log L/C — 5 log (0)2 k2)/0.) 2 

+  10 log (sinh2 al + sin2/3/)/(sinh' al + cos2 01).  (1) 

In using the above equation, it is convenient to use fre-
quencies associated with the multiples of 1/8 wave-
length. Frequency and wavelength X are related from 
elementary theory by 

f2 = 1610/X2(X2C2R2  -t- 16s-'LC). 

DEYERMINATION OF THE LINE CONSTANTS 

It can easily be shown that the magnetic field is to a 
close approximation the same as that which would exist 
if the condenser were unrolled. The general skin effect 
equation V2i=jo:/icri can be solved in rectangular co-
ordinates from which the expression for the impedance 
per unit of length can be determined.' Separating this 
impedance into its real and imaginary parts, we can 
write for R and L 

R = R0(2m)u2(sinh (2m)'/' + sin (2m) 112 ) 

/(cosh (2m)" —  cos (2m)1/2) 

27a10-9 rsinh (2m)u2 — sin (2m) 112 21-c10-9 
L —  

w(2m)u2 Lcosh (2m) 112  — cos (2m)'/2 

where 

m imacoma2/4 
a ----conductivity of foil 
w angular frequency 
Ror---direct current resistance per unit length 

conductor permeability 
c-----dielectric thickness 
a ==.conductor thickness 
w---mnarrow conductor width. 

Both of the above equations can be simplified by defin-
ing two function F1 and F2 which contain all the hyper-
bolic and trigonometric terms. These can be plotted as 
a function of m alone. The final expressions for R and L 
written in more useful units are 

R = RoFi 

L = (27 / w)(aF 2 + 

where Ro is in ohms/cm, and L is in micromicrohenrys/ 
cm, a is in mils, w is in inches, and c is in mils. 

3 S. Ramo and J. R. Whinnery, "Fields and Waves in Modern 
Radio," John Wiley and Sons, Inc. New York, N. Y., chap. 6; 1944. 
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Fig. I—Useful curves in predicting the behavior of a condenser. 
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CONCLUSION 

Fig. 1 is a curve showing the functions F1 and F2. 
From these curves, R and L can be determined, from 
which a and /3 can be determined, from which the in-
sertion loss can be determined. An examination of (1) 
shows that as the frequency approaches infinity, the 
third and fourth terms approach zero and the insertion 
loss becomes 

P = 34.47 + 10 log K ± 20 log w/c 

where K is the dielectric constant, w is in inches, and 
is in mils. 

Measurements were made on many condensers with 
different dimensions, conductivities, and dielectrics, 
and the above equations were found to be valid up to 
frequencies of the order of 50 Mc. At frequencies above 
this, the loss in general dropped rapidly with frequency 
due in large part to the effect of the external inductance 
inherent in the measurement apparatus: Fig. 2 shows a 
typical check between theory and experiment. 
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Maximum Tank Voltage in Class-C Amplifiers* 
LEO E. DWORKt, MEMBER, IRE 

Summary—Theoretical considerations are presented to justify 
.; the frequent appearance in class-C amplifiers of radio-frequency 
plate voltages which are greater than the dc plate voltage. A method 
is developed for predicting the magnitude of this rf voltage under any 
given set of conditions. This method is then experimentally verified 

for a given case. 

INTRODUCTION 

it 
1 REQUENTLY, when preliminary adjustment of 
the tank circuit of a class-C amplifier is attempted, 
or when the specifications on a transmitter require 

that the tank be tuned with load disconnected, there is 
a voltage flashover across the tank condenser even 
though it was designed with what was believed to be a 
large safety factor. This voltage breakdown is due to a 
radio-frequency plate voltage which can be many times 
the dc plate supply voltage. 
The usual procedure in the design of class-C amplifiers 

has been to assume a radio-frequency peak plate voltage 
which is slightly less than the dc voltage on the plate 
of the tube. From this assumed rf voltage the required 
plate tank circuit elements are then chosen. Specifically, 
the tank circuit condenser is chosen to withstand the 
combined voltage stress of the dc and the assumed rf 
plate voltages. However, as mentioned above, this has 
under certain conditions resulted in a voltage break-
down of the plate tank condenser. 
The purpose of this investigation was as follows: 
(a) To determine what causes this high rf tank volt-

age. 
(b) To determine what factors influence its magni-

tude. 
(c) To devise a method for predicting the value of this 
voltage under any given set of conditions. 

(d) To experimentally check this prediction for a given 
case. 

The basic circuit of the class-C power amplifier is shown 
in Fig. 1. The grid is biased beyond cutoff and driven 
by a sine wave generator. The resulting plate current 
flow is a pulse which, under steady-state conditions, can 
be Fourier analyzed into components consisting of a dc 

C- 84 

 1—Basic circuit of the class-C amplifier. 

• Decimal classification: R363.15. Original manuscript received 
by the Institute, August 27, 1948; revised manuscript received, De-
cember 22, 1949. 
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term and fundamental and harmonics of the grid driving 

voltage. 
Under normal conditions in a class-C amplifier the 

plate circuit consists of a parallel coil and condenser 
which is tuned to the same frequency as the grid driving 
voltage. The Q of this tank circuit is such that the re-
sulting rf plate voltage is to a very close approximation 
a pure sine wave. The magnitude of this rf plate voltage 
is equal to the product of the fundamental component 
of the plate current pulse by the impedance of the plate 
tank circuit at this frequency. The use of the constant 
current curves of the tubes is desirable when analyzing 
the class-C amplifier since the ac plate and grid voltages 
are both sinusoidal.' The path of operations on these 
constant current curves becomes an ellipse, or of course 
a straight line or circle. 

Symbol Definitions 
4= instantaneous plate voltage 

Ebb = dc plate voltage 
E„„,= peak value of the rf plate voltage 
ec= instantaneous grid voltage 
Ecc=dc grid voltage 
E„„,= peak value of the rf grid voltage 
4= instantaneous plate current 
= instantaneous value of the fundamental com-
ponent of plate current 
= peak value of 

4=1 41 /IP = plate tank impedance at fundamental 
frequency 

Z, = impedance of the same plate tank circuit when 
it is adjusted to antiresonance 

X,= reactance of the plate tank condenser at funda-
mental frequency 

r, = plate resistance of the tube 
IA = amplification factor of the tube 
0 = supplement of the phase angle between the rf 
grid and plate voltages 

T= period of the rf grid voltage 
al= the peak value of the fundamental sine term re-

sulting from the Fourier analysis of 4 
/31= the peak value of the fundamental cosine term 

resulting from the Fourier analysis of 4. 

TANK CIRCUIT ADJUSTED TO ANTIRESONANCE 

When the plate tank circuit is tuned to antiresonance 
—unity power factor—the fundamental component of 
the plate current pulse must be in phase with the ac 
tank voltage. 
Consider the elliptical path of operation shown in 

Fig. 2. Zero time is taken as the instant of maximum 

I 1. E. Mouromtseff and H. N. Kozanowski, "Analysis of the 
operation of vacuum tubes as class-C amplifiers," PROC. I.R.E., vol. 
23, pp. 752-779; July, 1935. 
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tank voltage (minimum plate voltage). The ac plate 
voltage varies with time as a cosine wave. After equal 
time intervals on the positive and negative side of zero 
time the instantaneous plate voltages are equal, but, as 
can be seen from Fig. 2, the instantaneous plate currents 
are not equal. Since the fundamental sine term of the 
Fourier analysis of the plate current pulse is given by 

2  +To 

T T 

ib sin cot& 

it cannot be zero, and therefore the fundamental plate 
current cannot be in phase with the tank voltage. How-
ever for the straight line path of operation, line A—C in 
Fig. 2, the plate current pulse has zero axis symmetry, 
and therefore the fundamental component of the plate 
current is in phase with the tank voltage. Thus when the 
tank circuit is tuned to antiresonance, the path of oper-
ation becomes a straight line and the sinusoidal plate 
and grid voltages are 180° apart. 

Fig. 2—Paths of operation with E5„, less than E a (Type 211 tube). 

For a given dc plate voltage, dc grid voltage, and rf 
grid drive, plate tank impedance at antiresonance and 
the tank tuned to antiresonance, there is a fairly simple 
trial procedure which will locate the path of operation. 
With reference to Fig. 2, the dc plate and grid voltages 
locate the point C. The peak rf grid drive then locates 
the horizontal line ec=-- Eg.+Ecc, on which point A must 
lie. Point A is one extreme point, while point C is the 
midpoint of the path of operation. A position is chosen 
on the line ec= EQ.+ Ecc for point A. Fig. 2 shows three 
such choices. The resulting straight line path of opera-
tion permits an accurate determination of the plate 
current pulse whose fundamental component can be 
determined by a Fourier analysis. The resulting funda-
mental component of plate current multiplied by the 

antiresonant tank impedance should equal the rf tank 
voltage which is the horizontal projection of the line 
A—C. If the current impedance product does not equal 
the horizontal distance between points A and C, then a 
new point A should be chosen either to the right or left 
of the old point A, depending on whether the current 
impedance product is less or greater than the horizontal 
distance between points A and C. 
A few trial investigations in the manner outlined 

permits a very close approximation of the actual path of 
operation. That the equilibrium position of point A 
found by this method represents a stable position, and 
is the only possible position which will satisfy the given 
conditions, can be seen from the fact that as point A 
moves to the left both the angle of conduction of plate 
current and the value of the peak plate current de-
crease. Both of these factors cause a reduction in the 
fundamental component of plate current impedance 
product. But, as point A moves to the left, the increased 
horizontal projection of the line A—C requires a larger 
tank voltage which means a larger current impedance 
product. Exactly the reverse of the above occurs as 
point A moves to the right. This means that the one 
position of point A for which the current impedance 
product equals the horizontal projection of the line A—C 
is a stable equilibrium point, and the line A—C thus 
found must be the path of operation. 
The Fourier analysis of the plate current pulse, re-

ferred to above, can be performed either by a point-by-
point graphical analysis using the actual constant cur-
rent curves of the tube, or by an analytical analysis 
which assumes that the constant current curves are 
equispaced parallel straight lines.' The second method 
is much simpler, since under these conditions the plate I 
current pulse reduces to a clipped sine_wave. The error 
introduced by this assumption is generally small. Spe-
cial tools such as the "Sarabacher Calculator" greatly 
simplify the work when a graphical analysis is made.' 
However, when the plate current pulse is narrow, as was 
requently the case in this study, the "Sarbacher Cal-
ulator" gives very inaccurate results. Under these con-
itions an accurate graphical analysis becomes very 
edious. The analytical method was therefore used in 
this study. 

Still referring only to an antiresonant plate tank cir-
cuit, when the dc plate and grid voltages are specified 
then point C is specified. The rf grid drive specifies the 
projection on a vertical of the line A—C. The projection 
on a horizontal of the line A—C equals the rf tank volt-
age and this must equal the current impedance product 
resulting from the Fourier analysis of the plate current 
pulse which in turn is specified by the path of operation 
—line A—C. These are the only conditions which must 
be satisfied for stable equilibrium of the system. Note 

I "A pplied Electronics," E. E. Staff of Massachusetts Institute of 
Technology. 

3 R. I. Sarbacher, "A mechanical device for calculation of class D 
and C amplifier performance," Electron:is, vol. I; December, 1942. 
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that none of the above conditions restrict the horizontal 
projection of the line A—C to a value smaller than 
the dc plate voltage. When the point A is in the region 
of negative plate voltage the plate current is in the form 
of a double pulse, for each cycle, as shown in Fig. 3(b). 
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Fig. 3—(a) Paths of operation with the plate tank circuit tuned to 
antiresonance. (b) Plate current pulse when the path of operation 
is the line A$C. (c) Plate current pulse when the path of operation 
is the line AC. 

A3—C is for the 304,000-ohm tank, and line A—C is for 

the 5,000-ohm tank. 
The maximum possible tank voltage under the condi-

tions of an antiresonant tank may be found readily. As 
the tank impedance increases, the plate current de-
creases, the point A moves to the left on the constant 
current curves, and the rf tank voltage increases. The 
limiting condition occurs when the path of operation 
goes through the origin because under this condition 
there would be no plate current flow. This limiting path 
of operation is given by the line A4—C in Fig. 3(a). The 
resulting value of tank voltage is given by: 

The corresponding path of operation is the line A3C in 
Fig. 3(a). Due to the zero axis symmetry of this double 
pulse the fundamental component of the plate current is 
still in phase with the tank voltage. 
With point C fixed and with the projection on the 

vertical of the line A—C fixed, as point A moves to the 
left the current decreases while the tank voltage in-
creases; hence, the tank impedance must increase. The 
very large drop in fundamental plate current which re-
sults when point A just moves to the left of the zero 
plate voltage line results in a required large increase in 
tank impedance to support this condition. Under most 
conditions in practice, these large tank impedances are 
not encountered. For example, with two type 211 tubes 
in parallel, with a dc plate voltage of 1,000 volts, a grid 
bias of 150 volts, and a grid drive of 200 volts, it was 
necessary to use a tank impedance of 304,000 ohms in 
order to obtain a peak tank voltage of 1,250 volts. The 
normal tank impedance under these conditions of bias 
and drive would be about 5,000 ohms, and this would 
result in a peak tank voltage of about 950 volts. Fig. 
3(a) shows the load lines under these conditions. Line 

Egm 

Epm max = Ebb   (1) 
IE I 

where Es,,, max  equals the maximum possible peak value 
of the rf tank voltage under antiresonant conditions. An 
infinite tank impedance is necessary to support this con-
dition since the plate current is zero. 

TANK CIRCUIT DETUNED 

The condition cited above must be modified some-
what when the plate tank is detuned from antireso-
nance. When the ac plate and grid voltages are 180° out 
of phase, the path of operation becomes a straight line, 
and therefore the plate current pulse has zero axis sym-
metry which forces the fundamental component of plate 
current to be in phase with the tank voltage. This con-
dition is impossible when the tank circuit is detuned 
from antiresonance. Therefore, with the detuned plate 
tank, the ac plate and grid voltages cannot be 180° out 
of phase and thus the path of operation on the constant 
current curves becomes an ellipse. The projection on the 
horizontal of this ellipse equals twice the peak plate 
voltage, while the projection on the vertical equals 
twice the peak rf grid drive voltage. The fundamental 
component of the plate current pulse multiplied by the 
tank circuit impedance must equal the rf plate voltage. 
This last condition of course, involves two conditions— 
magnitude and phase. 
The determination of the path of operation for a given 

plate tank circuit and grid drive becomes much more in-
volved when the tank is detuned than when the tank is 
tuned to antiresonance. This is due to the fact that now 
two trial guesses must be made before the path of oper-
ation can be located: (1) Magnitude of the peak rf plate 
voltage, and (2) the phase angle between the rf plate 
and grid voltages. From the assumed path of operation 
we can determine the plate current pulse, which can be 
Fourier analyzed to give the magnitude of the funda-
mental plate current component and its phase relation-
ship with the rf tank voltage. The ratio of the rf tank 
voltage to the fundamental current component is the 
tank impedance value required by the assumed path of 
operation. If this calculated impedance is not equal to 
the given tank impedance, a new path of operation must 
be chosen. However, it is difficult to determine whether 
the new path of operation should differ from the original 
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path by virtue of a different magnitude of rf plate volt-
age, or a different angle between plate and grid voltages, 
or a combination of the two. This is because both of 
these factors influence both the magnitude and angle of 
the calculated impedance. No simple relationship exists 
between the angle of the tank impedance and the angle 
between the rf grid and plate voltages. 
The inverse problem of finding the tank impedance 

for a given path of operation may be solved as readily 
as was the problem of the antiresonant tank condition. 
This problem is discussed further in the next section. 
As in the case for the antiresonant tank condition, it 

is quite possible to satisfy the conditions for equilibrium 
of the elliptical path of operation (tank detuned) with 
the rf tank voltage greater than the dc plate voltage. 
The paths of operation, and the corresponding current 
pulses, in two such cases, are shown in Fig. 4. Also 
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Fig. 4—Paths of operation and plate current wave shapes with 
E,,,,> Eet, for different values of phase shift between the rf plate 
and grid voltages. (a) Solid line is for 0=30*; dashed line is for 
0=100; dash-dot line is for 0=0°. (b) 0=0°. (c) 0=10°. (d) 0=30°. 

shown in Fig. 4 is the path of operation for an anti-
resonant tank with the same value of tank voltage as 
for the detuned tank. It can be seen from Fig. 4 that, 
for the same rf tank voltage, an elliptical path of opera-
tion makes possible a much larger plate current pulse 
than that given by the straight line path of operation. 
This increase in plate current reduces the magnitude of 
tank impedance necessary to make the rf tank voltage 
larger than the dc plate voltage. Further calculations 
will demonstrate that this decrease in tank impedance 
is larger than the normal decrease in impedance of a 

r 

tank circuit as it is detuned. This means that the re-
quired impedance of the tank at antiresonance is, in 
order to produce a certain tank voltage with the tank 
detuned, less than the impedance of a tank required to 
produce the same tank voltage at antiresonance. This 
conclusion is made obvious by Fig. 6(a), where the 
straight line path of operation requires an infinite tank 
impedance while a finite tank impedance can produce 
the elliptical path of operation shown. 

CALCULATION OF TANK IMPEDANCE 

For assumed values of dc plate voltage, dc grid volt-
age, rf grid drive, rf plate voltage, and phase angle be-
tween the rf plate and grid voltages, the calculation of 
the tank impedance proceeds as follows: 
If we take time, 1=0, at the point where the sine wave 

rf tank voltage goes through zero with positive slope 
then: 

eb = Ebb E p„, sin Lot  (2) 

and 

= EG, E„„, sin (cot ± 0). 

For the tube: 

eb + Pee 

(3) 

=   (4) 

1 , 
e = — {[Ebb  — VA 2 ±  B2 sin (w/ —) 1 (5) 

r„ 

where (Fig. 5) 

A = Er„, —  cos 0 

B = µE,„, sin 0 

= tan-' — • 
.4 

Fig. 5 

(6) 

(7) 

(8) 

This expression for ib only holds as long as both 4 and 
eb are positive. Under any other conditions, 4=0. 
The assumption of a constant i and r„ is identical 

with the assumption that the constant current curves 
are equispaced straight lines. This assumption some-
what modifies the shape of the plate current pulse 
mostly in that it assumes that the plate current sud-
denly falls to zero as the plate voltage goes negative. 
In order to evaluate the fundamental sine and cosine 

terms of 4, we must find the limits of the angle of con-
duction of plate current. For example, in considering 
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the ellipse in Fig. 4 for which 0=300, plate current flows 
from cot =02 to cot = 02. 4), is given by the intersection of 
the path of operation with the 4=0 line for the tube. 
Therefore in equation (5) set cot =02, 4=0 and solve for 

01 

Ebb +  At Ece 
(ki  sin-'   •  (9) vA2  B2 

02 is given by the intersection lf the path of operation 
with the eb=0 line. Therefore in (2) set 04=02, eb=0 

and solve for 02 

Thus: 

. •Ebb 

= sin-1   
Ep„, 

1 
= — f al tb sin cold(wt) 

7 J 0, 

1 
ai = — [— (Ebb + AE„)(cos 02 - cos 4)2) 

7rp 

.V.212 ± B2 cos E  sin 24)2 - sin 20) 

2 
+ 01 

2  

-VA2 + B2 sin 
  (sin2 4,2 — sin 2 4)1)] • 

2 

Similarly: 

1 
pi = —[(Ebb +  02 — sin 01) 

irrp 

VAt + B2 sin 

2 
01 

sin 202 - sin 201) 

2 

VA 2 ± B2 cos t 
  (sin2 4,2 — s1n2 4.1)] . 

2 

(10) 

(12) 

(13) 

If, as in the case of the ellipse in Fig. 4 for which 
0=10°, the plate current is a double pulse per cycle, 
then it is also necessary to evaluate 02 and 04 and then 
the integrals for al and 131, reduce to the above plus 
an identical set of integrals between the limits 02 to 44. 
In any case, 

= ai sin cot + Pi cos wt 

= Vai2 + (312 sin (cot + tan-' 

Pi 
=  1322/tan-' — 

ai 

E„„,  
Zp -    - tan-1 -- /pm.  V ai 2 pis/ 

For given values of E,,„„ Ebb, E„, and E, all values 
of 0 are not generally possible. Consider first only posi-
tive values of 0. If 

This is the required tank circuit impedance for equilib-
rium of the assumed path of operation. 

E gos 

Erm > Ebb   
I Ecci 

then 0=0 is clearly impossible. This is the case of the 
straight line path of operation shown in Fig. 6(a). As 0 

(b) 

T  t. 

(d) 

Fig. 6—(a) Path of operation with E,>Ebb and 0= ±20°. (b) Rf 
plate voltage for 0= ±20°. (c) Plate current wave shape for 
0= +20°. (d) Plate current wave shape for 0= —20°. 

is increased the ellipse "opens up." The minimum pos-
sible value of 0 is that for which the ellipse intersects 
the 4=0 curve and thus causes a plate current pulse. 
As 0 is increased further, the magnitude and angle of 
conduction of the plate current pulse increases. A typical 
possible operating condition is shown by the ellipse in 
Fig. 6(a) for which 0=20°. The resulting plate current 
pulse is shown in Fig. 6(c). The Fourier analysis of this 
pulse will show that the fundamental component of 
plate current leads the tank voltage, which means that 
the tank impedance is capacitive. As can be seen from 
Fig. 6, further increases in the value of 0 will shift the 
plate current pulse, shown in Fig. 6(c), to the left. This 
causes an increase in the capacitive angle of the tank 
impedance. The limiting value of 0 occurs when the al 
term of the Fourier analysis becomes zero. For this con-
dition the tank becomes a pure capacitive reactance. A 
value of 0 larger than this will cause the al term to be-
come negative, which means that the tank impedance 
must have a negative resistance component, which is of 
course impossible. 
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For a negative value of 0, the elliptical path of opera-
tion is identical with that given for the same positive 
value of 0, except that for negative values of 0 the oper-
ating point moves clockwise around the path of opera-
tion instead of counterclockwise as for positive values of 
0. Hence the ellipse shown in Fig. 6(a) is also for 
0= —20°. The resulting plate current pulse is shown in 
Fig. 6(d). The plate current pulse is now identical to 
that in Fig. 6(c), except that positive time is in the op-
posite direction. 
It can be shown that the magnitude of the tank im-

pedance and the magnitude of the phase angle of the 
tank impedance is only a function of the magnitude of 
0 and not its polarity. Only the sign of the phase angle 
of the tank impedance changes with the sign of 0. Posi-
tive values of 0 result in capacitive reactance .tanks, 
while negative values of 0 result in inductive reactance 
tanks. The minimum and maximum physically possible 
values of 0 for negative 0 are thus identical with those 
for positive 0. 

DETERMINATION OF MAXIMUM TANK VOLTAGE 

For given values of EtA, Era, E91,, and for a given plate 
tank circuit, the method for evaluating the rf plate volt-
age for different conditions of tank circuit tuning is 
somewhat analogous to the method of evaluating the rf 
plate voltage when the tank is adjusted to antireso-
nance. 
Assume a value of E, and 0. This determines the 

path of operation. Calculate the fundamental sine and 
cosine terms of the plate current pulse. Calculate the 
required tank circuit impedance for this assumed value 
of E„„, and 0. From the magnitude and phase angle of 
this impedance, calculate what the impedance of this 
tank would be if it were adjusted to antiresonance. The 
following expression for Z,. can be used, for this last 
calculation, when the tank is tuned by varying the tank 
circuit inductance (as was the case in the experimental 
work done in this investigation): 

= 1Z,1 ± X, sin Ili 
Z,  

cos 1,G 

This formula assumes high-Q and constant coil resist-
ance. The problem of variations in this resistance with 
the setting of the tank inductance is handled in the 
next section. A similar expression can be derived for 
the case where the tank is tuned by varying the tank 
circuit condenser. 

The above group of calculations is to be repeated for 
different assumed values of 0 but for the same assumed 
E„. 

From this series of calculations we can then plot re-
quired tank impedance at antiresonance versus phase 
angle of the tank impedance for constant rf tank voltage 
across the detuned tank (Zr versus 1,1, for constant Ep.). 
All of the above is to be repeated for different assumed 

values of E„. 

(17) 

For two type 211 tubes operating in parallel, with 
Ebb = 1,000 volts, Ea.= —150 volts, E„„,= 200 volts, and 
a plate tank circuit condenser fixed at a reactance value 
of 1,000 ohms, the calculated curves of Z, versus  for 
values of E„„, equal to 1,250, 1,500, 1,750 and 2,000 
volts are shown in Fig. 7. The value of Zr is plotted on a 
logarithmic scale for convenience in handling its large 
magnitude range. The full line curves are for negative 
values of  (capacitive tank), while the dashed line 
curves are for positive values of Ili (inductive tank). 

Zr 
ohms 

106— 

10 4 
36 60 90 

degrees 

Fig. 7—Magnitude of the plate tank impedance (Z,) versus the angle 
of the plate tank impedance 60 for constant E„„,. This is for to 
211 tubes operating in parallel with: Eb6 = 1,000 volts, E„ = —150 
volts, E,„,= 200 volts, X,=1,000 ohms, f= 500 kc. These curves 
are based on an assumed effective 11=12 and r,, = 1,100 ohms. The 
solid lines are for negative  while the dashed lines are for positive 
1,4. The almost horizontal line is the apparent 2, for the experi-
mental plate tank circuit. 

For constant Ep,„ as 1/. increases from zero the required 
Zr decreases. This is due to the fact that as  increases, 
0 increases and the ellipse "opens up," which causes an 
increase in the fundamental component of plate cur-
rent, which of course reduces the required tank imped-
ance. But for large values of # (ik close to 90°) the ratio 
of Zr/Z, for the tank circuit becomes very large 
(Zr/Z,= 00 for 0=90'). For large this factor more 
than compensates for the reduction in zp, due to the 
increase in plate current and causes the value of Z, to 
increase with increasing values of 
If on this family of curves a horizontal line is drawn 

at Zr equal to the antiresonant impedance of the given 
plate tank circuit, it is then possible to predict the varia-
tions in the rf plate tank voltage with the plate tank cir-
cuit tuning. 
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It is obvious from these curves that increasing the 
impedance of the tank circuit will increase the rf plate 

voltage. 
Since 

1Z, 
Z, =  + X, tan 4, 

cos 4, 

the vertical height between the dashed and full line 
curves for the same Ep,„ is due to the X, tan IP term. 
As the fixed value of Xc is increased the two curves 
move apart, and the required Zr, to produce a given 
tank voltage, is smaller for negative 4, than for positive 
IP. Therefore the maximum possible tank voltage will 
increase when X, is increased, even though the im-
pedance of the actual tank circuit at antiresonance is 
kept fixed by decreasing the Q of the circuit as X, is 
increased. This maximum tank voltage will occur when 
the coil is adjusted to detune the tank capacitively. 
Increasing the dc plate voltage or the grid driving 

voltage or decreasing the dc grid bias will increase the 
plate current pulse and will therefore increase the 
maximum possible rf plate voltage for a given tank cir-
cuit. Similarly, of course, increase the µ or decreasing 
the r„ of the tube will increase the rf tank voltage. 

EXPERIMENTAL VERIFICATION 

The predicted relationship between the rf plate volt-
age and the plate tank circuit tuning, as obtained above, 
lends itself very readily to experimental verification. 
In order to minimize construction details, a model 

8010 transmitter (manufactured by the Radiomarine 
Corporation of America) was modified somewhat to ob-
tain rf tank voltages higher than the dc plate voltage. 
This transmitter has an 807 crystal oscillator, an 807 
buffer, and two type 211 tubes operating in parallel 
as the power output stage. The oscillator was set at a 
frequency of 500 kc. 
The only essential modification of the transmitter was 

the replacement of the plate tank circuit of the final 
stage by a very-high-Q tank circuit. This tank circuit 
consisted of a fixed 150-Aptf mica condenser and a 
variable coil. The stator of this coil consisted of 48 turns 
of #8/16/36 Litz, wound on a form 10.5 inches long 
and 7 inches outside diameter. The rotor consisted of 13.5 
turns of #8/16/36 Litz, wound on a form 2.75 inches 
long and 5.75 inches outside diameter. At 500 kc the Q 
of the coil varied from about 405 to 320, depending upon 
the rotor setting. 
Condenser voltage dividers were placed across the 

plate tank circuit and the grid input circuit of the final 
power amplifier to permit a cathode-ray oscilloscope to 
be used to observe the path of operation on the constant 
current curves (e, versus es). In addition, a small re-
sistor (0.43 ohm) was placed in series with the plate 
tank circuit to permit a cathode-ray oscilloscope to be 
used for observation of the plate current pulse. 

The point of antiresonance of the plate tank circuit 
was determined by the scope indication of the path of 
operation. As explained previously, this can only be a 
straight line when the tank circuit is antiresonant. As 
can be seen from the plate current curve in Fig. 9 this 
antiresonance setting also resulted in a minimum dc 
plate current. This is similar to what occurs in class-C 
amplifiers under normal operating conditions (E„,,, 
< Ebb). From this setting of the plate tank coil, and the 
calibration curves of the coil, it was then possible to 
determine the total fixed capacity of the tank circuit 
(including stray capacity, output capacity of the power 
amplifier, capacity of the plate circuit divider for the 
scope, and input capacity to the peak reading voltmeter 
in the plate circuit). The calculated fixed capacitive re-
actance in the plate tank circuit was 1,000 ohms, and 
Z, = 370,000 ohms. 
Had the resistance of the coil been constant then a 

horizontal line, at Zr= 370,000 ohms, drawn on the 
Zr versus 4, curves (for constant Es.) would have per-
mitted a determination ot the variation in tank voltage 
with tank tuning. However since the resistance of the 
tank coil is not constant and since the Z, versus  curves 
were calculated on the basis of a tank coil with constant 
resistance, a slight modification of the horizontal line, 
referred to above, is necessary. For any setting of the 
tank coil we can find the L and R of the coil. This then 
permits us to calculate the 4,/ (phase angle) of the tank 
impedance and the value of Z, if the coil resistance were 
constant at this value. Let us refer to this value of Z, as 
the apparent Z, of the tank circuit. 
The resulting curve of apparent Z, versus  for the 

actual tank circuit is plotted on the Z„ versus 4, (for 
constant E„„,) curves (Fig. 7). It should be noted that 
the apparent Z, versus 4, curve for the tank circuit dif-
fers only very slightly from the horizontal straight line 
that would have been obtained if the resistance of the 
coil were constant. 
By interpolation between the Z, versus 4, (for con-

stant E,) curves, it is then possible to predict the 
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measured 
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Fig. 8—Rf plate tank voltage versus the angle of the plate tank im-
pedance (0). The solid lines are for negative 1,1,, while the dashed 
lines are for positive %G. Ebb =1,000 volts. 
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variation of tank voltage with tank circuit tuning. The 
resulting predicted value of E„„, is plotted versus & in 
Fig. 8. 
Since the relationship between the setting of the tank 

coil and  (the angle of the tank impedance) has al-
ready been calculated, it is possible to plot the predicted 
value of tank voltage versus the tank coil dial reading. 
This curve is shown in Fig. 9. 

E p M 

volt 

2000 

1500 

1000 

500 

Tank Coil Dial 

Fig 9—Predicted plate tank voltage (solid line), measured plate tank 
voltage (dashed line), and measured dc plate current (dash-dot 
line) versus the plate tank coil dial setting (arbitrary units). 
Ebb =1 000 volts. 

Also in Fig. 9 is plotted the experimentally measured 
values of tank voltage versus tank coil dial setting. 
From the known relationship between the tank coil dial 
setting and  the experimentally measured values of 
tank voltage are plotted versus  in Fig. 8. 
The predicted tank voltages differ from the measured 

values, for most cases, by less than 12 per cent. 
In view of the original assumptions (that the con-

stant current curves of the tube are equispaced straight 
lines, whereas in reality in the region of low plate cur-
rent the curves are not equispaced, and in the region of 
low plate voltage the curves are not straight lines, and 
since those two regions contribute a large percentage of 
the plate current pulse when the rf plate voltage is 
larger than the dc voltage) the agreement between the 
predicted and measured tank voltage is extremely good. 
The above assumptions regarding the constant cur-

rent curves both result in an assumed plate current 
pulse which in general is larger than the actual plate 
current pulse, and therefore result in a predicted tank 
voltage which is higher than the actual tank voltage. 
This of course could have been compensated for more 
completely by assuming a higher value of r7, than was 
done in these calculations. Or possibly a more accurate 
method of attack would have been to approximate each 

constant current curve by two straight lines of different 
slope—one for the region of low plate voltage and 
another for all remaining values of plate voltage. How-
ever the increased accuracy of this method does not 
justify its use in view of the large increase in work it 
entails. 
It should be noted that at antiresonance the rf tank 

voltage goes through a minimum point whereas under 
normal operating conditions, with the rf tank voltage 
less than the dc plate voltage, the rf tank voltage reaches 
a maximum at antiresonance. This justifies the shift to 
the left of the minimum point of the Z, versus 1,t, curves 
as E, is decreased. With E, less than Eb the minimum 
point of these curves will occur very close to 4=0 (tank 
circuit at antiresonance). 

As can be seen from the curves of tank voltage versus 
tank tuning, the maximum peak rf plate voltage was 
about 1.8 times the dc plate voltage. When the rf grid 
drive was increased from 200 volts to 300 volts the peak 
rf tank voltage was experimentally found to be about 

2.5 times the dc plate voltage. Higher values of grid 
drive or higher values of plate tank impedance will in 
general cause the ratio of maximum peak rf tank voltage 
to dc plate voltage to be even greater than this value. 
Ratios greater than 5 have been obtained experimen-
tally. 

This study shows that it is inadvisable to operate the 
power amplifier at the nominal operating voltages or to 
perform the power amplifier tuning operation when the 
antenna is disconnected or presenting a very small load 
to the power amplifier. Hence there is a lower limit be-
yond which it is inadvisable to reduce the rf power out-
put from a transmitter by reducing the coupling be-
tween the plate tank and the antenna. 
Due to the large grid current which „flows when the 

plate voltage is negative the use of grid leak bias will 
limit the rf plate voltage and will greatly reduce the re-
quired voltage rating of the tank condenser. 
An alternate method of avoiding the condenser break-

down that this phenomenon produces is to use a protec-
tive gap across the plate tank condenser. This method 
was suggested by J. F. McDonald and has been used 
by him in a number of Radiomarine transmitters. 
No data are at present available as to the influence of 

this large rf tank voltage on the life of the tube. 
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A New Wide-Range, High-Frequency Oscillator* 
0. HEILT AND J. J. EBERSt, ASSOCIATE, IRE 

Summary—A new tube is described which is fundamentally a 
Barkhausen oscillator with an electron gun and a cavity resonator. 
The tube is inherently inefficient, but is capable of tuning over ex-
tremely wide frequency ranges. For one single tube, for instance, the 
wavelength ranges from 4.5 to 12 cm and the output power from 0.1 

to 1.0 watt. 

S
HORT-WAVE GENERATION in a tube is an 
energy transformation process. Kinetic energy of 
electrons is transformed into electric field energy 

of the electromagnetic oscillating circuit. In extending 
the range of an oscillator to higher frequencies, there are 
- two limitations set by nature: (1) The conductivity of 
copper, and (2) the limited emission density of cathodes. 
The first limitation can be moved farther out by con-
centrating the electric field in the smallest possible space 
and allowing the magnetic field the largest possible 
space. The second limitation can be moved farther out 
by concentrating the electrons from a large cathode 
into a narrow beam. The tube described in this paper 
makes use of field concentration as well as electron con-
centration. The field concentration is obtained by mak-
ing use of the fact that electric fields concentrate on 
sharp corners, whereas, the electronic concentration is 
obtained by use of a highly efficient electron gun. 
The electron mechanism used is the same as in the 

Barkhausen tube, and is similar to the mechanism of a 
reflex klystron. In spite of the low efficiency of this 
mechanism, tubes have been built which tune over a 
3-to-1 tuning range by varying only the capacity of the 
circuit. This variation is possible due to the low res-
onator gap capacitance. The large tuning range, corn-
, bined with a simple solid construction, makes the tube 
useful in spite of its low efficiency. 

t, Fig. 1 shows the electron gun used which increases the 
current density by a factor of 230 from the cathode to 
the narrowest cross section of the beam. At the side is 
shown the distance d between a plane cathode and 
anode which give, at the same voltage, the same current 
density as the gun, space-charge limitation assumed. 
The emitting part of the cathode is an ellipsoid with an 
axial ratio of 1:3. The curvature of this surface is lowest 
at the center of the cathode where the electrons need 
less focusing action, since the distance they have to 
travel from the cathode to the narrowest part of the 
beam is about 15 per cent longer than the same distance 
for an electron coming from the edge of the cathode. 
Two beam elements are shown on the drawing, one com-
ing from the center of the cathode, and the other from 

• Decimal classification: R355.912. Original manuscript received 
by the Institute, October 24, 1949; revised manuscript received, Feb-
ruary 16, 1950. The research in this paper was sponsored by the Air 
Materiel Command, Wright Field, Dayton, Ohio. 
t Electron Tube Laboratory, The Ohio State University, Colum-

bus, Ohio. 
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Fig. 1—Electron gun. 

Calmat 

Mods 

the edge. Besides the different lengths and the different 
focusing action, the defocusing effect of the space charge 
on the center element has to be smaller than on the out-
side element, to make the beam parallel in the right 
distance. In an ideal parallel beam all electrons travel in 
the same direction. The cathode surface is, therefore, 
specifically less loaded in the center. The given dimen-
sions have been found experimentally. The density dis-
tribution in the beam was checked with a thin carbon 
sheet as a screen, and the directional distribution of the 
electrons was checked in a space-charge free space pro-
duced by ion trapping. The dimensions shown in Fig. 1 
were the final result of a long series of experiments. 
The dimensions given were in millimeters in the first 
model. The cathode area was 4.65 cm2. However, only 
the relative dimensions are of importance since the char-
acteristics, such as the increase in current density of 230 
and the total space-charge limited current flowing (140 
ma at 1,000 volts), are independent of the actual size. 
The dimensions used in the tubes described in this paper 
are the original size and half size.' 

(a)  (b) 

Fig. 2—Electrode arrangement and potential distributions between 
nozzle and repeller in absence of space charge for two extreme 
positions of repeller. 

I This gun has previously been developed mainly for use in power 
klystrons by 0. Heil. 
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Fig. 2 shows how the concentration of the electric field 
is obtained at the point where the electron beam has its 
greatest density. The equipotential surfaces surrounding 
the conic nozzle are pictured. Their form is mainly de-
termined by the nozzle shape, and depends little on the 
position of the tubular tuner electrode. The equipoten-
tial surfaces were taken in an electrolytic trough and 
do not take into account the space charge of the beam. 
(For space-charge effect compare Fig. 4.) 
Fig. 3 shows in carve 1 the potential plotted along the 

axis of Fig. 2(a). This potential shape is of double inter-
est, first, as picturing the ac field and second, as pictur-
ing the dc or repeller field. For the ac or high-frequency 
field, the high concentration of the field near the nozzle 
and the weak field farther away is important. An elec-
tron going out and coming back through these fields ex-
periences a strong ac effect going, that is, the modula-
tion effect, and a strong ac effect coming back, which is 
the working effect. In between, or during the bunching 
time, the ac effect is weak. (The same point is mentioned 
by Pierce in a comparison between a Barkhausen tube 

DisTAKE 

Fig. 3—Axial potential distributions in repeller space. 

and a reflex klystron.2) The same field, as a dc or repeller 
field which has to transform velocity variations into 
bunches, has good transforming ability. In Fig. 3 nega-
tive potential is shown positive in order that electrons 
can be pictured as balls rolling on the potential curve. 
Curve 2 is a parabola; such a potential curve can never 
transform velocity variations into bunches because the 
time an electron takes to go in and come out of the re-
peller field is independent of its velocity. The electron 
makes just half an oscillation of an ideal pendulum. If 
the potential distribution deviates from the parabola, 
the bunching is stronger the larger the deviation. Curves 
below the parabola, like curve 3, give bunching similar 
to a linear klystron while the controlling field is rising; 
whereas curves above the parabola give bunching similar 
to most reflex klystrons3 while the controlling field is 

2 Discussion on "Reflex oscillators," by J. R. Pierce (February, 
1945, pp. 112-118); E. U. Condon, A. E. Harrison, W. W. Hansen, 
J. R. Woodyard, and J. R. Pierce., PROC. I.R.E., pp. 483-485; July, 
1945. 

3 An exception is the wide-range tunable reflex klystron described 
by Ludwig Meyer in an unpublished work. 

falling. The transformation of velocity variations into 
density variations is good because of the strong devia-
tion of curve 1 from the parabola. These considerations 
show that the potential distribution obtained in the elec-
trode arrangement of Fig. 2 is favorable for controlling 
bunching and working of electrons. 

Fig. 4—Potential distribution between nozzle and repeller considering 
space charge. Shows effect on returning beam. 

Apart from the greater simplicity and tunability of 
this tube, there are three more advantages: 
1. All the electronic energy which has to be dissi-

pated is produced on one electrode, the nozzle electrode, 
which is made of solid copper and conducts the heat 
away to the outside envelope of the tube. 
2. No secondary emission or multipactor discharge 

loads the oscillating cavity, because the dc field holds 
all secondaries back on the nozzle and the repeller is 
never struck by electrons in normal operation. 
3. The tube shows no hysteresis effects due to elec-

trons returning in the cathode space, because the 
nozzle opening is very small and the beam is, by its 
own space charge, split into a tubular beam on the re-
turn. (Fountain effect.) Fig. 4 illustrates this. The dis-
tortion of the equipotential surfaces of Fig. 2 by the 
beam space charge is shown. The path of the electrons is 
indicated. 

Fig. 5— Experimental evidence of formation of 
ring-shaped returning beam. 
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Experimental evidence of this path is given in Fig. 5. 
The nozzle was covered with soot. The finely divided 
carbon glows where it is struck by electrons. The pic-
ture was taken through the repeller tubing and shows 
the nozzle opening in the center surrounded by a dark 
zone where scarcely any electrons strike the nozzle. 
Outside of this dark zone is the ring where most of the 
electrons strike. The irregularity in brightness is due to 

Fig. 6 -"Iube cross section. 

variations in the soot. When the tube oscillates, the ring 
becomes a little more diffuse. In tuning the tube, the ring 
moves up and down on the nozzle. At the high-frequency 
end of the tuning range the repeller tube has not suffi-
cient refocusing effect on the electrons, and the ring 
spreads over the base of the nozzle. If this point is 
reached, the tube ceases to oscillate. The electronic effi-
ciency seems to be higher with the repeller close to the 
nozzle, that is, on the long wavelength end of the tuning 
range. With the higher capacitive loading of the circuit 
at this end, more power is lost in the circuit, and there-
fore the observed power output does not vary much over 
the whole tuning range. (It may be mentioned that the 
soot used for detecting the electrons did not appreci-
ably increase the cavity losses. The splitting of the elec-
tron beam into a ring is responsible for the fact that no 
hysteresis has been observed (see Fig. 13).) There are, 
however, some electrons out of the center part of the 
beam which return to the cathode space, but their effect 
is small because of the relatively long and nonuniform 
transit time in the cathode space. 
In Fig. 6 is shown a cross section through a sealed-off 

model of the tube and in Fig. 7 the external view. The 
cavity is made of copper and is brazed into a standard 
size radio tube steel envelope. The cathode assembly 
consisting of hot and cold parts is screwed to the cavity 
and insulated by a mica disk and ceramic insulators. 
The mechanism for guiding the repeller tube is screwed 

Fig. 7—Tube. 

to the other side of the cavity. The repeller, having 
negative potential with respect to the cavity, must 
move freely without touching the copper block of the 
cavity. The motion is guided by two sets of three steel 
balls which roll on the inside of a thin-walled tubing. 
The elasticity of the metal tubing holds the balls tight 
onto the repeller and prevents any shaking. The balls 
are spaced by a ball container. External motion is 
transferred into the vacuum by a lever mechanism 
through a short piece of metal bellows. The turning 
point of the lever is at the bellows. The total motion of 
the repeller for the full tuning range is about 2.5 mm. 
The tube shown in Fig. 6 tunes from the 4.2- to 14-cm. 

wavelength. 
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As the cavity is not perfectly closed, high-frequency 
energy may leak out through the narrow gap between 
the insulated repeller and the cavity body. This leaking 
of energy becomes very large, should there exist a 
resonance in the back volume of the tube. In this case, 
it can suppress the oscillations. In the tube it is pre-
vented in the following way: 
1. The repeller is made of glass or ceramics, and the 

end sticking into the cavity is silverplated inside and 
outside. 
2. The length of the plating is made shorter than 

half the shortest wavelength produced so that it cannot 
resonate. 
3. This silverplating is connected electrically over a 

high resistance (about 10,000 ohms) with silverplating 
at the other end of the repeller tubing where the re-
peller connection is made. The resistance is made by 
coating the inside of the glass or ceramic tubing with 
carbon (dag). 
The tube shown in Figs. 6 and 7 is the model which 

has been brought into a sealed-off form. Many other 
versions of the tube varying in electrode shape, in 
cavity and gun size, and in tuning range and frequency 
have been studied. All these studies were made on the 
pump, where quick changes are possible and many 
variations could be made on the same model. The ex-
perimental method of studying this electron mechanism 
is by far the best, since the electron mechanism is rather 
complex due to the fact that the electron motion has to 
be considered in three-dimensional space. The radial 
components of the velocity are of the same importance 
as to transit time as longitudinal components, and the 
space-charge effects due to the high density beam are 
quite considerable. The electron beam and the electric 
field configuration, as determined by nozzle and repeller, 
have been varied in these experiments. On the electron 
beam, the current as well as the convergence of the elec-
trons at the point where they enter the high-frequency 
field was varied. The current variation was obtained by 
moving the cathode farther away from the accelerating 
electrode. This change of the gun does not affect the 
quality of the beam appreciably because the beam 
formation is mainly determined by cathode shape. To 
move the high-frequency field from the parallel section 
of the beam into the converging or diverging section, 
the nozzle was built longer or shorter without changing 
the outside shape. The best efficiency was obtained by 
the beam leaving the nozzle parallel and by a spacing of 
cathode to nozzle which was slightly greater than 
shown in Fig. 1. The output maximum is very flat, 
which means the current and the convergence of the 
beam are not critical. The motion of the cathode in this 
experiment was done continuously with the tube oscil-
lating by a lever mechanism similar to the one used on 
the repeller. The varying of the field configuration was 
done mainly by variation of the nozzle. In one experi-
ment the field was made less homogeneous by adding a 
cylindrical portion on the end of the nozzle. In other 

experiments the nozzle opening was made larger or the 
cone angle was varied. All these experiments showed a , 
decrease in efficiency when deviating from the geometry 
given in Figs. 2 and 4. On the other hand, it was 
shown that the dimensioning of the nozzle is not very 
critical for this low efficient mechanism which is adapt-
able over a very great frequency range. On one tube, the 
frequency range produced, with the same exciting unit, 
was further extended in addition to the normal repeller 
tuning by changing the size of the cavity. The wave-
length varied from 4.75 to 18.8 cm. The actual size of the 
gun was the same as in Fig. 1, dimensions given in 
millimeters; whereas, the gun used in the tube shown in 
Figs. 6 and 7 has half the linear dimensions. 
Figs. 8, 9, 10, and 11 present a few characteristics 

which were obtained with different models of the tube. 
Fig. 8 shows the wavelength versus turns of tuning 

mechanism characteristic of one model of the tube. In 
this and the following figures, the turns of the tuning 
mechanism is a linear measure of the distance between 
nozzle and repeller. This model used a full-size gun with 
a two-inch diameter cavity. It is seen that one repeller 
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Fig. 8—Tuning characteristics, 8 to 16 cm. 
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mode covers almost the entire range of the tube. This 
tube delivered 200 to 250 milliwatts of radio-frequency 
power across the tuning range at an efficiency of ap-
proximately one per cent. 
Fig. 9 shows the characteristics of another model 

similar to the one whose characteristics are shown in 
Fig. 8, with the exception that the cavity diameter 
was decreased from two inches to one inch. This tube 
will oscillate over the range from five to ten centi-
meters. Two repeller modes are shown: the tube will 
oscillate over the entire range without shifting modes, 
and the change in repeller voltage is practically linear 
with change in repeller position. This tube delivered be-
tween 100 and 200 milliwatts across the tuning range. 
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Fig. 10—Tuning characteristics, 4.5 to 12 cm. 
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The results shown in Fig. 10 were obtained from the 
tube shown in Figs. 6 and 7. This tube has a half-size 
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Fig. 11—Tuning characteristics, 4.5 to 9 cm. 

gun and a cavity which is about one inch in diameter. 
It will oscillate over the range from 4.2 to 14 cm. with 
an output of 100 to 150 milliwatts. In a sealed-off tube, 
however, the range would have to be limited to about 
12 cm, because of danger of field emission between nozzle 
and repeller. This tube has the disadvantage that no 
single repeller mode can be used across the entire range. 
For this tube, mode 1 is the 3/4 mode in conventional 
reflex klystrons, mode 2 is the 7/4 mode, and so forth. 

Fig. 11 shows the characteristics of a tube similar to 
the one shown in Figs. 6 and 7, except that the inside 
and outside diameters of the repeller have been in-
creased. The result is a decrease in the tuning range, but 
now the whole range can be covered by one repeller 
mode. The power output of this tube is comparable with 
the tube whose data are given in Fig. 10. 

Ea • 260 

A• 5.2 an. 

Fig. 12—Variation of power output with anode voltage. 

Fig. 12 is an oscillogram of relative power output 
with varying anode voltage for the tube whose char-
acteristics are shown in Fig. 9. The repeller voltage was 
adjusted to give maximum output. As is always true, 
the anode voltage is not critical. 
The lack of hysteresis in power output as repeller 

voltage is varied as shown in Fig. 13. The anode was 
operated at a constant voltage, and a fixed bias plus 
sinusoidal modulation was applied to the repeller. The 
picture on the left shows output with increasing and de-

showing Fig. 13—Variation of power output with repeller voltage 
freedom from hysteresis. 

EA = 790 volts direct current 
E  110 volts direct current 
R = 120 volts alternating current 
X =i.3 cm. 

creasing repeller voltage. The one on the right shows the 
two outputs superimposed. The small difference is due 
to phase shift in the scope amplifier, and practically no 
hysteresis exists. 

CONCLUSION 

A tube giving a power of 100 to 200 mw and being 
tunable from 4.2 to 12 cm has many applications be-
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cause it replaces a series of tubes. It may be used as a 
laboratory oscillator, for antenna measurements, or as a 
local oscillator in a receiver. The output and tuning 
range is achieved with a specific load on the cathode sur-
face of only 40 ma per square centimeter. This assures 
long tube life and little difficulty in manufacturing. 
Moreover, it shows that cathode emission is not a 
limitation when scaling the tube to shorter wavelengths. 
The other limitation in scaling is the heat dissipation 
ability of the nozzle. Experiments in thie direction show 
that this limit has not been reached. One of the standard 
tubes was operated at 1,100 volts and gave 1 watt 
output with an input power of 84 watts. At this load the 
tube was run continuously for 24 hours without any 
change in behavior. In view of the simple construction 

of the tube, it is therefore believed that scaling to 15,000 
Mc is possible. 
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The Influence of the Ground on the Calibration and 
Use of VHF Field-Intensity Meters* 

F. M. GREENEt, MEMBER, IRE 

ONE SOURCE OF error usually pres-
ent in very-high-frequency field-in-
tensity measurements (30 to 300 

Mc) results from the effect of the ground be-
neath the receiving antenna on the value of 
its radiation impedance. This impedance to-
gether with the load impedance ZL con-
nected to the center terminals determines 
the ratio of the terminal voltage to the in-
duced voltage in the antenna, namely, the 
voltage-transfer ratio.' This in turn aflects the 
value of the antenna constant. 
Very-high-frequency field-intensity meas-

urements will be generally in error, there-
fore, if either the receiving antenna height or 
ground constants are appreciably different 
from those existing when the field intensity 
meter was calibrated. 
A solution is obtained yielding the ap-

proximate radiation or input impedance Zi 
of a horizontal half-wave dipole over plane 
homogeneous earth for finite values of dielec-
tric constant e,, and conductivity ff. The re-
sult is 

+ rzu, 

where Zn is the free-space input impedance,' 
Z s is the mutual impedance' between the 
antenna and its image (ff = co), and r is the 

• Decimal classification: R271. Original manu-
script received by the Institute. June 1. 1949; ab-
stract received. November 18, 1949. This is an ab-
stract of a paper published in the Journal of Research, 
National Bureau of Standards. vol. 44. no. 2, Febru-
ary. 1950. Copies for sale by the Superintendent of 
Documents, U. S. Government Printing Office, Wash-
ington 25. D.0 
t Central Radio Propagation Laboratory. Na-

tional Bureau of Standards, Washington 25, D. C. 
*Standards on Radio Wave Propagation, (Meas-

uring Method),' Supplement to PROC. I.R.E., vol. 30, 
part II. p. 1; July, 1942. 

S. A. Schelkunoff, 'Electromagnetic Waves," pp. 
441-479, D. Van Noetrand Co.. Inc., New York, 
N. Y.; 1943. 
I P. S. Carter, "circuit relations In radiating sys-

tems and applications to antenna problems." Piffle 
I.R.E.. vol. 20. pp. 1004-1041; June, 1932. 

complex plane-wave reflection coefficient of 
the ground for vertical incidence. The im-
pedances are referred to the center terminals 
in all cases. 
With the antenna input impedance eval-

uated, the measurement error may be detet - 
mined for various values of load impedance 
ZL, antenna height in wavelengths h2/X, or 
ground constants er and a. 
If the receiving antenna constant was de-

termined for a sufficient antenna height•h* 
as to have essentially a "free-space" value, 
the resulting percentage difference between 
the true and indicated values of field inten-
sity at any other antenna height will be 

ZL-EZat 6 
Zy-f- Zel  1) X 100 (per cent).  (2) 

Values of 8 calculated from (2) are well 
supported by actual measurements at one 
particular site at a frequency f =100 Mc. 
Typical calculated values of this differ-

ence or measurement error versus height in 
wavelengths h2/X are shown in Fig. 1 for val-
ues of the ground constants shown, a= 00 , 
e,.=9, 15, and 30. Low loss dielectrics were 
assumed for the latter three cases, i.e., 
(trieca)<<1. This assumption is permissible 
for many types of ground over a large por-
tion of the very-high-frequency band. 
As shown in Fig. 1, a field-intensity 

meter (Zr, = 73n) calibrated under free-space 
conditions may indicate values of field in-
tensity over average ground (4=15) which 
are in error by as much as 10 per cent for 
values of h2/X near 0.3, and 7.5 per cent for 
values of h2/X near 0.6. If this error is to be 
held to values less than 5 per cent, antenna 
heights greatet than about 0.65 wavelengths 
should be used for field-intensity measure-
ments under these conditions. 

J. A. Stratton, 'Electromagnetic Theory." p. 493, 
McGraw-Hill Book Co.. Inc.. New York, N. V.; 1941. 

It is somewhat doubtful at present just 
what maximum values of measurement error 
of this type should be permitted. The error 
can obviously be reduced by increasing the 
load impedance ZL. For values of the termi-
nating impedance ZL =73, 150, and 300 
ohms, the maximum value of the error calcu-
lated for antenna heights greater than 0.15 
wavelengths is 10, 7, and 4 per cent, respec-
tively, and approaches zero as ZL approaches 
infinity. 

0  20 

HfIGIIT IN IVAI TLENGrNS — 

Fig. 1 

Apparently the usual changes in the 
ground constants experienced (due to chang-
ing moisture content) have but little effect 
upon the measurement error as presented 
here. As seen from Fig. 1, the total variation 
from "average ground" conditions (e,= 15) 
does not exceed 1.5 per cent except for values 
of h5/X<0.15. 
Since the error is appreciably larger over 

perfectly conducting ground (ff= co), it 
would seem inadvisable to use or calibrate 
very-high-frequency field-intensity meters 
over a metallic reflecting plane, unless the 
antenna heights were carefully chosen so as 
to result in a low value of error. 



950 

A Philips-Type Ionization Gauge for Measuring of 
Vacuum From 10 to 10'mm. of Mercury* 

PROCEEDINGS OF THE I.R.E.  651 

ERNEST C. EVANSt, ASSOCIATE, IRE, AND KENNETH E. BURMASTERt, MEMBER, IRE 

Summary— A Philips (Penning)-type ionization gauge is de-
:.ribed which, unlike most former gauges of this type described in 

le literature, is capable of measuring vacuum down to 10-7 mm of 
Ig. Construction and operation details of the gauge are given in addi-
on to its advantages and disadvantages as compared to hot-cathode-

rpe ionization gauges. 

T
HE INCREASE in the use of high vacua has 
emphasized the need for a convenient means of 
measuring very low pressures. Among the more 

Tactical gauges for measuring high vacuum are the 
lot-filament and the cold-cathode ionization gauges. 
the former type has the obvious disadvantage of burn-
ng out if the vacuum is broken while the gauge is in 
aperation. The cold-cathode type is not destroyed by 
weration at atmospheric pressure, has a greater range 
and longer life, outgases less, and gives accurate pres-
3ure readings. 
The Philips (Pennine') ionization gauge was selected 

as the most promising type for routine use. A Philips-

0040' nichrome 
wire, bent to 
OD /oop. — 

/1"0,9 xd- long 
mone/ tubing, 4-
wall. Chernier 
edges 4.5" 

Drill)' hole, 
silver solder Joint 

0 050' stemless  / 
steel rod I. long 

0 050's/sinless steel 
discs, silver soldered 
to ends of tubing - 

Twist and 
silver solder 

See Deleil'A i 

18 mm 

type gauge which gave accurate pressure readings be-
tween 10-7 and 10-I mm of mercury was then designed 
and constructed.' Figs. 1 through 4 show two models of 
this gauge adapted for connection to a glass vacuum 
system. A permanent Alnico V magnet (illustrated in 
Fig. 4) producing a field of 1,700 to 2,100 gauss across a 
3/4-inch gap, is used to supply the magnetic field. A po-
tential of 1,800 volts dc is supplied between the metal 
envelope, or cathode, and the wire loop, or anode. The 
current flowing through the gauge is a function of the 
pressure and is measured by the circuit shown in Fig. 5. 
Operation of the gauge depends upon ionization of the 

gas molecules within the gauge. When an electron leaves 
one side of the metal envelope, CI in Fig. 1, it is at-
tracted toward the anode loop, and its travel is con-
strained to a helical path of small diameter by the mag-
netic field. This electron passes through the anode loop 
into the retarding electric field caused by the opposite 
side of the metal envelope C2, and it is then forceci back 

C2 

Optional *Starter' for initiating discharges 
at very low pressures. 0.040 . nichrome V 
wire with pointed end. Silver solder in position. 

POD /' long 
Mover tubing, 
0.035' walls. 

Lead -see 

704 A./ 

- Uranium 
Glass 

Pyrex 

Fig. 1—Philips ion gauge. 

• Decimal classification: 621.375.621. Original manuscript re-
ceived by the Institute, October 19, 1949; revised manuscript re-
ceived, February 8, 1950. 
This paper is based on work performed for the Atomic Energy 

Commission by Carbide and Carbon Chemicals Corporation, Oak 
Ridge, Tenn. 

Carbide and Carbon Chemicals Corporation, Oak Ridge, Tenn. 
$ F. M. Penning, "Method and Device for Measuring Pressures," 

0050"Kovar rod 

i .glass bead 

4' glass codling -704 

.41 

Bend 90 ° 

/1' 

DETAIL -"A" 

U. S. Patent No. 2,197,079; April 16, 1940. 
2 F. M. Penning, "Glow discharge at low pressure between coaxial 

cylinders in an axial magnetic field," Phystat, vol. 3, pp. 873-894; 
November, 1936; and "New manometer for low gas pressures, espe-
cially between 10-$ and 10-$ mm," Physica, vol. 4, pp. 71-75; Febru-
ary, 1937. 
$ A. 0. Nier, "A mass spectrometer for isotope and gas analysis " 

Rev. Sci. Instr., vol. 18, pp. 399-400; June, 1947. 
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toward the anode at a somewhat slower velocity and 
in a helical path of greater diameter. This cycle is re-
peated many times until the path of the electron ex-
tends outward to the anode loop, and the electron is then 
captured. During its travel, the electron will strike some 
of the molecules of gas which are present in the gauge 
and will ionize them. The positive ions will travel to the 
cathode plates, C1 and C2, while the secondary electrons 
will travel to the anode in the same manner as the pri-
mary electron. This current between the anode and the 
cathode plates is a function of the kind and number of 
molecules of gas present and may be used as a measure 
of the pressure. 

Sperli Seal 

Silver Solder 

POD 'none! tubing, 
0.055' wall,j* long. 

0040 Nichrome V 
wire, bent to 1' 
OD ktop. 

/POD e  long 
~IV/ tubing ,d-
well, chamfer 
edges 451 

Drill ream edges 
45', silver solder joint 

y-00 /' long 
/fora,- tubing. 

Graded glass seal. 

/1 mat Pyre/ tubing. 

Spy, weld (remove I I r 
plate Iron> Nosey-) 

IwiSI 01005 

Fig. 2—Philips ion gauge. 

0.050" Nichrome V 
discs. Silver solder 
to each end of lf' 
Monet tubing. 

l'00., ,y• long 
Alone/ tubing, 
0.015' wall. 

Copper braze. 

Several units of the gauge described have been sub-
jected to various tests and have been found to give ac-
curate pressure readings from 10-7 to 10-' mm of mer-
cury. Graphs of the calibration for air are shown in 
Figs. 6 through 8. The nonlinearity of the curve for 
pressure above 5 X10-4 mm is caused by a protective 
resistor in series with the gauge. Using a lower value of 
resistance would extend the linear region. The gauge is 
about six times as sensitive as common hot-filament 
ionization gauges. Quantities of these gauges have been 
assembled without special precautions, and the calibra-
tions of the majority of the units completed are within a 
factor of 1.5. Several gauges have been in routine service 
continually for more than a year without failure or no-
ticeable change in calibration. As with all ionization 
gauges, the calibration depends upon the nature of the 

Fig. 3—Philips ion gauge connected to glass system. 

Fig. 4—Philips ion gauge and magnet. 

gas present,' a property which makes the gauge useful 
as a leak detector. Spraying a suspected area with ace-

' L. R. Foote, "Effect of Different Gases on Philips Gauges," 
United States Atomic Energy Commission, AECD 2672. MS June 
17, 1944, declassified August 23, 1949; No. 850-A14047. 
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Fig. 6—Calibration of Philips ion gauge. 
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tone, alcohol, or helium causes a sudden change in the 
pressure reading when any of the material enters the 
system through a leak. The response of the gauge to 
changes in pressure is very rapid. Since the gauge is 
operated at room temperature, there is little trouble 

from cracking of hydrocarbon compounds or from out-
gassing after the gauge has once been degassed. Usually 
a lower pressure can be obtained than is possible with a 
hot-filament gauge. 
The electronic supply shown in Figs. 5 and 9 contains 

a high voltage supply to furnish the potential of 1,800 
volts dc and a vacuum-tube voltmeter to measure the 
gauge current. Since all the pressure ranges (except the 
micron range) are essentially linear, the pressure reading 
may be read directly from the meter scale times the 
sensitivity factor. The micron scale is nonlinear and 
must be added to the meter scale. The two-megohm re-
sistor in series with the gauge is installed both to protect 
the supply from being overloaded and to protect the 
operator from high-voltage shocks. Provisions are incor-
porated into the circuit for checking the electrical zero 
and the sensitivity of the vacuum-tube voltmeter and 
the high-voltage potential. 
Some additional advantages and disadvantages of the 

modified Philips gauge are:5.1 
1. It replaces both the ordinary ionization gauge and 
the thermocouple or pirani gauge in operating 
range. 

5 R. I. Garrod and K. A. Gross, "Combined thermocouple and 
cold-cathode vacuum gauge," Jour. of Sci. Instr., vol. 25, pp. 378-
383; November, 1948. 
• C.  Hayashi, et al, "Several improvements on the 'Philip's 

gauge,'" Rev. of Sci. Instr., vol. 20, pp. 524-526; July, 1949. 
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2. It does not cause thermal ionization of the gas, 
which complicates the pressure reading. 

3. It requires no filament emission regulator. 
4. Its rugged and simple construction permits easy 
cleaning. 

5. It occasionally fails to strike if turned on when the 
pressure is below 10-6 mm mercury. However, the 
gauge may be "struck" by warming to raise the 
pressure momentarily and initiate the discharge. 
The addition of a "starter" as shown in Fig. 1 will 

e 
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IndIceted by a Disttliatton 

Products type I/6 -44 /on/cotton 
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Fig. 7—Calibration of Philips ion gauge. 
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enable the gauge to "strike" at pressures down to 
2 X10-11 mm or lower without the application of 
heat. 

Fig. 9—Philips ion gauge and electronic supply. 
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Cathode-Coupled Multivibrator Operation* 
KEITH GLEGGt, STUDENT, IRE 

Summary—An approximate analysis of the cathode-coupled 
multivibrator is given. The result is an expression for the period of 
the output pulse in terms of the circuit elements, rather than voltages 
which have to be determined graphically. A series expansion of the 
final expression is used to show that the output period is nearly a 
linear function of one of the voltages in the circuit, and can be made 
more nearly linear by a proper choice of the circuit parameters. 

INTRODUCTION 

T
HE CIRCUIT to be analyzed is shown in Fig. 1. 
An especially fine discussion of this circuit is given 
in the literature.' In view of this discussion, no 

attempt will be made at a detailed treatment of the cir-
cuit operation. Briefly, however, it will be said that the 
circuit operates with V2 normally conducting with 
nearly zero grid bias, and with V1 cut off. When fed 
with a positive triggering spike of sufficient magnitude 
on the grid of 171, the current switches rapidly from 
V2 to VI, by a regenerative action. V1 then remains 
conducting, with V2 cut off, for a length of time de-
termined by the circuit parameters, at the end of which 

Fig. 1—Cathode-coupled multivibrator. 

• 

a spontaneous switching occurs, and V2 becomes con-
ducting with V1 cut off as at the start. The circuit re-
mains in this condition until triggered again. The time 
during which V1 is conducting is the period of the out-
put pulse. This pulse is positive-going on the plate of 
V2 and negative-going on both the plate of V1 and the 
cathodes of V1 and V2. 

• Decimal classification: R146.2. Original manuscript received by 
the Institute, October 13, 1949; revised manuscript received, Feb-
ruary 10, 1950. 
f Canadian Marconi Company, Montreal, Que, Canada. 
I MIT Radar School Staff, "Principles of Radar," Second Ed., pp. 

2-53, McGraw Hill Book Co., New York, N. Y.; 1946. 

ANALYSIS OF CIRCUIT 

It can be shown, by means of the argument given in 
the reference previously cited,' that the period of the 
output pulse T is given by the expression 

T = C2R,2 in 
2 Ebb epn1.1 een21 

Ebb  ipl'Rk  I ee 0 2 I 

(1) 

where 
C2, R92, Rk, and Ebb are as indicated in Fig. 1 
eco2I = the modulus of the cutoff voltage of V2 when 

III is conducting 
e„11= the value of epni when V1 is conducting 

= the plate current of VI when it is conducting 
een2f= the value of e,„2 when V2 is conducting. 
The object now is to express the quantity inside the 

bracket in terms of the resistances in the circuit. We 
start with the quantity ea2. 
It is well known that for triodes, the cutoff grid-

cathode voltage is given quite accurately by the plate 
supply voltage divided by the amplification factor of 
the tube. In the present case therefore, the cutoff volt-
age is given by 

I ecos = 
Ebb ipl/Rk 

(2) 

No subscript is used on µ, since it is assumed in all of this 
analysis that VI and l2 are similar. 
We now obtain an expression for ec.2'. Since during 

the conduction period of V2 its grid-cathode voltage is 
nearly zero, actually, very slightly positive, we can 
treat the plate resistance of the tube as being constant, 
and the plate characteristic as passing through the 
origin. This gives immediately 

Rk 

ecn2f = Ebb   
Rp2  Rk R12 

Further, it is clear that e„„i' is given simply by 

epni' = Ebb  iplfRil. 

It only remains to get an expression for 41'. By taking 
advantage of the strong linearity resulting from the 
cathode load Rk, it can be shown that  is given ap-
proximately by 

(3) 

iplf = Eta/  
1 

Rp  1)Rk + R11 

(4) 

R2  
(5) 

(R1 + R2) (Rp ARk Rn)] . 

Substituting (2), (3), (4) and (5) in (1), we get 
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T = C2R 92 1n 

(1+  R11 R2  ARn R  
R -1- O  -1- p A +  1)Rk R11 + R1 +  R2 R, ± ARk  Rt1  Ro  R12  Rk  

k 

. (6) 
1 - Rk R2  

Rp + (I+ 1)Rk + R11 R1-1- R2 Rp  uRk Ril 

This is the required expression for T and it is in error 
by about ten per cent (using published values of tt and 
Rp) when compared with a graphical method used in 
conjunction with (1). We will now make use of this ex-
pression for T to show that for a wide range of condi-
tions T is nearly a linear function of R2/R2-FR2 (or 
e 1/E), and that by a proper choice of parameters, the 
approach to linearity can be improved. This property of 
the circuit is well known,1.2 but a theoretical explanation 
has so far not appeared in the literature. 

CONDITION FOR LINEAR OPERATION 

After expanding the logarithm of the quotient in (6), 
and then making use of the series 

x2  x3 

In (1 + x) = x — — — • • • etc., —1 < x < 1,  (7) 
2  3 

we get, on neglecting terms beyond the second order in 
/22//21-1-R2 and terms less than 1/A: 

T=C2Rp2[{  1 ± Ril Rk 
GI+ 1)Rk+ 

Rk 1 Rk 

Ro-FR/2-ERk 2 kRo+Rt2 -1-Rki 

R2  1 A( Ril + Rk) +   A R11 

+ RI ± R2 1 R p +A Rk + RII  Rp +Ai Rk + Ril 

Rk pRii 1  +   Rk VI 
• 1? 0+ Ri2- I - Rk Rp+ ARIA - Rti kRo+R/2+Rd f 

R2 ( 1 1 y Rk 

+ (  yRI + R2) 1 2 kRp+ARk-i-Rn) 

_ 1 / µRit r  t  ARti  r 

-i  i?p-I-Ai Rk + Ril i  k Rp +P Rk + Rili 

Rk  1 1 

R 0+ RI2-1- Rkf J • (8) 

Now it is clear from (8) that if we equate the coeffi-
cient of (R2)2/(Ri+R2) to zero, the resulting condition 
will be, to the order of approximation involved in (8), 
that for a linear relationship between T and R2/Ri+Rs. 
When this is done the condition is found to be 

I B. V. Chance, Hughes, et al, "Waveforms," p. 168, McGraw-
Hill Book Co., New York, N.Y.; 1949. 

R11 — 
Rk 

2Rk 

Rp2 + R12 + Rk 

(9) 

It is interesting to note that careful plots of T as a func-
tion of R2//22-I-R2, for various values of Rn using rela-
tions (1) and (6) and typical values for 6SN7, show that 
the value of Rn satisfying (9) does give a more nearly 
linear relation than either Rri=Rk or Rn= Tk/2. In all 
these cases, however, the departure from linearity is not 
great, and it is clear that although condition (9) is close 
to the ideal condition, deterioration is only very slow 
for variations about this condition. This can readily be 
understood by examination of relation (8). 
An important property of the circuit, namely the 

rate at which T increases with respect to R2/Ri+R2 
(or e„2/Ebb) when the circuit operates in the vicinity 
of (9), is obtained from (8) as 

( R R +2 R2 ) 

dT 

IA&  Rii 

 AC2R [Rit  

RiiRk R Ri1( I, )1 
(10) 

R p2 ±  R12 ± Rk kRp2 + R12 ± Rk 

Range of R2/RI-I-R2. 
There are two limiting values of R2/Ri + R2. The upper 

limit is obtained when R2 is made so large that V2 can-
not keep V1 cut off, and free-running operation ensues. 
The lower limit is reached when R2/RI-FR2 is made so 
small that T in (8) would have to become negative. 
This condition has no physical significance, and under 
these circumstances the circuit cannot be triggered. 
It can be shown that the range of R2/Ri-I-R2 is given 

approximately by 

1  Rk R2 Rk   

7 Rp2 + RI2  Rk < R1 ± R2 < Rpx + R12 + Rk  (111  

Here, the minimum value assumes that (9) is satisfied, 
and both limiting values assume that  20, as is the 
case with the tubes usually employed in this circuit. 
The minimum value given in (11); (T=0), and the 

slope given in (10), allow the complete characteristics of 
the circuit to be obtained very rapidly as a function of 
R2/./21+ R2 (or e1/E,). 
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An Impulse Generator-Electronic Switch for Visual 
Testing of Wide-Band Networks* 
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T. R. FINCHt, 

Summary—The impulse generator-electronic switch is an in-
strument developed primarily to facilitate the design and production 
of radar networks such as delay, pulse-forming, and sweep networks. 
The instrument may be used to test any network that can be arranged 
to store a dc charge. Discharge characteristics of microsecond order, 
produced by a reference network and the network under test, are 

simultaneously displayed in pictorial form for comparative measure-
ments. The first part of the paper describes representative applica-
tions and, with the aid of cathode-ray-oscilloscope traces, illustrates 
the simplicity of performance; the second part describes the circuit 

functions in detail. 

T
EST FACILITIES designed for pictorial presen-
tation of measured data are now in general use 
for the rapid evaluation and control of electrical 

components and networks. An instrument of this type 
has been provided to expedite the development and 
manufacture of broad-band delay networks and pulse-
forming networks for radar application. With this instru-
ment, any network that can be arranged to store a 
capacitative charge may be tested; the discharge char-
acteristics of a reference network and the network under 
test are displayed, in pictorial form, simultaneously, 
and instantly compared. 
The development of this test circuit, designated the 

i impulse generator-electronic switch, was directed to-
, ward fulfilling two requirements: namely, to reduce the 
._ time required for production testing of wide-band net-
;. works and to facilitate the development of new networks 
by providing a laboratory tool that presents instantane-
ously and visually the network characteristics of inter-
est. Very early in the production of pulse and delay net-
works it became evident that steady-state transmission 
measurements took an amount of time beyond reason-
able bounds of available effort. An initial solution was 
a method of testing whereby the network's discharge 
characteristic was displayed on a calibrated cathode-
ray-oscilloscope screen. This method was a considerable 
improvement over point-by-point steady-state trans-
mission measurements because it tested directly the net-
work performance feature of interest in about one tenth 
the time. However, specifying dimensional require-
ments on the visual pulse patterns required concen-
trated testing effort to insure the necessary accuracy of 
measurement. A greater time saving under less tedious 
testing conditions was realized by comparing directly 
the transient characteristics of a standard network with 
the network under test. In this direct comparison test, 

* Decimal classification: R371.51 X R143. Original manuscript re-
ceived by the Institute, December 6, 1948; revised manuscript re-
ceived, December 22, 1949. Presented, 1949 IRE National Conven-
tion, March 8, 1949, New York, N. Y. 
f Bell Telephone Laboratories, Inc., Murray Hill, N. J. 
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only a glance at the test patterns is necessary. If the 
two networks are identical, the resulting patterns appear 
as a single pattern; if the networks differ there are im-
mediately observable differences between the two pat-
terns. 
This impulse generator-electronic switch provides (1) 

an impulse generator which energizes the networks un-
der test and discharges these networks through a zero 
impedance switch, (2) a start-stop sweep and beam 
intensifier synchronized with the impulse generator that 
may be directly connected to the horizontal plates and 
grid respectively of a cathode-ray oscilloscope, (3) a 
wide-band signal delay so that the start-stop sweep cir-
cuit may be actumed a fraction of a microsecond before 
the pulse patterns appear, and (4) a switching circuit 
which is positively synchronized with the impulse gen-
erator and sweep circuit. 
The block diagram, shown in Fig. 1, shows the func-

tional relationship of the circuit components. The char-
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Fig. 1—Block diagram. 
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acteristic pulses developed by the impulse generator are 
interlaced by the gated amplifier which is phase locked 
to the repetition frequency of the impulse generator. 
The synchronized start-stop sweep circuit and beam in-
tensifier provide the time base for the visual indicator. 
The impulse generator part of the apparatus, shown in 
Fig. 2, charges and discharges the networks under test 
(reference and unknown) so that the resultant network 
discharge voltage pulses may be compared in detail. 
The heart of this circuit is the switch. In order to test 
networks ranging in impedance from 1 to 10,000 ohms 
and to develop voltages of 1 to 25 volts without inter-
action effects, it is necessary to approach zero imped-
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ance, i.e., for this case, less than 0.05 ohm with current 
discharges up to five amperes. Also, the switch must 
operate at a sufficiently high repetition frequency so 
that microsecond pulses may be readily visible on 
screens of commercial oscilloscopes. The relay that was 
developed is a reed-type, wick-fed mercury relay de-
signed to operate at 480 closures per second. It is a 
higher speed modification of the relay described by 
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Fig. 2—Schematic diagram of the impulse generator. 
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Brown and Pollard.' More recently, additional modi-
fications and improvements have resulted in a relay, 
currently in use, which operates 1,000 closures per 
second. 
The schematic for the complete apparatus is shown in 

Fig. 3. The top portion, VI, V2, and V3, is the syn-
chronized start-stop sweep circuit. The central part is 
the impulse generator, and the lower portion, V4 
through V9, is the switching circuit and gated ampli-
fiers. A detailed description of the complete circuit will 
be given later. The material of initial interest is the 
description of the testing of wide-band networks, and 
this is most readily accomplished in pictorial form. The 
necessity for the signal-delay network is shown in Fig. 4. 
The network under test is a 1/2-microsecond, 500-ohm 
delay network with a bandwidth of 5 Mc. The network 
is connected as a two-terminal network with the output 
open-circuited and hence operates as a line-type pulse-
forming network. The width of the discharge pulse 
produced is equal to twice the transmission delay, 
namely one microsecond for this network. Fig. 4(a) il-
lustrates the pulse pattern produced with no signal de-
lay. It is observed that the front edge of the pulse is lost. 

1 J. T. L. Brown and C. E. Pollar d, "Mercury  contact  delays, " 
Elec. Eng., vol. 66, pp. 1106-1109; Novem ber,  1947. 
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Fig. 3—Schematic diagram of the impulse generator-electronic switch. 
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and accurate time-of-rise (bandwidth) and pulse-
length (delay) measurements are impossible. Fig. 4(b) 
shows the resultant pulse with signal delay, and it is 
seen that complete measurements may be made. 
In Figs. 4(a) and 4(b) it is observed that there is a 

base line trace. This is because only one network is con-
nected to the test circuit and, consequently, every other 
cycle no pulse voltage is produced. Thus it is always 
possible to tell, when comparison tests are being made 
by superposition, whether or not both networks under 
test are connected to the test circuit. 

(a) (b) 

(c) (d) 

Fig. 4—Comparative test patterns: (a) 1-microsecond pulse, no signal 
I delay; (b) 1-microsecond pulse, signal delay; (c) comparison of 

two 1-microsecond pulses; (d) superposition. 

The 1-microsecond pulse patterns shown in Fig. 4(c), 
produced by two 1/2-microsecond delay networks, are 
adjusted to different voltage amplitudes by gain con-
trols across the load resistors R, and Rt. Fig. 4(d) illus-
trates superposition of the patterns, by gain control 
adjustment, for direct comparative measurements. It 
is noted that the two networks are alike in detailed re-
sponse except for a difference in delay of 0.013 micro-
second. This difference in delay is shown by the differ-
ence in pulse length. The trailing pulse edges are sepa-

t rated by 0.026 microsecond. 
The comparative test patterns shown by Fig. 5 fur-

ther illustrate the use of the circuit for comparative 
measurements. The figures are self-explanatory, but a 
few additional remarks may be informative. Figs. 5(c) 
and 5(d) show the operation of two delay networks of 
125-ohm surge impedance operating into 1,000-ohm 
loads. Here it is seen that the time delays of the two 
networks are not quite the same and each reflection 
shows a greater deviation between the trailing edges. 
This is a method of making a more exact differential 
measurement without increasing the sweep speed. 
The comparative test patterns shown by Fig. 6 illus-

(a) (b) 

(c)  (d) 

Fig. 5—Comparative test patterns: (a) 1- and 2-microsecond pulses; 
(b) 3- and 5-microsecond pulses; (c) two 2-microsecond pulses, 
mismatched load; (d) mismatched load, superposition. 

(a) (b) 

(c) (d) 

(e) (0 
Fig. 6—Troubleshooting a defective network: (a) defect in test net-
work; (b) standard network coil 8-9 shorted; (c) standard network 
coil 12-13 shorted; (d) standard network coil 15-16 shorted; (e) 
same defect, superposition; (1) trouble clear, good network. 
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trate the procedure used for troubleshooting a defective 
network. Fig. 6(a) shows a "spike" occurring in the 
pattern of the test. network. To facilitate study, the 
superimposed patterns are separated and an artificial 
defect inserted in the standard network by shorting a 
coil. The networks under test in this case are delay 
networks of twenty tandem sections. that is, 20 series 
coils and 21 shunt condensers. The series coils are desig-
nated starting 1-2 at the test-circuit end to 19-20 at the 
open-circuit end. The coil short is progressively moved 
along the delay line until, as shown by Fig. 6(d), the 
two irregularities occur in the same place. Superposing 
the patterns, Fig. 6(e), indicates that the defect is corn-
inon to both networks. Thus the position and type of 
defect is determined, and it may then be marked and 
returned to the shop for repair. Fig. 6(f) completes the 
sequence by showing the repaired network returned and 
the trouble cleared. 
In transient testing broad-band systems, a figure of 

merit is the rate-of-rise response of the system to a unit 
step pulse. The pulse response given by Fig. 7 is one way 
of illustrating the bandwidth of the impulse generator-
electronic switch. The superimposed pulse voltages 
shown are produced by 3-foot lengths of RG65/U 
cable. The nominal propagation of this cable, is 0.042 
microsecond per foot or 0.126-microsecond delay for 
3 feet. Thus the open-circuited 3-foot cable tested as a 
two-terminal network produces a pulse of approximately 
1/4-microsecond duration. Also, for a 3-foot length of 
the cable, the transmission loss is approximately 3 db at 
100 Mc. From the transmission loss, the time of rise of 
the generated 1/4-microsecond pulse is then estimated 
approximately 0.005 microsecond. The measured rise 
time taken from the pulse pattern of Fig. 7 is 0.037 

Fig. 7—One-fourth microsecond; 3 feet of RG65/U cable. 

microsecond. Thus the rise time of the generated 1/4-
microsecond pulse has been increased from 0.005 to 
0.037 microsecond in transmission through the electronic 
switch. Hence a generMed pulse with a rise time in the 
order of 0.035 microsecond is transmitted with negli-
gible increase in wave-front rise time. This corresponds 
to a bandwidth of approximately 13.5 megacycles. 
A bench-top setup of the impulse generator-electronic 

switch and associated components is shown by Fig. 8. It 
is estimated that over a period of three years of manu-
facturing testing, two of these test circuits saved 30,000 
man hours. 

Fig. 8—Test circuit; table-top setup. 

DESCRIPTION OF THE CIRCUIT 

1. Impulse Generator 

The operation of the impulse generator was described 
previously, and is shown by Figs. 1 and 2. The only addi-
tional comments that may be informative are that (1) 
due to the fact that the relay is not a polarized type, 
the contacts operate at a rate of 480 closures per second 
when driven from a 240-cycle source, and (2) the closure 
of the contacts is approximately 90 degrees out of phase 
with the applied 240-cycle voltage. This is important 
because the square-wave switching voltage is derived 
from the 240-cycle sine wave. 

2. Switching Circuit 

A. Clipper Amplifiers—V4, V5, V6, V7: The clipper 
amplifiers are -conventional. The balanced-to-ground 
240-cycle sine wave voltage that operates the relay is 
also amplified and clipped to produce two square-wave 
voltage waves 180 degrees out of phase with each other. 
The signal pulses, produced at contact closure, are ab-
solutely phase locked with the square-wave switching 
voltages because both are derived from the same 240-
cycle sine wave. A contact closure occurs approxi-
mately centered with each square-wave switching 
voltage. 
B. Gated Amplifiers—V8, V9: The signal voltages 

developed by the impulse generator are applied to the 
control grids of the gated amplifier tubes. Signal switch-
ing is produced by applying the square-wave voltages 
to the respective screen grids. The amplitude of the 
square-wave voltages is approximately + 125 volts with 
reference to ground, and greater positive screen voltage 
is attained by a dc bias of 100 volts. Thus the screen 
voltages alternate between +225 and —25 volts with 
respect to ground. In order to regulate the screen poten-
tial when high screen currents are required, during the 
short interval that the control grids receive the micro-
second positive signal pulses, 0.02 jLf condensers are con-
nected between screen grids and ground. 
The gated amplifier tubes are normally cathode biased 

so that, with no signal voltage, only a small amount of 
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)late current flows when the screens are +225 volts. 
When the signal pulses appear simultaneously on the 
•espective control grids, the screen voltage of one tube 
will be +225 and the other —25 volts. Thus one tube 
:onducts and amplifies, and the other is blocked. This 
:ondition alternates at the rate of 240 cycles per second 
Ind the two amplified signals are interlaced in the corn-
non plate circuit. 
• C. Signal Delay: The start-stop sweep circuit is initi-
ated at the same time that the signal pulses are gen-
arated, that is, when contact closure occurs. Because it 
requires approximately 0.2 microsecond to produce the 
linear sweep voltage, the important first 0.2 microsecond 
of the signal pulses would be lost. The 4-microsecond de-
lay network in the common plate circuit of the gated 
amplifier tubes stores the signal pulse until actuation of 
the sweep circuit is complete. The delay network trans-
mits the signals to be observed with negligible distor-
tion, but what visible deviations that do occur are com-
mon to both signals, i.e., reference-network pulse and 
test-network pulse. 

3. Sweep Circuit 

When the relay contacts close, a rising voltage is 
applied to the grid of the inverter (V1). This tube is 
normally biased beyond cutoff by the negative dc charge 
voltage applied across the relay contacts. The closing 
of the contacts removes the bias voltage from V1 and 
the plate current that flows drops the plate voltage ap-
proximately 275 volts. This negative gate synchronizes 
the sweep circuit and the intensifier so that the sweep 
and intensity voltages begin at the same time, each 
cycle, that the test signals are generated. 
The intensity voltage is provided by a 6AC7 tube 

( V2). Normally, current is flowing through this tube and 
the applied negative gate voltage drives the control grid 
beyond cutoff voltage and stops the plate current flow. 
The positive pulse generated in the plate circuit is ap-
, plied, by means of the intensity gain control P1 to the 
grid of the cathode-ray oscilloscope to control the beam 
brightness. For most conditions of operation, the in-
tensity control on the oscilloscope is set so that there is 
normally no beam current and, consequently, no visible 
spot on the screen. The intensity voltage generated 
causes beam current to flow only during the sweep 
interval. 
The negative gate voltage is also applied to the con-

trol grid of V3, the sweep generating tube. This tube is 
normally conducting current, the current flowing 
through L2_1, L2-2, RIS and P2. Variable resistor P2 con-
trols the amount of current by controlling the cathode 
bias voltage applied to the tube. The negative gate, 275 
volts, applied to the control grid drives the tube beyond 
cutoff very suddenly and current ceases to flow through 
the tube. However, the energy stored in the coils L2-1 
and L2-2 (approximately 15 henries each and magneti-
cally tight coupled) tends to maintain current flow. The 

magnetic energy stored (4 L/2) discharges into the dis-
tributed capacity of the coil and the external circuits, 
and magnetic energy is transferred to electric energy in 
the condensers (4 CO). This results in the plate and 
cathode of V3 starting toward oscillation peaks of sev-
eral thousand volts. The cathode makes a negative ex-
cursion tending toward an oscillation peak but when it 
reaches a voltage that sets the control grid-to-cathode 
voltage again within the conduction region of the tube, 
the tube conducts current and the oscillation is damped. 
During the interval that the cathode has traversed nega-
tively, the plate has made an equal positive excursion. 
Due to the tight magnetic coupling between plate and 
cathode coils, the plate circuit oscillation is also 
damped after it has reached a positive excursion of 250 
volts. The current flowing through the tube restores the 
magnetic fields of L2-1 and L2-2; and after the negative 
gate is removed from the control grid, the sweep circuit 
restores to normal and is ready for another cycle. 
As noted above, the cathode and plate voltage excur-

sions are opposite in polarity; hence the sweep output 
voltage taken between plate and cathode is balanced to 
ground with an amplitude of 500 volts. The sweep speed 
is controlled by P2 which adjusts the current flow and 
controls the magnetic energy stored in L2-.1 and L2-2. 
In that only the first 10 per cent or less of the sine wave 
oscillation is used, the sweep voltage developed is suffi-
ciently linear. This balanced, linear voltage is applied 
to the horizontal plates of the oscilloscope and used as a 
time base. • 
The voltage wave forms of the sweep circuit are 

shown by Fig. 9. The duration of the inverter sync 
voltage is approximately 20 microseconds. 

(a) 

(c) 

Fig. 9—Start-stop sweep circuit patterns. (a) Sync gate pulse. (b) 
Intensifier pulse. (c) Sweep output—cathode. (d) Sweep output— 
plate. 

(b) 

(d) 
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Intermediate-Frequency Gain Stabilization 
with Inverse Feedback* 

G. FRANKLIN MONTGOMERYt, MEMBER, IRE 

Summary—Increased gain stability and gain-bandwidth product 
result from the use of inverse feedback in an intermediate-frequency 
amplifier. Improvement in gain stability is related to the number of 

cascaded stages, the stage gain, and the magnitude of the feedback. 
A circuit is described which uses feedback over a pair of cascaded 
stages. Generalized selectivity curves for this feedback couple are 
shown, and the design procedure is outlined. A description of an ex-
perimental amplifier concludes the paper. 

INTRODUCTION 

INCREASED GAIN STABILITY and gain-band-width product result from the use of inverse feed-
back in an intermediate-frequency amplifier. In 

addition, the response curve of the amplifier may be 
designed to have a flatter top and steeper skirts than 
the curve for an amplifier of cascaded, synchronous, 
single-tuned stages without feedback. The improvement 
in flatness and gain-bandwidth product has been de-
scribed by previous investigators for the case of feed-
back over a single stage.14 This paper analyzes a method 
using feedback over pairs of stages and presents experi-
mental confirmation of the design procedure. 
Formulas introduced in the text are derived in detail 

in the appendix, where a complete list of %mbol defini-
tions appears. 

STABILITY 

Consider an amplifier of n identical cascaded stages, 
each stage having a voltage gain of Al. The Al of each 
stage may be expected to vary with changes in tube 
transconductance due to power supply variations and 
tube aging, and with variations in constants of the in-
terstage coupling networks. In the worst possible case 
of gain instability, a particular variation in AL will oc-
cur simultaneously in all stages. We shall examine the 
effect of such a simultaneous A1 variation on the over-all 
gain A,, by forming the ratio of the percentage variation 
in A„ to the corresponding percentage variation in Al. A 
convenient measure of the instability is the limit of this 
ratio as either of the variations approaches zero. This 
limit is called the instability factor 

= lim 
1-40 

AA„ 

A„  FACidA„ 

IIl I L1,,jd.-1 1 

Ai 
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and should be as small as possible for good gain stabil-
ity. 
If inverse feedback is applied over groups of m stages, 

and ft is the voltage gain of the feedback network, then 
the over-all gain of the amplifier is' 

An= 
+  

Differentiation of this expression leads to 

I= n[----
.1, 

(1) 

which is the general expression for I. 
In the particular case where A,, is to equal a constant 

assigned value A„„ we can find the number of stages n 
which results in the greatest gain stability. That is, if 
the over-all gain is held constant by increasing n and ft 
simultaneously, the gain stability increases to a maxi-
mum (minimum I) and then decreases. For the maxi-
mum stability condition 

n = m In A,,, 

1  1 
0 = 

ne 
I =   

AI"' 

where e=2.718, and In indicates the logarithm to the 
base e. 
For a constant A1, maximum stability is achieved at 

the cost of stage gain, since, for this condition 

A„ =  

and each m group has a gain of e. In practice, this de-
gree of gain reduction is much larger than is necessary 
for good stability, the usual gain per stage being several 
times this value. If, for example, the number of stages 
n is 1/k times the number required for maximum stabil-
ity, then I will be greater by the factor ek-I/k. This fac-
tor is only 1.36 for k= 2 and 2.46 for k =3, so that n may 
be considerably reduced without serious reduction of 
stability. 

Notice from (1) that under any condition of feed-
back, if A„ and n are both held constant, it is more ad-
vantageous to increase feedback by increasing m rather 
than /3, since (A„"/44 1) <1. Because of difficulty in de-
signing the /3 network, however, m will not usually, be 
greater than three. 

' F. E. Terman, 'Radio Engineering,* McGraw-Hill Book Co., 
New York, N. Y., p. 248; 1937. 
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It should not be inferred that the use of feedback in-
:..vitably results in reduced gain per stage. Feedback in-
:reases the gain-bandwidth product by a factor depend-
Nit upon the magnitude of feedback and the /3 circuit 
-haracteristics. If the interstage coupling networks can 
be properly modified, feedback will produce in a given 
number of stages a gain higher than that of a single-
tuned zero-feedback amplifier while maintaining the 
same bandwidth and improving the gain stability. The 
price which must be paid for this improved operation is 
the use of coupling networks of higher Q than would be 
required ordinarily. The amount of feedback which can 
be used in practice for a given bandwidth is thus limited 
by the obtainable circuit Q's, and this limitation is such 
that feedback reduces the gain per stage for bandwidths 
which are a small fraction of the center frequency. Rela-
tively wide-band amplifiers do not suffer this limitation. 
For a single-tuned stage with zero feedback, the gain-

bandwidth product is 

g.. 
= --- • 
2wC, 

For the feedback couple to be described, the gain-band-
width product, per stage, is 

TIB 1.711. (2) 

; in the more useful range of feedback values. 

PARTICULAR METHOD 

Fig. 1 is the schematic diagram of a cascaded pair of 
radio-frequency stages with inverse feedback. Power sup-

L2 

Fig. 1—Schematic diagram of feedback couple. 

ply connections are omitted for simplicity. Symbols 
necessary to the design of this feedback couple are de-
fined in the following list: 

a =normalized voltage gain of feedback couple 
A0 = center-frequency voltage gain of couple with 

zero feedback 
Ato= center-frequency voltage gain of feedback cou-

ple 
B= feedback factor 
C1= plate-load capacitance in farads 
C2 = feedback capacitance in farads 
Cs=divider capacitance in farads 
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C4 =divider capacitance in farads 
fo =center frequency in cycles per second 
Af= bandwidth in cycles per second 
g., = tube transconductance in mhos 
N= step-down ratio of tuned output circuit 
coo= 2rfo in radians per second 
P = design parameter 
Qi= Q of tuned circuit consisting of shunt-connected 

LI, C1, R1 
G =Q of tuned circuit consisting of shunt-connected 

Ls, C2, R2 
Ro = cathode-bias resistance in ohms 
Ri= effective plate-load resistance in ohms 
R2 = effective feedback resistance in ohms. 

Normalized gain curves for several values of feedback 
are given in Fig. 2, where a is plotted against Q,( 4/fo). 

Fig. 2—Normalized gain for smooth response. 

The curve labeled B=0, plotted to a different horizontal 
scale, is the normalized response of the couple with zero 
feedback. Note that the curves for appreciable feedback 
are more nearly rectangular than the curve for zero feed-
back. 
The design procedure, using formulas developed in 

the Appendix and information given in the curves, is as 
follows: 
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Intermediate-Frequency Gain Stabilization 
with Inverse Feedback* 

G. FRANKLIN MONTGOMERYt, MEMBER, IRE 

Summary—Increased gain stability and gain-bandwidth product 

result from the use of inverse feedback in an intermediate-frequency 
amplifier. Improvement in gain stability is related to the number of 
cascaded stages, the stage gain, and the magnitude of the feedback. 
A circuit is described which uses feedback over a pair of cascaded 
stages. Generalized selectivity curves for this feedback couple are 
shown, and the design procedure is outlined. A description of an ex-
perimental amplifier concludes the paper. 

INTRODUCTION 

INCREASED GAI N STABILITY and gain-band-width product result from the use of inverse feed-

back in an intermediate-frequency amplifier. In 

addition, the response curve of the amplifier may be 

designed to have a flatter top and steeper skirts than 

the curve for an amplifier of cascaded, synchronous, 

single-tuned stages without feedback. The improvement 

in flatness and gain-bandwidth product has been de-

scribed by previous investigators for the case of feed-

back over a single stage. " This paper analyzes a method 

using feedback over pairs of stages and presents experi-

mental confirmation of the design procedure. 

Formulas introduced in the text are derived in detail 

in the appendix, where a complete list of % mbol defini-

tions appears. 

STABILITY 

Consider an amplifier of n identical cascaded stages, 

each stage having a voltage gain of Al. The Al of each 
stage may be expected to vary with changes in tube 

transconductance due to power supply variations and 

tube aging, and with variations in constants of the in-

terstage coupling networks. In the worst possible case 

of gain instability, a particular variation in A1 will oc-

cur simultaneously in all stages. We shall examine the 

effect of such a simultaneous A1 variation on the over-all 
gain A„ by forming the ratio of the percentage variation 
in A„ to the corresponding percentage variation in Al. A 
convenient measure of the instability is the limit of this 

ratio as either of the variations approaches zero. This 

limit is called the instability factor 

r  A,  1(/.4. 
L A „ J dA 

• Decimal classification: R363.13. Original manuscript received 
by the Institute, March 23, 1949; revised manuscript received, Janu-
ary 30, 1950. 

t Central Radio Propagation Laboratory, National Bureau of 
Standards, Washington, D. C. 
' S. N. Van Voorhis, "Microwave Receivers," McGraw-Hill Book 

Co., New York, N. Y., pp. 88-91 and 175-178; 1948. 
2 E. H. B. Bartelink, J. Kahnke, and R. L. Watters, "A flat-

response single-tuned if amplifier," PROC. I.R.E., vol. 36, p. 474; 
April, 1948. 

13 = 

I= 

fu j 

and should be as small as possible for good gain stabil-

ity. 

If inverse feedback is applied over groups of nt stages,, 
and  is the voltage gain of the feedback network, then 

the over-all gain of the amplifier is3 

.4„ = 
1 ± 

Differentiation of this expression leads to 

I= 

which is the general expression for I. 
In the particular case where A,, is to equal a constant 

assigned value A„„ we can find the nu mber of stages n 
which results in the greatest gain stability. That is, if 

the over-all gain is held constant by increasing n and /3 

simultaneously, the gain stability increases to a maxi-

mu m (minimu m I) and then decreases. For the maxi-
mu m stability condition 

n = m In 

1  1 
_ 
A m 

ne 

Aim 

where e =2.718, and In indicates the logarithm to the , 
base e. 

For a constant A1, maxi mu m stability is achieved at , 
the cost of stage gain, since, for this condition 

A„ =  

and each in group has a gain of e. In practice, this de-
gree of gain reduction is much larger than is necessary 
for good stability, the usual gain per stage being several 
times this value. If, for example, the nu mber of stages 
n is 1/k times the number required for maximum stabil-
ity, then I will be greater by the factor e'/k. This fac-
tor is only 1.36 for k= 2 and 2.46 for k =3, so that n may 
be considerably reduced without serious reduction of 
stability. 

Notice from (1) that under any condition of feed-

back, if A„ and n are both held constant, it is more ad-
vantageous to increase feedback by increasing m rather 
than 13, since (A„ "/21 1) <1. Because of difficult) in de-

signing the ft network, however, m will not usually. be 
greater than three. 

3 F. E. Terman, "Radio Engineering," McGraw-Hill Book Co., 
New York, N. Y., p. 248; 1937. 
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It should not be inferred that the use of feedback in-
evitably results in reduced gain per stage. Feedback in-
creases the gain-bandwidth product by a factor depend-
ent upon the magnitude of feedback and the 13 circuit 
characteristics. If the interstage coupling networks can 
be properly modified, feedback will produce in a given 
number of stages a gain higher than that of a single-
tuned zero-feedback amplifier while maintaining the 
same bandwidth and improving the gain stability. The 
price which must be paid for this improved operation is 
the use of coupling networks of higher Q than would be 
required ordinarily. The amount of feedback which can 
be used in practice for a given bandwidth is thus limited 
by the obtainable circuit Q's, and this limitation is such 
that feedback reduces the gain per stage for bandwidths 
which are a small fraction of the center frequency. Rela-
tively wide-band amplifiers do not suffer this limitation. 
For a single-tuned stage with zero feedback, the gain-

bandwidth product is 

11. =   
21rCi 

For the feedback couple to be described, the gain-band-
width product, per stage, is 

HB  1.711. (2) 

in the more useful range of feedback values. 

PARTICULAR METHOD 

Fig. 1 is the schematic diagram of a cascaded pair of 
radio-frequency stages with inverse feedback. Power sup-

L, 

C2 
R2 

L, 
3 OUTPUT 

Tc4 

L2 

Fig. 1—Schematic diagram of feedback couple. 

ply connections are omitted for simplicity. Symbols 
necessary to the design of this feedback couple are de-
fined in the following list: 

a= normalized voltage gain of feedback couple 
A o = center-frequency voltage gain of couple with 

zero feedback 
Aco =center-frequency voltage gain of feedback cou-

ple 
B = feedback factor 
CI= plate-load capacitance in farads 
C2= feedback capacitance in farads 
= divider capacitance in farads 

C4 =divider capacitance in farads 
fo =center frequency in cycles per second 
if= bandwidth in cycles per second 
gm= tube transconductance in mhos 
N= step-down ratio of tuned output circuit 
coo= 27rfo in radians per second 
P = design parameter 
Qi= Q of tuned circuit consisting of shunt-connected 

LI, C1, R1 
Q2= Q of tuned circuit consisting of shunt-connected 

L2, C2, R2 
R0 = cathode-bias resistance in ohms 
R1= effective plate-load resistance in ohms 
R2 = effective feedback resistance in ohms. 

Normalized gain curves for several values of feedback 
are given in Fig. 2, where a is plotted against NA NO. 

20  40  60  80 
0 iii 
-I fo 

Fig. 2—Normalized gain for smooth response. 

140 

The curve labeled B = 0, plotted to a different horizontal 
scale, is the normalized response of the couple with zero 
feedback. Note that the curves for appreciable feedback 
are more nearly rectangular than the curve for zero feed-
back. 
The design procedure, using formulas developed in 

the Appendix and information given in the curves, is as 
follows: 
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Given Af,fo, g„„ and Aco 
A. Choose value of 1+B. In Fig. 2 or 3, find 
G(/f/f0) for a =1/Vi. 

B. Calculate G. If G is impractically large, choose a 
smaller value of 1+B. 

C. Calculate 

Cl — 

D. Calculate 

gInQI 

cooV A co(1 + 

R1 = Ql 

woCt 

E. In Fig. 4, find P and Ao/N. 
F. Calculate Ao= (1+B)Aco, and N. 
G. Choose Ro from tube data. 
H. Calculate 

R2 = No LNB ]Ro. 

I. Verify /V2R2>>Ri. If this is not true, choose a 
smaller 1+B and redesign. 

J. Calculate 

A0P 
Q2 =  Ql. NB 

K. Calculate 

Q2 
C2 = 

1.0 

P 01 

001 

woR2 

0 

P.O 

÷  =10 

0.01 1 
1 0  20 40 

+ 9 

31.6 

1 ± B =1000 

1+ 

100 

= 316 

60  80  100  120  140 Lf 
Q, 1,7,-

Fig. 3—Normalized gain for peaked response. 

B  and A / N 

Fig. 4—Design factor chart. 
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NCI 
Ca = N —  1 , C4 =  N CI. 

Generally, the feedback factor B should be chosen 
as large as possible in order to obtain maximum stabil-
ity. The improvement in center-frequency gain stability 
over a zero-feedback amplifier can be calculated directly 
from (1). 
For example, if n=4, m=2, iln= 104, Al= 102, 

1=4(0.1)2= 0.04; a two-stage zero-feedback amplifier 
with equal gain has 1=2. Consequently, an amplifier 
consisting of two feedback couples with the given con-
stants has one-fiftieth the gain variation of a similar 
two-stage amplifier with no feedback. 
In the appendix, it is shown that the design may be 

proportioned to give peaked responses at the extremes 
of the pass band. Curves for a slightly peaked response 

are given in Fig. 3. 

EXPERIMENTAL RESULTS 

The electrical arrangement represented by Fig. 1 
must be duplicated in practice as closely as possible if 
results are to match the predictions of the design. Sev-
: eral practices, noted as critical during the course of the 
c experimental work, should be followed: 

1. Ensure adequate by-passing of the "ground" ends 
of the tuned plate circuits. This is especially important 
, in the tapped output circuit. The design formulas are 
based on an output impedance at the tap which is usu-
ally a few ohms, and it does not take much reactance in 
the by-pass capacitor to modify the output impedance 
considerably. 
2. By-pass the screen grid of the first stage directly 

to the cathode. The formulas for Ro and C1 will not be 
correct if the screen is by-passed to ground. 
3. Install power lead decoupling as in an ordinary 

zero-feedback amplifier. Because of the greater gain-
bandwidth product, the gain per stage will be even 
larger than for a zero-feedback amplifier. A small 
amount of regeneration may work mischief with a care-
fully calculated design. 
Tuning the amplifier is greatly facilitated by provid-

ing a switch to break the feedback line to the cathode of 
the first stage. The amplifier plate circuits are peaked 
in the normal fashion. The feedback is then switched in, 
and the feedback tuned circuit is adjusted for maximum 
response at the center frequency. If a slight asymmetry 
of the response develops, it is usually possible to mini-
mize it by detuning the feedback circuit. A large asym-
metry indicates a design error, regeneration, or inade-
quate by-passing. A useful final adjustment is the value 
of Ro. A bandwidth which is too large can be decreased 
by decreasing Ro. If the bandwidth is too small, Ro 
should be increased. 
In Fig. 5 is shown the gain characteristic of a feedback 

couple using two 6SK7 tubes with the following design 

I 0 

a 0.1 

( a • 

112 FOR a 

1 

- 

... 

• 
01 •   

330 

-----CALCULATED : 
 EXPERIMENTAL 

370  410  430  490  530  570 

FREQUENCY IN KILOCYCLES/SECOND 

Fig. 5—Response of experimental amplifier. 

values: if =30 kc, f0=450 kc, gm= 2,000 micromhos, 
and A co =100. The normalized gain curve for 1+B=10, 
taken from Fig. 2, is superimposed for comparison. 
The over-all gain and bandwidth agree well with the 

given values. The skirts are not quite as narrow as the 
normalized gain curve predicts. The lack of agreement 
is due to approximations that were made in the analysis. 
In particular, it was assumed that /V2R2>>/?1, and that 

1A I. 171>>1 

The latter inequality will not hold as well for frequencies 
far removed from resonance as for the center frequency. 
To the extent that the approximations are not achieved 
in practice, the skirts may be expected to deviate from 
the calculated values by small amounts. 
The normalized gain curves plotted in Figs. 2 and 3 

are also approximate in that the quantity u is considered 
equal to Afilo, as explained in the appendix. This ap-
proximation was chosen because it allows the normalized 
response curves to be plotted as symmetrical character-
istics, facilitating reading of bandwidth values. The 
approximation fails for bandwidths which are a large 
fraction of the center frequency, and in such cases it is 
advisable to plot curves with u equal to its exact value. 
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In Fig. 6 is shown the variation in gain of the experi-
mental couple with plate supply voltage. A similar 
curve is shown for the same amplifier with zero feed-
back. 

000 

0 

PROCEEDINGS OF THE I.R.E. Ju l 

ZERO FECOBsCo 

100 1000 

PLATE SUPPLY VOLTAGE 
Fig. 6—Gain variation with supply voltage. 

APPENDIX 

Complete List of Symbols 

a = normalized voltage gain of feedback couple 
A = complex voltage gain of couple with zero feed-

back 
A 0 =center-frequency voltage gain of couple with 

zero feedback 
A1 =voltage gain of single stage 
A, = complex voltage gain of feedback couple 
A,0 =center-frequency voltage gain of feedback couple 
A „ =voltage gain of cascade amplifier 
A„.= voltage gain of cascade amplifier with maximum 

stability 
.B = feedback factor 
ft =voltage gain of feedback network 
C1 =plate-load capacitance in farads 
C2 = feedback capacitance in farads 
Cs = divider capacitance in farads 
C4 = divider capacitance in farads 
e =natural logarithmic base, 2.718 
f = frequency in cycles per second 
fo =center frequency in cycles per second 
A( =bandwidth in cycles per second 

= tube transconductance in mhos 
I =instability factor 
k =reduction factor 
L1 =plate load inductance in henries 
L2  = feedback inductance in henries 

P, 
no 
He 
Q1 

QS 

R0 
R1 =effective plate load resistance in ohms 
R2 = effective feedback resistance in ohms 
a =root of gain-bandwidth equation 

=number of stages in each feedback loop 
=total number of stages 
=step-down ratio of tuned output circuit 
-=-27rf in radians per second 
=27rfo 
=27raf 
PI, P2, Ps = design parameters 
=single-tuned gain-bandwidth product 
=feedback couple gain-bandwidth product 
=Q of tuned circuit consisting of shunt-connected 
LI, C1, R1 

=Q of tuned circuit consisting of shunt-connected 
L2, C2, R2 

=cathode-bias resistance in ohms 

14 
CO (I., 4, 

Wo 

x =Qiu 
:I:, =value of x at a =1 / 2 
Z = parallel-tuned circuit impedance in ohms 
Z2 = feedback-tuned circuit impedance in ohms. 

Feedback Couple Analysis 

The complex impedance of a two-pole formed by . 
shunt-connected inductance L, capacitance C, and re-
sistance R is 

where 

and 

Z= 
1 ± jQu 

..1u) 
14 = - —  --- • 

wo 

In the circuit of Fig. 1 

A, = — 
A 

1 + FA +  Ro  
Lx  J + z:J 

where it is assumed t at N2Ro>>R1 and each plate resist-
ance is much larger than its corresponding load im-
pedance, so that 

A 

(1 + ./Q111) 2 

If it is also assumed that 

A 
>>I g„, Z2 I, 
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equation for a now becomes 
! Plots of these two functions then 

= 

r,which then becomes 

= 

where 

A 

1+  A r  Ro  
N I_Ro+ 

Ao(l+jPx) 

10p 
1+B—(1+2P)x2+j [2+  +P(1— x2)ix 

and x= 
If we let 

and 

Ao 
B =   

N[l + 
Ro 

NBQ2 
P —  

A0Q1 

= [2 + (1 + Ao/N)PT  2[1 + 2P1 

1 + B 1 + B 

1 + 2(1 — 410/N)P2 
P2 = 

(1 ± 

p2 

P3 =   
(1 + B)2 

then the normalized gain 

a = A,I[1 +A0 1 

becomes 

1 + p2x2  112 ]1 ±  p ix 2 ± p 2x 4 + p 3x 6  . 

The relative values of the coefficients in this equation 
determine the shape of the normalized response. 
It can be seen by inspection that, for maximum flat-

ness with no inflection, 

P2 = 0, 

These two conditions give 

and 

p1 = p2. 

A0 1 

—N = 1 + 2P2 

1 + 2P    
1 B =  [V1 +  + Pr - 1].  (3) p2 

1 
p2 x6 

1 +   
(1 +  Br (1 ± p2 x2) 

c)(); 

are given in Fig. 4 I lit 

1112 
( I 

Plots of this function are given in Fig. 2. 
It should be noted that responses with almost any 

degree of peaking are available with different choices 
of the coefficients Pi, Po, and Pg. For any particular set 
of these coefficients, it is necessary to derive new expres-
sions for A0/N, 1+B, and a in terms of P. Responses 
may be obtained which give three peaks to the usual se-
lectivity curve, or two inflections in the equation for a. 
A slightly peaked response with one inflection is ob-
tained by setting 

P2 = 1/[5(1  B)21, pl 

The corresponding functions are plotted in Figs. 3 and 
4. 

Gain-Bandwidth Product 

It can be shown that 

1112 = 110 
x, 

N/1 + B 

where ll is the gain-bandwidth product for a single-
tuned stage, IIB is the product for the feedback couple, 
and x, is the value of x at a =1/2. The ratio  
is approximately 1.7 over the useful range of 1+B in 
Fig. 2, and therefore 

HB 1.71 4  (2) 

It is interesting to examine the limiting value of 11B 
as B and A0 become infinite. Substitution of a = 1/2, 

x=x, in (4) yields 

1 
er3 = 3[a ±   

where 

F2(1 B) 

x,2 
= 
1 + B 

From (3), we note that 

urn P2(1 + B) = V571 — 1. 

B -400 

An approximate solution for the real root gives 

urn a  3.279 

and therefore 

B-40 

IlD1 118 gr- 1.811110. 
B-.44 
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The Application of Direct-Current Resonant-Line-
Type Pulsers to the Measurement of Vacuum-

Tube Static Characteristics* 
J. LEFERSONt, ASSOCIATE, IRE 

Summary—In order to utilize a power tube efficiently, the static 
characteristics of this tube must be known. From these character-
istics, optimum load lines may be determined and circuit components 
of the equipment may be defined. The problem of obtaining these 
characteristics is usually not a simple one, due to the power-input 
limitations put upon a tube. For this reason, characteristic curves 
were previously plotted by capacitor-discharge methods or were 
calculated mathematically, using low power points as references. This 
paper describes a method of obtaining this information, employing 
pulse circuits commonly used in radar transmitters. 

MEASUREMENT OF STATIC CHARACTERISTICS 
FOR POWER TUBES 

HE PROBLEM of measuring static characteris-
tics of power tubes is aggravated by the fact that 
these tubes always require positive grid driving 

vo tage which results in appreciable power to be dissi-
pated by the electrodes. These curves, therefore, cannot 
be obtained by ordinary direct-current means as is 
common in receiver-type tubes where the grids are 
mostly operated at a negative potential. 
In a practical case, the ML-354, 50-kw FM tube, grid 

and plate dissipation at the end of a selected load line 
may be 65 kw, 14 kw on the grid, and 51 kw on the 
anode. This is not the maximum dissipation that would 
be encountered by using direct-current means of meas-
urement, as the regions beyond and above the load-line 
figures quoted above must be explored. Power dissipa-
tion loads up to 5 times these quantities may be en-
countered. 
Previously, capacitor-discharge methods were used 

or curves were obtained by calculation from low level 
direct-current points." 

DESCRIPTION OF CIRCUIT 

Fig. 1 shows a simplified circuit of the test setup. The 
circuit to the left of line A-A is a conventional-line-type 
pulser using resonant charging. The principal compo-
nents (Fig. 2) consist of a direct-current power supply, 
charging choke, pulse-forming network, load resistor 
and a 5C22 hydrogen thyratron.3 

* Decimal classification: R252. Original manuscript received by 
the Institute, May 12,1948; revised manuscript received, December 
1,1949. 
t Machlett Laboratories, Inc., Springdale, Conn. 
I E. L. Chaffee, "The characteristic curves of the triode," PROC. 

I.R.E., vol. 30, pp. 383-395; August, 1942. 
3 J. Bell, J. W. Davies, and B. S. Gossling, "High power valves: 

construction, testing and operation," Jour. I.E.E. (London), vol. 
83, pp. 188-193; August, 1938. 

3 4 P ulse Generators," edited by G. N. Glascoe and J. V. Lebacqz, 
Radiation Laboratory Series, McGraw-Hill Book Co., New York, 
N. Y., pp. 341-354, p. 173; 1948. 
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Fig. 1—Simplified schematic diagram of pulser. 

Most power tubes have fairly low grid input imped-
ances. The ML-354 with 100 ohms has about the high-
est. This input impedance should match the network 
impedance to avoid undesirable effects. 
Since the pulser is to be used on many types of tubes, 

and therefore varying impedances, stability can best be 
obtained by using a resistor in parallel with the tube 
load. The tube load is, therefore, a small part of the load 
impedance for the line pulser resulting in more stable 
operation. The addition of the parallel resistor results 
in inefficient operation, but in this case a slightly higher 
expenditure of power from the direct-current power 
supply is tolerated to obtain added flexibility. 

Fig. 2—Setup of equipment. The resistors on the side of the rack 
comprise the load resistor R. The rectangular can on the top left 
is the pulse-forming network, and the two cased meters read plate 
voltage applied to the tube under test and deflection voltage on 
the synchroscope. 
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The front of a pulse from line-type pulsers is subject 
to oscillation and other distortions due to the large rate 
of rise of pulse current, so a fairly long pulse length is 1 desirable. A range of from two to five microseconds has 
been found satisfactory. The pulse-repetition frequency 
is kept as low as feasible since average current from the 
direct-current power supply rises with the repetition fre-
quency and a high repetition rate is not necessary. The 1 tube under test is coupled directly to the output of the 
' pulser to avoid using a pulse transformer. Pulse trans-
. formers require fairly close matching to ensure a satis-
factory pulse and this is not possible if many tube types 
are to be measured. There have been occasions when a 

1 higher voltage was desirable, and a pulse transformer 
f with a ratio of three to one has been inserted across the 
i load resistor with satisfactory results. For the majority 
' of the measurements, the pulse transformer is not used. 
Direct coupling necessitates reversing both the power 
supply and hydrogen thyratron, thereby running the 
cathode of the 5C22 at high voltage; but a pulse trans-
former similar to that used in the 584 radar for coupling 
to the output stage proves quite satisfactory. 

pulser impresses positive voltage pulses between the 
grid and cathode at the rate of 300 per second with a 
duration of 4 X10-4 seconds. The amplitude of the pulse 
is chosen so as to drive the grid voltage to the point to 
be measured. The plate conducts for the same length of 
time, 4 microseconds. Plate voltage is applied to the 
tube by means of a direct-current power supply charg-
ing a storage capacitor C3. This capacitator must be of 
such size that the voltage remains fairly constant during 
the time the tube conducts. Proper radio-frequency 
chokes are incorporated to isolate the pulse voltage from 
the various supplies. 
The grid and plate current are read by means of volt-

ages developed across current-viewing resistors. These 
resistors must be noninductive in nature since in-
ductance will cause high voltage spikes in accordance 
with E=L(di/dt). Sprague Koolohm noninductive re-
sistors are quite satisfactory in this respect, and Fig. 4 
shows a method of mounting these resistors to afford 

plug-in convenience. 

• 0044 
COO4 iOR 700 -̂ 

-  C.003 r0. '50 

C • 002 ,Og .000.. Fig. 4—Construction of current-viewing resistors. Sprague Koolohm 
Fig. 3  noninductive resistors are satisfactory. The completed unit is 

calibrated on a bridge after assembly. 

The 5C22 may be driven by a synchroscope or any 
other frequency source giving approximately 150 volts. 
A synchroscope is an oscilloscope constructed so that the 
horizontal sweep is triggered by either the trigger source 
actuating the pulser (synchronous operation) or by the 
signal to be observed (self-synchronous operation). 
These are manufactured by several manufacturers, 
among them Sylvania Electric Products Inc., James 
Millen Manufacturing Company, Inc., and Browning 
Laboratories, Inc. Fig. 3 is the schematic of the trigger 
source being used at present to trigger a Browning P4 
synchroscope which in turn is driving the 5C22 thyra-
tron. 
A description of the operation of the pulser follows. 

The tube under test is biased to a point where no plate 
current will flow at the maximum plate voltage to be 
used. This bias voltage is applied with a direct-current 
power supply and remains constant on the grid. The 

Bias voltage and plate voltage are read by standard 
direct-current voltmeters. Grid voltage is read by means 
of a capacity divider arranged so as to sample the pulse 
voltage going into the grid. Care must be taken in de-
signing this divider so that reasonable deflection is ob-
tained for any voltage range. This can be done by pro-
viding three ratios so that the appropriate one may be 
selected when needed.4 
Using a suitable current-viewing resistor, capacity di-

vider, and direct-current meters, an accuracy of ± 5 per 
cent may easily be obtained. By using a little care in 
reading the synchroscope, an accuracy of ± 2 per cent is 
possible. As a check, low current points are measured on 
a direct-current test set. 

• See pp. 673-677 of footnote reference 3. 
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DISCUSSION OF RESULTS 

The above pulser is used for many tests. By tying to-
gether the plate and grid of a tube and applying the 
pulse to these electrodes, peak cathode-emission data 
may be obtained. This is a very important characteris-
tic since emission varies with cathode temperature and 
tungsten filaments must run +15° C for uniform life. 
Routine measurements on production tubes are a check 
on standard quality. 
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Fig. 5—ML-354 constant current characteristics. 

In the experimental tube, cathode emission is very 
important, as is exploring the emission to ascertain the 
knee of the plate voltage-cathode current curve. These 
curves are easily obtained by the pulser method. 
Static characteristics are obtained for every condition 

of operation with no injury to the tube. Fig. 5 is the 
static characteristic of the 50-kw, 100-Mc FM tube ob-
tained with the above pulser. Since the duty cycle, 300 
cycles per second X4 X10-4 seconds equals 0.12 percent, 
instead of 65-kw input to the tube, only 78 watts need 
be dissipated for the above-mentioned load-line point. 
Primary grid emission, which varies with grid temper-

ature and material, is of concern in connection with tube 
characteristics. Since the pulser described does not heat 
the grid of the tube under test, the effects of increased 

temperature will, therefore, not be apparent in the 
curves. 
In the standard test for power tubes employed by 

Machlett Laboratories, alternating current is applied 
to the grid, the positive cycles used to heat the grid, 
and the negative cycles to measure the primary emis-
sion. A careful check on data obtained this way reveals 
that primary grid emission in properly designed and proc-
essed power tubes is low enough, up to maximum rated 
input, to be ignored when measuring static characteris-
tics. 

Effects of secondary grid emission, however, can be 
measured. Secondary grid emission is more a function of 

grid material and shielding at the ends of the grid itself. 
Tests have been made on the effects of enclosing the 
"cold" ends of the grid of an ML-846 tube with solid 
bands in place of the usual wire. Fig. 6 shows the curves'i 
of a regular production ML-846 compared with the test 
tube and the drastic change in grid current can be noted. 
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Wide-Range Tunable Waveguide Resonators* 
W. W. HARMANt, ASSOCIATE, IRE 

Summary—A study is made of the design of broad-band (2:1 
tuning range) resonators for use with reflex klystrons of the external 
cavity type. The resonators considered are variations of a general 
type consisting of a section of waveguide with movable shorting 
plungers at each end and the tube located at the center. They are 
divided into two groups: quarter-wave or fundamental mode resona-
tors whose high-frequency limit is set by the physical size of the tube 
envelope, and three-quarter-wave resonators which allow operation 
up to the electronic limit of the tube. Methods of treating the mode 
interference problem are considered for both classes of resonators. 

I. INTRODUCTION 

HE INVESTIGATION described in this paper is 
a small portion of a large program carried on in 
various laboratories, largely under Government 

sponsorship, toward the development of reflex klystron 
oscillators continuously tunable over a frequency range 
of the order of two to one."' The majority of this work 
has been with concentric line resonators. Although 
waveguide resonators have been built, there has not 
appeared a comprehensive study and evaluation of 
them. They assume importance because, for operation 
at the short wavelength end of the microwave spec-
trum where a high resonant impedance becomes exceed-

Fig. 1--Typical waveguide resonator with noncontacting shorting 
plungers. The narrow slots visible on the top of the shorting 
plunger are filled with aquadag to suppress plunger resonances. 

* Decimal classification: RI19.3. Original manuscript received 
by the Institute, March 1, 1949; revised manuscript received, Decem-
ber 27, 1949 Presented 1948 National Electronics Conference, Chi-
cago, III., November 4-6, 1948. This work was performed at 
Stanford University in connection with joint Office of Naval Research 
and Signal Corps contract, and under the generous provisions of an 
RCA fellowship in electronics. 
t University of Florida, Gainesville, Fla. 
W. H. Huggins, A.M.C. Special Report No. 185C/4, Army Air 

Forces Communications Laboratory, Cambridge Field Station, Cam-
bridge, Mass., 1946. 

2 Radio Research Laboratory Staff, "Very High Frequency 
Techniques," McGraw-Hill Book Co., Inc., New York, N. Y., chap. 
31 and 32; 1947. 

ingly important, they are in general superior to concen-

tric-line resonators.3 
Fig. 1 shows a typical waveguide resonator, consisting 

of a shorted section of rectangular waveguide with the 
reflex klystron at the center and two shorting plungers 
moved symmetrically on either side of the tube. The 
plungers shown are of the noncontacting choke type. 
The slots visible on top and bottom are filled with aqua-
dag and have as their purpose the suppression of plunger 

resonances. 

Oscillation Modes 

As a preliminary it is necessary to examine the nature 
of the oscillation modes of a waveguide resonator. For 
this purpose there is available an excellent tool—the 
Kron equivalent network.' Data for Figs. 2, 3, and 4 

(a) 

Cc-r:  

(c) 

(b) 

(d) 

Fig. 2—H field configuration for various waveguide resonator modes: 
(a) [1, 3] mode in shorted waveguide section; (b) [1, 3] mode in 
rectangular waveguide resonator; (c) [3, 1] mode in waveguide 
section; (d) [3, 1] mode in rectangular waveguide resonator. 

were obtained by simulating the resonator on such a 

network board. 
In order for a resonant mode of the shorted waveguide 

to present a sufficiently high impedance to the tube for 
oscillations to occur, the tube must be located in a re-
gion of high electric field. Since only field configurations 
having electric fields essentially parallel to the tube axis 
need be considered, this is equivalent to saying that the 
center of the resonator must be at a center of a loop of 
magnetic field. The lowest frequency mode which meets 
this condition, having a single loop of magnetic field 
around the tube, is commonly called the "quarter-
wave" mode; if the resonator is considered as a section 
of waveguide operating in the TEio mode, there is some-
thing less than a quarter guide wavelength between 

shorting plunger and tube. 

3 A. V. Haeff, T. E. Hanley, and C. B. Smith, "Wide-range ultra-
high-frequency signal generators," PROC. I.R.E., vol. 35, p. 1137; 
October, 1947. 
' G. Kron, "Electric circuit models of partial differential equa-

tions," Elec. Eng., vol. 67, p. 672; July, 1948. 
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The next higher frequency resonant mode which can 
support oscillations has three loops of magnetic field 
end to end, as shown in Fig. 2(b); the next higher fre-
quency oscillating mode of Fig. 2(d) has three loops of 
magnetic field side by side. In these field plots the nodal 
surfaces of electric field are indicated by dotted lines. 
The effect of the capacitance of the tube grids on the 
field configurations of these modes, as seen by compar-
ing Figs. 2(a) and 2(c) with Figs. 2(b) and 2(d), is to 
concentrate the electric field between the grids and to 
shrink the magnetic field patterns in around the tube. 
For convenience, these modes will be symbolized by 

brackets enclosing two numbers, the first being the num-
ber of loops of H field side by side in the waveguide, and 
the second the number of loops end to end between 
shorting plungers. The [1, 3] mode of Fig. 2(b) we shall 
refer to as the "three-quarter-wave" mode, the distance 
between shorting plunger and tube being somewhat less 
than three quarters of a guide wavelength for a wave-
guide operating in the TE10 mode. 
It is interesting and significant to observe the changes 

in the field configurations as the shorting plungers are 
moved. Fig. 3 shows that, for both the modes of Fig. 2, 

(b) 

Fig. 3—H field configuration of (a) [1, 3] mode and (b) [3, 1] mode in 
a rectangular waveguide resonator for various plunger positions. 

as the resonator is tuned through the square position 
the field pattern suddenly rotates 90 degrees. In the 
case of the three-quarter-wave mode the tube is always 
in a region of high electric field so that this mode pre-
sents to the tube a high resonant impedance or shunt 
resistance. For the mode of Fig. 3(b), it is seen from the 
position of the nodal surfaces (dotted lines) that the 
electric field at the tube is very low when the resonator 
is square. The result of this is that the tube drops out of 
oscillation when the plungers near this position. 
Some light may be shed on this phenomenon by ex-

amining the effect of the tube-grid capacitance on the 
tuning curves of the resonator. Fig. 4(a) shows the 
tuning curves of wavelength versus resonator length of a 
shorted section of waveguide for those resonant modes 
which have a high concentration of electric field at the 
resonator center. The upper curve is for the quarter-
wave mode, the next for the three-quarter-wave mode, 

and so on. It is to be noted that at certain points marked 
by the crossings of these curves, the modes are de-
generate; that is, two different field configurations have 
the same resonant frequency. As in the analogous case 
of coupled tuned circuits, the effect of any coupling 
between the modes is to split the degeneracy, yielding 
two different resonant frequencies. Perturbations of the 
resonator boundaries, such as the re-entrant structure 
of the tube or asymmetries in the resonator construc-
tion, may provide such coupling. 
If the two crossing modes are both oscillating modes, 

the coupling provided by the tube is strong and, at the 
resonator length corresponding to the degeneracy, two 
widely separated resonant frequencies appear. All de-
generacies vanish and the tuning curves of oscillating 
modes do not cross. As seen in Fig. 4(b), in each case of 
degeneracy the low-frequency branches of the tuning 
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shorted waveguide section with center capacity. 
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curves join, representing a mode with consistently high 
shunt resistance; the high-frequency branches join to 
give a mode which, like the mode of Fig. 3(b), has a low 
resonant impedance near the degeneracy. The relative 
shunt resistance of the various modes is shown in Fig. 
4(c), the highest curve representing the three-quarter-
wave mode. (The quarter-wave mode is not shown, but 
its resonant impedance is considerably higher, by a 
factor of three or four, than those shown.) The futility 
of attempting to represent any one of these modes over 
its entire tuning range by the suggested combination of 
two numbers is apparent. Different sections of the same 
tuning curve are derived from different modes of the 
unperturbed resonator, and may correspond to com-
pletely different field configurations. 
Because of the regions of low shunt resistance and 

-nonoscillation for all modes but the quarter-wave and 
three-quarter-wave, these are the only useful modes for 
wide-range tuning.' They will be considered separately 
and the resonators considered grouped into quarter-
wave and three-quarter-wave types. 

Mode Interferences 

In the perturbed resonator, the resonant wavelengths 
1 of the various modes bear no simple relationship to one 
another and it is inevitable that the various klystron 
modes, or regions of oscillation on a plot with co-ordi-
1 nates of reflector voltage and resonator tuning, will in-
' terfere. A potential mode interference exists whenever 
conditions of reflector voltage and resonator tuning are 
such that the tube could oscillate in either of two modes. 
Under such circumstances, the factors of load and tube 
conductance and previous history that determine which 
oscillation frequency will actually occur are too complex 
to consider here. In general, regions of other modes 
crossing the desired mode must be avoided. 
There are other modes not yet considered which do 

not present a sufficiently low conductance to the tube 
for oscillation to take place (e.g., modes such as the 
[1, 2] which have low electric fields in the region be-
tween the tube grids). These may still couple to the 
fields of the desired mode and cause discontinuities or 
distortions in the tuning curves and "holes" in the mode 
plots. 
Two other types of mode interference, harmonic fre-

quency generation and modes with transit times of an 
integer plus one-quarter cycles, will be mentioned 
briefly in a later section. 
In the design of a waveguide resonator, there is no 

6 A similar discussion to this would apply to the concentric-line 
type resonator. Here the degeneracies of interest in the unperturbed 
resonator arise from crossings of the tuning curves of modes with 
radial electric field and modes with electric field parallel to the axis. 
The perturbation introduced by opening a gap in the center con-
ductor for the tube grids results in similar phenomena to those de-
scribed for the waveguide resonator. However, in this case it is pos-
sible for the three-quarter-wave mode to have a range of low shunt 
resistance. See F. W. Schott and K. R. Spangenberg, "Analogue 
studies of losses in reflex oscillator cavities," PROC. I.R.E., vol. 37, 
pp. 1409-1418; December, 1949. 

W. H. Huggins, "Multifrequency bunching in reflex klystrons," 
PROC. 1.R.E., vol. 36, p. 624; May, 1948. 

wide frequency separation between the desired and un-
desired modes as in the coaxial resonator. Thus, it be-
comes much more of a problem to keep the desired mode 
free of interferences. The general treatment is to cal-
culate tuning curves for all the possible modes in the 
operating frequency range of the tube, and, from them, 
to calculate a mode plot on which potential interferences 
may be identified.7 It then beeomes a matter of juggling 
design parameters to get the desired mode clear of all 
interferences. A certain amount may be accomplished 
by the use of dissipative or resonant mode suppressors 
when a mode interference can not otherwise be removed, 
but this is usually accompanied by additional problems 
so it is more or less of a last resort. This will be elabo-
rated upon in the treatment of specific resonators. 

Calculation of Tuning Curves 

The resonator is not apt to be of sufficiently simple 
shape to be very exactly treated by analytical methods. 
However, by considering the cavity boundaries to be 
perturbed surfaces of one of the common transmission-
line types, the various field configurations to be expected 
may be identified as modifications of known standing-
wave patterns. Although these approximations in some 
cases appear extremely crude, the resulting tuning 
curves usually check quite well with experimental 
curves. 
The resonator boundaries may usually be approxi-

mated by a shorted section of some type of transmission 
line. The effect of the re-entrant section containing the 
tube grids is represented by a lumped capacitance and 
the circuit solved as a transmission-line problem. The 
value of capacitance to be used is somewhat greater 
than the calculated dc capacitance of the tube grids 
alone (not the measured capacitance between grids 
as this includes the capacitance between the grid-
supporting structures which is more properly a part of 
the transmission line) and is best determined from an 
experimental tuning curve. Values of li.wf for the 2K28 
and 0.8  if for the Sylvania SD-835G and 6BL6 tubes 
have been found to give calculated tuning curves which 
agree quite well with experimental data. However, there 
is some indication that the value to be used varies some-
what with frequency.' A poor guess for this value of 
capacitance will result in a shifting of the tuning curve 
to longer or shorter wavelengths (as the capacitance is 
over- or under-estimated), but the discrepancy will 
usually be small compared with the error in estimating 
the capacitance. 
Fig. 5 gives tuning curves for a section of waveguide 

of length 1 and arbitrarily shaped cross section, loaded 
with a capacitance C at the center, in terms of dimen-
sionless parameters X/Xe, //X., and Xda where  is the 

7 For a discussion of these factors in coaxial resonators, see foot-
note reference 2. 

6 A more exact equivalent circuit for the tube would be the grid 
capacitance in series with an inductance representing the grid-
supporting pedestals. This inductance is not, in general, negligible 
and results in the necessity for using an equivalent capacitance which 
is higher than the dc capacitance and more or less dependent on fre-
quency. 
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cutoff wavelength. The characteristic length a of the 
particular waveguide section is defined by 

a  7 2 — —  cC X 7 (1) 

where c is the velocity of light in meters per second and 
Zo,„ is the characteristic impedance of the guide at in-
finite frequency. For the rectangular waveguide case 
a 2 = 7 2b C/20 where b is the guide height, the dimension 
parallel to the E field, and to is the dielectric constant of 
free space. The limiting value of resonant wavelength 
(1-4 CO) is the cutoff wavelength for all but the quarter-
wave mode, where it is given by 

A02 [ ( X,2 )2 1/2 

=  a 4 

2 2 
(2) 

These curves indicate that for small capacitive loading 
an error of 100 per cent in the value of C used may re-
sult in less than 10 per cent error in the calculated wave-
length. For large capacitive loading, the tuning curve is 
much more sensitive to changes in capacitance. 
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Fig. 5—Universal tuning curves for general waveguide resonator. The 
dashed curves to the left of 1/A0=0.5 are for rectangular wave-
guide, in which case the characteristic length a equals (mitiC/to)i. 
Curves (a), (b), (c), and (d) represent the (I, 1), [1, 21, [1, 3], and 
[2, 11 modes in a shorted waveguide section with no tube present. 

• The solid curves of Fig. 5 are calculated for a general 
waveguide with the assumption that the character of 
the transmission-line mode does not change over the 
tuning range. While this assumption is probably fairly 
valid for a ridge waveguide resonator, it does not hold 
for the rectangular waveguide. 
For plunger separations less than the guide width 

(i.e., for I/X5 less than 0.5 in Fig. 5) in a rectangular 
waveguide resonator, the field configurations shift in 
such a way that the roles of guide length and width are 
interchanged, causing the tuning curves to take the 
shape indicated by the dashed lines in Fig. 5. Thus the 
"three-quarter-wavelength" mode is the [1, 3] mode 
for I greater than the guide width, but for I less than the 
width the configuration changes as indicated in Fig. 
3(a). Similarly the field configuration of the [3, 1] mode 
changes according to Fig. 3(b) as the length of the 

:fun] 

waveguide passes through the square position. As pre-
viously discussed, these two modes, which would have 
the same field configuration in a square resonator with 
no tube, because of the presence of the tube have 
different field configurations and resonant frequencies.' 
The tuning curves may be used to predict possible 

mode interferences as will be discussed presently. In 
order to predict holes resulting from nonoscillating 
modes, it is desirable to compute the tuning curves of 
these modes. These may be approximated by simply 
neglecting the effect of the tube-grid capacitance, since 
it is located in a region of low electric field. If the 
resonator were perfectly symmetrical, these modes 
should not couple to the oscillating modes. In the prac-
tical case, they usually have some coupling and result 
in disturbances to the oscillating mode in narrow re-
gions where their tuning curves cross that of the desired' 
mode. These disturbances range from a slight decrease 
in amplitude to a "hole" in the mode plot and accom-
panying discontinuity in the tuning curve. 

II. QUARTER-WAVE MODE RESONATORS 
Of the two useful oscillating modes, the quarter-wave 

mode has a much higher shunt resistance arid is rela-
tively free of interference from other modes. It has, how-
ever, a limited frequency range. When the shorting 
plungers are moved all the way up to the tube envelope, 
representing the highest possible frequency in the 
quarter-wave mode, (corresponding to a wavelength of 
about 7 cm in the 6BL6 for example), the tube may still 
be capable electronically of going to a higher frequency. 
In order to produce higher frequencies, it is necessary 
to have an effective short inside the tube walls produced 
by a physical shorting plunger a half wavelength away 
—in other words, the three-quarter-wave mode. 
The range is also limited on the long wavelength end 

by the guide cutoff frequency, as seen in the experi-
mental tuning curves of Fig. 6 fel- an SD-835G tube in 
resonators with cutoff wavelengths of 10 and 15 cm. 
The asymptotic values which the resonant wavelength 
approaches as the plunger separation is increased are 
about 13 cm and 17 cm, somewhat greater than the cut-
off wavelengths. This is characteristic of the quarter-
wave mode. At frequencies below the cutoff frequency, 
a long section of waveguide appears at the end as an 
inductive reactance which resonates with the capaci-
tance of the tube grids at a frequency somewhat lower 
than the cutoff frequency. 

Although the field configurations for the square resonators 
shown in Fig. 3 appear to bear little resemblance to those for [I, 3] 
and [3, 11 modes, it will be seen that patterns similar to these result 
from superpositions of fields of [I, 3] and [3, I] modes with different 
phases. In the case of Fig. 3(a), a voltage maximum appears at the 
center of the pattern and the concentration of electric field between 
the tube grids results in the resonant frequency being considerably 
lower than it would be with no tube present. If the [I, 3] and [3. 11 
modes are superimposed with one having the opposite phase, the 
pattern of Fig. 3(b) results, with zero electric field at the center. 
In this case, the presence of the tube has little effect on the field 
configuration and resonant frequency, and the conductance is too 
high for oscillations to occur in this mode in a nearly square resona-
tor. 
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(a) 

The mode plots of Fig. 6 show regions of oscillation on 
I plot with co-ordinates of repeller voltage and resonator 
tuning. The first of the identifying numbers on the 
modes indicates the resonator mode, "1" signifying 
quarter-wave; "3," three-quarter-wave. The second in-
iicates transit time of the electrons in the reflecting 
space, "1" meaning one and three-quarter cycles, and so 
an. It is not possible to increase the guide dimensions 
indefinitely without encountering three-quarter-wave 
mode interference as shown at the lower right. 
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Fig. 6—Experimentil mode plot and tuning curves of SD-835G tube 
in rectangular waveguide resonator I-inch high; (a) guide width, 2 
inches; (b) guide width, 3 inches. 

In the design of a rectangular waveguide resonator 
: for a given tuning range, the primary design param-
eters are guide width and height. The height should be 
equal to the spacing of the grid contacting rings if the 
• highest frequency of the tube in the quarter-wave mode 
is to be realized. Increasing the height decreases the 
resonator loss conductance and allows for better non-
contacting plunger design, but it makes interfering 
resonances more likely to appear. Increasing the width 
reduces the guide wavelength and hence the plunger 
travel for a given tuning range, and makes the wave-
length-plunger position tuning curve more linear. Here 
again, however, the limiting consideration is mode in-
terference. 
The next higher frequency modes which are likely to 

be excited by the tube are the [1, 3] and the [3, 1]. Thus 
the width of the waveguide must be such that the 
longest wavelength in the desired tuning range is less 
than the asymptotic oscillation wavelength for infinite 
plunger separation, and yet, to avoid possibility of 
mode interference with other modes, the guide should 
not be wider than about 1.5 times the shortest wave-
length at which the tube will oscillate. This may limit 
the longest wavelength of the tuning range, and for 
ranges which lie completely below two or three thousand 
megacycles, the coaxial-line resonator is generally con-
i sidered to be preferable. 

Although these general considerations may be used to 
choose tentative dimensions, the final test of the design 
is a calculated mode plot. The generalized tuning curves 
of Fig. 5 may be used in conjunction with manufac-
turer's data on the tube modes to give the expected 
mode plot. 

Variable- Width Waveguide Resonator 

It may be difficult to obtain a 2:1 tuning range in the 
quarter-wave mode without running the risk of mode 
interference from the three-quarter-wave modes as in 
Fig. 6. An ideal resonator would have only one resonant 
mode—or at least its higher order modes would have 
resonant frequencies well beyond the oscillation range of 
the tube. A very interesting cavity which approaches 
this ideal consists of a long section of rectangular wave-
guide whose width is variable, with lossy terminations 
at both ends (Fig. 7). 
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Fig. 7—Variable-width waveguide resonator. (a) Theoretical tuning 
curve; (b) experimental mode plot and tuning curve for resonator 
I-inch high using SD-835G tube. 

• 10 ID 

In connection with the tuning curves of the quarter-
wave waveguide resonator, it was shown that as the 
plunger separation increases to large values the resonant 
wavelength approaches an asymptotic value. Since the 
cutoff wavelength of the waveguide is less than the 
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resonant wavelength, the fields die off exponentially 
with distance away from the tube and, at a sufficient 
distance, the plungers may be replaced by lossy termina-
tions without appreciably affecting the Q of the cavity. 
On the other hand, the higher order modes tend to be 
suppressed by the lossy material. In other words, the 
dissipative material is placed in a region where the fields 
of the dominant mode are very weak but the fields of 
the higher order modes tend to be strong. If there are no 
reflections from the ends (infinitely long waveguide or 
perfect terminations), the dominant mode is the only 
oscillation mode which can exist. In the mode plot 
shown in Fig. 7, the fragmentary extraneous modes are 
the result of imperfect terminations, the reflections from 
which allowed a weak [3, 1] mode oscillation. 
A theoretical tuning curve for this resonator is plotted 

from (2) in terms of the dimensionless parameters X/a 
and a/a. This illustrates a property of having the tuning 
much less crowded toward the high-frequency end of the 
range than most other types of resonators. 
The dotted curve in Fig. 7 gives the db attenuation 

of the fields per wavelength distance down the wave-
guide away from the tube, showing the necessity in this 
resonator of designing for small values of a/a to avoid 
requiring an excessive length of guide to isolate the 
terminations from the tube. 
Because of the absence of re-entrant areas and the 

minimum of surface carrying high currents, the Q and 
shunt resistance of this resonator are quite high. 

III. THREE-QUARTER-WAVE RESONATORS 

It has been seen that, with present tube dimensions, 
in order to attain the electronic high-frequency limit of 
the tubes it is necessary to operate on a resonator mode 
which has a nodal surface of the E field between the 
cavity boundaries and the tube grids. The design of the 
three-quarter-wave mode resonator presents a much 
more difficult problem than either the quarter-wave 
mode waveguide resonator or the three-quarter-wave 
coaxial resonator, chiefly because of the severe quarter-
wave mode interference brought about by the non-
linear tuning properties of the waveguide resonator. 
As previously discussed, for a plunger separation large 

compared with the waveguide width the resonant wave-
length of the quarter-wave mode approaches a value 
which is independent of the plunger position. This 
means that certain regions of repeller voltage will be 
dominated by the strong quarter-wave mode. On the 
mode plot these appear as wide horizontal bands which 
in most cases completely obliterate the desired three-
quarter-wave mode in these regions. This tendency ap-
pears in Fig. 6. 
By increasing the guide width, i.e., cutoff wavelength, 

the wavelength which the quarter-wave mode ap-
proaches can be increased to such a value that oscilla-
tions will occur at very low repeller voltages or not at all 
(because of electrons striking the repeller). The limita-
tion to increasing guide width is again higher order mode 
interference. 

There are several possible ways in which the mode 
interference problem for the three-quarter-wave resona 
tor might be attacked. The discussion of these method' 
will use the resonator tuning curves of Fig. 5 to illustrate 
the means by which the interference-free regions of the 
desired 3, 2 and 3, 3 modes" may be increased 
These curves furnish ample assurance that a 2:1 tuning 
range with no mode interference will not come easily 
In order to obtain the 3, 2 mode with no 1, 
quarter-wave mode interference, it is necessary to hays 
the wavelengths of the two modes in at least the rad( 
of the cycles of transit time of the two modes, in thit 
case 11:7, over the entire range. But, besides this re• 
quirement, it is desirable to avoid the regions of tuning 
where nonoscillating coupled resonances may causs 
holes. Most likely of these to cause trouble are the [I, 2. 
and the [2, 1 ] (curves b and d in Fig. 5). The crossings 
of the tuning curves for these modes with that of thc 
[1, 3] are seen to occur when the cavity is nearly square. 
If they are to be avoided, 1 must be maintained eithes 
greater or less than the guide width over the tuning 
range. 

The latter choice results in a resonator which is es-
sentially a fixed length of waveguide of variable width. 
The useful tuning range of such a resonator is limited by 
quarter-wave mode interference at the short wavelength 
end and by the [I, 2] mode crossing at the other, usually 
to considerably less than a 2: I ratio. 

'Quarter-Wave Mode Suppression 

Within the limits set by the desired tuning range, X, 
may be made small so that the portion of the tuning 
curve used is that to the right of //X, = 0.5 in Fig. 5. Ther 
three-quarter-wave mode is ordinarily used only near 
the short wavelength oscillation limit of the tube so that 
this minimizes the possibility of higher order mode in-
terference. It usually results, however, in serious 
quarter-wave mode interference, A certain amount may 
be accomplished toward removing such interference by 
the use of dissipative or nondissipative mode suppres-
sors. 

In the coaxial resonator some success was had with 
nondissipative or tuned mode suppression." In the 
waveguide resonator the interference is usually much 
more severe and this method is an unsatisfactory solu-
tion. 

Dissipative mode suppression is more successful. 
Reference to Fig. 2(b) will show that there are regions 
at the sides of a waveguide resonator, opposite the tube, 
where the fields of the [I, 3] mode are quite weak and 
the fields of the [I, 1] mode are strong. Dissipative 
material placed in these regions has the effect of lowering 
the conductance presented to the tube by the [1, 1] 

10 These are the most useful modes. Although the II-cycle transit 
time mode has higher amplitude in general, it requires excessively 
high repeller voltages at the high-frequency end and its conductance 
is lower so that it may be unstable with loading. 

11 Radio Research Laboratory Staff, "Very High Frequency Tech-
niques," McGraw-Hill Book Co., Inc., New York, N. Y., art. 32-17, 
18; 1947. 
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mode below a value where the tube will oscillate. At the 
same time the conductance of the [1, 3] mode is scarcely 

affected. 
Unfortunately these regions move as the resonator is 

tuned, so that, for a fixed position of the mode suppres-
sors, the tuning range over which the desired modes are 
not appreciably affected is limited to something like 20 
per cent. This suggests arranging to have the mode 
suppressors moved mechanically to follow the nodal 
surface as the main shorting plungers are tuned. It is 
not felt that this method, although quite feasible, offers 
a very acceptable solution to the mode interference 

problem. 

Resonator Dimensioning 

Quarter-wave mode interference may be eliminated 
by making the guide dimensions large (increasing X, and 
a in Fig. 5). This has the added attraction of giving in-

I creased Q and decreased resonator loss conductance. 
The waveguide width and height must be increased to 
the point where the desired portions of the 3, 1; 3, 2; 
or 3, 3 modes are clear of the 1, 1 mode. (We do not 
concern ourselves with the 1, 0 mode because even 
if it occurs its conductance is so low that it will disap-
pear with a small amount of coupled load or will be re-
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Fig. 8—Tube holders for resonator of Fig. 1; (a) conical tube holder; 
(b) re-entrant cylinder holder; (c) (3, 11 mode interference with 
cylindrical holder. 

cessive to the desired modes.) Again the height should 
probably not be over half the width from higher order 

mode considerations. 
Interference might be anticipated from such modes as 

the [3, 1] and [3, 3], the next higher frequency oscillat-
ing modes. Experimentally this interference proves t, 
be very sensitive to the shape of the tube mount. Fig. 8 
illustrates serious [3, 1] mode interference consisting of 
strong horizontal bands across the mode plot corre-
sponding to a wavelength of about 6.6 cm, almost com-
pletely blocking out the desired modes. With a tube 
holder consisting of two re-entrant cones of approxi-
mately 45 degrees cone angle, mode interference from 
these modes was found to be not objectionable. 
The same can not be said for the nonoscillating modes, 

those which have low electric field density near the posi-
tion of the tube and hence present too high a con-
ductance for oscillation to occur. In making X, large to 
avoid quarter-wave mode interference, the tuning range 
has been shifted to the left in Fig. 5 to embrace the re-
gion of crossing-of the tuning curves for the [1, 2] and 
[2, 1] modes. Depending on the degree of coupling, 
these parasitic resonances may or may not give serious 
trouble. In the case of the resonator of Fig. 1, for which 
tuning curves and mode plot are shown in Fig. 9, the 
[2, 1] coupled resonance resulted in only a slight dip in 
the power output but the [1, 2] caused a hole at a wave-
length of 6.2 cm. 
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Fig. 9—Experimental tuning curves and mode plot of 30(1i-inch 
rectangular waveguide resonator. Dotted tuning curves represent 
nonoscillating modes. Tube is SD-835G. 

With this resonator the I, 0 mode appeared in the 
region indicated by the dotted contour when contacting 
plungers were used. With noncontacting plungers 
designed for the short wavelength end of the tuning 
range, plunger losses were sufficient to prevent its oc-
curring. The [3, 11, 3i mode is a multifrequency bunch-
ing effect discussed by Huggins' which disappears with a 
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small amount of loading of the oscillator. This resonator 
gave satisfactory operation over a 2:1 tuning range ex-
cept for the hole already mentioned. It had a minimum 
of mode interference and the desired mode appeared 
stronger than other modes in the vicinity. The un-
loaded shunt resistance at a wavelength of 9.6 cm was 
measured to be 18,000 ohms compared with 5,000 to 
10,000 ohms at the same frequency for typical coaxial 
resonators. 

Ridge Waveguide Resonator 

Whereas the normal ratio of cutoff wavelengths of the 
TElo and TE30 waveguide transmission modes is 3:1, by 
the use of ridge waveguide it can be increased to 5:1 or 
6:1. This allows designing a resonator with a large X, 
while keeping the range of [3, 1] resonance above the 
frequency limit of oscillation of the tube. In addition, as 
previously discussed, for //X, <0.5, the ridge waveguide 
tuning curves follow the solid lines in Fig. 5 eliminating 
the intersection with the [1, 2] mode. Thus, potential 
mode interference may be restricted to the effects of the 
coupled [2, 1] mode, which may not be objectionable if 
the resonator is sufficiently symmetrical to keep the 
coupling between modes to a low value. The potential 
tuning range is seen to be well over 2:1. 

"Two- Way Stretch" Resonator 

So long as X, is held constant over the tuning range it 
has proven very difficult to obtain a 2:1 range com-
pletely free of potential mode interference. This con-
sideration suggests varying X, and 1 together so that 
their ratio stays in an interference-free region in Fig. 5. 
This is accomplished in a resonator so constructed that 
the sides move out as the distance between the end 
shorting plungers is increased. 

Harmonic Frequency Generation 

As may be seen from Fig. 6, the 1, 1 is by far the 
most vigorous mode in a waveguide resonator with di-
mensions small enough to exclude all but the TElo 
modes. If a cavity which is simultaneously resonant to 
two frequencies in a 2:1 ratio is operated in this mode, 
power at the second harmonic frequency is produced by 
the strong second harmonic content of the sharply 
bunched electron stream. The amount of second har-
monic power obtainable in this manner is quite com-
parable with that available with the same cavity mode 
at the same frequency when the mode is excited in the 
normal manner. 

Harmonic frequency generation has certain potential 
advantages, at least for fixed- or narrow-band tunable-
frequency operation. First, the oscillations are excep-
tionally stable. The presence and frequency of the 
second harmonic output are not affected by any amount 
of loading at the second harmonic frequency; the ampli-
tude does depend on the loading because bunching is a 
nonlinear phenomenon and the amplitude of the output 
at any frequency is dependent on the bunching voltages 
of all frequencies. Second, the frequency range of a 

given tube is extended. For example, output at a wave-
length of 3.75 cm was obtained from the third harmonic 
of a 2K28 operating at 11.26 cm. Normally this tube 
stops oscillating at 5 cm. Third, the mode interference 
problem is minimized. Ordinarily the 1, 1 mode is so 
strong that other modes do not interfere, and, since 
this mode is not directly loaded, it is quite stable in spite 
of the low transit time and associated low electronic con-
ductance. 
Further discussion and experimental results on these 

last three types of resonators are given in a previous 
pa per. '2 

I V. CONCLUSION 

It does not appear, in general, that the waveguide 
type of resonator has much to offer in the way of ad-
vantages over coaxial resonators for frequency rangesn 
below a few thousand megacycles. At the short wave-
length end of the microwave spectrum, however, they 
are probably superior for most uses. Waveguide resona-
tors and shorting plungers are simple in construction. 
They are more flexible in design than the coaxial types, 
offering more latitude in the variation of characteristics 
by changing design parameters.  Designing three-
quarter-wave resonators without mode interference is 
not simple, but the coaxial resonator also has its higher 
order mode problems. Waveguide resonators have two 
shorting plungers which must be mechanically con-
nected to move simultaneously. '3 
• Considerably more difficult to calculate and measure 
than tuning curves and mode plots, but nonetheless im-
portant in evaluating the merit of a resonator because of 
this, is resonator loss conductance. A method for deter-
mining the loss conductance from the resonator tuning 
curves and a Q measurement, together with universal 
curves useful in design, is given in another paper." 
At high frequencies the waveguide cavities appear to 

be somewhat better from the standpoint of loss con-
ductance, both by measurement and as indicated by the 
frequent presence of the 1, 0 mode and the et- modes 
(Fig. 9) discussed by Huggins in his multifrequency 
bunching studies. These are seldom or never observed 
with the same tubes used in coaxial resonators. 
In view of the mode interference problems and rela-

tively high loss conductances associated with three-
quarter-wave resonators, consideration might be given 
to the approach of doing away with the need for them. 
In other words, a tube could be so designed as to have a 
mechanical high-frequenQ limit essentially the same • 
as its electrical limit. This might be accomplished in a 
tube having a long, narrow rather than circular cross 
section in which the electrons flow in a thin sheet and 
the grids are narrow slits. The glass walls could then be 

12 W. W. Harman, "Tunable waveguide cavity resonators for 
broadband operation of reflex klystrons," Proc. NEC, vol. 4, pp. 
233-252; 1948. 

" Over a 20-per cent bandwidth or so, one plunger only may be 
moved, the other remaining in a fixed position. 

14 W. W Harman, "Resonant impedance of transmission lines and 
waveguides," Jour. App!. Phys., vol. 20, pp. 1252-1255; December, 
1949. 
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put in such a position as to allow very narrow separa-
tion of shorting plungers and corresponding high-
frequency operation. Such a tube could be used to ad-
vantage in either of the quarter-wave resonators dis-
cussed in this paper. 
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The Effect of a Bend and Other Discontinuities 
on a Two- Wire Transmission Line' 

K. TOMIYASUt, MEMBER, IRE 

Summary—The theoretical problem of a bend on a two-wire 
„ transmission line is analyzed by the vector-potential method. The 
equivalent circuit elements are obtained by comparing the variable-
line parameters near the bend with the conventional line parame-

ters found on an infinite line. The effect of the nonrotational sym-
metry of the axial vector potential on the conductor surfaces is 
treated by an approximate method to obtain one of the equivalent 
series elements. Experimental values of the circuit elements for the 

bend were found to be in good agreement with the theoretical. Good 
agreement was also found between experimental and theoretical 
values for open-ended and bridged-end lines. 

INTRODUCTION 

T
HE ANALYSIS of the effect of a single bend on 
a two-wire transmission line is based upon the 
condition that the line spacing is very small com-

pared to the wavelength. This implies that radiation 
from the line is negligible, and that the effect of a bend 
is nondissipative. Since this effect is dependent upon the 
distribution of current through the bend, the equivalent 
network of the bend must contain both series and shunt 
reactive elements. 

FORMULATION OF THE PROBLEM 

The analysis of discontinuities on two-wire lines is 
based upon the differences between the actual dis-
tributed line parameters and the corresponding parame-
ters on an infinite line.' The equivalent circuit elements 
of the discontinuity are obtained by integrating the 
differences over a short distance within the "zone of 
discontinuity." 
In Fig. 1(a), one conductor of radius a is shown 

bent at an angle of 0 degrees. The second conductor of 
the two-wire line is parallel to the first at a distance b. 
The co-ordinates w and u have their origins at and are 
directed away from the bend. The generator is as-
sumed to be at z =O. The lengths of the lines L and T 
are, respectively, s and sr. 

• Decimal classification: RI17.13. Original manuscript received 
by the Institute, May 23, 1949; revised manuscript, December 12, 
1949. Presented, American Physical Society, June 16, 1949, Cam-
bridge, Mass. The research reported in this document was supported 
in part jointly by the Navy Department (Office of Naval Research), 
the Signal Corps of the U. S. Army, and the U. S. Air Force, under 
Harvard University, O.N.R. Contract N5-ori-76, T.O. 1. 
t Formerly, Cruft Laboratory, Harvard University, Cambridge, 

Mass.; now Sperry Gyroscope Company, Great Neck, L. I., N. Y. 
1 R. W. P. King and K. Tomiyasu, "Terminal impedance and 

generalized two-wire line theory," PROC. I.R.E., vol. 37, pp. 1134 - 
1139; October, 1949. 

From the electric field vector and the potential 
equation of continuity the second-order differential 

(a) 

LINE L 

LT iL. 
LT 

LINE T 

Fig. 1—(a) A two-wire line is bent at an angle of O. (b) Equivalent 
circuit for the bend. 

equation for the scalar-potential difference on line L 

has the form2 

a2v(w) a + 132v L(w) = — [ziLL(w) + iww,r(w)].  (1) 
Ow'  Ow 

The angle 4/(u') in [121 and [15b1 is explicitly written 
as 0 when computing the vector and scalar potentials. 
The distances used in this problem are 

R . = v( v lv f)2 + 

Rb = V(1.V w')' b2 

RIT = V(w + u' cos 0)2 -I- (u' sin 0)2 + a2 

R2r =  (IV u' cos 0)2 + (u' sin 0)2 11 

Approximate solutions for [15 4415c1 are 

w  N/w2 b2 
ko(w) -4. 2 In  In 

a  
(3) 

w cos + Vw2 + 62 
kop(w) = cos OkoTi(w) cos 0 In  

W cos 0 + Vw2 a2 

Equations [15d]—[15fj are not used, sin .e this higher-
order correction is small. 

(2) 

I This is eq. 1311 of footnote reference 1. Bracketed equation 
numbers refer to equations in footnote reference 1; t Ittim- in paren-
theses, to this paper. 
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le(w) 10-0 — 

Assuming a lossless line and calculating Wa,(w) and 
VL(w) using (3), (1) simplifies to 

aw(w) 
co2c(w)le(w)V(w) = 0,  (4) ale 

where 01(w) and ai(w) defined in [21] are contained 
in the terms 

c(w) = 

le(w) 

qL(w)  
="44(w)co(w) = 

V(w) 

V z( 

I,L(w) 
— al(w)loe(w) = 

2re 

ko(w)  kor'(w) 

ko(w)  k0(w) 

27n, 

(5) 

When te>>b2, the end effect of the line and the coupling 
effect of the load are negligible and the values of the 
valuable line parameters in (5) approach the constant 
values of the line parameters co and 10 for an infinite 
line 

7rE 

in —  
a 

In —  
a 

71, 

=  Co 

joe,, 

(6) 

The circuit elements CT and LT in the equivalent net-
work shown in Fig. 1(b) are given by the integrals 

CT = 

LT = 
fd. 

0 

If the following notations are used 

[c(w) — co]d w 

A In 

B = in 

[le(w) — loe]d w 

x + Vx2 ± 1 

x cos 0 ± Vx2 +1 

a2 
x cos 0 + V  x2 — 

b2 

the integrals (7) may be rewritten as 

CT 
= b Co f0 d1b —   

2 In — — A ± B 

LT 

loe 

A — B 

f  dlb 

2 In — ° 
a 

(7) 

(8) 

dx  (9) 

(B cos 0 — A)dx.  (10) 

Two Cr's and two LT's are required in the equivalent 
circuit since the center of the bend is at AA'. A very 

small difference in the input impedance is found if both 
Cr's are lumped together at AA'. 

NUMERICAL INTEGRATION FOR CT AND Lr 

The integrals (9) and (10) which have been evaluated 
by graphical methods for the special case of b=2.0 cm, 
a = 0.1588 cm, and 0 = 0°, 30°, 60°, and 90° are tabulated 
in Table I. The upper limits of the integrals were 
taken to be d/b =10, since the contributions to the 
integrals are negligible for d/b>10. The tabulated ra-
tios have the dimensions of centimeters. For this two-
wire transmission line, co = 0.1096 pof/cm and /0' 
=0.01014 ph/cm which yields a characteristic imped-
ance of 304 ohms. Note that the integrals (9) and (10) 
are proportional to line spacing b if b/a is constant. 

TABLE I 

0 

CT 

Co 

LT 

10 

0°  30° 60° 90° 

0  —0.0163 —0.0714 —0.1889 

0  —0.0334  —0.141  —0.353 

NONROTATIONAL SYMMETRY 

The analysis thus far assumes a rotational symmetry 
for the vector potential on the conductor surfaces and 
an abrupt discontinuity in the direction of current at 
the bend. Strictly speaking, these conditions do not 
exist. For a nonrotational symmetry of current density 
in the bend, the effective radius of the conductor is 
decreased. 

Fig. 2—One line conductor with an arc for the bend. 

By considering the bend as an arc of a circle as shown 
in Fig. 2, the vector potential, and hence the per-unit 
inductance, can be calculated at all points along the 
conductor. The second conductor of the two-wire line 
is parallel at a distance b from the one illustrated. The 
vector potential is calculated on the inside surface of 
the bend, where the current density is greatest. If the 
per-unit inductance is calculated at the center of the 
arc, where it is largest and assumed to be nearly con-
stant over the length of the arc, the error involved will 
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not be very large since the per-unit inductance at a =0 
and a = 0 is actually larger than it would have been had 
the bend made an abrupt angle of 0. With the primed 
co-ordinates designating the variables of integration and 
the unprimed co-ordinates the points where the vector 
potential is computed, and assuming a uniformly dis-
tributed filamentary current on the axis of the con-
ductor whose radius has the effective value, the vector 
potential difference W(a) at a point P (angle a) neglect-
ing retardation is calculated from the following equa-

tions: 

W(a) = Wz.(a)  Wa(a)  Wr(a)  (11) 

where 

IVL(a) = / cos a r- (i. 1 — — —)dw' 
. 4/ry J 0 R1  R2 

Ir e 1  1 
Wa(a) = —  i cos (a — a') (— — — da' 

/3, 4 o R3 R4, 

I COS (0 — a) i  ( 1  1 ) . 
  0  -i-z6 — -1--z6 du'. ivr(a) = 

and 

47ry 
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W L(a) = Wr(a) = 0.712 — • (18) 
TY 

In evaluating Wa(a), let us assume the effective con-
ductor radius a.= 0.643a. Then the parameter g„ 
=88.5° and ifib = 62.75°. Using tables of elliptic func-

tions,3 

Thus 

and 
(12) 

Wa(a) = 1.609 — 
TV 

147(a) = 3.033 --
7P 

(19) 

(20) 

1 I ce =  1. 198104.  (21) 

This shows an increase of 19.8 per cent in the per-unit 
(13 ) inductance. Since the arc length is 0.524 cm, 

LN 
(14)  =  —I- 0.104 cm. (22) 

The subscript N is for nonrotational symmetry. (See 

RI= -V W—a) sin a+ w'  [r— (r— a) cos aj2 

R2= VRI2-1-b2 

Rs = Vr2-1- (r— a)2— 2r(r —a) cos (a—a') 

Rg = V R32+ b2 

Rg = Etti (r —a) sin (0 — a) r — (r —a) cos (0 — a)12 

Rg = V R62+ b2 

Equation (13) can be expressed in terms of elliptic func-
tions of the first and second kind, K(4), k) and E(1,, k) 
respectively 

Wa(a) 
= _2/r 1Lf r(k22 

1) K(0, ka) 
TY   

2 /2 

—  —  E(4), k1)1ka2 712-014 

where 

-F   2 Vb2 (2r — [(k7); — 1) K(4), kb) 

2 
— —  R(0, kb)1T12  1 p (16) 

kb2 r/2-814f  

4r(r — a) 
ka2 sin2 /3„ 

(2, — a)2 

4r(r — a) 
k.2 —   — sin2 

b2 + (2, — a)2 

For 0=15°, a =0/2, and assuming r =b and b = 12.6a, 

(17) 

(15) 

Fig. 1(b).) When 0 =30° and assuming a.= 0.643a, 

LN 
—  =  ±  0.22 cm.  (23) 
lo° 

For 0 >30°, three difficult and important factors be-
come apparent. The radius of curvature r and the effec-
tive conductor radius a1 both decrease, which increases 
the inductance; the shortened current path, on the other 
hand, decreases the inductance. Because of the complex-
ity of the problem, the value of LN is asgumed constant 

for 0'•. 30°. 

COMPARISON WITH EXPERIMENTAL VALUES 

It is evident from the equivalent circuit shown in 
Fig. 1(b) that the elements 2Lr+LN and 2CT can be 
measured experimentally by letting the load assume 
either very low or very high impedances. This range in 
load impedance can be obtained by adjusting the length 
of shorted line beyond the bend. 
Since the line was unloaded, only the phase functions 

A. M. Legendre, "Trait6 des Fonctions Elliptiques," vol. 2, 
Paris, Imprimerie de Huzard, Coucier; 1826. 
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were measured by the resonance-curve method. For 
small values of 2Cr and 2Lr-FLN, as expected here, the 
ratios 2Cr/co and (2LT-I-LN) ratio 10 were simply the 
change in over-all length of line to give resonance. It was 
found that small differences in the location of the distri-
bution extremes at the center of the bend did not affect 
the measured values. Comparison between the theo-
retical and experimental values are shown in Figs. 3 and 
4. The agreement in 2Cr and 2Lr+LN, which is fairly 
good over the whole range, is within the radius of the 
line conductor. 
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Fig. 3—Comparison of 2Cr/co as a function of O. 
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The measurements were made at a frequency of 300 
Mc by using a very sensitive crystal-af amplifier 
detector. The measurements were readable to within 
0.02 cm and reproducible to within 0.05 cm. 

OPEN-ENDED AND BRIDGED-END LINES 

For an open-ended line, Cr was computed by setting 
the quantity B in (9) equal to zero. Evaluating the 
integral numerically gave a value of Cr/co = 0.416 cm. 
Open-ended lines differing by the end surfaces on the 
conductor were measured experimentally. These results 
are tabulated in Table II: (a) flat closed ends on the con-
ductors, (b) hemispherical ends, and (c) open tubing. 

It appears that the innersurfaces of the open tubing are 
being charged, whereas fringing is at a minimum for the 
hemispherical ends. Since the currents do not vanish 
except at the center of the ends of the conductors, the 
length of the conductors should perhaps be measured 
along the surface of the conductor and to this point. By 
adding the radius of the conductor, the corrected theo-
retical value of Cr/co becomes 0.575 cm. The reference 
plane was at the end of the conductors. 

TABLE II 

Flat closed ends 
Hemispherical ends 
Open tubing 
Theoretical (corrected) 

0.60 cm 
0.58 cm 
0.65 cm 
0.575 cm 

The end effect of a bridge on a two-wire line is con-
sidered by adding two inductances in series, LT and Ls, 
where LT is the value given in Table I for 0 =90° and Ls 
the self-inductance of the bridge given by the equation4 

Ls = [sinh ' • ± --a' — 4/1 ai2  —  . (24) , 
2ry  a'  b  1)2 

Three values of a', radius of the bridge wire, were 
chosen, 0.0794, 0.1588, and 0.2382 cm, and Ls was cal-
culated for each. 

Comparison of theoretical and measured values of 
(Ls+Lr)//o° are plotted in Fig. 5 for three radii of the 
• 
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Fig. 5—Comparison of (Ls+Lr)/lo• as a function of bridge wire radius. 

bridge wire. The agreement is good for the smaller radii. 
The reference plane was at the center of the bridge. 
For the bridge with the largest radius, the radius of 

curvature r and effective conductor radius a, are larger 
and the current path is shorter in proportion than for 
the two smaller bridge radii. This means that the actual 
Ls is smaller for the largest bridge radius and explains 
the departure shown in Fig. 5. The effect of LN is con-
tained in the modified Ls. 
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"An Approach to the Approximate Solution 
of the Ionosphere Absorption Problem*" 

JAMES E. HACKE, JR. 

Norman Balabanian:1 In the discussion immediately 
preceding equation (16) in his paper, Nit-. Hacke 
states: "It (the apparent height of reflection x') can be 
obtained by integrating, over the upward path, the 
group velocity of the wave divided by the velocity of 
light. In the x co-ordinates used here, since the group 
velocity is the velocity of light divided by the index of 
• refraction, 

zo dx 
x' = + f —' 

xi, ti 

The definition given for group velocity is actually that 
for phase velocity. Phase velocity in a medium is de-
fined as the velocity of light c, divided by the refractive 
index of the medium vp = chi. From equation (12) of 
the paper, /A is less than unity and hence v„ is greater 
than c. In the ionosphere, group and phase velocities 
are related by the following expression: 

V, = c2/vp. 

Since v, is greater than c, vg must be less than c. 
' Also, substituting c/v„ =µ, vp=i2c. 
Mr. Hacke proposes to obtain x' by integrating vdc 

over the upward path. But vdc is less than unity every-
where along the path. Hence, the integration would 
yield an apparent height less than the actual height. 
This is obviously erroneous. 
Actually, the apparent height can be obtained by inte-

grating c/vo over the upward path. This can easily be 
shown to be true. Since a pulse of energy travels at ap-
proximately the group velocity, the time it takes a pulse 
to traverse the upward path is given by the integral 

(16)" 

=  '0 dx 

JO vg 
Multiplying both sides of this equation by c yields 

zo c 
cl = I — dx. 

JO vg 

But the left-hand side of this equation is the apparent 
height. Hence, the integral on the right must also give 
the apparent height. Substituting v„ =tic, 

zo dx 
= a = f  —  • 

Jo 

is the same as equation (16) in the paper. 
Attention should also be called to equation (4). Sub-

stitution of equation (3) into equation (2) will yield 

• PROC. I.R.E., vol. 36, pp. 724-728; June, 1948. 
' Syracuse University, Syracuse, N. Y. 

No   
N —  exp (1 — x — e-x). 

Vsec x 

This error might be attributed to the printer. How-
ever, equation (4) appears in the same form in a later 
paper. 

A. H. Waynick:2 Since Mr. Hacke has not been engaged 
in ionospheric work for over a year, I am taking the 
liberty of attempting to answer Mr. Balabanian's com-
ments on his paper for him. 
In the case of the simplified dispersion equation used 

by Mr. Hacke, whose real part is his equation (12), it is 
readily shown that 

Here 

Now 

OA 
= 14 - W —  =  = --

U  aC4 

c =velocity of light in a vacuum 
U =group velocity 
ti= phase refractive index 
co =angular wave frequency 
te =group refractive index. 

ds 
P' = c f — • 

From the above relation this may here be written 

f ds 
P' = 

or, in x height units, 

(1) 

as used in Hacke's (16). 
Here P' =2h' = group path or, following Hacke's 

terminology, apparent path. 
I believe the above illustrates: 
(A) The wording of the two sentences quoted from 

Mr. Hacke's paper is incorrect as indicated in the dis-
cussion. 
(B) However, the Hacke equation (16), which was 

based on relations (1) above, is correct. This is proven 
by similar reasoning in the discussion. 
(C) While the words of (A) are incorrect, the mathe-

matics of (B) is correct as covered above. The discus-
sion comment "Hence, the integration would yield an 
apparent height less than the actual height" is covered 

2 Pennsylvania State College, State College, Pa. 
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in Figs. 4 and 3 of the paper. These illustrate that, for 
any given R, the height of apparent reflection, measured 
down from the level of maximum ionization in the layer, 
is less than the true height. Consequently, the group 
height is shown to be greater than the true height by the 
figures included in the paper. 
The comments concerning Hacke's equation (4), and 

the identity (5), are obviously correct. 
I do not know whether Mr. Balabanian will not wish 

to have his discussion published in view of the above 
comments. The error in equation (4) is so obvious, it 
alone would not appear to warrant publication of its 
correction. 
However, for Mr. Balabanian's information, the "P1 

alone" curve of Fig. 5 has recently been found to be in 
error due to computing mistakes. The balance of this 
figure, however, is correct and the conclusions drawn 
concerning the invalidity of using the single parabola 
approximation in absorption calculations are still valid. 

Norman Balabanian:' I wish to thank Professor Way-
nick for his comments on the discussion. 
Professor Waynick apparently agrees with the 

writer's original discussion except for his point (C). The 
writer's comment, "Hence the integration would yield 
an apparent height less than the actual height" applies 
to Mr. Hacke's intended integration, "over the upward 
path, of the group velocity of the wave divided by the 
velocity of light." Here there is no question of measuring 
height downward from the level of maximum ionization 
in the layer. In Professor Waynick's notation, 

P' 
h' = — = c — • 

2  2 

Obviously, h' is measured upward from the surface of 
the earth. However, Professor Waynick's statement con-
cerning the height of apparent reflection, measured 
down from the height of maximum ionization, is cer-
tainly true. 

Correspondence 

James E. Hacke, Jr.:' Thanks are due Mr. Balabanian 
for pointing out two careless errors in my paper, "An 
Approach to the Approximate Solution of the Iono-
sphere Absorption Problem." 
1. Preceding my introduction of equation (16), I 

wrote, 
"In the x co-ordinates used here, since the group 

velocity is the velocity of light divided by the index of 
refraction . . . . " This is, of course, an error; the group 
velocity is the velocity of light times the index of refrac-
tion 

vo = 4uc = dx/dt; 

dl = dx/(tic). 

When this is divided by the velocity of light and inte-
grated over the path, the result is the apparent or group 
height, as noted by Mr. Balabanian and implied in the 
preceding statement from the paper, quoted by Mr. 
Balabanian: the apparent height " . . . can be obtained 
by integrating, over the upward path, the group 
velocity divided by the velocity of light." What Mr. 
Balabanian is apparently trying to say in the fourth 
paragraph of his note is that if I had actually inte-
grated using c//A, and not 1.1c, I should have got a group 
height differing in the wrong direction' from the geo-
metric height. 
2. Mr. Balabanian is quite right that equation (4) 

should read, 

• N = (No ÷ Vsec x) exp 1.(1 — x — (4) 

with appropriate changes in equation (5). This is the 
way the equations appear in my notes; the error was 
evidently made in preparing the typescript. A similar 
error was made in equation (1.5) of a subsequent paper, 
"An Approximate Solution of the Problem of Path 
and Absorption of a Radio Wave in a Deviating Iono-
sphere Layer"; this equation is part of a summary of the 
results of the present paper, and, was made from the 
typescript. 

3 600 Haven St., Evanston, Ill. 

Note on Low-Noise Figure Input 
Circuits* 

In the excellent paper "Design Factors 
in Low-Noise Figure Input Circuits,' by M. 
T. Lebenbaum,' is found the following 
equation (Table I): 

Af = 00,2 _ 

There are many cases where (XIX2—X2) is a 
small difference of two large quantities, and 

* Received by the Institute. February I. 1950. 
1 M. T. Lebenbaum. 'Design factors in low-noise 

figure input circuits,  PROC.  vol. 38. AD. 75-

80; January, 1950. 

therefore a slide-rule calculation of M by 
this equation is subject to considerable error. 
This difficulty can be avoided as follows, 
referring to Table I, 

1  (1 + a22 3a12 
X2 = 

C2o42 8  8 

-  (1 + 
Gwes 

I  (i  

Ciwo2 k 8  8 

1 
(I + 

CIW e 

where the meaning of Ai and A2 is obvious. 

XiX2  Al)(l  A2) 
CiC2‘,44 

= (X3)(I  Ai  AIA2)• 

XIX2 = ( MAI ±  + .11,1:)• 

Taking the root, we have 

M  = NA3 Ai  Ala2. 

This equation can be used to determine M 
but  usually  simplification  is possible, 
namely, 
Case 1: 

< 0.5;  ce2 < 0.5. 
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7,orrespondence 

IThen 4.16,2 is negligible compared to -FAI. 

if = NA3(a1  A2) 

=
 47 -X1  (a12 a22) 2 

1•:curate to one per cent if al and a2 are each 
!jar than 0.3. 
Case 2: Primary loading only 

ti =  Y; (accurate to one per cent if 
< 0.5). 

Case 3: Secondary loading only 

= aa nu (accurate to one per cent if 

V 2 (*2 < 0.5). 

Incidentally, I believe that in the second 
quation of Table I, V 21 is a misprint for 
fib. [This has been pointed out by the 
uthor in a separate communication.] 

A. C. HUDSON 
Microwave Section 

National Research Council 
Ottawa, Canada 

Che Diurnal Variation of the Verti-

:al Incidence Ionospheric Absorp-

ion at 150 Kc' 

It is the purpose of this letter to present 
ome recent experimental information on ab-
orption at low frequencies. 
The Radio Propagation Laboratory of 

:he Pennsylvania State College has been 
:onducting a program of measurements of 
the ionosphe:ic absorption of radio waves at 
rertical incidence at 150 kc. Both the ex-
?erimental and theoretical phases of this 
xogram have been in progress since March, 
1949. The measurements were taken by 
manual and semiautomatic receiving meth-
xis on pulses from a one-half megawatt 
pulse transmitter at a low repetition rate. 
During the summer months, because of 

insufficient system gain and high absorption, 
the absorption records were incomplete for 

" several hours around local noon. However, 
as the season progressed, the records became 
more nearly complete. A number of com-
plete daily records have been obtained in re-
cent months. One of these is shown in Fig. I. 
This figure is a plot of [log PI against time 
or August 20, 1949. The curve was ob-
tained by the method of Appleton' from the 
observed values of the virtual height of the 
layer h, the relative amplitudes of the ground 
pulse G, and the first and second echoes E 

• Received by the Institute. October 24, 1949. 
I E. V. Appleton, "Regularities and Irregularities 

In tlie ionosphere," Proc. Royal .Soc., vol. 162, Oc-
tober, 1937. 

7 

6 

5 

4 
a 
Al 
0. 

3 3 

0 2 

9 

8-20-49 

Oo  2  4  2 6 

LOCAL MEAN SOLAR 871ME 

to 12  14 16 Is so 22 24 

Fig. 1—A plot of llog p1 against time at vertical incidence at 150 kc for 
August 20, 1949. 
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Fig. 2—Plot to determine exponent of cos" x for particular 
case of August 20, 1949. 

and E'. Then p=(2hE/kG) with k=hEi 
0.96GE where the 0.96 factor enters due to 
ground reflection. This curve is a running 
mean of the instantaneously observed values 
of the echo amplitude. Of particular interest 
is the marked correspondence of ground sun-
set and sunrise with the absorption curve 
transitions. 
A further interesting feature of this 

curve is the slope in terms of the sun's zenith 
angle. Fig. 2 shows a plot of log [log pl vs. 
log cos x. This gives a morning slope of 0.675 
and on the linear portion of the afternoon 
curve a slope of 0.76. These numerical val-
ues obviously apply as the exponent in [log 
pla coŝ x for the relevant periods. 
Other similar records are now being ana-

lyzed to obtain a statistical treatment of the 
data. Preliminary comparison of the experi-
mental and theoretical results shows a rather 
close agreement as regards total absorption. 
A paper covering the complete program of 
investigations will be published at a later 
date. This work is being conducted with the 
support of the Geophysical Research Direc-
torate of the Air Force Cambridge Research 
Laboratories, AMC, USAF, 

A. H. BENNER 
Radio Propagation Lab. 

Pennsylvania State College 
State College, Pa. 



PROCEEDINGS OF THE I.R.E. Jun , 

Contributors to Proceedings of the I.R.E. 
Ross Bateman (A'42) was born in 

Toledo, Ore., on July 22, 1912. He received 
the B.S. degree in electrical engineering 

from  the  Oregon 
State College in 1934. 
From 1934 to 1937 he 
was employed by the 
American  Pacific 
Whaling  Company 
and  the  Alaska 
Steamship Company 
in connection with 
the installation and 
operation of land and 
ship radio stations. 
Following this, from 
1937 to 1942, he was 

associated with the Federal Communica-
tions Commission. Mr. Bateman joined the 
staff of the operational research group in 
1942, in the office of the Chief Signal Officer, 
serving there until 1945. He is now employed 
by the National Bureau of Standards as 
chief of the ionospheric research section at 
the Central Radio Propagation Laboratory, 
in Washington, D. C. 

Ross BATEMAN 

Kenneth E. Burmaster (M'48) was born 
in Ftansomville, N. Y., on January 29, 1912. 
He attended Niagara University for a short 

time and then be-
came engaged in the 
electronic and electri-
cal engineering field 
for  several  years. 
Then, he entered the 
employ of Oldbury 
Electro-ChemicalCo., 
Niagara Falls, N. Y., 
in 1937. Here he was 
associated with elec-
trical maintenance of 
industrial equipment, 
including  electrical 

machinery for generation, conversion, and 
distribution of electric power, and also the 
operation and maintenance of megawatt arc 
furnaces and associated control equipment. 
Mr. Burmaster attended Niagara Uni-

versity in 1943 and 1944 to study electronics 
and electrical engineering. He accepted a 
position during August, 1944, with Carbide 
and Carbon Chemicals Corporation at Oak 
Ridge, Tenn., supervising maintenance of 
mass spectrometers for the Instrument 
Division. In 1945, he joined the Laboratory 
Division of Carbide and Carbon Chemicals 
Corporation at Oak Ridge K-25 Plant and 
supervised the organization of electronics, 
vacuum tube, machine shop, and engineer-
ing drafting groups for development and 
maintenance of laboratory analytical in-
struments. At present, he is assistant labora-
tory department supervisor, supervising 
groups engaged in design, construction, and 
maintenance of laboratory instruments and 
equipment associated with the operation and 
development of the gaseous diffusion process 
for separating uranium isotopes, including 

K. E. BURMASTER 

mass spectrometers for isotope measure-
ments, spectrophotometers, and X-ray ana-
lyzers 
Mr. Burmaster is a member of the 

American Institute of Electrical Engineers 
and the Instrument Society of America, of 
which he is the vice president of Oak Ridge 
Section. 

L. A. Byam, Jr., was born on August 19, 
1906, in Chelmsford, Mass. After serving 
for one year as Morse operator with the 

Western Union Tele-
graph Company and 
three years as a radio 
operator  with  the 
Radiomarine  Cor-
poration, Mr. Byam 
entered the Univer-
sity of Delaware to 
study electrical en-
gineering.  He was 
graduated in 1932 
with the B.E.E. de-
gree. Following grad-
uation, he enrolled in 

a special course of study at the Massachu-
setts Institute of Technology, completing 
the course in 1933. Rejoining Western Union 
in July, 1933, he has been associated with 
that company up to the present time. 
On January 1, 1937; Mr. Byam was ap-

pointed division manager in charge of opera-
tion, and served in that capacity until May, 
1941, when he was called to active service 
with the Navy. During the war he was en-
gaged in radar installation and maintenance 
under the direction of the Bureau of Ships. 
He resumed service with Western Union in 
January, 1946, and is now engaged in radio 
research with the development and research 
department. He is a member of Phi Kappa 
Phi and Tau Beta Pi. 

L. A. BYAM, JR. 

Robert E. Corby was born in 1916 in 
Freeport, N. Y. He was graduated from 
Rensselaer Polytechnic Institute in 1940 

with the B.E.E. de-
gree, and received 
the M.E.E. degree 
the following year 
from the same insti-
tution. During the 
war years he was an 
instructor and later 
an assistant professor 
at  Rensselaer.  He 
also did consulting 
work for the Sprague 
Electric Company, in 
North Adams, Mass. 

In 1945 he was awarded the Ph.D. degree in 
physics from Rensselaer. 
Dr. Corby joined the staff of the Univer-

sityof Arizona in 1946, and at present he isan 
associate professor of physics. He is a mem-
ber of Sigma Xi, Pi Mu Epsilon, and the 
American Physical Society. 

R. E. CORBY 

Leo E. Dwork (M'46) was born in Nev 
York, N. Y., on August 31, 1920. He re 
ceived the B.E.E. degree in 1941 from the 

College of the City o 
New York, and the 
M.E.E.  degree  it; 
1948 from the Poly. 
technic Institute oi 
Brooklyn.  In  the 
summer of 1941 he 
was employed by thc 
Kenyon Transformei 
Company.  During 
1941 and 1942 he 
was successively em-
ployed by the Bab-
cock  and  Wilcox 

Company, and the Brooklyn Navy Yard. 
He taught electrical engineering at the 
College of the City of New York from 1942 
to 1944, and served in the U. S. Navy from 
1944 to 1946. He is at present senior instruc-
tor in charge of the RCA Institutes electrical 
technology department, having joined the 
staff in 1942. 
Mr. Dwork is an associate member of the 

American Institute of Electrical Engineers, 
a member of the Acoustical Society of 
America and Tau Beta Pi, and an associate 
member of Sigma Xi. 

LEO E. DWORK 

J. J. Ebers (S'46—A'48) was born on 
November 25, 1921, in Grand Rapids, 
Mich. He received the B.S. degree from 

Antioch College in 
1946, his education 
having been inter-
rupted  by  three 
years' service in the 
U. S. Army. He ob-
tained the M.S. de-
gree in electrical en-
gineering from Ohio 
State University in 
1947. Since 1947, he 
has been an instruc-
tor in the electrical 
engineering  depart-

ment of this University, as well as a research 
associate for the Ohio State University Re-
search Foundation. His research activities 
have been in the field of high-frequency os-
cillators. 

Mr. Ebers is a member of Eta Kappa 
Nu, Sigma Xi, and the American Physical 
Society. 

J. J. EBERS 

• 

For a photograph and biography of W. 
W. HARMAN, see page 1345 of the Novem-
ber, 1949, issue of the PROCEEDINGS OF THE 
I.R.E. 

For a photograph and biography of 
K. TOM1YASU, see page 1156 of the October, 
1949, issue of the PROCEEDINGS OF THE 
I.R.E. 

I. 

1 



'950 Contributors to the Proceedings of the I.R.E.  687 

te 

Ernest C. Evans (S'44-A'46) was born 
n July 19, 1920, in New York, N. Y. After 
ttending the New Jersey College of Com-

merce and studying 
radio engineering at 
Rutgers University, 
he was engaged for a 
short time in instru-
ment work at the 
Signal Corps General 
Development Labo-
ratories at Red Bank, 
N. J. Following this 
he entered Massa-
chusetts Institute of 

E. C. EVANS  Technology for fur-
ther study in electri-

al engineering, leaving in 1944 to work on 
he atomic bomb project in the Army. 
.f ter his discharge in 1946, he was employed 
)y the Laboratory Division of Carbide and 
'Carbon Chemicals Corporation at Oak 
Zidge, Tenn., as a research engineer. At the 
resent time, he is a development engineer 
or this Corporation and is engaged in design 
ind development work on mass spectrom-
Aers, laboratory instruments, electronic 
:ontrols, and electromagnets. He is at pres-
mt engaged in graduate studies at the Uni-
versity of Tennessee. 

• 

T. R. Finch (M'46) was born on Decem-
Der 26, 1914, in Colorado Springs, Colo. He 
,tttended the University of Colorado where 

he received the B.S. 
degree in 1938 and 
the M.S. degree in 
1939. Since then, Mr. 
Finch has been em-
ployed by the Bell 
Telephone  Labora-
tories, where he has 
been primarily in-
terested in the de-
sign and develop-
ment of transmission 
networks. He is at 
present engaged in 

the development of networks for wide-band 
)1:oaxial repeater amplifiers. 

• 

Edwin F. Florman (A'41) was born on 
February 16, 1904, in Venice, Ill. He worked 
•as an electrician in a steel mill, during which 

time he completed 
high school and un-
dergraduate college 
work. In 1932 he 
was graduated from 
Washington Univer-
sity with the B.S. de-
gree in electrical en-
gineering,  and  in 
1934 he received the 
M.S. degree in elec-
trical engineering and 

EDWIN F. FLORMAN  Physics  from  the 
same  institution. 

From 1934 to 1941 he was employed as re-
search physicist at the Western Cartridge 
Company of East Alton, Ill., in charge of 
the . development of electronic ballistics-

/ testing equipment. He was a radio engineer 
at the National Bureau of Standards during 

T. R. FINCH 

0. HEIL 

KEITH C. M. GLEGG 

1941-1944, in charge of completing a radio 
device for measuring upper-air wind veloci-
ties up to altitudes of 100,000 feet. 
From 1944 to 1946 Mr. Florman was 

associated with the Philco Corporation in 
the research department. In 1946 he re-
turned to the National Bureau of Stand-
ards, where he is at present conducting low-
frequency radio-wave-propagation experi-
ments in the Central Radio Propagation 
Laboratory. Mr. Florman is a member of 
Tau Beta Pi and Sigma Xi. 

• 

Keith C. M. Glegg (S'47) was born in 
Kingston, Jamaica, B.W.I., on January 7, 
1926. He received the B. Eng. degree in 

engineering  physics 
in 1947 and the M.Sc. 
degree in physics in 
1949,  both  from 
McGill  University. 
While working for 
M.Sc. degree, Mr. 
Glegg was a demon-
strator in electrical 
engineering at Mc-
Gill University. 
Since 1949 Mr. 

Glegg has been en-
gaged in radar de-

velopment at the Canadian Marconi Com-
pany. He is a member of the Xi. 

Oskar Heil was born in Germany on 
March 20, 1908. He received the Ph.D. at 
the University of Gottingen in 1932 and did 

research at the Uni-
versity of Gottingen, 
in  the  Cavendish 
Laboratory,  Cam-
bridge, England, and 
with Standard Tele-
phones and Cables, 
C. H. Lorenz, A.G., 
Julius Pintsch K.G. 
and Telefunken. At 
present, he is working 
for the government 
and engaged in re-
search and develop-

ment work in the Tube Laboratory at Ohio 
State University. 

• 

George A. Hufford (S'45-A'48) was born 
on June 1, 1927, in San Francisco, Calif. 
He received:the B.S. degree in engineering 

from the California 
Institute of Technol-
ogy  in  February, 
1946, and the M.S. 
degree in electrical 
engineering in 1948 
from the University 
of Washington. Since 
his graduation he has 
been with the Cen-
tral Radio Propaga-
tion Laboratory of 
the National Bureau 
of Standards, study-

ing various problems in the theory of wave 
propagation. 

G. A. HUFFORD 

F. J. KAMPHOEFNER 

Fred J. Kamphoefner (S'43-A'45-M'46) 
was born in San Francisco, Calif., on March 
23, 1921. He received the B.S. degree from 

the  University  of 
California in 1943, 
then joined the Ra-
dio Research Lab-
oratory at Harvard 
University as a re-
search associate, in 
the receiver group. In 
1946 the Laboratory 
was disbanded and 
he resumed studies at 
Stanford University 
while doing part-time 
teaching  and  re-

search, concerned mainly with uhf oscil-
lators and apparatus for the measurement of 
ion densities in the atmosphere. 
Dr. Kamphoefner received the Ph.D. de-

gree in electrical engineering in 1949, and 
soon after became a staff member of the 
Stanford Research Institute. In his present 
position, his principal interest is industrial 
instrumentation. He is a member of Sigma 
Xi, Tau Beta Pi, and Eta Kappa Nu. 

• 
Joseph Leferson (A'48) was born in Point 

Pleasant, N. J., on August I, 1914. He at-
tended Monmouth College and graduated 

from the New York 
Electrical School. A 
licensed radio ama-
teur since 1932, he 
now holds both ama-
teur and commercial 
radio  licenses.  In 
1937, he became as-
sociated with Mach-
lett Laboratories, Inc., 
and is now project 
engineer on power 
and  ultra-high-fre-
quency tubes. 
• 

J. D. McGee was born on December 17, 
1903, near Canberra, Australia. Following 
his graduation from St. Patrick's College, 

Goulburn, he entered 
Sydney University in 
1923 and received the 
B.S. degree in math-
ematics and physics 
in 1927, and the mas-
ter's degree in phys-
ics in 1928. At that 
time, he was awarded 
the University Medal 
in physics, as well 
as an 1851 Exhibi-
tion Scholarship to 
Clare College, Cam-

bridge, England, where he worked in the 
Cavendish Laboratory from 1928 to 1931 on 
atomic physics. He received the Ph.D. de-
gree in 1931. 
In January, 1932, Dr. McGee joined the 

staff of the E.M.I.. Research Laboratories, 
and has since worked principally on the 
development of television pickup tubes and 
similar electronic devices. During the war, 
Dr. McGee was occupied with the develop-
ment of electronic infrared image con-
verters and the instruments in which they 
were used. 

J. LEFERSON 

J. D. McGss 
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J. Z. Millar (A'30-SM'45) was born in 
Matton, Ill., on July 3, 1901. Following his 
graduation from the University of Illinois in 

1923, he joined the 
Western Union Tele-
graph Company as 
an engineering ap-
prentice, transferring 
in 1926 to the Water 
Mill laboratory to 
specialize  in  elec-
tronics. After doing 
research on short-
wave equipment and 
audio-frequency ap-
paratus for fifteen 
years, Mr. Millar was 

called to active duty with the Signal Corps, 
in which he attained the rank of colonel. 
He served as member and director of the 
Signal Corps Board in Ft. Monmouth, N.J., 
from March, 1941, to April, 1944, and was 
then assigned as Signal Officer of the Nor-
mandy Base section and as Signal Officer, 
Loire Section, European Theater. 
On February 15, 1945, Mr. Millar re-

turned to Western Union, and was appointed 
radio research engineer. In this position he 
has organized the radio research division of 
the development and research department. 
On August I, 1949, Mr. Millar was made di-
rector of research. 

J. Z. MILLAR 

G. Franklin Montgomery (M'48) was 
born in Oakmont, Pa., on May 1, 1921. He 
graduated from Purdue University with the 

B.S.E.E. degree in 
1941. From 1941 to 
1944, he worked at 
the Naval Research 
Laboratory on radar 
and similar projects. 
During the period 
1944 to 1946, he was 
in the U.S. Army Sig-
nal Corps, working 
on  ionospheric re-
search during part of 
that  time.  Since 
1946, he has been 

employed by the Central Radio Propaga-
tion Laboratory, National Bureau of Stand-
ards. 
Mr. Montgomery has been a licensed 

radio amateur since 1935. He s a member 
of Tau Beta Pi, Eta Kappa Nu, Sigma Pi 
Sigma, and Sigma Xi. 

I. E. Mouromtseff (A'34-SM'45-F'47) 
was born on December 9, 1881, in St. 
Petersburg, Russia. After he received the 

Mil. Eng. degree he 
continued his study 
in electrical engineer-
ing and radio at the 
Institute of Technol-
ogy, in Darmstadt, 
Germany, and was 
graduated in 1910 
with the Dipl.-Eng. 
degree.  Professor 
Mouromtseff was as-
sistant chief of the 
Electrical School for 
Army  Officers,  in 

G. F. MONTGOMERY 

I. E. MOUROMTSEFF 

charge of academic and technical training, 
during the years 1910 to 1917. He was also 
a member of the Franco-Russian Radio 
Committee. He was presented with the 
Officer's Cross of the Legion of Honor by 
the French Army Command in 1916. 
Professor Mouromtseff came to the 

United States in 1917 as a member of the 
Division of Supplies, attached to the Russian 
Embassy, in Washington, D. C. From 1923 
until 1936 he was engaged as a research 
engineer in charge of transmitting electron-
tube development for the Westinghouse 
Electric and Manufacturing Company, in 
East Pittsburgh, Pa. He later transferred to 
the lamp division of Westinghouse, where he 
was in charge of uhf and microwave electron-
tube development in 1936, remaining until 
1942, when he was made assistant manager 
of the electronics department. In 1947, Pro-
fessor Mouromtseff was awarded the West-
inghouse Order of Merit. 
Since 1947, Professor Mouromtseff has 

been teaching in the department of physics 
at Upsala College, in East Orange, N. J. He 
was made a Fellow of the IRE in 1947, and 
has served on many IRE committees, in-
cluding the Electronics Committee and 
Papers Review Committee. He is a member 
of the American Physical Society, the A I EE, 
and the New Jersey and National Society of 
Professional Engineers. Since 1943 he has 
been an active member of the Basic Science 
Division of the AIEE. 

Joseph  M.  Pettit (S'39-A'40-N1'45-
SM'46) was born on July 15, 1916, at 
Rochester, Minn. He received the B.S. de-

gree in 1938 from the 
University of Cali-
fornia, the degree of 
Engineer  in  1940 
from Stanford Uni-
versity,  and  the 
Ph.D. degree in 1942 
from the same insti-
tution. From 1938 to 
1940, Dr. Pettit was 
a teaching and re-
search assistant in 
electrical engineering 
at Stanford Univer-

sity. During the period 1940 to 1942 he was 
an instructor in electrical engineering at the 
University of California, and at the sante 
time was a research associate in electrical 
engineering at Stanford University, in charge 
of a radio direction-finder project under the 
National Defense Research Committee. 
From 1942 through 1945, Dr. Pettit was en-
gaged in radar countermeasures work on the 
staff of the Radio Research Laboratory, 
which operated under Harvard University in 
co-operation with the Office of Scientific Re-
search and Development. He served pro-
gressively as receiver development engineer, 
group leader, and assistant executive engi-
neer. During 1944, Dr. Pettit served in 
India and China as a technical observer 
with the Twentieth Air Force, and in 1945 
he was in England as associate technical 
director of ABL-15, a laboratory associated 
with the Radio Research Laboratory. In 
1945, he became supervising engineer at 

JOSEPH M. PETTIT 

Airborne Instruments Laboratory,  Inc 
Mineola, L. I., N. Y., in charge of receive 
development. Since January, 1947, he h 
been at Stanford University, where he is a 
associate professor of electrical engineering 
Dr. Pettit is a member of the America 

Institute of Electrical Engineers, Sigma Xi 
Tau Beta Pi, and Eta Kappa Nu. 

Andrew Tait was born in Bridgeport 
Conn., on April '22, 1920. Upon graduatiot 
from high school, he went with the Rocke 

feller Institute fo 
Medical  Research 
New York, N. Y., al 
a technical assistan 
in the physical chem 
istry  laboratories-
There he was engagec 
in the design of spe. 
cialized  electronic 
equipment. He at-

Air  tended evening ses-
sions at  Brooklyr 

ANDREW TAIT  Polytechnic  Insti-
tute, and was alsc 

engaged in experimental work in television 
receivers and preamplifiers for the "Fringe' 
operation. 
In 1942 Mr. Tait joined the National 

Bureau of Standards staff, where he worked 
in the field of high-frequency direction find-
ers. In 1944 he went on active duty as an 
officer in the Electronics Engineering Divi-
sion of the U. S. Coas t Guar d, concerne d 
with specialized military radio direction-
finding equipmen t an d assoc iated ra dio 
communication equipment in this country 
and oversea s. 
In 1946 Mr. Tait rejoined the staff of 

the Central Radio Propagation Laboratory 
at the National Bureau of Standards, and 
is at present working in the field of naviga-
tion systems and the associated field of low-
frequency propagation. 

• 

An Wang (A'45) was born in Shanghai, 
China, on February 7, 1920. He received 
the B.S. degree in electrical engineering 

from  Chiao-tung 
University, China, in 
1940. He attended 
Harvard University - 
from 1945 to 1948, 
receiving the M.S. 
degree in 1946 and 
the Ph.D. degree in 
1948. 
From  1940  to 

1941, Dr. Wang was 
an  assistant  of 
Chiao-tung Univer-
sity. From 1941 to 

1945, he was an engineer of the Central 
Radio Corporation in China. Since 1948, 
Dr. Wang has been a research fellow at 
Harvard University, working on the de-
velopment of basic components of digital 
calculating machines. He is a member of 
Sigma Xi. 

AN WANG 
!' 

1'1 

r!! 
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Institute News and Radio Notes 

1N.W.V. HAYES, PRESIDENT OF 
AUSTRALIAN IRE, IS DEAD 

Norman William Victor Hayes, President 
of the institution of Radio Engineers, 
Australia, died recently. Mr. Hayes was 
among the members 
of the  Institution 
who were largely re-
sponsible for the close 
co-operation and the 
friendly spirit which 
exists between the 
"Australian Institution 
and The Institute 
of Radio Engineers. 
His passing will be 
mourned by mem-
bers of both organi-
zations. 
Mr. Hayes commenced his engineering 

career in the Australian Postmaster Gen-
eral's Department as a Cadet Engineer. He 
advanced successively to the positions of 
Engineer, Divisional Engineer, Sydney and 
Central Administration, Superintending En-
gineer for Victoria, and Deputy Chief En-
gineer, Central Administration. At the time 
of his death he was Acting Assistant Di-
rector-General  (Engineering  Services), 
Engineer-in-Chief for Australia. He was also 
President of the Victorian Postal Institute 
which covers the welfare of all officers of that 
State. 
As President of the Institution of Radio 

Engineers, Australia, he had continued his 
co-operative efforts for the development and 
expansion of the Institution, and had dis-
played the greatest zeal and enthusiasm dur-
ing his seventeen years of membership. He 
was elected a Full Member in 1933, and at 
the invitation of the Council became a Fel-
low in 1940. Mr. Hayes had served on many 
committees. He was Chairman of the Mel-
bourne Division for the period of the war. 
He had served as Vice-President of the 

Institution from 1941 to 1943, as Deputy-
President from 1948-1949, and as President 
from 1949 to 1950. 
In commenting on his passing, represen-

tatives of the institution paid tribute to Mr. 
Hayes as a "genial personality, an efficient 
engineer, and a wise administrator." 

.0 

N. W. V. HAYES 

TECHNICAL COMMITTEE NOTES 

The Institute approved the appointment 
of the following as Chairmen of the IRE 
Technical Committees for the year May 1, 
1950-April 30, 1951; Annual Review, Ralph 
Batcher; Antennas and Waveguides, A. Gar-
diner Fox; Audio Techniques, R. A. Miller; 

-! Circuits, W. N. Futtle; Electroacoustics, 
;j E. S. Seeley; Electron Tubes and Solid-State 
Devices, L. S. Nergaard; Electronic Com-
puters, Jay W. Forrester; Facsimile, J. V. L. 
Hogan; Industrial Electronics, I). E. Watts; 

Measurements and Instrumentation, Ernst 
Weber; Mobile Communications, F. T. Bu-
delman; Modulation Systems, Bertram Tre-
vor; Navigation Aids, Peter C. Sandretto; 
Piezoelectric Crystals, K. S. Van Dyke; Ra-
dio Transmitters, H. Tanck; Receivers, 
Richard F. Shea; Sound Recording and Re-
producing, H. E. Roys; Standards, John G. 
Brainerd; Symbols, A. F. Pomeroy; Tele-
vision Systems, Axel G. Jensen; Video Tech-
niques, J. E. Keister; and Wave Propaga-
tion, H. G. Booker. Technical Committee 
Chairmen become members of the Standards 
Committee. This action facilitates direct rep-
resentation of their Committees when pre-
pared material comes before the Standards 
Committee for approval. In cases where a 
Technical Committee Chairman cannot at-
tend a regular meeting of the Standards 
Committee, he will request his Vice-Chair- - 
man to attend in his place. The Institute 
wishes to extend its appreciation to the past 
Chairmen of Technical Committees for their 
excellent co-operation and diligent work dur-
ing the past year. . . . The IRE Technical 
Committee on Electron Tubes and Solid-
State Devices will sponsor, with AIEE, a 
Joint Conference on Electron Devices to be 
held at the Universitrof Michigan, Ann Ar-
bor, June 22 and 23. G. D. O'Neill has been 
appointed a member of the Committee on 
Measurements and Instrumentation as a 
representative of the Electron Tubes and 
Solid-State Devices Committee.... The 
Committee on Antennas and Waveguides 
held a meeting on March 21, under the Chair-
manship of L. C. Van Atta. . . . A meeting of 
the Receivers Committee was held on March 
10, under the Chairmanship of R. F. Shea. 
Jack Avins, Chairman of Subcommittee 
17.2, reported that his group is working on 
the revision of Standards on Television: 
Methods of Testing Television Receivers, 
1948, to incorporate single sideband receiv-
ers. A report on the activities of Subcommit-
tee 17.3 was given by Chairman Jarvis. Mr. 
Shea, Chairman of Subcommittee 17.4, 
stated that the need for standard methods of 
measurement of spurious radiation has been 
accelerated by FCC action. This group will 
endeavor to write these methods on all types 
of receivers, placing the emphasis on televi-
sion and FM equipment. Mr. Hodges gave a 
report of his Subcommittee 17.5. The activi-
ties of Subcommittee 17.6 were given by Mr. 
Mountjoy, Chairman. Mr. Mountjoy re-
ported that work on the formulation of defi-
nitions is proceeding on schedule. Mr. Spiel-
man, Chairman of Subcommittee 17.7, was 
not present to report for his Subcommittee, 
but had submitted a report at the last meet-
ing.... The Circuits Committee held a 
meeting on February 24, under the Chair-
manship of W. N. Tuttle. This Committee is 
preparing a glossary of definitions of Net-
work and Circuit Theory. The glossary will 
be cumulative in the sense that it will include 
old definitions within its field, in addition to 
new definitions prepared by the Committee. 

It will also be complete so that it will have a 
maximum of utility as a reference. Mr. 
Grossman reported for Dr. Dietzold on the 
activities of Subcommittee 4.2, Linear 
Lumped-Constant Passive Circuits. The ac-
tivities of Subcommittee 4.3, Circuit Topol-
ogy, was reported by Professor Foster. A re-
port was given by Dr. Bennett on Subcom-
mittee 4.4, Linear Varying-Parameter and 
Nonlinear Circuits. Mr. Linvill reported 
for Mr. Huggins on the activities of Subcom-
mittee 4.5, Time-Domain Network Analysis. 
Professor Weber, Chairman of Subcommit-
tee 4.7, Linear Active Circuits, reported that 
a list of additional terms in the field of feed-
back amplifiers have been completed. Profes-
sor Krauss, Chairman of Subcommittee 4.9, 
Fundamental Quantities, reported that his 
Subcommatee is reviewing terms. Due to 
the voluminous return of applications for 
membership on Professional Groups, it is not 
possible to acknowledge receipt of applica-
tions from Headquarters. The Chairman of 
each Professional Group will communicate 
with each applicant as he is accepted.. . . 
L. C. Van Atta, Chairman of the IRE Pro-
fessional Group on Antennas and Propaga-
tion, attended the San Diego Section 
Meeting on April 4 and spoke on "The Role 
of Professional Groups in the IRE." .. . The 
Annual Meeting of the Audio Professional 
Group was held on March 9, during the IRE 
National Convention at the Hotel Commo-
dore. The Audio Group roster is in excess of 
950 members. This Group sponsored a Sym-
posium during the IRE Convention which 
proved highly successful. The attendance at 
the morning session of the Symposium of 
technical audio papers was over 450, while 
more than 300 were present at the afternoon 
session. At the Annual Meeting an Adminis-
trative Committee for the coming year was 
elected as follows: L. L. Beranek, Chairman; 
B. B. Bauer, Vice-Chairman; J. A. Green; 
0. L. Green; 0. L. Angevine; J. K. Hilliard; 
and K. C. Morrical. It was agreed that 
"audio" would be treated in a professional 
sense rather than an avocational sense. There 
was a good deal of feeling that since the pro-
fessional audio engineer is faced with very 
practical problems, this professional treat-
ment would still be of great interest to the 
serious audio hobbyist. The first issue of the 
Audio Professional Group Newsletter has been 
distributed and will be circulated bimonthly. 
The newsletter will solicit papers so that at 
least one audio paper per month will appear 
in the PROCEEDINGS OF THE I.R.E., starting 
as soon as possible. The IRE Audio Profes-
sional Group plans to sponsor technical ses-
sions at the fall meeting of the IRE/RMA 
in Syracuse, N. Y., and at the National Elec-
tronics Conference in September. The Ad-
ministrative Committee of the Profes-
sional Group on Broadcast Transmission 
Systems held a meeting at IRE Headquar-
ters on March 31. The new Administrative 
Committee for the coming year was elected 
as follows: Lewis Winner, Acting Chairman; 



690 PROCEEDINGS OF THE I.R.E. June 

Orrin Towner, Earl Johnson, 0 B. Hanson, 
R. M. Pierce, Les Bowman, W. B. Lodge, 
Frank Marx, H. A. Dorschug, Willard Hau-
ser, George P. Hixenbaugh, Roland Hale, 
Roger Hodgkins, Arthur Stuarts, and Scott 
Helt... . The Professional Group on Instru-
mentation held its first meeting at the Na-
tional Convention on March 9. Ernst Weber 
was appointed Acting Chairman of the 
Group and H. L. Byerlay, acting Vice-Chair-
man. The other members of this Group's Ad-
ministrative Committee are Peter Janis, 
N. D. Saigeon, A. R. Satullo, S. C. Lawrence, 
E. P. Felch, E. H. Gamble, and Ivan Easton. 
. The JTAC held a meeting on March 28, 

under the Chairmanship of D. G. Fink. A re-
port of the Committee of Consultants on Ad-
jacent Channel Television Interference was 
prepared by the Chairman of the Committee 
on Consultants, W. T. Wintringham. This 
report is Volume V of JTAC, and has been 
presented to the Federal Communications 
Commission. . . . The Planning Committee 
for the 1950 Joint IRE/AIEE Nucleonics 
Symposium held a meeting on March 3, un-
der the Chairmanship of G. W. Dunlap. This 
Symposium will be held in New York City 
on October 23, 24, and 25. Complete details 
will be announced later. 

ASTE ESTABLISHES FUND FOR 
FIRST RESEARCH FOUNDATION 

Establishment of a research foundation 
to carry on basic production research has 
been authorized by the Board of Directors 
of the American Society of Tool Engineers. 
An initial fund of $25,000 was appropriated 
at the same time. 
Plans call for the use of existing produc-

tion research facilities at various universities 
and colleges. The foundation will act, also, as 
an intermediary to assist small industries or 
companies interested in basic research but 
not in a position to finance such research. 
The ASTE Board of Directors also 

adopted a resolution to work with the Army 
Ordnance Association on national prepared-
ness plans. 

WEBSTER IS NEW CHAIRMAN OF 
RESEARCH, DEVELOPMENT UNIT 

William Webster, executive vice-presi-
dent of the New England Electric System, 
Boston, Mass., since 1942, was sworn in as 
Chairman of the Research and Development 
Board by Secretary of Defense Louis John-
son on March 15. His first association with 
the Board was upon its inception in 1946 as 
the Joint  Research  and  Development 
Board, when he served as consultant. 
From September, 1948, to September, 

1949, he was chairman of the Board's Com-
mittee on Atomic Energy, deputy to the 
Secretary of Defense on Atomic Energy 
Matters, and chairman of the Military 
Liaison Committee to the Atomic Energy 
Commission. Previously, he had been con-
sultant to the Atomic ,Energy Commission 
from 1947 to 1948. Since October, 1949, Mr. 
Webster has been a consultant to the Office 
of the Secretary of Defense and the Atomic 
Energy Commission. 

The Research and Development Board is 
composed of a civilian chairman and two 
representatives from each of the three mili-
tary departments. Present Board members, 
in addition to Mr. Webster, are: Depart-
ment of the Army: Archibald S. Alexander, 
Assistant Secretary, and General Mark W. 
Clark, Chief, Army Field Forces; Depart-
ment of the Navy: Dan A. Kimball, Under 
Secretary, and Rear Admiral R. I'. Briscoe, 
Director, Fleet Operational Readiness, Of-
fice, Chief of Naval Operations; and the 
Department of the Air Force: Harold C. 
Stuart, Assistant Secretary, and Lieutenant 
General Benjamin W. Chidlaw, Command-
ing General, Air Materiel Command. 

NAB SURVEYING MANUFACTURERS 
FOR INFORMATION ON FM SETS 

Edward L. Sellers, who is in charge of 
the NAB FM-Radio Division, is making a 
survey of all FM set manufacturers, asking 
for information on the characteristics of 
their FM receivers. 
The NAB resolution expresses the belief 

that "a number of FM receivers now being 
offered the public do not operate satisfac-
torily" within a field intensity range of 50 
microvolts per meter and that "some FM 
models are subject to excessive drift and are 
difficult to keep tuned." 
He pointed out "that manufacture of 

FM home receivers with high sensitivity, ef-
fective limiting, and adequate antenna 
would go a long way in giving the country's 
some 700 FM broadcasters a new viewpoint 
on the role set manufacturers can play in 
providing the public with the full benefits of 
FM broadcasting on a nation-wide scale." 

CURVE GENERATOR DEVELOPED AT 
NATIONAL BUREAU OF STANDARDS 

An instrument which gives an instan-
taneous visual display of electron tube char-
acteristics has been developed at the Na-
tional Bureau of Standards. The work of 
Milton L. Kuder, the curve generator plots 
directly on the screen of a cathode-ray oscil-
loscope the family of plate current versus 
plate voltage curves for any receiving tube. 
A standard rectangle is displayed along with 
the characteristic curves to provide a direct 
scale for voltage and current readings. In 
cases where the tube characteristics are not 
known or where an unusual combination of 
supply voltages is to be used, the curve gen-
erator can provide the necessary tube data 
at a great saving in time and labor. 
In addition to producing plate-character-

istic curves, the new instrument can provide 
a visual representation of plate current 
versus grid voltage. In this case the oscillo-
scope display is particularly convenient, 
since grid voltage increments are directly 
defined by calibrated vertical bars appearing 
on the oscilloscope screen; a standard cur-
rent reference is given by a horizontal bar. 
All of the possible displays are produced by 
the curve generator without overloading the 
tube under test. Over-all accuracy of voltage 
and current readings from the oscilloscope 
screen is within plus or minus five per cent. 

Attention! 

Authors of Audio Papers 

The Audio Professional Group of 
the IRE is planning a session at the 
National Electronics Conference to 
be held in Chicago, Ill., on September 
25 to 27, and also at the Radio Fall 
Meeting to be held in Syracuse, N.Y., 
on October 30, 31, and November I. 
In addition to these meetings, there 
will be a session at the IRE National 
Convention next year. 
In order to avoid the possibility of 

omitting papers submitted too late 
for presentation at such meetings, all 
members who are interested in pre-
paring audio papers should write to 
Dr. Leo L. Beranek, Chairman, IRE 
Audio Professional Group, Massa-
chusetts Institute of Technology, 
Cambridge 39, Mass. Prompt notifi-
cation to Dr. Beranek will assure 
authors that their papers can be con-
sidered for inclusion in the program of 
the proper meeting. 

INTERNATIONAL STANDARDIZATION 
COUNCIL FORMED BY GOVERNMENT 
The co-ordination of matters involving 

national and international standardization 
in which Federal agencies are interested is 
now being accomplished through a newly 
established  Interdepartmental Standards 
Council, composed of representatives from 
fifteen Federal agencies, including the FCC, 
Defense Department, and others. 
One purpose of the Council, which meets 

monthly, is to provide machinery for the 
development of policy on national and inter-
national standardization matters of com-
mercial significance as they concern the 
U. S. Government. The Council plans to 
assist recognized groups and technical or-
ganizations within industry concerned with 
standardization matters by providing a me-
dium through which they may obtain the co-
ordinated viewpqint of various Government 
agencies. S. P. Kaidanovsky, of the Federal 
Supply Service, is Chairman. 

Calendar of 
COMING EVENTS 

IRE—AIEE Conference on Electron 
Devices, University of Michigan, 
Ann Arbor, Mich., June 22-23 

Conference on Ionospheric Physics, 
Pennsylvania State College, Pa., 
July 24, 25 and 26 

IRE  West  Coast Convention of 
1950, Municipal Auditorium, Long 
Beach, Calif., September 13-15 

National  Electronics  Conference, 
Edgewater Beach Hotel, Chicago, 
Ill., September 25-27 

IRE—AIEE Conference on Electronic 
Instrumentation  in  Nucleonics 
and Medicine, Hotel Sheraton, 
New York, N.Y., October 23-25 

Radio Fall Meeting, Syracuse, N.Y., 
October 30,31, November 1 
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AMERICAN RADIO RELAY LEAGUE 
PUBLISHES WORLD RADIO MAP 

The American Radio Relay League of 
West Hartford, Conn., has published a new 
and completely revised edition of the Ama-
teur Radio Map of the World. The four-
color map, a special projection by Rand 
McNally, has been prepared for use by 
amateur radio stations primarily in their 
"DX" or long-distance international com-
munications activities, and is completely 
different from any other map now on the 
market. 
Published at a price of $2.00, the map 

measures 30 by 40 inches in size, and clearly 
shows the various countries of the world, to-
gether with the call sign prefixes used by the 
radio amateurs of those countries. Prefixes 
shown are not only those assigned by inter-
national agreement at Atlantic City, but 
also those used by the various military occu-
pation forces throughout the world. 
This map is a modified equidistant 

azimuthal projection, centered on Wichita, 
Kan., allowing distance measurements of 
reasonable accuracy between points in 
North America and the rest of the world. 
The map may also be used for determining 
great circle bearings from most points within 
the U.S.A. 
In addition to the country boundaries, 

the map also shows time zones, principal 
cities, and International Amateur Radio 
Union continental subdivisions. Around the 
map's border are indexed the countries of 
the world according to the latest ARRL 
official countries list for amateur achieve-
ment awards, there being some 270 coun-
tries in the list. The border of the map also 
contains an explanation of the world's time 
zones and instructions on how to measure 
distance and bearings. 1 

RADIO PROPAGATION STATION 
ESTABLISHED IN VIRGINIA 

A new radio propagation field station 
which will make continuous measurements 
of radio waves reflected from the upper at-
mosphere has been established at Fort Bel-
voir, Va., by the National Bureau of Stand-
ards. Made possible by the co-operation of 
the Army's Corps of Engineers and Signal 
Corps, the Belvoir Field Station is one of a 
system of fourteen stations operating under 
the supervision of the Bureau's Central 
Radio Propagation Laboratory as part of a 
world-wide network of over 50 radio obser-
vatories. 
The station, 13 miles south of Washing-

ton, consists of four separate buildings de-
signed for ionospheric and geophysical meas-
urements. Equipment at the new field sta-
tion includes the latest in field intensity 
recorders, ionospheric recorders, and visually-
recording magnetographs. The new installa-
tion is continuing, on an improved basis, 
work begun by the National Bureau of 
Standards more than twenty years ago. 
Data gathered at the new station will be 

used in the preparation of predictions three 
months in advance of the best frequencies 
for short-wave radio communication, as well 
as warnings of sudden radio disturbances. 

Institute News and Radio Notes 

DR. LESTER FIELD IS HONORED 
BY ETA KAPPA Nu ASSOCIATION 

Lester M. Field (S'39-M'48) was among 
the outstanding young electrical engineers 
who were honored by the Eta Kappa Nu 
Association in New York, N. Y., during 
the week of the Winter General Meeting 
of the American Institute of Electrical 
Engineers, January 30-February 3. Awards 
were made to Robert Chase Cheek, first prize 
winner, and to Dr. Field and Louis G. Gizen-
danner, who received honorable mention. 
The awards were established in 1936 by 

Eta Kappa Nu, national honorary electrical 
engineering fraternity, to recognize young 
electrical engineers for "meritorious service 
in the interest of their fellow men." 
To qualify for the award, the candidate 

must be not older than 35 years, nor be out 
of college for more than 10 years by May 1 
of the year for which he is cited. After quali-
fying on these two counts, the candidate is 
judged on the basis of accomplishment in 
professional, social, and cultural fields. 

Industrial Engineering 
Notes' 

TELEVISION 

The Philco Corp. is working on a direct-
view color television tube, David B. Smith, 
vice-president, Engineering and Research, 
told the FCC, as he urged the Commission to 
give this development "careful consideration 
in the determination of color standards." 
With respect to a single-gun direct-view 
tube, the witness testified PhiIco was not in a 
position "at this time to report on this work 
other than to say that we have considerable 
confidence that single-gun all-electronic color 
tubes are not only possible but hold the 
greatest promise for future color receiv-
ers." . . . Columbia Broadcasting System has 
highlighted its testimony before the FCC on 
color television by revealing a new develop-
ment which it claims doubles the resolution 
of pictures delivered by the CBS color TV 
system. The new developnent, Peter C. 
Goldmark said, involves addition of the hori-
zontal interlace principle to the CBS field 
sequential system, making it possible to ob-
tain greater definition in the horizontal di-
rection. Dr. Goldmark said CBS has been 
working on the new principle for the past 
four months, but success was achieved only 
two days before he testified. Although it is 
purely a laboratory arrangement, he said he 
was confident that it established that the 
CBS pictures which the FCC and the public 
have already seen "by no means represent 
the maximum potential of the CBS sys-
tem." . . . Color Television, Inc., which has 
been troubled by technical difficulties in 
demonstrations of its color TV system before 
the FCC, apparently corrected this fault for 

I The data on which these NOTES are based were 
selected, by permission, from Industry Reports, issues 
of March 17. March 24, March 31. and April 7, pub-
lished by the Radio Manufacturers Association, 
whose helpful attitude is gladly acknowledged. 

691 

showings staged for the press and important 
government officials. The company will in-
vite the FCC to take another look at the sys-
tem in the near future.... Television re-
ceiver production in February rose to the 
highest weekly average to date, RMA tabu-
lations show, although the TV set output 
during the four-week period, January 30 to 
February 24, of 367,065 units was under that 
of last November, which included five weeks 
and production of 414,223 television receiv-
ers by RMA member companies. Radio re-
ceiver production also continued at a high 
level with the result that total radio and TV 
set output of 1,117,458 units reported to 
RMA was the highest for any four-week 
month since 1948. . . . A strong hint of possi-
ble FCC controls in the manufacture of tele-
vision receivers was thrown out by Chair-
man Wayne Coy on April 5 during the cross 
examination of Donald G. Fink, Chairman 
of JTAC, at the FCC color inquiry. Mr. Fink 
also testified as an individual under sub-
poena so that the Commission could obtain 
his personal opinions on many question. 
Several times during the lengthy hearings 
Cotnmissipn members and the Chairman, in 
particular, indicated they felt some govern-
ment controls over the manufacture of re-
ceivers may be desirable and in the public 
interest.... An official demonstration, for 
the record, of the RCA tri-color television 
tube included the transmission of color pic-
tures under conditions paralleling the co-
axial cable, thus overcoming one of the hith-
erto criticisms of the RCA color system. 
The demonstration was made for the FCC, 
parties to the current TV hearing, and the 
press. Elmer W. Engstrom, Vice-President 
in Charge of Research, RCA Laboratories, 
explained that the New York-to-Washing-
ton coaxial cable was not available for the 
demonstration, but he explained that condi-
tions had been created which corresponded 
to the coaxial cable in which the TV color 
broadcasts were reduced in width from 4 to 
2.7 megacycles... . The Bureau of Labor 
Statistics, summarizing a study of the radio 
and television industry, reported that "tele-
vision, heard about but not seen until after 
the war, already has replaced radio as the 
chief product of radio and television manu-
facturers." In 1949 television sales were re-
sponsible for about two-thirds of the indus-
try's total dollar receipts, according to a 
study published by the U. S. Department of 
Labor's Bureau of Labor Statistics. The title 
of the study is "Radios and Television Sets," 
and is a part of BLS Detailed Report on Em-
ployment and Pay Rolls. Contrary to popu-
lar notion, the radio and television industry 
has provided relatively few additional jobs 
as a result of the television boom. Employ-
ment in January was only 4 per cent higher 
than in January, 1949, an approximate in-
crease of 5,000 in the production worker 
force. Accelerated production of television 
sets was accomplished almost completely by 
intra-plant transfers of workers previously 
employed on radio set production. . . . The 
Navy Department has demonstrated some of 
the results of a four-year research project in 
developing equipment and techniques for 
making motion picture recordings of black-
and-white and color television broadcasts. 
The demonstration included the first movies 
of a TV broadcast from under water and 

s 
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movies made of a color television receiver in 
operation. The Navy Bureau of Ships, which 
is investigating uses of television for all three 
armed services, is currently engaged in im-
proving the use of television for aerial recon-
naissance, salvage operations, research, en-
gineering, pilotless aircraft, and training. 

RADIO AND TELEVISION NEWS ABROAD 

Foreign radio manufacturers established 
three assembly plants in Brazil in 1949, and 
two other plants are scheduled to be estab-
lished in 1950, according to information re-
ceived by the U.S. Department of Commerce. 
The assembly plants were producing be-
tween 1,000 and 2,000 sets per month each at 
the end of 1949. An estimated 150,000 re-
ceiving sets were assembled in 1949, com-
pared with 70,000 and 55,000 sets during 
1948 and 1947, respectively.... Radio 
apparatus is in production by 21 firms in 
Norway, and all but one make home-type 
radio receivers, according to information re-
ceived by the U. S. Department of Com-
merce. . . . Imports of radio receivers into 
Norway amounted to 2,012 units from Janu-
ary to November, 1949. More than 1,200 of 
those sets were imported from the Nether-
lands. Approximately two million radio sets 
were in use in Argentina at the beginning of 
this year. Sixty per cent of the sets are de-
signed to receive short-wave broadcasts. . . . 
There were an estimated 148,000 radio sets 
in use in Greece on December 31, 1949, com-
pared with 43,000 at the time of liberation in 
1944.. .. Radio receivers of United States 
manufacture continue to be highly regarded 
in Egypt and prices of sets are comparable to 
those of European suppliers, according to 
information received by the U. S. Depart-
ment of Commerce. However, imports from 
the United States are limited because of the 
shortage of dollars. The Egyptian Import 
Permit Office did not issue licenses against 
dollar payment for the importation of radio 
receivers from the United States during 1949, 
and this policy is expected to be maintained 
during 1950. A limited number of receivers 
will continue to be imported from the United 
States by payment in dollars secured from 
foreign sources at the free market rate of ex-
change, the Department said. Radio receiv-
ers are not produced in Egypt. Imports dur-
ing January to November, 1949,totaled 55,410 
sets. Principal sources of supply were: The 
United Kingdom, 27,178 sets; The Nether-
lands, 19,148; and the United States, 4,817. 
During 1948 imports aggregated 47,930 
units, of which 29,540 were from the United 
Kingdom, 12,545 from the Netherlands and 
3,644 from the United States. ... An esti-
mated 1,321,600 radio sets were in use in 
Denmark in January, 1950, of which 1,310,-
900 were privately owned. The number of 
listeners per set was an estimated 3.5 per-
sons. Almost all of the radios are designed to 
receive short-wave broadcasts.. .. At the 
end of January there were 11,907,832 radios 
and 280,092 television receivers in operation 
in the British Isles, according to information 
received by the U. S. Department of Com-
merce. . . . The U. S. Embassy in the Neth-
erlands reports that there were an estimated 
200,000 radio sets manufactured for the do-
mestic market of that country in 1949. Im-

ports of radio sets and parts are reported to 
consist chiefly of the products of foreign sub-
sidiaries of the Philips Company. . . . There 
were 180 concerns engaged in the manufac-
ture of radio sets, tubes, and parts in Aus-
tralia during 1949, according to a report re-
ceived by the U. S. Department of Com-
merce. Production during the year is 
estimated at 280,000 sets, or about seven per 
cent less than the 300,000 receivers reported 
in 1948. . . . Production of radio receivers in 
Argentina during 1949 is estimated at 80 per 
cent of the 1948 production due to a shortage 
of inventories of raw materials in the second 
half of the year. 

FCC ACTIONS 

President Truman has submitted to Con-
gress 21 reorganization plans based on the 
Hoover Commission reports, including one 
involving the Federal Communications Com-
mission. He told Congress that when these 
plans become effective, half the proposals 
suggested by the Commission will have been 
acted on. One of the submitted plans would 
give the FCC Chairman additional power 
and make the Chairman responsible for the 
administration of that agency. . . . The FCC 
has announced the appointment of several 
key officials, including a new Chief Engineer, 
in connection with its functional reorganiza-
tion. Curtis B. Plummer, present Chief of 
the Television Broadcast Division, Bureau 
of Engineering, was named Chief Engineer 
in charge of the new Office of Chief Engineer. 
Other appointments and their new titles 
follow: Benedict P. Cottone, General Coun-
sel in charge of the new Office of General 
Counsel; William J. Norfleet, Chief Account-
ant in charge of the new Office of Chief Ac-
countant; J. Fred Johnson, Jr., Chief 
Hearing Examiner in charge of the Hearing 
Division; William K. Holl, Executive Officer 
in charge of the Office of Administration; 
and Harold J. Cohen, Chief of the New Com-
mon Carrier Bureau. . . . The FCC has de-
nied an application of the Zenith Radio 
Corp. to change transmitter location, trans-
mitter and antenna systems, and to increase 
operating power output of its experimental 
TV broadcast station from 1-kw (visual and 
aural) to 5-kw visual and 2.5-kw aural, in 
connection with Zenith's Phonevision tests 
which had been authorized by the Commis-
sion. 

STATISTICS 

A total of 14,500,000 radio and television 
sets were purchased in 1949, it has been an-
nounced jointly by RMA and the National 
Association of Broadcasters. This first joint 
annual study of industry statistics was made 
under the direction of Kenneth H. Baker, di-
rector of research for the National Associa-
tion of Broadcasters, and Frank W. Mans-
field, chairman of the RMA Industry Statis-
tics Committee. Home radio set sales account 
for 7,956,000 of the total number, and auto-
mobile radio sets for the 3,964,000 that went 
into 78 per cent of all cars manufactured last 
year. In addition to automobile sets, the to-
tal number of radio sets in the hands of the 
public at the end of 1949 was 70,436,000, of 
which 5,000,000 were in places of public as-
sembly and 65,436,000 in homes. . .. The 

total number of television sets in use at the 
end of 1949 was 3,764,000. All told, there 
u ere in use by the end of last year 88,964,000 
radio and television sets. . . . Sales of both 
wholesale and retail radio dealers in Janu-
ary showed an increase over the correspond-
ing month of 1949, but fen substantially 
below December, the Department of Com-
merce has reported. January sales of appli-
ance and specialties wholesalers, including 
radios, increased 23 per cent over January a 
year ago but dropped 33 per cent below 
December sales, the Department stated. 

SIGNAL CORPS DEVELOPS DEVICE 
FOR MILLIMICROSECOND PULSES 

Radio communications are expected to 
be advanced by the development of an elec-
tronic device capable of generating pulses 
of energy lasting only 1,000th of 1,000,000th 
of a second, according to an announcement 
by the U. S. Army Signal Corps. Circuits 
based on the millimicrosecond pulse tech-
nique are being embodied by the Signal 
Corps in experimental models of radio com-
munications equipment, from short-range 
portable and vehicular sets, up through the 
trunk microwave radio relay stations. The 
development is said to be valuable as a tool 
in laboratory work. It will bear on interfer-
ence reduction. 

NATIONAL BUREAU OF STANDARDS 
FINDS 'ROUND-THE-WORLD SIGNALS 

Very low-frequency radio signals travel-
ing completely around the world have been 
detected by the National Bureau of Stand-
ards after a normal delay time of more than 
a tenth of a second. The signals, transmitted 
from the Naval Radio Station NSS at 
Annapolis, Md., on a frequency of 18 kilo-
cycles with a power of 350 kilowatts, were 
received at the National Bureau of Stand-
ards radio propagation field station at Ster-
ling. Va., about 50 miles away. 

RECORDING :MICROWAVE INSTRUMENT 

An instrument which measures and re-
cords small differences in frequencies be-
tween resonant cavities has been developed 
by the National Bureau of Standards. Full 
details of the new device are to be published 
by the Bureau in The Technical News 
Bulletin for April, monthly publication of 
N BS. 

VIRGIL GRAHAM ANNOUNCES TIME OF 
NEXT THREE RADIO FALL MEETINGS 

Virgil Graham, Associate Director of the 
R NIA Engineering Department, has an-
nounced that the next three Radio Fall 
meetings, successors to the Rochester Fall 
Meetings, will be held as follows: - 1950, 
Hotel Syracuse, Syracuse, N. V., October 30, 
31, November 1; 1951, King Edward Hotel, 
Toronto, Canada, October 29, 30, 31; 1952, 
Hotel Syracuse, Syracuse, N. V., October 
27, 28, 29. 
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IRE Awards, 195o 

Medal of Honor 

FREDERICK E. TERMAN 

"For his many contributions to the 
radio and electronics industry as teacher, 
author, scientist and administrator." 

Morris Liebmann Memorial Prize 

OTTO H. SCHADE 
"For his outstanding contributions to the 

analysis, measurement technique, and sys-
tem development in the field of television 
and related optics." 

Browder J. Thompson Memorial Award 

JOSEPH F. HULL 

"For their paper in the November, 1948, issue of the PROCEEDINGS OF THE I.R.E. en-
titled 'High-Power Interdigital Magnetrons.'" 

RALPH R. BATCHER 

"For his pioneer work with cathode-ray 
instruments, and more recently for his de-
velopment of precision variable frequency 
standards and meters." 

K I II CR W. RANDALS 

Fellow Awards 

ARTHUR L. ALBERT 

"For his contribution to electronics as a 
teacher and writer." 

Harry Diamond Memorial Award 
.kNDREW V. HAEFF 

"For his contribution to the study of the 
interaction of electrons and radiation, and 
for his contribution to the storage tube art." 

Editor's Award 

E. J. BARLOW 

"For his unusually clear presentation of a 
technical subject in his paper, 'Doppler 
Radar,' published in the April, 1949, issue of 
the PROCEEDINGS OF THE I.R.E." 

ALDA V. BEDFORD 
"For his many contributions to sound 

recording and the development of many 
circuits of basic importance to present-day 
television." 
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RAWSON BENNETT 

"For his contributions to programming, 
guiding and developing sonar systems for 
military use, and his contribution to the ad-
ministration of military electronics labora-
tories." 

F. 1;\ RNE 

"For his development of a system of 
polyphase broadcasting and for effective en-
gineering administration in connection with 
radar countermeasures during the war." 

GEORGE W. GILMAN 

"For his contributions to the communi-
cation art and for his direction of important 
developments in the field of radio transmis-
sion systems." 

FRANK J. BINGLEY 

"In recognition of his contributions in 
the field of television broadcast engineering." 

WILLIAM G. Dow 

"For outstanding contributions to the 
teaching and understanding of electronics 
through the organization of educational 
material and the stimulation of students and 
others to critical thought." 

GEORGE L. HALLER 

"For his work on aircraft antennas and 
for his diversified radio effort during the 
war." 

K. IL BLotae m.; 

"In recognition of his many contribu-
tions to development and engineering in the I 
field of communications in Sweden." 

DUDLEY E. FOSTER 

"For his contributions and technical di-
rection of work leading to better radio re-
ceiver design." 

ALBERT G. HILL 

"For his work in the utilization of ekc-
tronics to research in physics and his con-
tribution in the conversion of wartime de-
velopment laboratories to peacetime funda-
mental research." 



FREDERICK S. HOWES 

"For his contributions as a teacher in the 
rfield of communication engineering." 

RUDOLPH KOMPFNER 

"For his research in electron tube theory 
and particularly for his original contribu-
tions to the concepts of the traveling-wave 
amplifier." 

GARRARD MOUNTJOY 

"For his contributions to the design of 
radio and television broadcast receivers." 

IRE Awards, 1950 

HARLEY A. 1AMS 

"For the development of electronic ap-
paratus for converting images formed by 
electromagnetic waves to electrical signals, 
first in the television field, and later, using 
new principles, in the realm of short radio 
waves." 

HARRY B. MARVIN 

"For his outstanding contributions to the 
measurements art and pioneering work in 
FM, television, and allied fields." 

JOHN H. MILLER 

"For his long activity and many contri-
butions in the field of electrical metering and 
measuring techniques." 

WILLIS JACKSON 

"For his service as an educator and his 
many contributions to the literature in both 
the radio and electrical fields." 

PIERRE MERTZ 

"In recognition of his important con-
tributions to the fundamental concepts of 
television and reception." 

EMANUEL R. PIOkl 

"For his many contributions in the fields 
of engineering and physical sciences, and for 
outstanding service in enhancing the na-
tional effort in basic research." 
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JACK R. POPPELE 

"For his long and continued leadership in 
the broadcasting field, and in particular for 
his recent contributions to television broad-
casting." 

W. ARTHUR STEEL 

"For his contributions in Canada in ad-
vancing development of military radio, 
broadcasting, and international communi-
cation." 

DAYTON ULREY 

"For pioneering research and for admin-
istrative and technical contributions to the 
development of special purpose and powgr 

AIN% n 

SIMON RAMO 

"For his many contributions to the anal-
ysis of electromagnetic phenomena and for 
his leadership in research." 

JEROME R. STEEN 

"For his work in the introduction and de-
velopment of statistical quality control tech-
niques in electron tube manufacturing." 

ROBERT R. WARNECKE 

"For his engineering and research con-
tributions to vacuum-tube theory and design 
Franc." 

CLAUDE E. SHANNON 

"For his contributions to the philosophy 
of new pulse methods and to the basic theory 
of communications." 

GEORGE R. TOWN 

"For his contributions in radio receiver 
engineering and research." 

HAROLD A. ZAHL 

"For his guidance of the Army Signal 
Corps research program in the transition 
from war to peace and for his contribution to 
aradar in its early development stages." 
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Report of the Secretary -1949 

Co THE BOARD OF DIRECTORS, 
IHE INSTITUTE OF RADIO ENGINEERS 

3entlemen: 

An account of the activities of the In-
,titute for the year 1949 is submitted here-
.vith, constituting the usual Report of the 
secretary as required in the Bylaws. 
Membership increased 14 per cent, a 

trend now in its sixteenth year. The large 
ncrease in Student Branches during 1948 
s reflected in a 38 per cent increase of Stu-
lent Members in 1949. Five additional Sec-
tions have been organized, making a total of 
53, and the development of Subsections 
'brings the number of these to 10. 
The Professional Group plan has grown 

from three Groups at the end of 1948 to 
eight at the end of this past year, and others 
are in the process of organization. This ad-
vance in activity indicates much interest in 
this method of meeting the need of members 
having common technical interests. 
Technical Committees have increased 20 

, per cent to a total of 24, and the record shows 
k a significant increase in the number of meet-
4 ings they have held. 

The 1949 National Convention was at-Itended by 15,710 persons, an increase of 8.7 
per cent over the year before. Activities 
were greater, the number of technical papers 
being up 34 per cent to 172 covered by 34 
technical sessions, and exhibits up 25 per 
cent to 225. Other meetings were: The 1 Canadian Regional Conference, the National 
Electronics Conference, the New England 
Radio Engineering Meeting, the West Coast 
IRE Convention, the Rochester Fall Meet-
ing, the Southwestern IRE Conference, and 
the URSI Meeting at Washington. 
The Joint Technical Advisory Commit-

tee, created in June, 1948, by the Institute 
and the Radio Manufacturers Association, 
has been very active, and in addition to giv-
ing oral testimony at hearings before the 
Federal Communications Commission, has 
issued volumes three and four of its Pro-
ceedings, bringing the total number of pages 
containing technical information and data 
to 485 for the four volumes. 
The Regional Director Plan functioned 

successfully during the year, confirming the 
usefulness of this method of broadening the 
geographical distribution of members of the 
Board of Directors. There were five Board 
meetings in 1949 and attendance by Re-
gional Directors scored 92.5 per cent. 
The accompanying statement indicates 

the condition of the Institute's fiscal affairs. 
By dint of very careful budgeting, the net 
income for the year has improved, but as 
the reserves are considered to be inadequate, 
and the sums going to them should be still 
further increased during these years of high 
economic activity. 
Attention is also called to the growing 

cost of serving Student Members, the rev-
enue from Student dues being insufficient to 
cover the basic costs of providing them with 
the PROCEEDINGS. At the end of 1949 such 
revenue deficiency on an annual basis was 

TABLE I.-TOTAL MEMBERSHIP DISTRIBUTION BY GRADES 

As of Dec. 31, 1949 
Grade Number % of Total 

697 

As of Dee. 31. 1948 As of Dec. 31. 1947 
Number % of Total  Number % of Total 

Fellow 
Senior Member 
Member 
Associate 
Student 

284 
2,421 
3,559 
12,309*** 
8,196 

Totals  26,769 

1.1 
9.0 
13.3 
46.0 
30.6 

259 
2,192 
3,334 
11,713** 
5,939 

1.1 
9.4 
14.2 
50.0 
25.3 

239 
2,068 
3,017 
12,079* 
3,634 

23,437  21,037 

1.1 
9.8 
14.4 
57.4 
17.3 

* Includes 1,490 Voting Associates. 
" Includes 1,260 Voting Associates. 
**, Includes 1,159 Voting Associates. 

TABLE IL- FIVE-YEAR ANALYSIS OF U. S. AND FOREIGN MEMBERSHIP 

1949  1948  1947  1946  1945 

TOTAL 
U. S. and Possessions 
Foreign (including Canada) 
Per Cent Foreign 

26,769 
24,434 
2,335 
8.72 

23,437 
21,048 
2,389 
10.2 

21,037 
18,723 
2,314 
11.0 

18,154 
15,898 
2,256 
12.4 

15,779 
14,053 
1,726 
10.9 

at the rate of approximately $15,000. 
The year 1950 opens with the fiscal and 

business management of Institute affairs 
well attuned to the enlarged scope of its 
size and activities, a staff organization hav-
ing sufficient experience with this broadened 
scope to more adequately cope with its prob-
lems, and having its governing groups and 
policy committees set up for better and 
more efficient coverage of the tasks to be per-
formed. 

Respectfully submitted, 

ZA Ze-- " 

HARADEN PRATT, Secretary 
February 28, 1950 

Membership 

At the end of the year 1949, the member-
ship of the Institute, including all grades, 
was 26,769, an increase of 3,332, or 14 per 
cent over the previous year. The number of 
elections is the largest in any one year in the 
history of the Institute. The 3,332 member 
increase in 1949 compares favorably with 
2,883 and 2,400, the increases for 1947 and 
1948, respectively. The percentage increase 
was 15 per cent in 1947, and 11 per cent in 
1948. The membership trend from 1912 to 
date is shown graphically in Fig. 2. 
The distribution of members in the vari-

ous grades for the years 1947, 1948, and 
1949 is shown in the accompanying plot, 
Fig. 3. Actual figures for 1947, 1948, and 
1949 are shown in Table I. Of the 11,150 
nonvoting Associates, 3,443 have been in 
that grade for more than five years. The 
membership ratio of Associates to higher 
grades was 6 to 1 in 1944, 4 to 1 in 1945, 
less than 3 to 1 in 1946, and about 2 to 1 
in 1947, 1948, and 1949, a very satisfactory 
trend. Monetary exchange difficulties and 
devaluation of the pound have contributed 

to the reduced increase in foreign member-
ship during the past three years, shown in 
Table II. 
It is with deep regret that this office re-

cords the death of the following members of 
the Institute during the year 1949: 

Fellows 

Edwin H. Colpitts (A'14-F'26) 
William W. Hansen (A'39-F'47) 
Frank B. Jewett (F'20) 
Hendrik J. Van der Bijl (M'17-F'28) 

Senior Members 

Robert D. Avery ( J '29-A'33-SM'44) 
John H. Barron, Jr. (M'29-SM'43) 
William A. Beatty (M'41-SM'43) 
Arnold E. Bowen (SM'46) 
Montague Ferry (SM'46) 
William C. Hahn (A'36-SM'45) 
Landon C. Herndon.(M'36-SM'43) 
Joseph W. Milnor (A'16-M'26-SM'43) 
Newell R. Smith (M'41-SM'43) • 
Frank E. Spaulding, Jr. (A'35-VA'39-
SM'48) 

Andrew G. Tynan (M'43-SM'43) 

Members 

Clinton B. DeSoto (M'46) 
Ralph E. Hartzsch (M'48) 
Edwin R. Love (M'46) 
Albert D. Martin, Jr. (M'45) 
Frank E. Sessler (M'47) 

Voting Associates 

Frederick W. Townsley (A'32-VA'39) 

Associates 

Vincent A. Dolan (S'47-A-49) 
Ambrose C. Kibler (A'44) 
Wilson A. Maisel (A'46) 
Cyril E. Maitland (A'47) 
Martin Prager (A'46) 
George Tompkins (A'45) 

Students 

Adney D. Collins (S'47) 
William H. Wilder (S'46) 
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Fiscal 

I
A condensed summary of income and ex-

penses for 1949 is shown in Table III, and a 
balance sheet for 1949 is shown in Table 
IV. Income and expenses for each year since 
1914 are shown graphically in Fig. 4. 

TABLEIII --SU MMARY OF INCOME AND EXPENSES, 
1949 

Income 
t Advertising 
I Member Dues and 

Conventions 
Subscriptions 
Sales Items. Binders 
Emblems. etc. 
Investments Income 
Miscellaneous In-
come 

8173,366.61 

393,420.75 
42,435.90 

15,752.52 
9,881.50 

263.04 

TOTAL INCOME 
Expenses 
PROCEEDINGS Edi-
torial Pages  $143,944.06 
Advertising Pages  98,042.74 
Yearbook  39,137.25 
Section and Student 
Branch Rebates  22,449.80 

Sales Items  11,301.34 
Miscellaneous Print-
ing  5,481.31 
General Operations  160,321.64 
Convention Cost  102,792.62 

Tow. EXPENSES 

SUR.PLUS 
Reserve for Depre-
ciation 

N i SURPLUS 

$ 635,120.32 

$ 583,470.76 

$ 51,649.56 

6,631.21 

$ 45,018.35 

TABLE IV —BALANCE SHEET — DECEMBER 31,1949 

Cash an Assets  d Accounts 
Receivable  $265,742.7S 
Inventory  13,260.11 

Total Current Assets 
Investments at Cost 372,655.16 
Building and Land 
at Cost 356,687.30 
Furniture and Fix-
tures at Cost  70,004.27 

Other Assets  18,029.70 

Total 

TOTAL ASSETS 
Liabilities and Surplus 
Accounts Payable  $ 5,223.36 I' 
Federal Taxes on 
Emblems. etc.  66.42 

Total Current Lia-
bilities 
*Deferred Liabilities 

Total Liabilities 
Reserve for Depre-
ciation 
Surplus—Donated  596,804.93 
Surplus—Earned  234,208.48 

Total Surplus 

TOTAL LIABILITIES 
AND SURPLUS 

$ 279,002.86 

817,376.43 

$1,096,379.29 

$  5,289.78 
239,248.58 

$ 244,538.36 

20,827.52 

831,013.41 

$1,096,379.29 

* 1950 Items, PROCEEDINGS for members and sub-
scribers, Advertising, and Convention Service. 

Editorial Department 

The year 1949 was marked by several 
major changes in editorial policies and pro-
cedures which affected the format of the 
PROCEEDINGS OF THE I.R.E., the publication 
of Standards, the production of the Year-
book, the procurement of papers, and the 
size of the backlog of papers available for 
publication. Each of these changes was de-
signed to increase the effectiveness with 
which the publications of the Institute 
might serve the membership. 
The most pressing problem faced by the 

Editorial Department at the beginning of 
1949 was the excessive size of the backlog, 
comprising 141 papers or 981 PROCEEDINGS 
pages. Of thisamount, 69 papers representing 
442 pages had been accepted, the remainder 
being under review. By the end of the year 
the backlog was reduced to 103 papers 
totaling 585 pages, of which 53 papers or 
265 pages had been accepted, representing a 
normal backlog status for the first time 
since the end of 1945. This substantial de-
crease should result in eliminating excessive 
delays in the publication of papers. 
During 1949 there were published in the 

PROCEEDINGS a total of 2,404 pages, includ-
ing covers. Of these, 1,532 were editorial 
pages and 872 advertising pages. Of the edi-
torial pages, 1,099 were devoted to technical 
papers (including discussions and cor-
respondence), 32 to Standards, 163 to Ab-
stracts and References, and 238 to nontech-
nical material (including covers, contents 
pages, and annual index). Of the advertising 
pages, 7471 represented paid advertising, 
while the remaining contained useful edi-
torial material in the form of Institute Mem-
bership and Section Meeting lists, and news 
of new products and the industry in general. 
The total of 2,404 pages published during 

the year compares with 2,452 in 1948, and 
2,576 in 1947. The number of editorial pages 
(1,532) compares with 1,592 in 1948, and 
1,636 in 1947. Advertising pages numbered 
7571 in 1948 and 940 in 1947. The number 
of editorial pages published each year since 
1913 is shown in Fig. 1. 
Technical papers totaling 183 were pub-

lished in 1949, as against 173 in 1948. Au-
thorship of these papers was by 252 indi-
viduals of whom 183, or 73 per cent, were 
members of the Institute. In 1948, 176 of 
the 241 authors, or 73 per cent, were mem-
bers. 
The volume of papers submitted for pub-

lication continues at a high rate. During 
1948, 289 papers totaling an estimated 2,043 
PROCEEDINGS pages were submitted, or an 
average of 24 papers and 170 pages per 
month. During 1949, 287 papers of 1,894 
pages were received, or 24 papers and 158 
pages per month. 
A major innovation in Institute publi-

cation policy was inaugurated with the ap-
pearance of four Standards in the Decem-
ber, 1949, issue of the PROCEEDINGS OF THE 
I.R.E. Because of high printing costs and 
limited circulation, it was not found feasible 
to continue publishing each Standard as a 
separate report. The publication of Stand-
ards in the PROCEEDINGS IS regarded as a 
valuable new service to the membership as it 
makes available to all members each Stand-
ard that is published, thereby ensuring the 
widest practicable distribution of Standards 
without additional cost to the members. 
The four Standards published in 1949 are 
listed under Technical Activities. 
In a move to consolidate the technical 

material in the PROCEEDINGS, it was de-
cided to discontinue the Waves and Elec-
trons Section beginning with the January, 
1950, issue. This decision will not affect the 
contents of the journal, but will offer a more 
closely integrated arrangement of technical 
and editorial material. 
With the reduction in backlog described 

above, it was found possible to embark on 
an active program of papers procurement. In 

order to co-ordinate procurement activities, 
the work of the Papers Procurement Com-
mittee was transferred to the Editorial De-
partment. In carrying out these duties, the 
Editorial Department will be guided in part 
by the Technical Committees and Profes-
sional Groups of the Institute. 
In an effort to reduce publication costs, 

the 1949 Yearbook was published by the 
varitype-offset method. This marked a re-
turn to the policy of publishing the Year-
book on an annual basis, a practice which 
was discontinued in 1932. 
The Editorial Department was deeply 

saddened by the sudden and untimely pass-
ing on April 27 of Clinton B. DeSoto, Tech-
nical Editor, who for three years had ef-
fectively applied his unusual abilities to the 
efficient functioning of the Editorial De-
partment staff. He was succeeded by E. K. 
Gannett, former Assistant Secretary of the 
Institute. The work of the Editorial De-
partment was carried on without interrup-
tion under the able direction of Editor Alfred 
N. Goldsmith and Executive Secretary 
George W. Bailey, and with the effective 
assistance of Miss Mary L. Potter, Assistant 
Editor, and a competent staff. The Editorial 
Department is directed by the Editor in 
matters of editorial policy, content, and 
format, and by the Executive Secretary in 
matters of administration, both functioning 
through the Technical Editor. It has been 
greatly aided by the helpful advice and as-
sistance unstintingly given by the members 
of the Board of Editors, the members of the 
Papers Review Committee, the Papers Pro-
curement Committee, and the Editorial Ad-
ministrative Committee. 

Technical Activities 

Technical  Committees.  During  1949, 
twenty-four technical committees with their 
subcommittees and task groups, held a total 
of 163 meetings at Institute Headquarters, 
eleven meetings at the Hotel Commodore 
during the National Convention, and ten 
meetings in other localities, a total of 184, 
a substantial increase over 1948. 
The Board of Directors approved the 

formation of the Audio Techniques, Video 
Techniques, and the Sound Recording and 
Reproducing Committees. These three new 
committees assumed the expanded func-
tions of the original Audio and Video Tech-
niques Committee. Approval was also se-
cured for the formation of the Committee 
on Measurements and Instrumentation. 
The Board authorized the change in the 

name of the Railroad and Vehicular Com-
munications Committee to the Committee 
on Mobile Communications, to correctly 
indicate this committee's activities. The 
name of the Radio Receivers Committee 
was also changed to the Receivers Commit-
tee. The Committee on Antennas was re-
named the Committee on Antennas and 
Waveguides. The names of these commit-
tees were altered to more appropriately de-
scribe the fields in which the committees are 
working. 
The Standards on Radio Receivers: Meth-

ods of Testing Amplitude-Modulation Broad-
cast Receivers, 1948, prepared by the Re-
ceivers Committee was published in Janu-
ary, 1949. 
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MEMBER  ASSOCIATE STUDENT 

The policy of publishing Standards in 
the PROCEEDINGS was adopted in late 1949. 
Issues of the PROCEEDINGS  containing 
Standards are identified by a red band on 
the cover and spine. 
The following Standards prepared by the 

IRE technical committees were published 
in the December, 1949, issue of the PRO-
CEEDINGS: 

Standards on Radio Aids to Navigation: 
Definition of Terms, 1949. 

Standards on Railroad and Vehicular 
Communications: Methods of Testing, 
1949. 

Standards on Piezoelectric Crystals, 1949. 
Tests for Effects of Mistuning and for 
Downward Modulation, 1949. 

Fig. 3 

This was a supplement to Standards on Radio 
Receivers: Methods of Testing Frequency. 
Modulation Broadcast Receivers, 1947. 
The following Standards prepared by 

the Video Techniques Committee have been 
approved and will be published in the PRO-
CEEDINGS during 1950, namely: Methods of 
Measurements of Television Signal Levels; 
Measurements of Tinting of Video Switching 
Systems; and Measurements of Resolution in 
Television. Approval was also secured for the 
Standard Designations for Electrical, Elec-
tronic and Mechanical Parts, 1949, and sev-
eral sections of the Standards on Electron 
Tubes: Methods of Testing. 
The Annual Review Committee pre-

pared a survey, Radio Progress During 1949, 
which appeared in the April, 1950, issue of 
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CHART-FACTS,  N YC 

the PROCE.EDI NI. , I W THE I.R.E. 
The Electron Tubes and Solid-State De-

vices Committee sponsored its Annual Con-
ference on Electron Devices at Princeton 
University. The attendance was over 300. 
The Conference was an outstanding con-
tribution to electronic engineering. 
The Definitions Co-ordinating Subcom-

mittee of the Standards Committee, which 
correlates definitions of all terms under con-
sideration within the technical committee 
structureof the I RE, hascompleted a Master-
Index of all terms defined, or in the process 
of definition by IRE committees. The Index 
is available to all IRE committees, and upon 
request to other professional societies. A list 
of the terms and references contained in the 
Master Index was published in June. Pres-
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ent plans call for a revised edition in 1950. 
Professional Group System. There are 

eight Professional Groups presently in exist-
ence in the following fields: Antennas and 
Propagation, Audio, Broadcast and Televi-
sion Receivers, Broadcast Transmission Sys-
tems, Circuit Theory, Nuclear Science, Qual-
ity Control, and Vehicular and Railroad 
Radio Communications. During 1949 two of 
these Groups co-sponsored symposia na-
tional in scope. The Nuclear Science Profes-
sional Group, jointly with AIEE, co-spon-
sored a three-day Conference on Electronic 
Instrumentation in Nucleonics and Medi-
cine. Eight hundred and forty-seven regis-
tered for the Conference and 21 papers were 
presented. A round-table discussion was well 
attended and proved to be a most popular 
feature of the program. 
The Antennas and Propagation Profes-

sional Group co-sponsored a meeting in co-
operation with UFtSI in Washington. There 

was an average of approximately 340 people 
attending the sessions. Three other groups 
sponsored sessions at the 1949 RMA/IRE 
Fall Meeting in Syracuse. These were the 
Professional Groups on Quality Control, 
Broadcast and Television Receivers, and 
Audio. The Nuclear Science Group, since its 
inception, has issued a Newsktkr at regular 
intervals. Groups are now in the process of 
being formed in the fields of Instrumenta-
tion, Telemetering, Basic Sciences, Electron 
Tubes, and Navigation Aids. 
Joint Technical Advisory Committee. The 

rrAc held seven meetings at IRE Head-
quarters, one meeting in Baltimore, Md., 
and one during the March, 1949, National 
Convention, a total of nine meetings. JTAC 
participated in the RCA Television Observer 
Tests at Princeton University. JTAC also 
prepared two additional volumes. The first 
contained the "Official Correspondence be-
tween the Federal Communications Com-

DOLL ARS 

600,000 

450,000 

300,000 

150,000 

0 

mission and JTAC," the second, "Com-
ments on the Proposed Allocation of Televi-
sion Broadcast Services," for presentation to 
the FCC. 
The office of the IRE Technical Secre-

tary prepared and compiled the RMA Color 
Television Report presented to the Federal 
Communications Commission in September, 
1949. Material for inclusion in the JTAC 
Report to the FCC was obtained from this 
Report. 
Technical activities were carried on un-

der the guidance of the Standards Co-or-
dinator W. R. G. Baker, Technical Secre-
tary L. G. Cumming, and a competent staff. 
The Institute owes a debt of gratitude to 

those members who have given so unstint-
ingly of their time and energy to the Tech-
nical Committees and Professional Groups 
activities during 1949. 

(Continued on page 702) 
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Section Activities 

We were glad to welcome five new Sec-
tions into the Institute during the past year. 
They are as follows: 

Denver 
Ft. Wayne 
Inyokern 
Akron 
Schenectady 

(March) 1949 
(March) 1949 
(March) 1949 

(September) 1949 
(September) 1949 

The total number of Sections is now 53. 
There has been a substantial increase in 
membership of these Sections with a few 
exceptions. It should be borne in mind that 
most Sections with noticeable decreases in 
membership released substantial numbers of 
members to new Sections. 

Books 

Student Branches 

The Institute's program with respect to 
Student Branches continued to flourish in 
1949. The number of Student Branches 
formed during 1949 was 29, 17 of which op-
erate as joint IRE-AIEE Branches. The 
total number of Student Branches is now 
88, 43 of which operate as joint I RE-AI EE 
Branches. This increase of Student interest 
was accompanied by a large increase in 
Student members. 
Following is a list of Student Branches 

formed during 1949: 
*Agricultural and Mechanical College 

of Texas, University of Colorado, *Cornell 
University, *University of Delaware, Fenn 
College, Georgia School of Technology, Uni-

versity of Kentucky, ''Lafayette College, 
University of Louisville,  University of 
Maine, *Nlarquette University, Mississippi 
State College, *University of Missouri, 
*University of Nebraska, *New York Uni-
versity (Evening Division), *Ohio State 
University, *University of Pennsylvania, 
*The Pennsylvania State College, Univer-
sity of Pittsburgh, *Rhode Island State 
College, San Diego State College, San Jose 
State College, Seattle University, *Uni-
versity of Southern California, *Southern 
Methodist University, *Tufts College, *Tu-
lane University, Virginia Polytechnic Insti-
tute, and *Yale University. 

* Joint IRE-AIEE Student Branches. 

Electronic  Engineering  Master  Index, 
Edited by John F. Rider 
Published (1950) by Electronics Research Pub-

lishing Co., Inc., 480 Canal St.. New York 13. 
N. Y. 339 pages +10-page index+4-page bibliog-
raphy +xiii pages. 61 X91. $19.50. 

This book is a comprehensive compila-
tion of the literature in the field of elec-
tronics and related subjects. Covering the 
period 1947-1948, it contains 18,000 pub-
lished paper titles and 5,500 electronic and 
allied subject patents. These references have 
been collected from 230 major scientific 
magazines from all over the world, as well as 
documents from government and university 
laboratories which have been declassified. 
The reference and patents are arranged 

in terms of subject under headings such as 
Acoustics, Broadcasting, Instrumentation, 
Photoelectric Tubes, Radar, Television, etc. 
With an arrangement like this, it is possible 
to find quickly the references in a given 
field. On the other hand, since each reference 
appears only once in the listing, it is often 
necessary to look up several descriptive sub-
ject headings to exhaust the search. For in-
stance, if the literature on the subject of 
Simultaneous Equation Solvers is desired, it 
is necessary to look up the subject of Com-
puters, Analysers, and Nlatheinatics. This is 
true especially in cases where the subject 
cannot be classified in any single item. To 
assist in this situation, a cumulative cross 
index of subjects is provided in this volume 
which covers not only the 1947-1948 edition, 
but also the 1925-1945 and 1946 editions. 
The list of patents is especially useful since 
this type of material is not normally availa-
ble as classified in this book. 
The Electronic Engineering Master In-

dex is an invaluable reference book for any-
one engaged in the research and develop-
ment field, and is highly recommended by 
this reviewer. 

JOHN R. RAGAZZINI 
Columbia University 
New York 27. N. Y. 

Giant Brains or Machines That Think, by 
Edmund C. Berkeley 
Published (1949) by John Wiley and Sons. Inc., 

440 Fourth Ave.. New York 16. N. Y. 208 pages +14-
page index -1-xvi pages. 51 X81. $4.00. 

In "Giant Brains or Machines That 
Think," Edmund C. Berkeley has uTitten a 
stimulating book on the various large-scale 
computers that have appeared since 1940. 
The book also mentions briefly the later ma-
chines, such as the Moore School's EDVAC, 
that were not completed at the time that the 
book was published. 
This book is intended for everyone and, 

for that reason, suffers slightly from over-
simplification. Each chapter can be read by 
itself, which makes the book very easy to 
read. The author suggests that the reader 
should skip what he finds uninteresting. 
There is a voluminous bibliography which is 
indexed by author and subject. The supple-
ments on "Words and Ideas" and "Mathe-
matics" are excellent. 
Mr. Berkeley discusses the extent to 

which the action of the machine resembles 
thinking. No mechanical brain built so far 
can do intuitive thinking, make bright 
guesses and leaps to conclusions, determine 
all its own instructions, and perceive com-
plex situations outside of itself and inter-
pret them. He believes that these operations 
may eventually be performed by machines. 
As an illustration of principles, he de-

scribes a very simple mechanical brain, in-
cluding its control, method of transferring 
information, computing, and output. He 
next traces the history of punchcard ma-
chines. 
The description of the MIT differential 

analyzer No. 2 is especially interesting be-
cause of the ingenious devices and artifices 
described, particularly the disk, wheel, and 
screw integrator originally devised by Lord 
Kelvin in 1879. 
Harvard's IBM automatic sequence-

controlled  calculator,  Moore  School's 

ENIAC, and the Bell Laboratory's General-, 
Purpose Relay Calculator are given a chap-
ter each. The author describes their method 
of operation, speed, method of feeding data 
into the machine, how the information comes 
out of the machine, method of programming, 
and cost. 
The Kalin-Burkhart Logical-Truth Cal-

culator is especially challenging. Such ma-
chines may eventually make the decisions of 
civilization if the organization of mankind 
increases in complexity, as the welfare of bil-
lions of people seems to require. 
Just as a major part of human thinking 

depends on memory, mechanical brains de-
pend more and more on storing of informa-
tion for rapid access. 
Improved means are procured by mag-

netic wire and tape, by circulating in-
formation in a „delay line, electrostatic 
storage tubes, etc. These devices allow the 
"program" itself to be stored, and make 
subroutines, such as the finding of square 
roots, available when needed. 
The author describes the types of prob-

lems that may eventually be solved by ma-
chines. These are problems where large 
amounts of data must be correlated quickly; 
such as problems of industrial control and 
scheduling; weather information; psycho-
logical testing; and economics, such as "How 
will a rise in the price of steel affect the 
farming industry?" 
The author discusses the responsibility of 

scientists for the devices they create. He dis-
cusses the type of social controls over robot 
machines that could be possible "if men 
were reasonable." 
Mr. Berkeley is to be congratulated on 

having written a thought-provoking book 
that should be on every engineer's bookshelf. 

CHARLES J. HIRSCH 
Hazeltine Electronics Corp. 
58-25 Little Neck Parkway 
Little Neck. L. 1., N. Y. 
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I. S. Coggeshall, Chairman 

. R. D. Chipp  F. B. Llewellyn 
R. A. Heising  Haraden Pratt 

H. R. Zeamans 

PROFESSIONAL GROUPS 
W. R. G. Baker, Chairman 

S. L. Bailey  R. A. Heising 
I. S. Coggeshall  J. V. L. Hogan 
W. H. Doherty  J. D. Reid 
W. L. Everitt  B. E. Shackelford 

(Professional Group Chairmen 
Ex-Officio) 

TELLERS 
J. L. Callahan, Chairman 

E. J. Isbister  A. A. McKenzie 

ADMISSIONS 

P. S. Christaldi, Chairman 

H. S. Bennett  C. A. Hachemeister 
C. M. Burrill  L. N. Hatfield 
A. G. Clavier  R. E. Mathes 
H. P. Corwith  H. S. Moncton 
F. M. Deerhake  J. H. Moore 
T. M. Ferrill, Jr.  G. B. Riley 

H. C. Vance 

POLICY DEVELOPMENT 

Haraden Pratt, Chairman 

K. C. Black 
A. V. Eastman 
W. L. Everitt 
W. R. Hewlett 
J. V. L. Hogan 

W. 

T. A. Hunter 
F. B. Llewellyn 
J. D. Reid 
B. E. Shackelford 
J. A. Stratton 

N. Tuttle 

SECTIONS 

J. F. Jordan, Chairman 

Robert Broding 
R. A. Heising 
T. A. Hunter 
H. I. Metz 
C. A. Norris 

George Rappaport 
J. E. Shepherd 
E. 1'. Sherwood 
L. C. Sigmon 
R N. White 

(Section Chairmen Ex-Officio) 

NOMINATIONS 
R. A. Heising, Chairman 

Ralph Bown  W. L. Everitt 
Robert Broding  Keith Henney 
Melville Eastham  W. R. Hewlett 

F. IL R. Pounsett 

MEMBERSHIP 

T. H. Clark, Chairman 

F. W. Albertson  E. C. Jordan 
J. E. Brown  W. A. Knoop 
A. B. Chamberlain  0. I. Lewis 
J. B. Coleman  F. B. Llewellyn 
H. C. Forbes  F. L. Marx 
G. W. Fyler  W. P. Short 
V. M. Graham  D. B. Smith 
R. N. Harmon  F. E. Terman 
G. L. Hollander  W. C. White 

(Chairmen of Section Membership 
Committees Ex-Officio) 

PUBLIC RELATIONS 

R. R. Hatcher, Chairman 

S. L. Bailey 
W. R. G. Baker 
E. L. Bragdon 
0. H. Caldwell 
W. C. Copp 
0. E. Dunlap, Jr. 

W. L. Everitt 
E. K. Gannett 
R. A. Hackbusch 
Keith Henney 
T. R. Kennedy 
M. B. Sleeper 

Lewis Winner 

FINANCE 
W. R. G. Baker, Chairman 

S. L. Bailey  I. S. Coggeshall 
D. B. Sinclair, ex-officio 

PAPERS REVIEW 

G. F. Metcalf, Chairman 

H. A. Affel 
P. H. Betts 
F. J. Bingley 
D. S. Bond 
Kenneth Bullington 
H. A. Chinn 
J. K. Clapp 
S. B. Cohn 
J. M. Constable 
M. G. Crosby 
F. W. Cunningham 
A. R. D'Heedene 
M. J. DiToro 
H. D. Doolittle 
0. S. Duffendack 
R. D. Duncan, Jr. 
E. H. Felix 
V. H. Fraenckel 
R. L. Freeman 
Paul Fritschel 
E. G. Fubini 
Stanford Goldman 
W. M. Goodall 
G. L. Haller 
0. B. Hanson 
A. E. Harrison 
T. J. Henry 
C. N. Hoyler 
P. K. Hudson 
D. L. Jaffe 
Hans Jaffe 
Henry Jasik 
D. C. Kalbfell 
A. G. Kandoian 
Martin Katzin 
J. G. Kreer, Jr. 
Emile Labin 
J. J. Lamb 
V. D. Landon 

M. T. Lebenbaum 
C. V. Litton 
W. P. Mason 
R. E. Mathes 
H. F. Mayer 
L. L. Merrill 
H. R. Minim) 
F. L. Moseley 
G. G. Muller 
A. F. Murray 
J. R. Nelson 
K. A. Norton 
Ernest Pappenfus 
H. W. Parker 
L. J. Peters 
A. P. G. Peterson 
W. H. Pickering 
A. F. Pomeroy 
Albert Preisman 
T. H. Rogers 
H. E. Roys 
J. D. Ryder 
M. W. Scheldorf 
Samuel Seely 
Harner Selvidge 
R. E. Shelby 
J. E. Smith 
R. L. Snyder 
E. E. Spitzer 
J. R. Steen 
G. C. Sziklai 
H. I'. Thomas 
Bertram Trevor 
W. N. Tuttle 
Dayton Ulrey 
S. N. Van Voorhis 
J. R. Weiner 
M. S. Wheeler 
R. M. Wilmotte 

H. R. Zeamans 
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Technical Committees, May 1, 1950-May 1, 1951 
ANNUAL REVIEW 

R. R. Batcher, Chairman 
R. T. Hamlett, Vice-Chairman 

Trevor Clark  George Rappaport 
John Crawford  G. L. Van Deusen 
It M. Mitchell  H. P. Westman 

L. E. Whittemore 

ANTENNAS AND WAVE GUIDES 
A. G. Fox, Chairman 

T. M. Bloomer  D. C. Ports 
P. S. Carter  M. W. Scheldorf 

S. A. Schelkunoff 
S. Sensiper 
J. P. Shanklin 
George Sinclair 
P. H. Smith 
L. C. Van Atta 

L. J. Chu 
J. E. Eaton 
Sidney Frankel 
E. C. Jordan 
0. E. Kienow 
W. E. Kock 

AUDIO TECHNIQUES 
R. A. Miller, Chairman 

H. H. Scott, Vice-Chairman 
0. L. Angevine, Jr.  E. J. Content 
H. W. Augustadt  I. G. Easton 
L. L. Beranek  J. A. Green 
W. L. Black  J. K. Hilliard 
Harold Burrismeyer  F. L. Hopper 
C. A. Cady  D. E. Maxwell 
D. H. Castle  Ralph Schlegel 

W. E. Stewart 

W. R. Bennett 
J. G. Brainerd 
Cledo Brunetti 
A. R. d'Heedene 
R. L. Dietzold 
W. L. Everitt 
R. M. Foster  Wolcott Smith 
Stanford Goldman  Ernst Weber 

J. R. Weiner 

CIRCUITS 
W. N. Tuttle, Chairman 
C. H. Page, Vice-Chairman 

E. A. Guillemin 
W. H. Huggins 
Herbert Krauss 
John Linvill 
P. F. Ordung 
E. H. Perkins 

ELECTROACOUSTICS 
E. S. Seeley, Chairman 

B. B. Bauer, Vice-Chairman 
H. E. Allen  H. F. Hopkins 
Prescott N. Arnold  F. V. Hunt 
Eginhard Dietze  W. F. Meeker 
M. J. Di Toro  H. F. Olson 
Martin Greenspan Vincent Salmon 
E. C. Gregg  P. S. Veneklasen 

John Volkman 

ELECTRON TUBES AND SOLID-
STATE DEVICES 

L. S. Nergaard, Chairman 
A. L. Samuel, Vice-Chairman 

R. S. Burnap 
J. W. Clark 
W. G. Dow 
C. E. Fay 
A. M. Glover 
J. E. Gorham 
J. W. Greer 
L. B. Headrick 
L. A. Hendricks 
E X. Homer 
S. B. Ingram 
S. J. Koch 

Herbert Krauss 
R. L. McCreary 
J. A. Morton 
I. E. Mouromtseff 
G. D. O'Neill 
0. W. Pike 
P. A. Redhead 
H. J. Reich 
A. C. Rockwood 
R. M. Ryder 
R. W. Slinkman 
H. L. Thorson 

. M. Wheeler 

ELECTRONIC COMPUTERS 
J. W. Forrester, Chairman 

Nathaniel Rochester, Vice-Chairman 
D. R. Brown  G. W. Patterson 
R. B. Elbourne  J. A. Rajchman 
E. L. Harder Robert Serrell 
John Howard R. L. Snyder 
E. Lakatos  G. R. Stibitz 
B. R. Lester  J. R. Weiner 
G. D. McCann  C. F. West 

W. D. Woo 

FACSIMILE 
J. V. L. Hogan, Chairman 
C. J. Young, Vice-Chairman 

James Barnes  F. A. Hester 
Henry Burkhard  Pierre Mertz 
J. J. Callahan  N. A. Nelson 
A. G. Cooley  R. J. Wise 

INDUSTRIAL ELECTRONICS 
D. E. Watts, Chairman 

G. P. Bosomworth H. W. Parker 
J. M. Cage  H. 0. Peterson 
E. W. Chapin  S. I. Rambo 
John Dalke  Walther Richter 
J. E. Eiselein  W. C. Rudd 
C. W. Frick  C. F. Spitzer 
G. W. Klingaman  E. H. Schulz 
H. R. Meahl  W. R. Thurston 
Eugene Mittelmann  R. S. Tucker 
P. E. Ohmart  M. P. Vore 

Julius Weinberger 

MEASUREMENTS AND 
INSTRUMENTATION 
Ernst Weber, Chairman 

F. J. Gaffney, Vice-Chairman 
R. M. Bowie 
P. S. Christaldi 
John DaIke 
G. L. Fredendall 
C. W. Frick 
W. D. George 

W. J. Mayo-Wells 
G. D. O'Neill 
C. D. Owens 
A. P. G. Peterson 
J. G. Reid, Jr.  • 
J. R. Steen 

N. H. Taylor 

MOBILE COMMUNICATIONS 
F. T. Budelman, Chairman 

Alexander Whitney, Vice-Chairman 
G. M. Brown  D. E. Noble 
D. B. Harris  J. C. O'Brien 
C. M. Heiden  David Talley 
C. N. Kimball, Jr. George Teommey 

R. W. Tuttle 

MODULATION SYSTEMS 
Bertram Trevor, Chairman 
W. G. Tuller, Vice-Chairman 

F. L. Burroughs  J. G. Kreer, Jr. 
W. J. Cunningham  E. R. Kretzmer 
L. A. W. East  V. D. Landon 
A. C. Goodnow  L. A. Meacham 
D. D. Grieg  Dale Pollack 
D. M. Hill  H. E. Singleton 

J. B. Wiesner 

NAVIGATION AIDS 
P. C. Sandretto, Chairman 
H. R. Mimno, Vice-Chairman 
C. J. Hirsch, Vice-Chairman 

W. B. Burgess 
Henri Busignies 
G. C. Comstock 
Harry Davis 
J. N. Dyer 
D. G. Fink 

Wayne Mason 
K. A. Norton 
W.1M. Richardson 
L. M. Sherer 
Ben Thompson 
R. R. Welsh 

PIEZOELECTRIC CRYSTALS 
K. S. Van Dyke, Chairman 
R. A. Sykes, Vice-Chairman 

C. F. Baldwin  Clifford Frondel 
W. L. Bond  B. S. George 
W. G. Cady  Edward Gerber 
J. K. Clapp  Hans Jaffe 
W. A. Edson W. P. Mason 

P. L. Smith 

RADIO TRANSMITTERS 
H. Tanck, 

A. E. Kerwien, 
E. L. Adams 
T. J. Boerner 
M. R. Briggs 
H. R. Butler 
L. T. Findley 
Harold Goldberg 
J. B. Heffelfinger 

R. 
J. D. 

J. Avins 
G. L. Beers 
J. E. Brown 
W. F. Cotter 
R. T. Cox 
A. R. Hodges 
K. W. Jarvis 
J. K. Johnson 
I. E. Lempert 

. R. 

Chairman 
Vice-Chairman 
J. B. Knox 
L. A. Looney 
J. F. McDonald 
John Ruston 
Berthold Sheffield 
Harry Smith 
J. E. Smith 
Weir 

RECEIVERS 
F. Shea, Chairman 
Reid, Vice-Chairman 

B. D. Loughlin 
C. R. Miner 
Garrard Mountjoy 
J. F. Myers 
J. M. Pettit 
F. H. R. Pounsett 
S. W. Seeley 
S. C. Spielman 
W. 0. Swinyard 

SOUND RECORDING AND 
REPRODUCING 

H. E. Roys, Chairman 
A. W. Friend, Vice-Chairman 

S. J. Begun 
M. S. Corrington 
George Graham 
G. P. Hixenbaugh 
F. L. Hopper 
E. W. Kellogg 
R. A. Lynn 
J. Z. NIenard 

Everett Miller 
A. R. Morgan 
A. P. G. Peterson 
Harry Schecter 
R. A. Schlegel 
Lincoln Thompson 
C. F. West 
R. E. Zenner 

STANDARDS 
J. G. Brainerd, Chairman 

L. G. Cumming, Vice-Chairman 
A. G. Jensen, Vice-Chairman 

M. \V. Baldwin, Jr. 
R. R. Batcher 
H. G. Booker 
F. T. Budelman 
W. G. Cady 
P. S. Carter 
J. W. Forrester 
A. G. Fox 
R. A. Hackbusch 
J. V. L. Hogan 
J. E. Keister 
E. A. Laport 
Wayne Mason 
R. A. Miller 
L. S. Nergaard 

A. F. Pomeroy 
George Rappaport 
H. E. Roys 
P. C. Sandretto 
E. S. Seeley 
R. F. Shea 
J. R. Steen 
H. Tanck 
Bertram Trevor 
W. N. Tuttle 
K. S. Van Dyke 
D. E. Watts 
Ernst \Veber 
L. E. Whittemore 
L. C. Van Atta 

SYM liOLS 
A. F. Pomeroy, Chairman 
A. G. Clavier, Vice-Chairman 

K. E. Anspach 
C. R. Burrows 
H. F. Dart 
E. T. Dickey 
W. J. Everts 
W. A. Ford 
R. T. Haviland 
0. T. Laube 

C. D. Mitchell 
C. Neitzert  - 
M. B. Reed 
Duane Roller 
A. L. Samuel 
E. W. Schafer 
M. S. Smith 
W. F. Snyder 
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TELEVISION SYSTEMS 
A. G. Jensen, Chairman 

R. E. Shelby, Vice-Chairman 

V. F. Bailey 
4. W. Baldwin, Jr. 
I t. M. Bowie 
It. H. Brolly 
. E. Brown 
C. A. Chittick 
G. Fick 

). G. Fink 
\ 1 J. Franks 
: C. Goldmark 
t. N. Harmon 
.. L. Hollis 
. J. Karr 

R. D. Kell 
P. J. Larsen 
H. T. Lyman 
Leonard Mautner 
J. Minter 
J. H. Mulligan, Jr. 
A. F. Murray 
J. A. Ouimet 
D. W. Pugsley 
David Smith 
M. E. Strieby 
A. Talamini 
Norman Young, Jr. 

PROFESSIONAL RECOGNITION 
G. B. Hoadley, Chairman 

1 C. Chambers W. E. Donovan 
. Harry Dart C. M. Edwards 

VIDEO TECHNIQUES 
J. E. Keister, Chairman 
W. J. Poch, Vice-Chairman 

M. VV. Baldwin, Jr.  R. L. Garman 
A. J. Baracket  L. L. Lewis 
P. F. Brown  L. W. Morrison, Jr. 
R. H. Daugherty, Jr. C. G. Pierce 
V. J. Duke  R. S. O'Brien 
G. L. Fredendall J. F. Wiggin 

Special Committees 

EDITORIAL ADMINISTRATIVE 
A. N. Goldsmith, Editor, Chairman 

G. M. K. Baker 
H. S. Black 
R. S. Burnap 
E. F. Carter 
R. L. Dietzold 
(alternate) 

A. V. Haeff 
E. W. Herold 
F. B. Llewellyn 
Knox McIlwain 
Donald McNicol L. E. Whittemore 

Harold Zahl 

K. A. Norton 
(alternate) 

Haraden Pratt 
J. R. Ragazzini 
F. X. Rettenmeyer 
(alternate) 

Newbern Smith 
G. C. Sziklai 
(alternate) 
Ernest Weber 

WAVE PROPAGATION 

H. G. Booker, Chairman 
H. W. Wells, Vice-Chairman 

E. W. Allen, Jr. 
S. L. Bailey 
C. R. Burrows 
T. J. Carroll 
A. B. Crawford 
A. E. Cullum, Jr. 
W. S. Duttera 
E. G. Fubini 
I. H. Gerks 
M. C. Gray 
D. E. Kerr 

J. E. Keto 
K. A. Norton 
H. 0. Peterson 
George Sinclair 
Newbern Smith 
A. W. Straiton 
E. F. Vandivere 
A. H. Waynick 
J. W. Wright 
R. L. Smith-Rose 
J. E. Boyd 

ARMED FORCES LIAISON 
COMMITTEE 

G. W. Bailey, Chairman 

INSTITUTE REPRESENTATIVES IN COLLEGES  1950 

*Agricultural and Mechanical College of 
Texas: Tom Prickett, Jr. 

Akron, University of: P. C. Smith 
*Alabama Polytechnic Institute: G. H. 
Saunders 

*Alberta, University of: J. W. Porteous 
*Arizona, University of: H. E. Stewart 
*Arkansas, University of: G. H. Scott 
British Columbia, University of: H. J. Mac-
Leod 

*Brooklyn, Polytechnic Institute of: A. B. 
Giordano 

*Bucknell, University of: R. C. Walker 
*California Institute of Technology: W. H. 
Pickering 

*California State Polytechnic College: Clar-
ence Radius 

*California, University of: L. J. Black 
California, University of at Los Angeles: 
E. F. Kirig 

• Colleges with approved Student Branches. 

Carleton College: G. R. Love 
*Carnegie Institute of Technology: E. M. 
Williams 

*Case Institute of Technology: J. D. Johan-
nesen 

Cincinnati, University of: A. B. Bereskin 
*Clarkson College of Technology: F. A. Rec-
ord 

*Colorado, University of: H. W. Boehmer 
*Columbia University: J. R. Ragazzini 
Connecticut, University of: C. W. Schultz 
Cooper Union: J. B. Sherman 
*Cornell University: True McLean 
Dartmouth College: M. G. Morgan 
*Dayton, University of: Appointment later 
'Delaware, University of: H. S. Bueche 
*Detroit, University of: Appointment later 
Drexel Institute of Technology: R. T. Zern 
Duke University: W. J. Seeley 
Evansville College: J. F. Sears 
*Fenn College: K. S. Sherman 
*Florida, University of: H. A. Owen 
*George Washington University: W. S. Car-
ley 

*Georgia Institute of Technology: M. A 
Honnell 

Harvard University: E. L. Chaffee 
Idaho, University of: J. P. Dyer 
*Illinois Institute of Technology: G. F. Levy 
*Illinois, University of: E. C. Jordan 
*Iowa, State University of: L. A. Ware 
*Iowa State College: G. A. Richardson 
*John Carroll University: J. L. Hunter 
Johns Hopkins University: Ferdinand Ham-
burger, Jr. 

*Kansas State College: J. E. Wolfe 
Kansas, University of: D. G. Wilson 
*Kentucky, University of: H. W. Farris 
*Lafayette College: F. W. Smith 
Lawrence Institute of Technology: H. L. 
Byerlay 

*Lehigh University: D. E. Mode 
Louisiana State University: Appointment 
later 

*Louisville, University of: Appointment 
later 

*Maine, University of: W. J. Creamer, Jr. 
*Manhattan College: T. P. Canavan 
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INSTITUTE REPRESENTATIVES IN COLLEGES (cont.) 

Manitoba, University of: R. G. Anthes 
*Marquette University: G. A. Frater 
*Maryland, University of: George Corcoran 
*Massachusetts Institute of Technology: 
E. A. Guillemin, W. H. Radford 

McGill University: F. S. Howes 
*Miami, University of: Appointment later 
*Michigan College of Mining and Technol-
ogy: R. J. Jones 

*Michigan State College: M. D. Rogers 
*Michigan, University of: L. N. Holland 
*Minnesota, University of: 0. A. Becklund 
*Mississippi State College: Appointment 
later 

*Missouri School of Mines and Metallurgy: 
G. G. Skitek 

*Missouri, Univeisity of: G. V. Lago 
*Nebraska, University of: Charles Rook 
Nevada, University of: I. J. Sandorf 
*Newark College of Engineering: M. E. 
Zaret 

New Hampshire, University of: A. L. Winn 
*New Mexico College of Agriculture and 
Mechanic Arts: H. A. Brown 

*New Mexico, University of: Tom Martin 
*New York, College of the City of: Harold 
Wolf 

*New York University: Philip Greenstein 
*North Carolina State College: G. B. Hood. 
ley 

*North Dakota, University of: Clifford 
Thomforde 

Northeastern University: G E. Pihl 
*Northwestern University: A. H. Wing, Jr. 
*Notre Dame, University of: H. E. Ellithorn 

*Ohio State University: E. M. Boone 
Oklahoma Agricultural and Mechanical ( °l-
iege: H. T. Fristoe 

Oklahoma, University of: C. L. Farrar 
*Oregon State College: A. I.. Albert 
*Pennsylvania State College: C. R. Ammer-
man 

*Pennsylvania, University of: C. C. ( ham-
bers 

*Pittsburgh, University of: J. F. Pier, e 
*Pratt Institute: David Vitrogan 
*Princeton University: N. \V. Mather 
*Purdue University: R. P. Siskind 
Queens University: H. H. Stewart 
*Rensselaer Polytechnic Institute: H. I). 
Harris 

*Rhode Island State College: J. L. Hummer 
Rice Institute: C. R. \Vischineyer 
Rose Polytechnic Institute: H. A. Moench 
*Rutgers University: J. L. l'otter 
*San Diego State College: D. C Kalbfell 
Santa Clara, University of: \V. J. Warren 
*San Jose State College: Harry Engwicht 
*Seattle University: Appointment later 
*South Carolina, University of: J. C. Cosby 
*South Dakota School of Mines and Tech-
nology: Appointment later 

*Southern California, University of: G. \V. 
Reynolds 

*Southern Methodist University: E. J. 
O'Brien 

*Stanford University: J. M. Pettit 
*St. Louis University: G. E. Dreifke 
*Stevens Institute of Technology: A. C. Gil-
more, Jr. 

*Syracuse University: R. P. Lett 
*Tennessee, University of: E. D. Shipley 
Texas Technological College: Appointmen 
later 

*Texas, University of: C. M. Crain 
*Toledo, University of: R. E. \Veeber 
*Toronto, University of: George Sinclair 
*Tufts College: A. H. Howell 
*Tulane University: M. E. Forsman 
Union .College (N.Y.): R. B. Russ 
Union College (Nebr.): M. D. Hare 
United States Military Academy: F. K 
Nichols 

United States Naval Post Graduate School 
G. R. Giet 

*Utah State Agricultural College: Clayto 
Clark 

*Utah, University of: 0. C. Haycock 
*Virginia  Polytechnic  Institute:  R.  R 
Wright 

*Virginia, University of: L. R. Quarles 
Washington, State College of: P. J. Komen 
Jr. 

*Washington, University of: V. L. Palmer 
Washington University: S. H. Van Walll 
beck 

*Wayne University: N. B. Scherba 
\Vestern Ontario, University of: E. H. Tull 
\Vest Virginia University: R. C. Colwell 
*Wisconsin, University of: Glenn Koehler 
Witwatersrand, University of: G. R. Bozzoli 
*Worcester Polytechnic Institute: H. H. 
Newell 

*Wyoming, University of: R. G. Schaefer 
*Vale University: H. J. Reich 

INSTITUTE REPRESENTATIVES ON OTHER BODIES 

American Association for the Advancement 
of Science: J. C. Jensen 

American Documentation Institute: J. H. 
Dellinger 

ASA Standards Council: J. G. Brainerd, 
L. G. Cumming (alternate) 

ASA Conference of Staff Executives: G. \V. 
Bailey 

ASA Electrical Standards Committee: L. G. 
Cumming, F. B. Llewellyn, E. A. LaPort 

ASA Sectional Committee (C16) on Radio: 
V. M. Graham (Chairman), J. G. Brain-
erd, L. G. Cumming, J. J. Farrell 

ASA Sectional Committee (C18) on Specifi-
cations for Dry Cells and Batteries: 
H. M. Turner 

ASA Sectional Committee (C39) on Electrical 
Measuring Instruments: Wilson Aull, Jr. 

ASA Sectional Committee (C42) on Defini-
tions of Electrical Terms: J. G. Brainerd, 
A. G. Jensen, Haraden Pratt, H. A. 
Wheeler 

ASA Subcommittee (C42.1) on General 
Terms: J. C. Jensen 

ASA Subcommittee (C42.6) on Electrical In. 
J. H. Miller 

ASA Subcommittee (C42.13) on Communica-
tions: J. C. Schelleng 

ASA Subcommittee (C42.14) on Electron-
ics: R. S. Burnap 

ASA Sectional Committee (C60) on Stand-
ardization of Electron Tubes: L. S. Ner-
gaard, C. E. Fay 

ASA Sectional Committee (C6I) on Electric 

and Magnetic Magnitudes and Units: 
S. A. Schelkunoff 

ASA Sectional Committee (C63) on Radio-
Electrical Co-ordination: C. C. Cham-
bers 

ASA Sectional Committee (C67) on Stand-
ardization of Voltages—Preferred Volt-
ages-100 Volts and Under: A. F. Van 
Dyck 

ASA Sectional Committee (Z10) on Letter 
Symbols and Abbreviations for Science 
and Engineering: H. M. Turner, A. F. 
Pomeroy (alternate) 

ASA Sectional Committee (Z14) on Stand-
ards for Drawings and Drafting Room 
Practices: Austin Bailey 

ASA Sectional Committee (Z17) on l're-
ferred Numbers: A. F. Van Dyck 

ASA Sectional Committee (Z24) on Acousti-
cal Measurements and Terminology: 
Eginhard Dietze, H. F. Olson 

ASA Sectional Committee (Z32) on Graph-
ical Symbols and Abbreviations for Use 
on Drawings: Austin Bailey, A. F. Pome-
roy (alternate) 

ASA Subcommittee (Z32.9) on Communica-
tion Symbols: H. M. Turner 

ASA Sectional Committee (Z57) on Stand-
ards for Sound Recording: S. J. Begun 

ASA Subcommittee (Z57.1) on Magnetic 
Recording: W. J. Morlock 

ASA Sectional Committee (Z58) on Stand-
ardization of Optics: E. D. Goodale, 
L. G. Cumming (alternate) 

1950 

ASN1E Glossary Review Board: \V. R. t: 
Baker 

IRE, AIEE Committee on Noise Defini-
tions: Stanford Goldman, Jerry Minter, 
Claude Shannon 

IRE, RMA Problem No. 2: S. L. Bailey 
Joint EEI, NEMA, RMA Co-ordination 
Committee tm Radio Reception: C. E. 
Brigham 

Joint IRE, AS.  C42 Definitions Co-ordi-
nating Committee: C. L. Dawes, A. G. 
Jensen, J. C. Schelleng 

Joint IRE, AIEE, NENIA Co-ordination 
Committee on Commercial Induction 
and Dielectric Heating Apparatus: D. E. 
\\atts   

Joint RI\ IA-IRE Co-ordination Committee: 
S. L. Bailey, Keith Henny 

Joint Technical Advisory Committee: S. L. 
Bailey 

National Electronics Conference Board of 
Directors: \V. C. White 

National Researc h Counc il, Division  of En-
gineering and Research: F. B. Llewellyn 

URSI (International Scientific Radio Union) 
Executive Committee: C. M. Jansky, Jr. 

U. S. National Commit tee, Advisers on Elec  t. 
trical Measuring Instruments: Melville !. 
Eastham, H. L. Olesen 

U. S. National Committee, Advisers on Sym-
bols: L. E. Whittmore, J. W. Horton 

U. S. National Committee of the Interna-
tional  Electrotechnical  Commission: t? 
LLiewGe.ilyCnumming, E. A. LaPort, F. B. I 
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ACOUSTICS AND AUDIO FREQUENCIES 

016: 534  1047 
References to Contemporary Papers on 

Acoustics —A. Taber Jones. (Jour.  Acous. 
Soc. Amer., vol. 22, pp. 66-70; January, 1950.) 
Continuation of 521 of April. 

534:061.3  1048 
Subject Matter of the Acoustics Conference 

Organized by the Acoustics Commission of the 
Academy of Sciences, U.S.S.R., Moscow, 26th 
February-1st March, 1949—(Bull. Acad. Sci. 
URSS, vol. 13, pp. 631-747; November and 
December, 1949. In Russian.) Report of 22 
papers on various acoustical subjects presented 
at the conference. Many of the papers review 
Russian research in architectural acoustics, 
sound recording and reproduction, speech 
analysis, noise, etc. 

534.131  1049 
Acoustical Properties of Anisotropic Materi-

als —W. J. Price and H. B. Huntington. (Jour. 
Acous. Soc. Amer., vol. 22, pp. 32-37; January, 
1950.) Investigation of ADP and KDP single 
crystals by pulsed ultrasonic methods. Results 
are analyzed. 

534.231+538.566.2  1050 
A New Method for Solving the Problem of 

the Field of a Point-Radiator in a Multilayer 
Nonuniform  Medium- -Brekhovskikh  (See 
1216.) 

534.231  1051 
The Sound Field near a Freely Oscillating 

Piston Membrane —J. Meizner and U. Fritze. 
' (Z. Angelo. Phys., vol. I, pp. 535-542; Decem-
' ber, 1949.) The results occalculations for sev-
er al wavelengths, of the order of magnitude of 

The Annual Index to these Abstracts and References, covering those pub-
lished 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. 

the membrane diameter, are presented graphi-
cally and compared with the sound field of an 
oscillating piston membrane in a rigid wall. 
The results are used to investigate the diffrac-
tion of a plane wave incident perpendicularly 
on a circular disk. For a wavelength about a 
third of the disk diameter, the sound fields 
of the incident and diffracted waves are deter-
mined, for both sides of the disk, and com-
pared with approximations from Kirchhoff's 

diffraction theory. Comparison is also made 
between the sound field of a freely oscillating 
membrane and the lines of equal intensity 
behind a circular opening in a perfectly con-
ducting plane on which a plane electromag-
netic wave is incident perpendicularly. 

534.26  1052 
Variational Principles in Acoustic Diffrac-

tion Theory —H. Levine. (Jour. Acous. Soc. 
Amer., vol. 22, pp. 48-55; January, 1950.) "The 
diffraction of a plane harmonic sound wave 
by an aperture in an infinitely thin rigid plane 
screen is investigated theoretically. Variational 
principles for the diffracted spherical wave 
amplitude at large distances from the aper-
ture are derived. In the first of these, the 
stationary property is exhibited for the class of 
functions comprising the normal derivative of 
the aperture velocity potentials, whose distri-
butions are governed by a generally insolvable 
integral equation. The second involves func-
tions which characterize the discontinuity in 
velocity potentials at the screen (or their devi-
ation from infinite screen distributions), and 
are specified by another integral equation. A 
comparison of the two variational principles 
is given, which indicates that their over-all 
agreement, following use of approximate func-
tions, is a measure of the accuracy obtained. 
The plane wave transmission cross section of 
the aperture is related to the imaginary part 
of the diffracted amplitude in the direction of 
incidence and is cast in stationary forms. 
Particular attention is given to the low- and 
high-frequency behavior of the various forms 
of cross section, including comparison with 
Kirchhoff theory predictions." 

534.26  1053 
The Diffraction of Sound by Rigid Disks 

and Rigid Square Plates —F. M. Wiener. 
(Jour. Acous. Soc. Amer., vol. 22, p. 47; Janu-
ary, 1950.) Correction to 3000 of 1949. 

534.321.9:534.14  1054 
Generation and Analysis of Ultrasonic 

Noise —S. C. Ghose. (Nature (London), vol. 
165, pp. 66-67; January 14, 1950.) A brief 
description of apparatus used in the study of 
ultrasonic noise from turbo-jet engines. Special 
microphones and calibrating generators oper-
ating at frequencies up to 100 kc are described, 

and some details are given of a siren generator 
of ultrasonic noise of high intensity. 

534.321.9:534.2 (26.03)  1055 
Transmission of 24-kcis Underwater Sound 

from a Deep Source —M. J. Sheehy. (Jour. 
Acous. Soc. Amer., vol. 22, pp. 24-28; January, 
1950.) Experimental methods are described. 
Preliminary results indicate that (a) the atten-
uation de..reases with depth as both trans-
mitter and hydrophone are lowered from 150 to 
1,000 ft, (b) the average attenuation below 
300 ft is about 6 db per 1,000 yd, (c) the mag-
nitude of the amplitude fluctuations of the 
directly transmitted signals increases roughly 
as the square root of .the range, from about 10 
per cent at 100 yd to 45 per cent at 3,000 yd, 
and (d) surface-reflected signals show greater 
fluctuations than the direct signals. 

534.321.9:534.373  1056. 
Ultrasonic Absorption in Liquids —G. W. 

Hazzard. (Jour. Acous. Soc. Amer., vol. 22, 
pp. 29-32; January, 1950.) An experimental 
study of the effect of molecular symmetry on 

absorption. 

534.373:534.6  1057 
Attenuation in a Rectangular Slotted Tube 

of (1,0) Transverse Acoustic Waves —H. E. 
Hartig and R. F. Lambert. (Jour. Acous. Soc. 
Amer., vol. 22, pp. 42-47; January, 1950.) 
Details are given of a pickup device for 
measuring the SWR of transverse waves. Re-
suits for the frequency range 2,400-4,200 cps 
are discussed. 

534.6: 621.395.6  1058 
An Artificial Mouth for Acoustic Tests — 

P. Chavasse. (Compt. Rend. Acad. Sci. (Paris), 
vol. 230, pp. 436-438; January 30, 1950.) 
Description of an artificial head which when 
used with an artificial voice (3404 of 1947) 
produces sounds which can replace with advan-
tage the human voice in many tests of commu-
nication equipment. 

534.61+534.83  1059 
The Objective Measurement of Noise: Its 

Possibilities and Limitations —P. Baron. (Ann. 
Telecommun., vol. 4, pp. 330-340; October, 
1949.) A critical examination of various meth-
ods of measurement of noise intensity and a 
discussion of the merits of proposed methods 
based on the spectral distribution of energy. 

534.612.4  1060 
A Method for the Absolute Calibration of 

Sound Receivers by the Reciprocity Method — 
M. V. Kazantseva. (Coin pt. Rend. Acad. Sci. ' 
URSS, vol. 58, pp. 1649-1651; December 11, 
1947. In Russian.) Usually the absolute cali-
bration of sound receivers is carried out in a 
free field and in chambers small in comparison 
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with the sound wavelength. A method using a 
tube not shorter than half the sound wave-
length is considered. 

534.614: 534.154  1061 
A Crystal Pick-tip for Measuring Ultra-

sonic Wave Velocity and Dispersion in Solid 
Rods —A. E. Bakanowski and R. B. Lindsay. 
(Jour. Acous. Soc. Amer., vol. 22, pp. 14-16; 
January, 1950.) A description of a pickup 
which has been successfully applied to deter-
mine the internodal distances in a solid metal 
rod vibrating in resonance with the applied 
oscillator frequency. Aecuracy is similar to 
that obtainable by the powder method; the 
pickup can be applied to cases for which that 
method is unsuitable. 

534.64  1062 
Reciprocity Pressure Response Formula 

which includes the Effect of the Chamber 
Load on the Motion of the Transducer Dia-
phragms —M. S. Hawley. (Jour. Acous. Soc. 
Amer., vol. 22, pp. 56-58; January, 1950.) 

534.75 + 534.792  1063 
The Masking of Pure Tones and of Speech 

by White Noise—J. E. Hawkins, Jr. and S. S. 
Stevens. (Jour. Acous. Soc. Amer., vol. 22, 
pp. 6-13; January, 1950.) The results of a study 
of monaural masking at eight sensation levels 
in the range 20-90 db. 

534.771  1064 
The Watch, as an Apparatus for Measuring 

Acuteness  of  Hearing —P.  Chavasse,  R. 
Causse, and R. Lehmann. (Ann. Telecommun., 
vol. 4, pp. 413-424; December, 1949.) The 
ticking of a watch is submitted to spectral 
analysis and its sound intensity and the 
principal components of the spectrum are con-
sidered. Different methods of noise measure-
ment are compared. A watch affords a ready 
means for rapid measurements of hearing 
acuity; the physiological deductions which can 
be made from such measurements are dis-
cussed. 

534.771  1065 
A Method of Calculating Hearing Loss for 

Speech from an Audiogram —H. Fletcher. 
(Jour. Acous. Soc. Amer., vol. 22, pp. 1-5; Jan-
uary, 1950.) 

534.83/.84:061.3  1066 
Symposium on Noise, London, 14th-19th 

July 1948 —P. Chavasse. (Ann. Telecommun., 
vol. 4, pp. 377-382; November, 1949.) General 
comment on and review of the proceedings. 
Thirty-four of the papers presented are listed 
with authors' names. Twenty-six of these are 
summarized. They concern architectural acous-
tics; noise in aircraft, ships, and public halls; 
noise analysis; loudness measurement, etc. 
See also 2115 of 1949 (Beranek). 

534.85:621.396.645  1067 
Phonograph  Reproduction:  Part  1— 

McProud. (See 1117.) 

621.395.61  1068 
On the Application of Negative Feedback 

to Electroacoustic Systems —P. Chavasse and 
P. Poincelot. (Compt. Rend. Acad. Sc!. (Paris). 
vol. 230, pp. 529-530; February 6, 1950.) The 
response curve of a reversible electrodynamic 
microphone was improved by the application 
of up to 32 db negative feedback. 

621.395.623.7  1069 
Duo-Cone Loud Speaker —H. F. Olson, J. 

Preston, and D. H. Cunningham. (RCA Rev., 
vol. 10, pp. 490-503; December, 1949.) Full 
account of modifications of an earlier model 
which were noted in 17 of February. 

621.396.645.37:621.395.623.7:621.3.018.8 1070 

PROCEEDINGS OF THE LR.E. 

Output Impedance Control —T. Roddam. 
(Wireless World, vol. 56, pp. 48-49; February, 
1950.) A method is described for varying the 
damping of a loudspeaker without alteration of 
the output level. Negative voltage feedback is 
used to keep the amplifier gain constant while 
the output impedance is varied by positive cur-
rent feedback. 

621.395.623.7+534.85  1071 
Sound Reproduction [Book Review] —G. A. 

Briggs. Publishers: Wharfedale Wireless Works, 
Bradford, England and British Industries Cor-
poration, 315 Broadway, New York 7, 1949, 
143 pp., $2.95. (Electronics, vol. 23, pp. 236-
237; February, 1950.) "The book consists of 
two major parts: Part I: Loudspeakers; Part 
II: Records. The part on loudspeakers extends 
the discussion of the previous book, Loud-
speakers: The Why and How of Good Repro-
duction' (3333 of 1948) . . . The part on records 
surveys recording techniques and characteris-
tics and discusses the various ills the art is 
heir to, such as tracking error, surface noise 
and motor rumble. The most interesting fea-
ture of the book from the reviewer's viewpoint 
is the series of photomicrographs, taken by C. 
E. Watts, of needles and grooves. The 200X 
pictures show the effects of wear after various 
numbers of playings with different types of 
needles. They provide an excellent objective 
argument for using as hard a material for the 
tip of a pickup needle as possible." 

ANTENNAS AND TRANSMISSION LINES 

621.315.212  1072 
Theory of the Coaxial Cable: Part 1—F. 

Pollaczek. (Jour. Phys. Radium, vol. 8, pp. 
215-224; July, 1947.) By means of the ideas 
and methods of classical mathematical physics, 
making use of Green's functions, integral 
equations, and developments in series, a rigor-
ous theory of the coaxial cable in the periodic 
regime is established which is directly based on 
Maxwell's equations. A particular study is 
made of that part of the field which does not 
undergo exponential attenuation and which is 
completely neglected in the elementary theory 
of cables based on Kirchhoff's equation.: 

621.315.212  1073 
Statistical Study of Irregularities in Coaxial 

Cables —A. Sarti. (Alta Frequenza, vol. 18, 
pp. 195-204; October, 1949.) 

621.392.21 +621.392.26t  1074 
Impedance of Resonant Transmission Lines 

and Wave Guides —W. W. Harman. (Jour. 
Appl. Phys., vol. 20, pp. 1252-1255; Decem-
ber, 1949.) Universal curves relating the Q 
value and the resonance impedance of capaci-
tively terminated transmission-line and wave-
guide sections are given and discussed. Their 
use in the design of cavity resonators and for 
determining resonator shunt resistance is con-
sidered. 

621.392.261  1075 
The Excitation of a Circular Waveguide by 

a Ring Aerial —A. Gaponov-Grekliov and M. 
Miller. (Zh. Tekh. Fiz., vol. 19, pp. 1260-1270; 
November, 1949. In Russian.) 

621.392.261  1076 
Waveguide Field Patterns in Evanescent 

Modes —A. L. Cullen (Wireless Eng., vol. 26, 
pp. 317-322; October, 1949.) Field patterns in 
a waveguide at frequencies below cutoff are 
calculated, both for a single evanescent field, 
and for two oppositely attentuated ("incident" 
and "reflected") fields. Isometric projection of 
the surface depicting the electric field in the 
guide is found to provide a useful picture of the 
field distribution. 

621.392.261  1 
Application of Picard's Method of Succe 

sive Approximations to the Study of Discond 
nuities in Waveguides —T. Kahan. (Coast)! 
Rend. Acad. Sci. (Paris), vol. 230, pp. 527-529 
February 6, 1950.) A general solution of t 
problem of the echo pattern in a waveguid 
having a slight nonuniformity. The solutio 
is given in the form of an infinite series con 
verging more rapidly the smaller the nonuni-
formity. 

621.392.26t :538.566  1078 
On the Theory of the Propagation of Elec-

tromagnetic Waves in Tubes with Abruptly 
Varying  Cross-Sections —G.  V.  Kisun'ko. 
(Compt. Rend. Acad. Sci. (URSS), vol. 58, pp, 
1653-1656; December 11, 1947. In Russian.) A 
mathematical investigation of the propagation 
of electromagnetic waves, without reflection, 
through joints between two waveguides or 
through a combination of elements such as 
diaphragms, transformers, and other similar 
devices. 

621.392.26f :621.315.611  1079 
An Investigation of Dielectric Rod as Wave 

Guide —C. H. Chandler. (Jour. App!. Phys., 
vol. 20, pp. 1188-1192; December, 1949.) An 
experimental investigation indicates that the 
guiding effect is retained even when the rod 
is only a fraction of a wavelength in diameter. 
The greater part of the guided energy is then 
outside the dielectric, so that a very-low-loss 
waveguide results. Measurements at a wave-
length of 1.25 cm indicate attenuations down 
to 0.004 db/m in polystyrene rod and show good 
agreement with theoretical predictions. A 
resonator using a dielectric-rod waveguide is 
described; this has a maximum Q of about 
53,000. 

621.392.26t:621.315.611  1080 
Attenuation in a Dielectric Circular Rod — 

W. M. Elsasser. (Jour. Appl. Phys., vol. 20, 
pp. 1193-1196; December, 1949.) Analysis is 
given of the nonradiating modes propagated 
along a cylindrical dielectric rod, with discus-
sion of dielectric loss. The attenuation for the 
three lowest modes in a rod of polystyrene is 
computed; the results agree with the values 
found  experimentally  by  Chandler  (1079 
above). 

621.392.5: 621.392.26t  1081 
Microwave Directional Couplers —S. Freed-

man. (Radio and Telev. News, Radio-Elec-
tronic Eng. Supplez!sent, vol. 14, pp. 11-13... 25; 
February, 1950.) An illustrated description of 
various types of waveguide coupling and their 
use in microwave measurements. 

621.396.67  1082 
The Concept of an Angular Spectrum of 

Plane Waves, and Its Relation to that of Polar 
Diagram and Aperture Distribution —H. G. 
Booker and P. C. Clemmow. (Proc. I EE 
(London), Part III, vol. 97, pp. 11-17; January, 
1950.)"A critical examination is made of the 
somewhat loose and incomplete statement that 
a polar diagram is the Fourier transform of an 
aperture distribution. By aperture distribution 
it is necessary to understand, in the two-dimen-
sional case, distribution across the aperture of 
the component along the aperture plane of the 
electromagnetic field in the plane of propaga-
tion. Furthermore, the concept of the polar 
diagram has to be replaced by that of an angu-
lar spectrum, except in the common case when 
the aperture may be considered more or less 
limited in width, and the field is being evalu-
ated at a point whose distance from the aper-
ture is large compared with the width of the 
aperture (and the wavelength). For example, 
it is convenient for some purposes to regard the 
problem of diffraction of a plane wave by a 

1.t•. 
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,mi-infinite plane screen, with a straight edge, 
s a problem about an aperture distribution in 
he plane of the screen. This is a case for which 
he concept of a polar diagram is not, in general, 
pplicable, and has to be replaced by that of 
n angular spectrum. The field at all points in 
ront of a plane aperture of any distribution 
lay be regarded as arising from an aggregate 
f plane waves traveling in various directions. 
'he amplitude and phase of the waves, as a 
unction of their direction of travel, constitutes 
n angular spectrum, and this angular spec-
rum, appropriately expressed, is, without ap-
ffoximation, the Fourier transform of the aper-
ure distribution. If the aperture distribution is 
tf such a nature that the concept of the polar 
liagram is applicable at sufficiently great dis-
ances, then the polar diagram is equal to the 
mgular spectrum. But the angular spectrum is 
t concept that is always applicable, whereas the I3olar diagram is one that is liable to be invalid 
for example, in the Sommerfeld theory of prop-
iption over a plane, imperfectly reflecting 
mrth)." 

' 121.396.67  1083 
Constructing  Helical  Antennas—E.  D. 

r3mith. (Electronics, vol. 23, pp. 72-75; Febru-
vary, 1950.) Construction details are given for 
aeveral helical antennas suitable for the 435-Mc 
amateur band and for citizens' radio on 465 Mc. 
A simple impedance-matching unit for coaxial-
cable feeder is also described. 

621.396.67:530.1  1084 
Electromagnetic Similitude: General Prin-

ciples and Application to the Study of the 
Aerial—S. Colombo. (Ann. Telicommun., vol. 
4, pp. 370-376; November, 1949.) 

621.396.67:621.397.62  1085 
Trends in TV Receiver Antenna Design -

1. Kamen. (TI' Eng., vol. 1, pp. 8-11; JanuarY, 
I. 1950.) A critical analysis, with illustrations, of 
eight types of antenna particularly suitable for 
vision and sound reception in the U.S.A. 

621.396.671  1086 
Gain of Aerial Systems—D. A.  Bell. 

(Wireless Eng., vol. 26, p. 380; November, 
1949.) Correction to 3057 of 1949. 

621.396.671  1087 
Impedance/Frequency Characteristics of 

Some Slot Aerials —J. W. Crompton. (Proc. 
EE (London), Part III, vol. 97, pp. 39-44; 
January, 1950.) Measurements were made by 
the earth-plane method, using a coaxial stand-
ing-wave indicator, of the input impedance 
near half-wave resonance of (a) simple center-
fed slot antennas of various widths, (b) two 
dumb-bell slot antennas, and (c) an end-fire slot 
antenna, over the frequency range 130-370 Mc. 

621.396.677  1088 
The Design of Metallic Delay Dielectrics. — 

J. Brown. (Proc. 1EE (London), Part III, vol. 
97, pp. 45-48; January, 1950.) "A theory of 
metallic delay dielectrics, which is more ac-
curate than existing ones and is based on an 
analogy with shunt-loaded transmission lines, 
has been developed for the simplest case, when 
the delay medium consists of an array of infi-
nitely long conducting strips. Formulas have 
been obtained for the refractive index, imped-
ance and cut-off wavelength of such a me-
dium, and the more important results are pre-
sented graphically. A procedure for designing 
such dielectrics to have a desired refractive 
index is outlined, and some limitations in the 
use of metallic delay lenses are pointed out." 

621.396.67  1089 1 Radio  Aerials  [Book  Reviewl—E.  B. Moullin. Publishers: Oxford University Press, 
London, 514 pp., 50s. (Wireless World, vol. 56, 

p. 70; February, 1950.) "The first section of the 
book is theoretical. The Lorentz vector and 
scalar retarded potential functions are first 
established and then applied to specific prob-
lems. These include the fields due to filaments, 
the effect of flat-sheet and V-shaped reflectors, 
and problems relating to cylinders immersed in 
electromagnetic fields. 
Some hypothetical problems are solved 

rigorously, usually in terms of Bessel functions, 
and practical problems are considered as 
approximations—usually very close ones—to 
the hypothetical cases. The power gain of 
typical arrays with various current distribu-
tions is calculated, and methods of suppressing 
the side-lobes discussed. A short section is 
devoted to the isolated antenna. 
The remaining one-third of the book 

describes experimental procedure, and the 
results of measurements made on some of the 
antennas described in the first section. Results 
for V antennas are given in great detail, and in-
clude the radiation patterns for various V 
angles and sizes of sheet." 
Attention is drawn to many practical de-

sign considerations, such as the permissible 
tolerance on reflector shape, the use of netting 
and rods instead of continuous sheet, and simi-
lar problems. "The treatment is mainly mathe-
matical" and the book "will therefore appeal 
more to the antenna specialist or post-graduate 
student." It "will be found valuable not only 
as a book of reference on the types of antenna 
covered, but also for the clear and logical devel-
opment of the general theory." 

CIRCUITS AND CIRCUIT ELEMENTS 

621.318.572  1090 
Direct-Reading Electronic Timer—R. R. 

Freas. (RCA Rev., vol. 10, pp. 554-566; Decem-
ber, 1949.) "The application of resistance-
coupled multivibrators to binary and decade 
counter chains is described, with suggestions 
for improved stability. Several independent 
counts may be selected and registered on 
counter dials from one continuously operating 
electronic counter with the coincidence indi-
cator circuits shown. The electronic counter 
may be automatically reset to zero or any ad-
vance count with the reset circuit presented." 
Applications to loran receivers are mentioned. 

621.318.572:621.317.755.087  1091 
A Beam-Switching  Circuit —R.  Milne. 

(Electronic Eng., vol. 22, pp. 54-56; February, 
1950.) A trigger circuit with particular applica-
tion to the recording of transient effects. The 
beam of a cro is switched on for a single sweep 
of the timebase. 

621.318.572:621.385.3:621.315.59  1092 
Counter Circuits using Transistors—E. 

Eberhard, R. 0. Endres, and R. P. Moore. 
(RCA Rev., vol. 10, pp. 459-476; December, 
1949.) A flip-flop circuit using two transistors 
is compared with the Eccles-Jordan circuit 
and its use in a decade counter is described. A 
flip-flop circuit using a single transistor is 
analyzed and stability limits with respect to 
load resistance and transistor parameters are 
indicated; practical component values are 
given for this circuit, which can be operated up 
to 500 kc. Transistor relaxation oscillators have 
been synchronized in a frequency divider 
which converts from 100 kc to 25 cps, and 
operates from a 45-v supply, from which it 
takes 675 mw. Present transistors are unstable 
with time and temperature and differ widely In 
characteristics and hence cannot yet be used 
for reliable counting. 

621.392.4  1093 
Constant-Phase-Shift Networks —W. Sa-

raga. (Wireless Eng., vol. 26, p. 380; November, 
1949.) Comment on 3078 of 1949 (Rowlands). 

621.392.43  1094 
Theoretical Limitations on the Broadband 

Matching of Arbitrary Impedances —R. M. 
Fano. (Jour. Frank. Inst., vol. 249, pp. 57-83; 
January, 1950.) Technical Report No. 41, 
Massachusetts Institute of Technology, Re-
search Laboratory of Electronics. 

621.392.43  1095 
Impedance Matching using a Special Type 

of Exponential Line —A. Niutta. (Poste e 
Telecomun., vol. 17, pp. 417-423; August, 1949.) 
For matching low-impedance lines to antennas 
with high input impedance. Formulas are 
derived from which the dimensions of a suit-
able 4-wire exponential line can be calculated. 
This line is inserted between half-section high-
pass filters. Measurements show that the imped-
ance remains satisfactorily uniform over the 
frequency range 4-24 Mc. A numerical example 
illustrates the method. 

621.392.5  1096 
The Solution of Linear-Network Problems 

by the Method of Nodal Equations —M. Soldi. 
(Alta Frequenza, vol. 18, pp. 213-231; October, 
1949.) The practical advantages of the method 
are illustrated. Suitable equivalent networks 
are shown for tubes, transformers, and, in par-
ticular, the ideal transformer. 

621.392.5  1097 
Contribution to the Theory of Networks — 

M.  Prudhon and P.  M.  Prache. (Ann. 
Telecommun., vol. 3, pp. 24-30; January, 1948.) 
Relations are established between the imped-
ances of the various branches and the coeffi-
cients of the link and nodal equations. Formulas 
are then derived from which the nodal equa-
tions may be simply obtained when the parts 
of the network are connected by mutual-
impedance coupling. Simple applications of the 
formulas to a transformer and to a tube are 
given. 

621.392.5.018.1:621.396.615  1098 
The Effect of Valve Impedance on Phase-

Shift Oscillators —R. Townsend. (Electronic 
Eng., vol. 22, pp. 116-117; March, 1950.) 
Comment on 840 of May. Curves are given for 
the frequency and attenuation constants in 3-
section and 4-section RC networks and also 
CR networks. 

621.392.52  1099 
Dissipative Band-Pass Filters —F. Juster. 

(Radio Prof. (Paris), vol. 19, pp. 28-30; Janu-
ary, 1950.) Formulas are given for practical 
application of the methods of design given by 
Dishal (3369 of 1949). 

621.392.52  1100 
Filters: Part 2—"Cathode Ray." (Wireless 

World, vol. 56, pp. 61-65; February, 1950.) 
Discussion of the properties of filters, using the 
simplest possible mathematics. Part 1, 578 of 
April. 

621.392.53:621.3.015.3  1101 
The Exact Solution for Transient Distor-

tion in Networks—D. C. Espley. (Electronic 
Eng. (London), vol. 22, pp. 82-87; March, 
1950.) Paper presented at the 1948 Television 
Congress, Paris. Summary noted in 652 of 
1949. A rigorous and systematic method of 
distortion correction in electrical networks. 
The distorting system is represented by a 
hypothetical simulating network defined en-
tirely in terms of Input and output waveforms. 
The input waveform is considered as a pulse 
with an energy content appropriate to the 
expected frequency range of the transmission 
path, and the output waveform as the desired 
signal appearing after the nominal propaga-
tion time and followed by a finite series of 
echoes defined by amplitude, time, and sign 
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The correction network is derived by inversion 
from the distortion simulating network and the 
passage of the distorted output current through 
it will produce across its terminals a voltage of 
the original undistorted form. 

621.396.611.1.015.3:621.3.012  1102 
Detuned Resonant  Circuits —H.  Eiger. 

(Wireless Eng., vol. 26, pp. 360-364; Novem-
ber, 1949.) A method of calculating or graphi-
cally tracing the transients in such circuits is 
shown in connection with a simple memory 
rule. The application of the method to similar 
mechanical and supersohic problems is consid-
ered. The real response of resonant circuits 
when using PM or any other kind of shock ex-
citation (such as static), the change of time 
constant due to detuning, and the signal-to-
noise ratio are considered. 

621.396.611.3:517.2/.3  1103 
Time-Constant Selection in the Applica-

tion of RC Differentiating and Integrating 
Circuits —R. J. Jeffries. (Instruments, vol. 22, 
p. 1106; December, 1949.) The performance of 
the basic circuit for both operations is pre-
sented graphically in terms of M (the product 
of R in ohms, C in farads, and fin cps) and the 
phase characteristic. The useful operating 
ranges of the circuit are found for values of M 
less than about 0.01 for differentiation and 
greater than about 3 for integration. Numeri-
cal examples are given. 

621.396.611.4  1104 
On the Characteristics of Electromagnetic 

Resonant Cavities formed by Two Concentric 
Spheres —J. Broc. (Compt. Rend. Acad. Sci. 
(Paris), vol. 230, pp. 198-199; January 9, 1950.) 
For resonance on a fixed wavelength in the 
magnetic modes the outer radius (R2) of such a 
cavity is greater than that of a completely 
hollow sphere resonant on the same wave-
length, and as the ratio s=(R2/R2) approaches 
unity, Er-100 . For the electric mode, R2 is 
less than the radius of the equivalent hollow 
sphere and approaches a finite limit, not zero, 
as the ratio s tends to unity. Calculated values 
of R2 and Q for h 10 cm are tabulated for values 
of s ranging from 0 to 1. 

621.396.611.4  1105 
On the Variation of the Natural Frequency 

of Cavity Resonators formed by Concentric 
Spheres, for Small Displacements of the Inner 
Sphere —J. Broc. (Camp:. Rend. Acad. Sci. 
(Paris), vol. 230, pp. 285-286; January 16, 
1950.) For the Hno mode, a displacement e pro-
duces a reduction Af of the natural frequency 
f,, , such that Afifo= —2(e/ R2)/(1—$2) 2, where 
s= Ri/R2 and Ri and R2 are the radii of the 
inner and outer spheres respectively. For 
larger displacements (e/R2> 0-01) the approx-
imations used in the derivation of this expres-
sion do not hold. See also 1104 above. 

621.396.615  1106 
Operating Conditions for Cathode-Coupled 

Flip Flops —D. W. Thomasson and J. D. Storer. 
(Jour. Brit. I.R.E., vol. 10, pp. 12-14; January, 
1950.) Comment on 3083 of 1949 (Storer) and 
Storer's reply. The conditions for oscillation 
and the effects of using different component 
values are discussed. 

621.396.615: 621.396.611.21  1107 
A  High-Stability  Quartz  Oscillator — 

M. Indjoudjian. (Onde Elec., vol. 29, pp. 76-
78; February, 1950.) The oscillator is basically 
a 2-stage amplifier with negative feedback. A 
Y-cut 100-kc crystal vibrating longitudinally 
couples the anode circuit of the second tube to 
the grid of the first tube. In this grid circuit is 
a thermistor indirectly heated by the feedback 
current from the output transformer second-
ary; its resistance varies in value from 50 kfl 

when cold to 500 11 during normal working. 
Variations of oscillation amplitude and of 
supply  voltages  produce  negligible  phase 
change. The short-period stability during a 
year's test was < ± 0.5 X 10-7  and the monthly 
drift of the order of 1 X10-7 . The test included 
deliberate tube changing and stoppages. The 
method of frequency checking is described. 

621.396.615.14: 621.385.18  1108 
Plasma  Oscillator—G.  Wehner.  (Jour. 

Appi. Phys., vol. 21, pp. 62-63; January, 
1950.) Rf oscillations are found to occur in 
low-pressure arc-discharge tubes in which a 
repeller* electrode is inserted in the electron 
beam between the grid and anode. The reso-
nant circuits are formed by thin oscillation 
layers inside the plasma. The oscillations are 
of well-defined frequency, tunable between 
1kMc and 4kMc by changing the anode voltage 
and current. They occur in different modes; 
a relation is given between beam velocity, 
frequency and mode number for a typical 
tube construction. 

621.396.615.14.029.63  1109 
New U.H.F.  Oscillator—D.  H.  Preist. 

(Electronics, vol. 23, pp. 120.. 162; February, 
1950.) Advantages claimed for this circuit, 
which  largely  resembles  a grounded-grid 
amplifier, are that a wide range of adjustment 
of phase and amplitude of the feedback is 
available, adjustments are simple to make, 
and power-handling capacity is high. Satisfac-
tory results are obtained at frequencies from 
below 100 Mc to over 2kMc at power levels 
up to many kilowatts. 

621.396.615.17  1110 
Asymmetrical Multivibrators —R. Feinberg. 

(Wireless Eng., vol. 26, pp. 325-330; October, 
1949.) "The frequency and the waveform of 
oscillation of an asymmetrical multivibrator 
with pentodes can be computed with the help 
of simple formulas provided the circuit is so 
designed that one of the two anode voltages is 
of rectangular or near-rectangular shape when 
the multivibrator is in the steady state of 
operation. The waveform of the other anode 
voltage may be rectangular or triangular.and 
may be varied within a fairly wide range with-
out interfering with the frequency of oscilla-
tion. The frequency of oscillation may be 
altered without disturbing the waveform by 
changing the capacitance values but keeping 
their ratio constant. Predicted frequencies and 
waveforms are verified by experiment." 

621.396.615.17  1111 
The Miller Circuit as a Low-Speed Preci-

sion Integrator —I. A. D. Lewis. (Electronic Eng; 
(London), vol. 22, pp. 66-68; February, 1950.) 
Errors caused by drifts, by nonlinearity in 
time (assuming all the circuit elements to be 
linear) and by the operation of resetting be-
tween cycles of integration, are considered in 
some detail. The analysis includes the effects 
of stray capacitance in the circuit and is there-
fore also applicable to high-speed integrators. 

621.396.615.17:621.317.755  1112 
A Self-Adjusting  Time-Base  Circuit — 

H. Asher. (Electronic Eng. (London), vol. 22, 
pp. 61-65; February, 1950.) A type of time-
base in which the only frequency control is a 
range switch which selects one of three wide 
frequency ranges. Inside these ranges, the fre-
quency of the timebase will be rigidly locked to 
that of the signal, and at the same time the 
amplitude of the timebase sweep voltage will 
remain constant. 

621.396.615.18.029.64  1113 
Microwave Frequency Dividers—H. Lyons. 

(Jour. Appl. Phys., vol. 21, pp. 59-60; Janu-
ary, 1950.) Methods of division for frequencies 

up to 20 kMc or more are of importance for 
applications such as atomic clocks. A regenera-
tive-modulator type of circuit dividing from 
9.3 kMc to 3.1 kMc is described; tests show that 
the output is one-third of the input frequency 
to an accuracy within one part in 1010. This 
circuit uses Idyntron multiplier and amplifiers, 
and the amplifiers are needed to work only at 
the output frequency and not at the higher 
input frequency. A modified circuit is proposed 
in which the regenerative-modulator divider is 
provided with a second regenerative channel 
and thus provides its own input. A suggested 
arrangement for an atomic oscillator and clock 
is described. Suitable equipment for this 
method, using the ammonia line at 24 kMc, is 
being investigated, but alternatively a con-
venient line at about 9 kMc could be used. 

621.396.645  1114 
Stagger-Tuned  Low-Pass  Amplifiers— 

W. E. Thomson. (Wireless Eng., vol. 26, pp. 
357-359; November, 1949.) The method of de-
sign of band-pass amplifiers by stagger-tuning, 
in its wider sense, may be simply extended to. 
low-pass amplifiers to specify the frequency 
response. The determination of networks with 
the desired frequency response presents a 
fresh problem. Suitable networks are given for 
a multistage low-pass amplifier with a gain, as , 
a voltage ratio, of  per stage, a band-
width of co,,/211 c/s, or slightly more, and a 
reasonably flat pass-band; 8, is the mutual 
conductance of the tubes used, coo the nominal 
bandwidth, and C the interstage capacitance. 

621.396.645  1115 
The  Cathode-Follower  Output  Stage — 

R. M. Mitchell. (Audio Eng., vol. 34, pp. 12-
13..32; February, 1950.) Advantages and dis-
advantages are discussed. 

621.396.645  1116 
On the Input and Output Admittances of 

Amplifiers —L. Vallese. (Alta Frequenza, vol. 
18, pp. 205-212; October, 1949.) The input and 
output admittances of linear amplifiers can be 
represented by means of networks consisting 
of the passive quadripole equivalent circuit 
with the addition of appropriate series or 
parallel elements, the admittances of which are 
functions of the amplification factor. The con-
sideration of such networks gives a clear picture 
of the working of the amplifier. 

621.396.645: 534.85  1117 
Phonograph Reproduction. Part I—C. G. 

McProud (Audiq Eng., vol. 34, pp. 24..31; 
February, 1950.) Discussion of the design of a 
control unit for use with the musician's ampli-
fier (70 of February). Needle scratch is effec-
tively reduced. 

621.396.645.029.3  1118 
Push-Pull A. F. Amplifiers —K. R. Sturley. 

(Wireless Eng., vol. 26, pp. 338-343; October, 
1949.) "Problems of the position of the compos-
ite load line and the construction of the tube-
load curves for classes A, B, and C audio-fre-
quency push-pull amplifiers are discussed and 
it is shown that B. J. Thompson's original work 
on class-B amplifiers with matched tubes can 
be extended to cover all classes of push-pull 
amplification under matched or unmatched 
conditions. Deductions regarding composite 
and tube-load curves as a result of voltage and 
current measurements are confirmed by photo-
graphs of tube-load curves obtained on the 
screen of a cathode-ray tube." 

62 1.396.645.029.3  1119 
Study of a High-Quality Voltage Amplifier 

- J. Mey. (Ann. Telecommun., vol. 4, pp. 383-
384; November, 1949.) Description of a 5-
stage audio amplifier, with circuit diagram and 
performance figures. It has low distortion and 
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background noise, high and linear gain, and 
satisfactory stability with normal supply-volt-
age variations. 

621.396.645.4029./.52  : 621.396.822  1120 
Selective Amplification at Low Frequencies 

—L. de Queiroz Orsini. (Onde Elea., vol. 29, 
pp. 91-102; February, 1950.) For parts 1 and 2 
see 596 of April. Part 3 describes the apparatus, 
method, and results of measurement of flicker 
effect. The following conclusions are drawn: 
(a) the current due to shot effect in saturated 
diodes is well represented by Macfarlane's 
equation (4087 of 1947); (b) at If tungsten 
filaments are much better than oxide-coated 
filaments; (c) the presence of space charge 

does not affect the spectral distribution of 
noise; and (d) the equivalent resistance of the 
If noise in triodes and the noise voltage at the 
grid are given by simple formulas and can be 
calculated approximately from the values 
given for certain parameters. 

621.396.645.35  1121 
A D.C. Amplifier Using an Electrometer 

Valve—D.  H.  Peirson.  (Electronic  Eng. 
(London), vol. 22, pp. 48-53; February, 1950.) 
Description, with circuit details, of a balanced 
dc amplifier of the bridge type in which the 
controls are reduced to the minimum required 
for zero-balancing by use of a highly stable 
power pack. Under these conditions external 
temperature variation exerts a limiting effect 
upon amplifier stability. The effect is mini-
mized by using a new indirectly heated double 
electrometer tube, Type DBM8A, which has a 
temperature coefficient not greater than 0.2 
mv/°C, a grid current of about 3 X10-11  A and 
grid  insulation,  when  carefully  cleaned, 
>10"fl. 

11' 621.396.645.3: 621.317.39  1122 
A D.C. Amplifier with Cross-Coupled Input 

- —J. N. Van Scoyoc and G. F. Warnke. (Elec-
. Ironies, vol. 23, pp. 104-107; February, 1950.) 
A compact unit with cross-coupled input stage 
for use with either single-ended or push-pull 
circuits. Two amplification stages, with a 
cathode-follower output and feedback ampli-
fier, provide an output of 310 v peak-to-peak 
to feed a cr tube. Gain is variable in 20 steps 
of 2 db from a maximum of 50,000. Input 
impedance is 100 Mg and frequency response 
extends from zero to 60 kc. A preamplifier has 
a maximum usable gain of about 250,000. 

• 621.396.645.371  1123 
Negative-Feedback Amplifiers —C. F. Brock-

elsby. (Wireless Eng., vol. 26, p. 380; Novem-
ber, 1949.) Reply to comment by McLeod 
(3111 of 1949) on 2768 of 199. 

621.396.69  1124 
New Radio Components in the World 

Market—M.  Alixant.  (Radio  Tech.  Dig. 
(Franc), vol. 4, pp. 3-41; February, 1950.) New 
edition of 2770 of 1949 and including, in addi-
tion, resistors, potentiometers, RC subassem-
blies, and materials. Most of the novelties 
brought out since the last Paris Salon de la 
Piece detach& are noted. 

GENERAL PHYSICS 

53.081+621.3.081  1125 
The Introduction of the Giorgi System of 

Units —H. KOnig, M. Krondl, and M. Landolt. 
(Tech. Mill. Schweiz. Telegr.-Teleph. Verw., 
vol. 27, pp. 257-278; December 1, 1949. In 
French and German.) A general discussion of 
the system and its practical application. 
Tables are included giving the corresponding 
values of all the principal electrical quantities 
in the cgs, em, and es systems, and in the 
Giorgi system, with conversion factors. 

530.1:621.396.67  1126 
Electromagnetic Similitude: General Prin-

ciples and Application to the Study of the 
Aerial —S. Colombo. (Ann. Telecommun., vol. 
4, pp. 370-376; November, 1949.) 

537.212  1127 
Effect of an Arbitrary Field on a Sphere or 

on a Circular Cylinder —E. Durand. (Compt. 
Rend. Acad. Sci. (Paris), vol. 230, pp. 188 - 
190 ; January 9, 1950.) A solution of the Laplace 
equation which is constant over the conductor. 
Analogous solutions for a dielectric sphere or 

cylinder are obtained. 

537.533  1128 
Production and Application of Directional 

Electron Beams —A. A. Rusterholz. (Bull. 
Schweiz. Electrotech. Ver., vol. 41, pp. 65-77; 
February 4, 1950. In German, with French 
summary.) The development of high-power 
electron guns is principally a question of de-
sign. The efficiency of such systems is limited 
by certain factors, of which the effect of space 
charge is of major importance. Approximate 
methods of investigating the effect of these 
factors are examined. The best solution of the 
problem at present appears to be that proposed 
by Pierce (1419 and 4275 of 1940), which 
greatly simplifies calculation. As an example, 
the design of the electron injector for a betatron 
is considered. 

538.114  1129 
Physical Theory of Ferromagnetic Domains 

—C. Kittel. (Rev. Mod. Phys., vol. 21, pp. 
541-583; October, 1949.) Survey of domain 
theory and of the crucial experiments relating 
to it. The interpretation of coercive force, 
reversible permeability, hysteresis, and the 
Barkhausen effect is outlined in terms of 
domains. The theoretical analysis of domain 
energy is discussed and expressions are given 
for the exchange, magnetocrystalline, magneto-
elastic, and magnetostatic energy components. 
The properties of the Bloch wall, across which 
the spin direction in adjacent domains reverses, 
are reviewed. Various domain structures are 
considered theoretically and compared with 
experimental data derived from magnetic 
powder pattern technique in which a thin 
liquid layer containing a colloidal suspension 
of a fine ferromagnetic powder is applied to the 
surface of the sample. The single domain 
behavior of small particles is described; the 
dependence of initial permeability and coercive 
force on nonuniformities of the material is out-

lined. 

538.566  1130 
The Symmetrical Excitation of an Infinitely 

Long Dielectric Cylinder —B. Z. Katsenelen-
bautn. (Zh. Tekh. Fiz., vol. 19, pp. 1168-1181; 
October, 1949. In Russian.) A mathematical 
investigation of the em oscillations due to 
excitation of the cylinder by an elementary 
dipole mounted on the axis. 

538.566  1131 
The Asymmetrical Oscillations of an Infi-

nitely Long Dielectric Cylinder —B. Z. Katsen-
elenbaum. (Zh. Tekh. Fir., vol. 19, pp. 1182-
1191; October, 1949. In Russian.) A mathe-
matical investigation of free and forced em 
oscillations due to excitation by an elementary 

dipole. 

538.566  1132 
On the Focusing of a Wave —J. Ortusi and 

J. C. Simon. (Corn/fl. Rend. Acad. Sci. (Paris), 
vol. 230, pp. 521-523; February 6, 1950.) The 
conditions under which focusing occurs are 
discussed. The focusing obtained by phase dis-
placement at surfaces with circular holes is 
contrasted with optical focusing by means of 
lenses. Experiments with 8-cm %%ayes are 
briefly described. 

539  1133 
On the Asymptotic Distribution of Eigen-

values —J. S. de Wet and F. Mandl. (Proc. 
Roy. Soc. A, vol. 200, pp. 572-580; February 
22, 1950.) Application of the methods of Cour-
ant and Hilbert leads very simply to a proof 
that the asymptotic distribution of the eigen-
values of the one-dimensional Schrodinger 
equation is given by the W KB formula. 
Analogous formulas are also found for the 2-
and 3-dimensional equations. 

GEOPHYSICAL AND EXTRATERRESTRIAL 
PHENO MENA 

523.7  1134 
A Tentative Model of the Sun —R. H. 

Woodward. (Jour. Geophys. Res., vol. 54, pp. 
387-396; December, 1949.) 

523.72  1135 
Investigations of Solar Radiation by the 

Brazil Expedition of the Academy of Sciences 
of the U.S.S.R. for Observing the Solar 
Eclipse of 20th May 1947 —S. E. IChaykin and 
B. M. Chikhachev. (Corn/fl. Rend. Acad. Sci. 
(URSS), vol. 58, pp. 1923-1926; December 21, 
1947. In Russian.) A report on observations 
made in a ship off the Brazilian coast. The re-
sults are plotted and discussed; they show (a) 
that the minimum rf radiation intensity of the 
eclipsed sun is about 40 per cent of that when 
the sun is not eclipsed, and (b) that the vari-
ation of the intensity is displaced with regard 
to the geometrical eclipse. It is concluded that 
the observed rf radiation is generated in the 
upper layers of the sun's atmosphere not 
covered by the moon's shadow, and that the 
radiation intensity is not uniformly distributed 
over the surface of the radiating sphere. 

523.72:621.396.81  1136 
Solar Noise and Ionospheric Fading — 

Smith-Rose. (See 1228.) 

523.746  1137 
On the Mathematical Characteristics of 

Sunspot-Variations--A. F. Cook. (Jour. Geo-
phys. Res., vol. 54, pp. 347-354; December, 
1949.) New relations among the monthly 
relative numbers and their maxima and minima 
are applied to Stewart and Panofsky's formula 
to compute a new family of curves. See also 
3454 of 1939 (Stewart and Eggleston). 

523.746"1949.07/.09"  1138 
Provisional Sunspot-Numbers for July to 

September,  1949 —M.  Waldmeier.  (Jour. 
Geophys. Res., vol. 54, p. 398; December, 1949.) 

538.12: 521.15  1139 
The Fundamental Relation between the 

Magnetic Moment and the Structure of Rotat-
ing Celestial Bodies —H. P. Berlage. (Nature 
(London), vol. 165, pp. 242-243; February 11, 
1950.) Simple derivation of Blackett's formula, 
assuming that celestial bodies possess a nucleus 
from which free electrons migrate into the outer 
shell more easily than positive ions. 

550.38"1949.04/.06"  1140 
International Data on Magnetic Disturb-

ances, Second Quarter, 1949 —J. Bartels and 
J. Veldkamp. (Jour. Geophys. Res., vol. 54, 
pp. 399-400; December, 1949.) 

550.38"1949.07/09"  1141 
Cheltenham [Maryland] Three-Hour Range 

Indices K for July to September, 1949 —R. R. 
Bodle. (Jour. Geophys. Res., vol. 54, p. 398; 
December, 1949.) 

550.384  1142 
Sudden Commencements in Geomagne-

tism: Their Dependence on Local Time and 
Geomagnetic Longitude —V. C. A. Ferraro and 
W. C. Parkinuon. (Nature (London), vol. 165, 
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pp. 243-244; February II, 1950.) Preliminary 
analysis of data from six observatories. 

550.385"1949.04/.09"  1143 
Principal  Magnetic  Storms  [April-Sept. 

19491 —(Jour. Geophys. Res., vol. 54, pp. 401-
402; December, 1949.) 

551.508.1: 551.594.11  1144 
A Radiosonde  Method  for  Potential-

Gradient Measurements in the Atmosphere — 
Kreielsheitner. (See 1204.) 

551.510.535 1145 
Ionosphere Review:1949 —T. W. Benning-

ton. (Wireless World, vol. 56, pp. 53-56; 
February, 1950.) Sunspot cycle and sw propa-
gation survey, with forecast for 1950. 

551.510.535  1146 
The Problem of the Ionospheric Regions — 

M. Nicolet. (Jour. Geophys. Res., vol. 54, pp. 
373-381; December, 1949. In French, with 
English summary.) The dissociation and ioni-
zation processes in the upper atmosphere due 
to solar radiation are discussed. Assumptions 
are made as to the scale height and molecular 
density at different heights and the most likely 
processes assigned to each layer. Molecular and 
atomic oxygen are the main sources of ions in 
the E and Fi regions respectively. In the Ft 
region atomic nitrogen and oxygen are both 
important and their relative concentrations 
are deduced. The conditions under which 
molecular nitrogen is important are discussed. 

551.510.535  1147 
On Investigations of the F2 Layer of the 

Ionosphere during the Total Solar Eclipse of 
20th May, 1947--Ya. L. Arpert. (Compt. Rend. 
Acad. Sci. (URSS), vol. 58, pp. 1919-1922; 
December 21, 1947. In Russian.) Using pulse 
equipment previously described (2893 of 1946), 
observations of the F2 layer of the ionosphere 
were carried out in Brazil from May 17 to 24 
inclusive.  Measurements  of  the  effective 
height of the layer were made at a frequency 
of 9.5 Mc. In addition, measurements were 
made at various times at frequencies from 5 
to 15 Mc. The results obtained are plotted and 
discussed. One of the conclusions reached is 
that in addition to variations in the ioniza-
tion, a considerable expansion of the layer 
took place during the eclipse. It is considered 
that measurements of critical frequencies only 
are not sufficient for studying the properties 
of the layer. 

551.510.535  1148 
Nocturnal Ionization in the F2 Ionospheric 

Region—N. C. Gerson. (Rev. Mod. Phys., vol. 
21, pp. 606-624; October, 1949.) The struc-
ture and composition of the earth's atmosphere 
to a height of 300 km are reviewed and also 
the photochemical and photoionization proces-
ses which occur in sunlight. Whereas the 
Chapman model accounts well for the E region 
and roughly for the F2 region, it is not relevant 
to the F2 region. A study of the various oxygen 
and nitrogen reactions shows that the F2 region 
should dissipate during darkness at a greater 
rate than is observed; consideration is given to 
possible nonsolar sources of ionization and of 
these only meteoric bombardment is likely to 
be significant. Examination of the vertical, 
horizontal, and turbulent transportation of 
ions suggests that these may be important in 
maintaining the nocturnal ion concentration 
in the F2 layer. 

551.510.535  1149 
The Distribution of Atomic and Molecular 

Oxygen in the Upper Atmosphere —R. Penn-
dorf. (Phys. Rev., vol. 77, pp. 561-562; Febru-
ary 15, 1950.) 

551.510.535  1150 
Electron Diffusion in the Ionosphere — 

R. Seeliger. (Ann. Phys. (Lpz.), vol. 3, pp. 297-
304; August 1, 1948.) Discussion of ionosphere 
structure and the layer theory. The lack of 
sufficient reliable observations prevents defi-
nite conclusions being drawn. 

551.510.535  1151 
Stratification  of the  F2-Layer  of  the 

Ionosphere over Singapore —Hon Yung Sen. 
(Jour. Geophys. Res., vol. 54, pp. 363-366; 
December, 1949.) Measurements during Janu-
ary and February, 1946, indicated that the F2 
layer was daily stratified into three discrete 
layers during the daylight hours. Typical day-
time h7,/ and diurnal-variation curves are 
reproduced. 

551.510.535  1152 
Analysis  of  Virtual-Height/Frequency 

Records —U. C. Guha. (Jour. Geophys. Res., 
vol. 54, pp. 355-362; December, 1949.) For a 
Chapman layer an approximate expression is 
derived for virtual height h' at frequency f as a 
function of f/f,, where f, is the critical fre-
quency. The fit is very close both for the 
theoretical Chapman distribution and also for 
the theoretical Chapman distribution and also 
for experimental h'/f curves for the F2 region 
with and without a retarding E region. The 
extension to non-Chapman distributions is 
discussed. 

551.510.535: 551.506.2  1153 
Ionosphere  and  Weather—E.  Gherzi. 

(Nature (London), vol. 165, p. 38; January 7, 
1950.) Discussion of weather forecasting based 
on a correlation, as yet unexplained, between 
the usual ionosphere echoes and the movement 
of polar, maritime, and equatorial air masses. 
See also 2771 of 1947. 

551.510.535:621.396.11  1154 
Calculation of the Absorption Decrement for 

a Parabolic Ionospheric Layer in the Case of 
Oblique Incidence —E. Argence and K. Rawer. 
(Compt. Rend. Acad. Sci. (Paris), vol. 230, pp. 
69-70; January 2, 1950.) A treatment of the 
problem by geometrical optics to derive- a 
final expression for the case of reflection. See 
also 627 of April. 

551.510.535:621.396.11  1155 
Manifestations of the Sporadic-E Layer on 

Metre Waves in 1949, and Observation of a 
Concomitant Noise—Revirieux. (See 1222.) 

551.510.535:621.396.11  1156 
Sporadic Ionization at High Latitudes — 

J. H. Meek. (J. Geophys. Res., vol. 54, no. 4, pp. 
339-345; December, 1949.) See 725 of March. 

551.510.535: 621.396.11  1157 
Effect of the D-Ionospheric Layer on Very 

Low Frequency Radio Waves —W. Pfister. 
(J. Geophys. Res., vol. 54, no. 4, pp. 315-337; 
December, 1949.) See 723 of March. 

551.510.535: 621.396.812.3  1158 
The Analysis of Observations on Spaced 

Receivers of the Fading of Radio Signals - 
Briggs, Phillips, and Shinn. (See 1233.) 

LOCATION AND AIDS TO 
NAVIGATION 

621.396.93  1159 
Rotating Aerial for an Automatic Radiogon-

iometer —P. Bodez. (Ann. Telicommun., vol. 4, 
pp. 341-346; October, 1949.) Theory and 
principle of operation of a system comprising 
three vertical X/4 dipoles asymmetrically 
spaced at the corners of a horizontal triangle 
and turning together on a vertical axis. A field-
strength pattern with a single sharp minimum 
is obtained. An experimental model operating 

on 120 Mc gave satisfactory results. Sensi-
tivity is about the same as with Adcock sys-
tems. 

621.396.932.1/.2  1160 
A New Direct-Reading Loran Indicator for 

Marine Service —F. E. Spaulding, Jr., and 
R. L. Rod. (RCA Rev., vol. 10, pp. 567-585; 
December, 1949.) The pulse rate of the re-
ceiver-indicator is automatically controlled by 
means of a pulse-phase discriminator and a 
reactance tube which correct the frequency of 
the receiver's 100-kc cyrstal oscillator. Fre-
quency division from 100 kc is performed by 
binary and decade counters using double-
triode trigger circuits (see 1090 above); any one 
of 24 station pulse rates may be selected. 
After matching the pulses on the screen of a 
3-in. cr tube, time-difference readings are 
directly displayed on a five-digit dial. An extra 
sweep is available for self-checking the per-
formance and accuracy; the error due to sig-
nals differing in amplitude by as much as 
1000:1, with 10-v maximum peak signal, does 
not exceed 0.5 µsecond. 

621.396.933  1161 
Electronic Aids to Air Navigation —A. A. 

McK. (Electronics, vol. 23, pp. 66-71; February, 
1950.) Elementary and brief accounts of the 
principal features of various navigation aids 
now in use or about to be used in U.S. civil 
aircraft. These include compass systems, direc-
tion finders, radio ranges, distance measuring 
equipment, approach and landing equipment, 
and markers. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

535.37  1162 
On the Kinetics of the Luminescence of 

Sulphide Phosphors with Several Activators — 
M. Schott. (Ann. Phys. (Lpz.), vol. 3, pp. 333-
342; August 1, 1948.) 

535.37  1163 
Note on the Width of the Emission Bands 

of Sulphide Phosphors —M. Schott. (Ann. 
Phys. (Lpz.), vol. 3, pp. 343-344; August 1, 
1948.) 

535.37  1164 
Effect of Temperature on the Extinction of 

the Luminescence of Sulphides by Electric 
Fields —J. Mattler. (Comp:. Rend. Acad. Sci. 
(Paris), vol. 230, pp. 76-77; January 2, 1950.) 

537.58:539.234  1165 
Thermionic Emission of Thin Films of 

Alkaline Earth Oxide Deposited by Evapora-
tion —G. E. Moore and H. W. Allison. (Phys. 
Rev., vol. 77, pp. 246-257; January 15, 1950.) 
Monomolecular films of BaO and Sr0 on tungs-
ten and molybdenum surfaces are shown to 
give thermionic emissions of the same magni-
tude as commercial oxide-coated cathodes. The 
effect is qualitatively explained by considering 
the adsorbed molecules as oriented dipoles, and 
the theory is compared with the semiconductor 
theory for bulk oxide coatings. Full experi-
mental details are given. 

538.221  1166 
Saturation Magnetization of Certain Fer-

rites —L. Neel. (Comp:. Rend. Acad. Sri. 
(Paris), vol. 230, pp. 190-192; January 9, 1950.) 
A study of the different affinities of the divalent 
M ion in ferrites of the type Fe203M0, from 
consideration of the energy expended in move-
ment of the M ion from an octahedric to a 
tetrahedric position. A formula for the mag-
netic moment at saturation at absolute zero of 
the Fe203M0 molecule gives results in good 
agreement with experiment for ferrites in 
which M is replaced by Mn, Fe, Co, Ni, Cu, or 
Zn. See also 3159 of 1949. 
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38.221  1167 
Spontaneous Magnetization of Ferromag-

tetic Ferrites of Spinel Structure —E. W. 
li;orter. (Comp. Rend. Acad. Sci. (Paris), 
•  230, pp. 192-194; January 9, 1950.) 
xperimental results which  verify Neel's 
heory (1166 above). 

;38.221  1168 
Magnetization Curves and Energies, Coer-

:ive Field and Magnetostriction of a Ferrite 
)f Cobalt (vectolitel —C. Guillaud, R. Vautier, 
tnd S. Medvedieff. (Compt. Rend. Acad. Sci. 
Paris), vol. 230, pp. 60-62; January 2, 1950.) 

538.221  1169 
On the Decrease of the Thermo-Remanent 

Ind Isothermally-Remanent Magnetizations of 
Fired Earths by Reheating at Successively 
Higher Temperatures—J. Roquet. (Compt. 
Rend. Acad. Sci. (Paris), vol. 230, pp. 282-285; 
January 16, 1950.) See also 902 of May. 

538.221  1170 
- The Molecular-Field Coefficients for Mixed 
Ferrites of Nickel and Zinc—L. Ned and P. 
Brochet. (Compt. Rend. Acad. Sci. (Paris), vol. 
230, pp. 280-282; January 16, 1950.) 

538.221  1171 
Saturation Magnetization of Mixed Ferrites 

of Nickel and Zinc —L. Neel. (Compt. Rend. 
Acad. Sci. (Paris), vol.. 230, pp. 375-377; 
January 23, 1950.) Some experimental results 
are interpreted satisfactorily by the author's 
theory (1166 above and 3159 of 1949). 

538.221:621.318.323.2.042.15  1172 
Effective Permeability and Q Factor of 

Magnetic Powders—A. Colombani. (Compt. 
Rend. Acad. Sci. (Paris), vol. 230, pp. 523-525; 
February 6, 1950.) A derivation of general 
formulas. 

t. 

538.221.029.64  1173 
The Properties of Ferromagnetic Com-

pounds at Centimetre Wavelengths —J. B. 
Birk. (Proc. Phys. Soc., vol. 63, pp. 65-74; 
February 1, 1950.) Measurements of the mag-
netic and dielectric properties of X-Fe2O3, 
Fea04, Mn/Zn, and Ni/Zn ferrites at wave-
lengths in the range 60-1.23 cm are described 
and discussed. 

538.222  1174 
Magnetic Properties of Palladium Alloys— 

J. Wucher. (Compt. Rend. Acad. Sci. (Paris), 
vol. 229, pp. 1309-1310; December 14, 1949.) 
Results of measurements of the paramagnetism 
of alloys of Pd with Cu, Ag, Au, Al, Sn, Pb, 
and Al, and comparison with results for NI 
alloys. 

539.23 : 537.311.1  1175 
The Resistivity of Thin Metallic Films— 

R. A. Weak. (Proc. Phys. Soc., vol. 62, pp. 
135-136; February 1, 1949.) A formula is 
derived for the effective temperature coefficient 
(a') of resistance of thin films; this shows that 
a' is zero for a particular thickness of any 
given material and that it should be negative 
for smaller thicknesses. It is to be expected 
that a' will be negative for comparatively 
thick films of Bi, in which metal the mean free 
path of the electrons is exceptionally long. The 
results of van Itterbeek and de Greve on NI 
films (3305 of 1946) are in good agreement 
with the formula given. 

546.287:621.315.61  1176 
Silicones: Composition; Properties; Appli-

cations—O. Regert-Monod and P. Seguin. 
(Ann.  Telicommun., vol. 4, pp. 431-440; 
December, 1949.) A comprehensive study of 
commercial silicones. 

546.821: [537.533+621.3.011.2  1177 
The  Physical Properties of Titanium: 

Part 1—Emissivity and Resistivity of the Com-
mercial Metal —W. C. Michels and S. Wilford. 
(Jour. Appl. Phys., vol. 20, pp. 1223-1226; 
December, 1949.) 

549.514.51:621.924  1178 
Mechanical  Production  of  Very  Thin 

Oscillator Plates —L. T. Sogn and W. J. 
Howard. (Bur. Stand. Jour. Res., vol. 43, pp. 
459-464; November, 1949.) The thickness at 
which the crystal carrier stretches or buckles 
is the limiting factor in conventional apparatus. 
To produce quartz oscillator plates thinner 
than 0.005 inch (i.e., for operation above 14 and 
20 Mc for AT and BT cuts respectively) the 
usual lapping methods and machinery have 
been modified by replacing the conventional 
top lapping plate and changing the crystal 
carrier correspondingly. The development of 
different methods is traced from the simple 
pressure-block method to the more elaborate 
forms using automatic truing. The improved 
equipment is capable of producing quartz 
crystals 0.001 inch thick, and equally thin 
wafers of other materials. For a shorter 
account see Radio and Telev. News, Radio-
Electronic Eng. Supplement, vol. 14, pp. 7, 
30; February, 1950. 

620.107:621.314.2  1179 - 
Some Mechanical Aspects of Hermetically 

Sealed Transformer Technique —C. Evans. 
(Jour. Brit. IRE, vol. 10, pp. 20-36; January, 
1950.) A discussion of the problems of sealing 
oil-filled and air-filled transformers, and of 
practical methods recently used. 

621.319.4:620.197.119  1180 
Hermetic Sealing of Capacitors—P. R. 

Coursey. (Proc. I EE (London), Part III, vol. 
97, pp. 56-64; January, 1950.) A review of the 
development of modern types of terminal in-
sulation. 

669.15.26: 666.1.037.5 : 621.385.832  1181 
The Evaluation of Chromium-Iron Alloys 

for Metal Kinescope Cones —A. S. Rose and 
J. C. Turnbull. (RCA Rev., vol. 10, pp. 593-
599; December, 1949.) Description of tests to 
determine the suitability of Cr/Fe alloys for 
sealing to the glasses used in the production of 
cr tubes with metal cones. 

MATHEMATICS 

517.432.1  1182 
Justification of Heaviside Methods —J. J. 

Smith and P. L. Alger. (Elec. Eng. vol. 69, 
p. 116; February, 1950.) Digest of AIEE 
1949 Summer Meeting paper. The Schwartz 
method of representing a discontinuous func-
tion as a distribution in mass-space, gives equa-
tions exactly parallel to those obtained by use 
of Heaviside's method. 

681.142  1183 
Static Magnetic Storage and Delay Line— 

An Wang and Way Dong Woo. (Jour. A ppi. 
Phys., vol. 21, pp. 49-54; January, 1950.) 
"Magnetic cores with a rectangular hysteresis 
loop are used in a storage system which re-
quires no mechanical motion and is perma-
nent. The binary digit '1' is stored as a positive 
residual flux, and the binary digit '0' as a 
residual flux in the opposite direction. When a 
negative probing field is applied to the core, 
a large voltage is induced in another winding 
if the digit stored has been a 'I,' and very 
small voltage if it has been a 'O.' The induced 
voltage in the former case is large enough to 
magnetize another core of identical construc-
tion. Binary digits can thus be transferred from 
one core into another. Many cores are arranged 
in tandem to form an information delay line. 
Binary digits can be advanced along the line 

step by step. The present upper limit of the 
speed of propagation is about 35,000 digits 
per second, and there is no lower limit." 

681.142  1184 
Use of the Relay Digital Computer —E. G. 

Andrews and H. W. Bode. (Elec. Eng. vol. 69, 
pp. 158-163; February, 1950.) The machine 
whose use is described is the Bell Telephone 
Laboratories Model V computer. Control is by 
perforations on teletype tapes. Illustrative 
applications include binomial expansions in 
probability theory, and the solution of ordinary 
and partial differential equations. A simple 
example of coding is given. For efficient 
operation, problems should be repetitive. 

MEASUREMENTS AND TEST GEAR 

531.76  1185 
On the Use of Crystal Controlled Synchro-

nous Motors for the Accurate Measurement of 
Time. —V. E. Hollinsworth. (Caned. Jour. 
Res., vol. 27, pp. 470-478; December, 1949.) 
An illustrated description of an electronic 
frequency converter which uses a 1 kc supply 
controlled by the 50-kc quartz frequency stand-
ard of the Dominion Observatory to derive 
sufficient power for operating several standard 
60-cps motors. These are used for driving drum 
chronographs and other recorders. Circuit 
diagrams are given of the 100-cps and the 
10-cps frequency dividers, the 60-cps fre-
quency multiplier, the 60-cps power amplifier, 
and the supply unit. 

621.317.2.089.6  1186 
A Royal Air Force Calibration Centre — 

W. H. Ward and the staff of the Measurements 
Division, TRE (Proc. IEE (London), Part 
III, vol. 97, pp. 49-55; January, 1950.) Dis-
cussion of the general principles governing the 
planning of a center for maintaining the 
calibration of RAF radio and radar test 
equipment, and some details of the methods 
and apparatus used. 

621.317.3.029.5/.6  1187 
Measurements at Radio Frequencies—G. A. 

Day. (Aust. Jour. Instr. Tech., vol. 5, pp. 190-
210; September, 1949.) Outline of rf methods 
used for the measurement of various electrical 
quantities. 

621.317.73.029.62./.63  1188 
Discontinuities in Concentric-Line Imped-

ance-Measuring Apparatus—M. H. Oliver. 
(Proc. I EE (London), Part III, vol. 97, pp. 
29-38; January, 1950.) Three methods of 
investigating such discontinuities are described: 
(a)  the  narrow-band  frequency-variation 
method; (b) the wide-band frequency-variation 
method;  and  (c)  the  reactance-variation 
method. The last method has certain advan-
tages. The effect of discontinuities on the 
measurement of resistance and reactance, of 
conductance and susceptance, and of cable 
characteristics,  is discussed and practical 
measurement techniques are suggested. 

621.317.733.083.4  1189 
Differential-Amplifier Null Detector —M. 

Conrad.  (Electronics, vol. 23, pp. 96-97; 
February,  1950.) The advantages of this 
instrument are reduction in weight and cost, 
very high input impedance, guarded shielding, 
and adaptability to very low frequencies where 
transformers are not advantageous. On the 
other hand, it requires balancing, and in gen-
eral it is more complex than a transformer. 
When used as a null-detector for an equal-
arm ac resistance bridge, the instrument will 
detect an unbalance of less than 0.1 per cent, 
and the discrimination against common-mode 
signals is greater than 70 db. 
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621.317.77  1190 
An  Improved  Audio-Frequency  Phase 

Meter -0. E. Kruse and R. B. Watson. 
(Audio Eng. vol. 34, pp. 9-11, 46; February, 
1950.) The instrument described can be used 
to measure without ambiguity the phase angle 
between two sinusoidal signals in the frequency 
range 40 cps to 29 kc with an error < 2 per cent. 
Up to 20 kc the error is <1 per cent. An alter-
native circuit arrangement overcomes the insta-
bility of reading which normally occurs in a 
phase meter when the phase angle is very near 
0° or 360°. 

621.317.78.029.65  1191 
Discrepancies in the  Measurement of 

Microwave power at wavelengths below 3 cm— 
J. Collard, G. R. Nicoll, and A. W. Lines. 
(Proc.  Phys. Soc., vol. 63, pp.  215-216; 
March 1, 1950.) Measurements of 20-mw 
power were made at TRE for the wavelength 
range 7.5-12.5 mm, using (a) a water calo-
rimeter, (b) an enthrakometer (2020 of 1948), 
and (c) a thermistor bead. More accurate com-
parisons between enthrakometer and therniis-
tor for a power of 1 mw and wavelength 9 
mm, and between enthrakometer and calo-
rimeter for a power of 50 mw and the same 
wavelength, were consistent with the direct 
comparison of all three instruments. The re-
sults obtained with the enthrakometer and 
the calorimeter agreed to within a few per 
cent, but the readings given by the thermistor 
were only about half those obtained by the 
other two methods. Thermistor beads of a 
particular type give fairly consistent results, 
so that it may be possible to dispense with in-
dividual  calibration and apply a simple 
correction factor. 

621.396:621.3.018.4(083.74)  1192 
[British)  Standard-Frequency Transmis-

sions —(RSGB Bull., vol. 25, p. 264; February, 
1950.) Daily transmissions, arranged by the 
Department of Scientific and Industrial Re-
search, commenced on February I, 1950, from 
the GPO station at Rugby on frequencies 
of 60 kc (1029 to 1045 GMT), 5 Mc (0544 to 
0615 GMT), and 10 Mc (0629 to 0700 GMT). 
The transmitter power in each case is 10 kw. 
The frequencies are maintained within 2 parts 
in 104 of the nominal frequencies and are 
monitored at the National Physical Labora-
tory.  The transmissions are arranged  in 
cycles of 15 minutes, each starting with a 1-
minute transmission of the Morse call sign 
MSF,  with  spoken  announcements;  the 
carrier wave is then modulated at 1,000 cps 
for 5 minutes and is unmodulated for the re-
maining 9 minutes. 1-cps pulses will at some 
future date be added during the first 5 minutes 
of the unmodulated transmission. See also 
134 of 1949. 

621.396.662.029.6  1193 
Calibrated  Piston  Aftenuator—A.  C. 

Gordon-Smith. (Wireless Eng., vol. 26, pp. 
322-324; October,  1949.)  The attenuator, 
which operates in the evanescent lin or TEit 
circular mode, consists of a pair of telescopic 
brass tubes. "The outer tube has a diameter 
such that when filled with air the attenuation 
is about 7 db per mm. The inner tube is filled 
with polystyrene and acts as a nonattenuating 
waveguide for the H11 mode but does not trans-
mit other modes. The attenuation per mm of 
movement has been measured, after frequency 
conversion, in terms of a standard piston 
attenuator and agreement obtained between 
the measured and theoretical values within the 
limits of experimental accuracy. It has also 
been confirmed that the crystal mixer and its 
associated circuit is a linear converter at a 
wavelength of 6 am. * 

621.397.62.001.4  1194 
Measurement of Transient Response of TV 

Receivers —J. Van Duyne. (TV Eng., vol. 1, 
pp. 14-18; January, 1950.) Discussion of the 
requirements of measurement equipment for 
studying the electrical fidelity of the picture 
channel, and description of suitable apparatus. 
60 cps, 2.4 kc, and 94.5 kc are selected as 
the repetition rates for the rectangular test 
signals. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

531.767  1195 
Gas-Flow Speedometer —G.  L.  Mellen. 

(Electronics, vol. 23, pp. 80-81; February, 
1950.) Measurement of the transit time of an 
ion cloud in the gas over a known distance 
gives rate of flow without introducing impuri-
ties. Range of speeds is 20-400 mph. 

534.321.9:616.36-073  1196 
Lupam —an Mtrasonoscope Locator for 

Medical  Applications —R.  P.  McLoughlin 
and G. N. Guastavino. (Rev. Telegr. (Buenos 
Aires), vol. 38, pp. 507-517, 543; September, 
1949.) Basic principles for such units are 
reviewed, and equipment is described in which 
the reflection of ultrasonic pulses is applied to 
locate gallstones or other small  objects. 
Cathode-ray-oscillograph presentation similar 
to type-A radar display is used. Calibration 
methods are indicated. 

538.569.2.047:621.38  1147 
Dielectric  Properties  of  Some  Animal 

Tissues at  Meter and  Centimeter  Wave 
Lengths —E.  R. Laird and  K. Ferguson. 
(Canad. Jour. Res., vol. 27, pp. 218-230; 
November,  1949.)  Measurements  of  the 
dielectric constant and the absorption coeffi-
cient of different tissues, using wavelengths 
of 1.72 m, 9.5 cm, and 3.2 cm. For most of 
the substances tested the dielectric constant 
decreased considerably with increasing fre-
quency; the absorption, on the other hand, 
increased largely. 

539.16.08  1198 
Photomultipliers for Scintillation Counting 

— G. A. Morton. (RCA Rev., vol. 10, pp. 525-
553; December, 1949.) A review of various 
commercially available multipliers and dis-
cussion of their characteristics. 

539.16.08  1199 
A Stabilizer for Proportional Counters--

D. H. Wilkinson. (Jour. Sci. Instr., vol. 27, 
pp. 36-38; February, 1950.) The introduction 
of an a-particle group into a counter enables 
high precision to be attained over long periods 
by deriving control of the voltage applied to 
the counter from this group. Theory of the 
method is given and a suitable circuit is de-
scribed. 

539.16.08  1200 
A Portable Geiger Counter—M. Michaelis 

and R. 0. Jenkins. (Electronic Eng., vol. 22, 
pp. 112-115; March, 1950.) Detailed descrip-
tion of equipment including a standard GEC 
type GM2 or GM4 self-quenching tube and 
suitable for either 13-, X-, or X-ray detection. 

539.16.08  1201 
Temperature Effects in the Spurious Dis-

charge Mechanism of Parallel-Plate Counters 
—F. L. Hereford. (Phys. Rev., vol. 77, pp. 559-
560; February 15, 1950.) 

539.16.08: 549.211  1202 
Effect of Light on a Diamond Conduction 

Counter—R.K. Willardson and G. C. Daniel-
son. (Phys. Rev., vol. 77, pp. 300-301; January 
15, 1950.) The accumulation of space charge 
field resulting from the trapping of charge 

carriers reduces the rate of counting. The effect 
may  be  completely  eliminated  in  some 
diamonds by irradiation with violet light. 
After treatment the diamond is in an activated 
condition and the counting rate is maintained 
indefinitely. The effect is thus different from 
the ordinary re:ease of space charge by red 
light, which has only a temporary effect on the 
counting rate. 

539.16.08: 615.849  1203 
Geiger-Miiller Tubes in Industrial Radiog-

raphy—O. J. Russell. (Electronic Eng, vol. 22, 
pp. 94-98; March, 1950.) 

551.508.1: 551.594.11  1204 
A Radiosonde  Method  for  Potential-

Gradient Measurements in the Atmosphere — 
K. Kreielsheimer. (The New Zealand Science 
Congress, pp. 91-98; 1947.) Details of modifi-
cations of the Bureau of Standards radiosonde 
(315 of 1941) to adapt it for recording potential 
gradients, and discussion of results obtained. 
A preliminary account was noted in 1955 of 
1946 (Kreielsheimer and Belin). 

621.318.572  1205 
An Electrical Transient Display System — 

J. A. Lyddiard and J. NV. Osselton. (Jour. 
Sci. Instr., vol. 27, pp. 38-41; February, 1950.) 
Description of apparatus designed to facilitate 
the observation of transients in networks 
including iron-cored reactors operated at 50 
cps, by providing a succession of identical 
transients which can be viewed for any length 
of time on the screen of a cro. Electronic 
methods are used. Switching cycles are accu-
rately controlled. The equipment can also be 
used to generate square waves of very low 
frequency. 

621.38.001.8:578.088.7  1206 
An Electronic Stimulator for Biological 

Research —V. H. Attree. (Jour. Sci. Instr., 
vol. 27, pp. 43-47; February, 1950.) Circuit 
details and operation of a 0.005-500-cps 
generator with three outputs simultaneously 
available, one providing exponential pulses, 
the other two giving square pulses. 

621.38.001.8: 616-07  1207 
Electronic Instruments in Diagnostic Medi-

cine—H. A. Hughes. (Electronic Eng. (London), 
vol. 22, pp. 43-47 and 88-93; February and 
March, 1950.) Discussion of equipment for 
electroencephalography, electrical stimulation, 
electrocardiography, etc. 

621.384.6  1208 
Phase Focusing in Linear and in Spiral 

Accelerators — W. Dallenbach. (Ann.  Phys. 
(Lily.), vol. 3, pp. 89-100; August I, 1948.) 

621.384.611.1  1209 
Betatrons with and without Iron Yoke — 

A. Bierman and H. A. Oele. (Philips Tech. 
Rev., vol. 11, pp. 65-78; September, 1949.) 
The fundamental principles of the betatron 
are outlined, with a description of two recently 
constructed machines. One, on conventional 
lines, used an iron circuit for the magnetic 
field, with 500-cps ac excitation, and accelerates 
electrons to 5 Mev. In the second apparatus 
the magnetic field is obtained by means of 
coils through which the discharge current from 
a battery of capacitors flows. A small iron core 
weighing only 5 kg is used. The flux, being 
obtained from damped oscillations, the fre-
quency being 2,500 cps, reaches the required 
intensity only during the first few cycles of each 
discharge and thus the output from the appa-
ratus is pulsed. Electron energies of 9 Mev are 
obtained. The practical elimination of iron in 
this model results in a very great saving in 
weight. See also 2015 of 1949 (Bierman). 
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21.385.833  1210 
The Field in an Electron-Optical Immersion 

)bjective —L. Jacob. (Proc. Phys. Soc., vol. 
i3, pp. 75-83; February 1, 1950.) 

521.385.833  1211 
Electron Optical Mapping of Electromag-

aetic Fields—L. Marton and S. H. Lachen-
3ruch. (Jour. Appt. Phys., vol. 20, pp. 1171-
1182; December, 1949.) See also 967 of May. 

521.385.833  1212 
Fringe Fields of Ferromagnetic Domains— 

L. Marton, S. H. Lachenbruch, J. A. Simpson, 
and A. Van Bronkhorst. (Jour. App!. Phys., 
vol. 20, p. 1258, December, 1949.) Photo-
graphs showing (a) the distorted mesh pattern 
due to the fringe field along the edge of a cobalt 
single crystal, and (b) the pattern obtained 
with a small BaTiO3 crystal, using the new 
"shadow" technique (199 of February), are 
briefly discussed. 

621.385.833  1213 
On the Theory of the Independent Electro-

static Lens with Three Diaphragms—E. Regen-
. 

streif. (Compt. Rend. Acad. Sci. (Paris), vol. 
229, pp. 1311-1313; December 14, 1949.) 
Formulas are derived which give results in good 
agreement with experiment and permit accu-
rate determination of the voltage which must 
be applied to the central diaphragm to convert 
the lens into a reflector. 

621.385.833:669  1214 
Metallurgical Applications of the Electron 

Microscope —(Engineering (London), vol. 168, 
pp. 625 and 652; December 9 and 16, 1949.) 
Report of the meeting organized by the 
Institute of Metals in November, 1949, with isummaries of 13 papers presented and of the 
discussions on them. See also Nature (London), 
vol. 165, pp. 390-393; March 11, 1950. 

I 621.398  1215 
'  Remote Control by A.F. Discrimination— 
R. B. McNeil. (Electronics, vol. 23, pp. 142. 

t 150; February, 1950.) The equipment is de-
signed to have a bandwidth no greater than 

1 that used for normal AM communications, and 
considerably simplified control equipment, 

- which comprises a tone-modulated transmitter 
at each master station, and an amplifier-relay 
unit at each of the relay stations, operating 
in conjunction with a receiver and constant-

• output amplifier. The modulator unit may be 
used for voice modulation of the transmitter. 
The equipment operates well through interfer-
ing signals and noise. 

PROPAGATION OF WAVES 

538.566.2+534.231  1216 
A New Method for Solving the Problem of 

the Field of a Point-Radiator in a Mu Mayer 
Non-Uniform Medium—L. M. Brekhovskikh. 
(Bull. Acad. Sci. (URSS), vol. 13, pp. 409-420; 
July and August, 1949. In Russian.) The theory 
of propagation of waves in multilayer media 
is important not only for electromagnetic 
but also for sound waves, especially when the 
latter are propagated in the sea, where ducts 
may be formed. In this paper the field due to a 
point-radiator of either electromagnetic or 
sound waves is investigated mathematically. 
The spherical wave is resolved into a number 
of plane waves which are integrated in a 
complex plane. 

538.566.2  1217 
The Reflection of Plane Waves from Multi-

layer Non-Uniform Media—L. M. Brekhov-
slcikh. (Zh. Tekh. Fiz., vol. 19, pp. 1126-1135; 
October, 1949. In Russian.) Mathematical 
analysis for multilayer media with arbitrary 
variation of the parameters. The theory pro-
posed is not based on the wave equation but 

on an equation of the first order of the reflec-
tion coefficient. Two methods of successive 
approximations are indicated for expressing the 
reflection coefficient in the form of convergent 
series. An example shows the rate of conver-
gence of these series. 

538.566.2  1218 
Application  of Huyghens'  Principle to 

Refraction. Expressions for the Reflected and 
Refracted Waves—J. Brodin. (Corn pi. Rend. 
Acad. Sci. (Paris), vol. 230, pp. 67-69; January 
2, 1950.) 

621.396.11:535.42  1219 
On the Diffraction of Radar Waves by a 

Semi-Infinite  Conducting  Screen—C.  W. 
Horton and R. B. Watson. (Jour. App!. Phys., 
vol. 21, pp. 16-21; January, 1950.) Measure-
ments of the diffraction patterns of cm waves 
at the edge of a semi-infinite copper screen are 
described. A receiving horn was revolved 
about the center of the edge at a radius of 
15' or 30" and angles of incidence upon the 
screen of 00 and —222° were investigated. The 
results are shown as polar diagrams, which 
agree well with theoretical patterns. 

621.396.11:551.510.535  1220 
Ionospheric Cross-Modulation at Oblique 

Incidence —L. G. H. Huxley. (Proc. Roy. 
Soc. A, vol. 200, pp. 486-511; February 22, - 
1950.) Systematic investigation of ionospheric 
cross-modulation,  using  selected  pairs  of 
BBC transmitters in special night-time tests. 
Evidence supports the assumption that the 
seat of cross-modulation is highly localized in 
the E region, in one or two regions near the 
lower of the surfaces of reflection of the 
wanted and disturbing waves. The quantities 
measured are Gv, (v is the mean electron 
collisional frequency and G a constant for the 
gas at the seat of cross-modulation) and To, 
the percentage transferred modulation depth 
at "zero" modulation frequency. Nocturnal 
and seasonal changes in these quantities are 
discussed. An estimate is made of the gradients 
of electron concentration and collision fre-
quency at a height of about 86 km. 

621.396.11:551.510.535  1221 
Discussion of the Ionosphere Reflection 

Factor. Scattering of Ground-Wave Energy 
and Its Conversion into Space-Wave Energy — 
C. Glinz. (Tech. Mitt. Schweiz. Telegr.-Teleph. 
Verw., vol. 27, pp. 279-283; December 1, 
1949. In German.) Methods of calculating 
the reflection coefficient are discussed. Vilbig 
(887 of 1939) considers that a relation exists 
between this coefficient and ground conduct-
ance. It seems that such a relation can only be 
apparent, since in the wavelength range 200-
2,000 m ionospheric absorption cannot be 
neglected.  From the CCIR field-strength 
curves it can only be deduced with certainty 
that the indirect radiation reaches a maximum 
for distances of 400-600 km. In the area 
covered by the direct radiation of a trans-
mitter, part of the energy is scattered by 
irregularities of the ground. Such scattering 
increases the ratio of space-wave to ground-
wave energy, so that modifications of a trans-
mitting antenna designed to reduce the ratio 
do not result in the calculated improvement in 
reception. The ground wave undergoes no 
appreciable dispersion when propagation is 
over the sea. This may partly explain the 
dependence of the indirect radiation on the 
ground conductance. 

621.396.11:551.510.535  1222 
Manifestations of the Sporadic-E Layer on 

Metre Waves in 1949, and Observation of a 
Concomitant Noise —P. Revirieux. (Comp. 
Rend. Acad. Sci. (Paris), vol. 230, p. 200; 
January 9, 1950.) Manifestations were frequent 

in June and July, on 50-52 Mc. June 18 is 
cited as a favorable example. After 1,700 
GMT, a 100-w transmitter at Oslo produced a 
field strength at Meudon of above 100 µv/m 
on 50.1 Mc. Other distant stations were heard. 
During this time a characteristic noise was 
received on 145 Mc, using a Yagi antenna 
with 4 horizontal elements. The noise level was 
some 5-10 db above that of the receiver. The 
direction of the noise source coincided with 
that of the E. layer causing the long-range 
reception on 50 Mc. 

621.396.11:551.510.535  1223 
Effect of the D Ionospheric Layer on Very-

Low-Frequency Radio Waves —W. Pfister. 
(Jour. Geophys. Res., vol. 54, pp. 315-337; 
December, 1949.) See 723 of April. 

621.396.11:551.510.535  1224 
Sporadic Ionization at High Latitudes — 

J. H. Meek. (Jour. Geophys. Res., vol. 54, 
pp. 339-345; December, 1949.) See 725 of 
April. 

621.396.11:551.10.535  1225 
Calculation of the Absorption Decrement 

for a Parabolic Ionospheric Layer in the Case 
of Oblique Incidence —Argence and Rawer. 
(See 1154.) 

621.396.11: 621.396.81  1226 
A Relation  between  the  Sommerfeld 

Theory of Radio Propagation over a Flat 
Earth and the Theory of Diffraction at a 
Straight Edge —H. G. Booker and P. C. 
Clemmow. (Proc. I EE (London), Part III, 
vol. 97, pp. 18-27; January, 1950.) The field 
strength at a point above an imperfectly 
reflecting flat earth, due to vertically polarized 
radiation from a line source parallel to the 
earth's surface, is considered as that due to 
reflection by a perfectly conducting earth 
added to that due to the Zenneck wave 
diffracted, in the two-dimensional case, under 
the image line. For the three-dimensional case, 
the diffraction would be through a slot extend-
ing downwards from the image point. For 
points well above the earth's surface this 
diffracted wave is the edge-wave from the 
diffracting edge. The field strength is then the 
same as calculated on the ray theory with the 
ordinary Fresnel image of the source in the 
imperfectly conducting source. For points 
close to the earth's surface, the diffracted 
wave must be calculated using the Fresnel 
integral. This gives the Sommerfeld formula 
for propagation over a flat earth. The advan-
tages of this derivation of Sommerfeld's 
formula in considering propagation over a 
land/sea boundary are briefly indicated. 

621.396.11.029.55  1227 
New Observations on the Doppler Effect 

in the Propagation of Decametre Radio Waves 
—B. Decaux and M. Crouzard. (Compl. 
Rend. Acad. Sci. (Paris), vol. 227, pp. 116-117; 
July 12, 1948.) From observations in Paris of 
the standard-frequency transmissions from 
Washington on 5, 10, 15, and 20 Mc from 
April 12 to 15, 1948, between 0800 and 2200 
GMT, and from former observations 1725 
of 1948), the mean values of frequency varia-
tion during 24 hours are plotted. A posi-
tive maximum appears during sunrise over the 
propagation path; a corresponding frequency 
minimum occurs during sunset. The maximum 
frequency changes range from 5X10-8  at 20 
Mc to 20X 10-2 at 5 Mc. Between 1,400 and 
1500 GMT and at 0200 GMT no variation is 
observed. 

621.396.81:523.72  1228 
Solar Noise and Ionospheric Fading —R. L. 

Smith-Rose. (Nature (London), vol. 165, pp. 
37-38; January 7, 1950.) Solar noise measure-
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ments at Slough on 30, 42, 73, and 155 Mc, 
made simultaneously with field-strength meas-
urements of signals from South Africa and Ger-
many on 18.89 Mc and 191 kc show that 
bursts of noise are frequently accompanied by 
a fade-out of the hi signal and a marked 
fluctuation in level of the If signal. 
An outstanding example, which occurred on 

May 21, 1948, is discussed in detail; the vari-
ation of the If signal is characteristic of inter-
ference  between  ground  and  ionosphere 
waves caused by a change in phase and 
amplitude of the latter. This can be explained 
by a change in the equivalent height of reflec-
tion, together with an increase in the effective 
reflection coefficient of the ionosphere. 

621.396.81: 551.510.535  1229 
Field Intensity at the Receiver as a Func-

don of Distance —P. Lejay and D. Lepechin-
sky. (Nature (London), vol. 165, pp. 306-307; 
February 25, 1950.) A graphical method is 
described for finding, from a vertical-incidence 
h'f trace, the virtual path followed by a wave 
reflected obliquely from the ionosphere. A 
reflectrix, or locus of the reflection point for the 
virtual ray as the angle of incidence is varied, 
can be found by a simple graphical construc-
tion if a plane earth is assumed. For a curved 
earth and curved ionosphere a more laborious 
method, not described, must be used. From 
the shape of the reflectrix the field set up at a 
distant point on the earth's surface can be 
found. Focusing and interference effects pro-
duce a high field, rapidly fluctuating with 
distance, just beyond the skip distance, and 
a high field at the limiting distance for the 
tangential ray. 

621.396.81:551.510.535  1230 
'M-Mode' Propagation Possibilities —D. 

Lepechinsky (Nature (London), vol. 165, p. 
307; February 25, 1950.) The ionization density 
of the E layer being greatest at the subsolar 
point, a two-hop ray passing near this point 
may be unable to penetrate the E layer to 
reach the ground, and be reflected instead 
back to the F layer, with resulting lower ab-
sorption. Outstandingly good reception has 
been observed on frequencies of 19 Mc and 
14 Mc when this type of propagation had been 
predicted. 

621.396.81.029.45  1231 
Round-the-World Signals at Very Low 

Frequency—J. N.  Brown. (Jour. Geophys. 
Res., vol. 54, pp. 367-372; December, 1949.) 
Pulses were radiated from an omnidirectional 
antenna at Annapolis, Maryland, and were 
received on a vertical loop 50 miles away. 
Transmitter power was 350 kw and fre-
quency 18 kc. In March, 1949, the delay time 
was 0.1373 sec, corresponding to about 55 hops 
between an ionosphere layer at a height of 
65 km and the ground. During an ionospheric 
storm the time fell to 0.1365 sec. The maximum 
attenuation of round-the-world  signals is 
about 70 db; near local sunset it falls to a 
sharp minimum of about 56 db. 

621.396.81.029.58  1232 
Study of the Propagation of Decametre 

Waves by Means of Standard-Frequency 
Transmissions —B. Decaux, M. Barre, and 
G. Bertaux. (Comp,. Rend. Acad. Sci. (Paris), 
vol. 230, pp. 378-380; January 23, 1950.) A 
résumé of the measurements of the frequencies 
and field strengths at Bagneux of the trans-
missions from Washington W WV and Hawaii 
W WVH. During breaks in the W WVH trans-
mission, frequency stability of the VVVVV 
signal clearly improved. Permanent recordings 
were made at Bagneux of the 15 and 20-Mc 
carriers and of the 440-cps modulation. Better 
reception of W WVH on 15 Mc, despite greater 
distances and lower power, was particularly 

evident In the early morning. Identical conclu-
sions can be drawn from records obtained on 
the S. S. Commandant Charcot during her boy-
age between South Africa and Australia, 
especially in the late afternoon and at night-
fall. Typical records are reproduced. See also 
1227 above and 1725 of 1948 (Decaux). 

621.396.812.3: 551.510.535  1233 
The Analysis ot Observations on Spaced 

Receivers of the Fading of Radio Signals — 
B. H. Briggs, G. J. Phillips, and D. II. Shinn. 
(Proc. Phys. Soc., vol. 63, pp. 106-121; Febru-
ary I, 1950.) The fading of a radio wave once 
reflected from an irregular ionosphere is dis-
cussed in terms of the variable diffraction pat-
tern produced at the ground. Fading may arise 
either from a drift of the pattern past a receiver, 
or from irregular time variations in the pattern, 
or both. Observations at three receiving points 
can be used to deduce the rate at which the 
pattern changes and the drift velocity with 
respect to the ground. For practical resulLs see 
96 of February (Mitra). 

RECEPTION 

621.396.621  1234 
Denco  Model  DCR19  Communications 

Receiver —( Wireless World, vol. 56, pp. 50-52; 
February, 1950.) Test report of a receiver with 
six overlapping ranges covering the band 175 
kc-36Mc. Special features include a crystal 
calibrator and a well-made rotary coil-turret 
which removes all idle coils from the circuit 
and short-circuits any that might act as 
absorbers for the coils in use. Circuit details 
are given of the interstage coupling following 
the first intermediate-frequency tube, and also 
of the first amplitude-frequency amplifier, 
which includes a negative-feedback circuit 
acting as a filter. 

621.396.621  1235 
Communication Receiver Design —D. W. 

Heightman. (RSGB Bull., vol. 25, pp. 253-258; 
February,  1950.) Technical and economic 
factors governing the efforts of the set designer 
and manufacturer to meet the requirements of 
the average buyer and operator are reviewed. 
Only AM telephony and telegraphy recepfion 
in the range 150 kc to 35 Mc is considered. 
Emphasis is on amateur requirements. The 
design of radio-frequency mixer, and inter-
mediate-frequency stages is discussed and cer-
tain refinements are recommended. 

621.396.621:621.385  1236 
A Gated Beam Tube —Adler (See 1292.) 

621.396.621.22  1237 
Marine  Communal  Aerials —( Wireless 

World, vol. 56, pp. 73-74; February, 1950.) 
Description of two systems providing inter-
ference-free reception on a large number of 
receivers. Filter circuits in the communal 
antenna reject the interference due to the ship's 
transmitters, and in one system feed three 
basic output stages, which in turn may feed 
other supplementary units whose number 
depends on the size of the ship. In the second 
system the filtered output from the communal 
antenna is fed via a cathode follower to two-
wide-band amplifiers, one covering the medium-
and long-wave bands and the other the short-
wave broadcasting bands. The output from 
each chain is then distributed, after further 
amplification, by low-impedance lines through-
out the ship. 

621.396.664  1238 
An Aerial Comparator and Monitor Unit — 

J. D. Storer and S. Southgate. (Jour. Brit. 
IRE vol. 10, pp. 4-9; January, 1950.) An 
improved system for antenna selection and 
signal monitoring at receiving centers. Any 
available antenna may be applied, via a coaxial 

switch, to a monitor receiver the intermediat 
frequency output of which is displayed on the 
screen of a cathode-ray tube. Any two an-
tennas may be switched alternately to the 
monitor receiver, either manually or at high 
speed by electronic means, to obtain a visual 
comparison on the cathode-ray tube, the time-
base being locked to the antenna switching 
speed. 

621.396.822  1239 
On the Spectral Distribution of Energy of 

Voltage Fluctuations at the Output of a Radio-
Noise Receiver —J. Mosnier and J. L. Stein-
berg. Comp. Rend. Acad. Sci. (Paris), vol. 230, 
pp. 438-440; January 30, 1950.) There conclu-
sions are drawn from the results of experiments 
in which the noise spectrum of a receiver was 
compared with the uniform spectrum of current 
fluctuations of a saturated diode: (a) there 
exists in the receiver itself a hitherto unnoticed 
source of fluctuations which must be looked 
for in the tubes themselves; (b) the spectrum of 
these fluctuations has a hyperbolic trend and 
the amplitude becomes negligible with respect 
to normal fluctuations only towards 500 cps; 
(c) a system of periodic commutation at af 
proposed by Dicke (475 of 1947) must be 
operated at above 500 cps to eliminate these 
parasitic fluctuations. 

621.396.828  1240 
Radio Interference: The Work of the E.R.A. 

on Suppression of Interference from Electrical 
Equipment —(Beama Jour., vol. 56, pp. 412-
413; December, 1949.) Brief outline of investi-
gations of radio interference from domestic and 
industrial electrical equipment and from com-
bustion engines. The relevant British Standards 
publications are listed. 

STATIONS AND COM MUNICATION 
SYSTEMS 

621.39.001.11  1241 
Theory of Communication —P.  Aigrain. 

(Ann.  Tilecommun., vol. 4, pp. 406-411 ; 
December, 1949.) Statement of the recently 
developed theory of Shannon (1361 of 1949) 
showing the relations existing between the 
bandwidth of a communication channel, the 
type of signal transmitted, and the signal-to-
noise ratios at the input and the output of the 
receiver used. 

621.394.5+621.396.71  1242 
The Italcable Radio-Receiving and Sub-

marine-Cable Station at Acilia —A. Niutta. 
(Poste e Telecomwt., vol. 17, pp. 373-386; 
July, 1949.) General description of a new sta-
tion, some 24 km from Rome, to replace sta-
tions lost during the war. World-wide radio 
and cable links are provided. The space-
diversity system is used for reception, the 
rhombic antennas simultaneously receiving 
signals from two opposite directions. To avoid 
interference, all cable equipment is enclosed in 
a Faraday cage. 

621.395.44: 621.315.052.631: 621.395.658.076.7 
1243 

Voice-Operated Switching of Carrier Sys-
tems—R. C. Fox, F. S. Beale, and G. W. 
Symonds. (Electronics, vol. 23, pp. 92-95; 
February, 1950.) An all-electronic transfer 
unit provides two-way or party-line communi-
cation over power line or radio carrier systems 
using a single frequency. The equipment func-
tions at a high speed and makes it possible 
for the speaker to be interrupted by the 
listener. Oscillograms show. negligible speech 
clipping at the start. 

621.395.5:621.315.212  1244 
Cozial-Cable Telephony Transmission Sys-

tems—I.. Albanese and P. Schiaffino. (Poste e 
Telecomun., vol. 17, pp. 141-167; March, 1949.) 
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. comprehensive survey covering problems of 
esign peculiar to coaxial-cable telephony, 
nd the solutions arrived at in current practice 
/r cable dimensions, channel frequency alloca-
.' on,  transmitting  equipment,  supervisory 
ear, and power supply. Line-amplifier prob-
•ms, in particular interstage tube coupling, 
istortion, and output-impedance matching, 
re treated in some detail. 

21.396.1  1245 
The Provisional Frequency Board —P. F. 

iling. (RCA  Rev., vol. 10, pp. 600-607; 
)ecember, 1949.) Short account of the func-
ions of the Board as laid down at the Atlantic 
7ity conference, and of its work up to the 
•resent. 

.21.396.5  1246 
Citizens Radio Range —(Electronics, vol. 

3, pp. 136, 138; February, 1950.) A short 
ccount of tests carried out by the Hallicrafters 
:ompany with experimental equipment oper-
ted from batteries. The transmitters used grid 
-nodulation of about 30 per cent on peaks, 
nd X/2 folded dipoles served as antennas. 
rhe maximum ranges for two hand-held trans-
:elvers varied from 7 miles, both sets being 
13 ft above ground level and intervening ter-
am n flat and clear, to 0.2 mile with both sets 
tt a height of 6 ft and intervening terrain 
•ntirely wooded. When one dipole antenna was 
-eplaced by a highly directional corner-reflector 
ype of antenna, the maximum ranges were 
hree times greater. 
Using a mobile unit with a ground-plane 

intenna mounted on top of a car and another 
mit which fed 15-w rf power into a corner-
Tflector antenna mounted on top of a 75-ft 
.ower, reasonable communication was possible 
it distances up to 3 miles in a typical residential 
;ection, and up to 9 miles in less-populated 
ireas. 

521.396.931  1247 
V.H.F. Radio Equipment for Mobile Serv-

ices —D. H. Hughes. (Radio Tech. Dig. (Franc.), 
vol. 3, pp. 365-368; December, 1949; and vol. 
4, pp. 43-49; February, 1950.) French version /of 1797 of 1949, with added bibliography. 
621.396.931  1248 
Planning V.H.F. Mobile Systems —E. R. 

Burroughes. (Marconi Rev., vol. 13, pp. 37-46; 
. January-March,  1950.) Discussion of the 
advantages obtainable from a correctly planned 
vhf system, and information on the type of 
equipment available for mobile services. 

621.396.933:621-526  1249 
Electrical Remote-Control and Indicating 

Systems in Airborne Radio Equipment — 
Gamlen. (See 1254.) 

621.396.97:654.191  1250 
Economies in the Planning, Design and 

Operation of a Sound Broadcasting System - 
R. T. B. Wynn. (Proc. I EE (London), Part III, 
vol. 97, pp. 1-10; January, 1950. Summaries in 
Proc. I EE (London), Part I, vol. 97, pp. 7-8; 
January, 1950. and Engineer (London), vol. 
188, pp. 636-640; December 2, 1949.) Inaugural 
address as Chairman of the Radio Section of 
the IEE  The development of continuity 
working and program input equipment in 
studio centers is considered. Automatic moni-
tors designed by BBC engineers are described 
and economies effected by the use of such 
monitors are discussed.  The problem of 
economic balance between station installation 
and running costs and freedom from break-
down is considered; details are tabulated of 
capital costs (1943) for the construction of the 
Skelton sw transmitting station, and also 
comparative running costs of the Droitwich 
medium- and long-wave Slant Point medium-

wave, and Skelton short-wave stations Un-
attended transmitting stations are also dis-
cussed and the arrangements at present in 
use at various BBC stations of this type for 
automatic  frequency  adjustment,  routine 
checking, and maintenance are outlined. 

SUBSIDIARY APPARATUS 

621-526  1251 
Analysis of the Operation of Discontinuous 

Physical Systems and Its Application to Servo-
mechanisms—F. H. Raymond. (Ann. Tile-
commun., vol. 4, pp. 250-256, 307-314, and 
347-357; July-October, 1949.) 

621-526  1252 
An Analysis of Relay Servomechanisms — 

D. A. Kahn. (Elec. Eng., vol. 69, p. 155; 
February, 1950.) Summary of AIEE 1949 San 
Francisco meeting paper. The differential equa-
tions governing a relay-controlled system are 
nonlinear and cannot be solved by convent ional 
methods. Application of Laplace-transform 
theory to such a system yields a response ex-
pressed in the form of a series from which the 
behavior of the system may be determined. 
The method is applicable to any controlled 
system with a unilateral transfer function, 
such as a motor, tube circuit, or a complete 
servomechanism. Information concerning peri-
odic oscillations and stability of such systems 
can be derived. 

621.-526  1253 
Servomechanisms  and  Telecontrol— 

Y. Rocard and J. Loeb. (Ann. Telicommun., 
vol. 4, pp. 397-404; November, 1949.) 

621.-526:621.396.933  1254 
Electrical Remote-Control and Indicating 

Systems in Airborne Radio Equipment —D. R. 
Gamlen. (Marconi Rev., vol. 13, pp. 1-20; 
January-March, 1950.) Remote-control sys-
tems for receivers, transmitters, and radio 
compasses, which are small and adapted to con-
ventional aircraft voltage supplies, are dis-
cussed. Devices used in these systems are de-
scribed and include a controller switch drive, 
a preselector unit and ac and dc selsyns, both 
the self-synchronous and "Motaysynn" ac 
systems being treated. 

621.355.8  1255 
New  Lightweight  Accumulator —C.  L. 

Chapman. (Elec. Rev. (London), vol. 146, 
pp. 345-347; February 24, 1950.) A special 
method of construction, using Ag and Zn 
electrodes in KOH electrolyte, provides an 
unspillable, rechargeable battery of  the size 
and  the weight of the lead/acid accumu-
lator of equivalent capacity. It requires normal 
maintenance and its characteristics are similar 
to those of the Ni-Fe cell. Nominal voltage 
during discharge is 1.5 v. Types to be made 
available comprise 0.5, I, 3, 5, 15, 20, and 40 
A hr units. A 1-A hr cell only weighs 1 oz. 
Specifications of various types are tabulated. 
40 w hr/lb weight is a standard production 
achievement. When being charged, only minute 
quantities of hydrogen are evolved. 

621.396.68:621.397.5  1256 
Metal-Rectifier Voltage  Multipliers for 

E.H.T. [extra-high-tension] Supplies -A. H. B. 
Walker, (Jour. Telev. Soc., vol. 5, pp. 311-317; 
September, 1949.) Discussion of the operating 
principles and characteristics of cascade vol-
tage multipliers of the Cockcroft type, and 
description of a multiplier giving an output of 
10 kv and operated from the 350-0-350 v 
secondary of a center-tapped transformer. 
Pulse-operated multipliers are also considered 
briefly. 

621.396.682.027.5/.6  1257 
Variable High-Voltage Power Source —W. 
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S. Ramsey. (Electronics, vol. 23, pp. 98-101; 
February, 1950.) Two separate units for the 
ranges 5-10 kv and 10-30 kv, with regulation 
better than 0.05 per cent. In series they will 
give a current of 2ma at 40 kv with <0.1 
per cent ripple voltage. 

621.398  1258 
Radio Synchro-Motor [selsyn] —J. Loeb, 

J. R. Duthil, and A. Jeuden. (Ann. Telecom-
mun., vol. 4, pp. 87-102; March, 1949.) A 
study of different transmission systems in 
which angular motion or intelligence is repre-
sented by phase modulation. 

TELEVISION AND PHOTO-
TELEGRAPHY 

621.397.331  1259 
Improved  Television  Modulator—J. 

Haughawout. (Electronics, vol. 23, pp. 86-88; 
February, 1950.) A circuit is described, with 
complete component details, which gives a 
constant synchronization signal and holds the 
output black level at a predetermined voltage. 
When thiS modulator is used, on switching 
from one program source to another, the re-
ceiver picture fades out and does not return 
till the resynchronization process is completed. 
Provision is also made for emergency operation 
in case the keyed clamping circuit fails. 

621.397.331.2  1260 
A New Image Orthicon —R. B. Janes, R. E. 

Johnson, and R.R. Handel. (RCA Rev., vol. 10, 
pp. 586-592; December, 1949.) "The design 
of a new panchromatic high-sensitivity photo-
surface has resulted in the development of a 
new image orthicon, RCA-5820, which permits 
the televising of low-level illuminated scenes 
with a faithful gray-scale rendition of colors. 
Performance results of this new tube in com-
parison with other types for both remote and 
studio pickup are given." 

621.397.331.2  1261 
Some Considerations on a Scanning Tube 

for Film —N. Schaetti. (Le Vide (Paris), vol. 5, 
pp. 739-747; January, 1950.) A general dis-
cussion of cathode coatings for photoelectric 
and electron multiplier tubes, and a descrip-
tion of a tube designed for 729-line scanning 
of cinematograph film. This operates on the 
principle of Farnsworth's image dissector, 
transmitting 25 frames per second. An Sb/Cs 
cathode is used. A 1-v signal is obtained, so 
that additional amplification is not required. 
Investigations are to be made with a concave 
cathode and with interlaced scanning. 

621.397.331.2  1262 
Manufacturing Metallized Picture Tubes — 

E. R. Ewald. (Electronics, vol. 23, pp. 78-79; 
February, 1950.) Details of techniques by 
which the phosphor coating of a television 
picture-tube screen is covered by a film on 
which a thin coating of Al is evaporated, the 
film being removed by heat prior to the final 
evacuation. 

621.397.5  1263 
A Six-Mc/s Compatible High-Definition 

Color Television System—R.C.A. Labora-
tories Division. (RCA Rev., vol. 10, pp. 504-
524; December, 1949.) Color-picture sampling 
and time-multiplex transmission together with 
the "mixed-highs" principle enable the color 
transmission to be compressed into a 4-Mc 
band suitable for a total channel assignment 
of 6 Mc. Each primary color signal passes 
through a low-pass filter (0-2 Mc) and is then 
passed to an electronic commutator. The 
three-color signals are also sent to a band-pass 
filter (2-4 Mc) the output being the "mixed-
high" signal which is added to the signals from 
the commutator and then passed through a 
low-pass filter (0-4 Mc). Various receivers and 
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color converters are illustrated and described. 
The standard scanning speeds are used so that 
a monochrome picture can be received on 
existing receivers. 

621.397.5  1264 
Dot Systems of Color Television —W. 

Boothroyd. (Electronics, vol. 22, pp.88-92; 
December, 1949; and vol. 23, pp. 96-99; Janu-
ary, 1950.) Short accounts of several sequential 
sampling and multiplex methods that permit 
reception either in color or monochrome with 
the appropriate receiver, 

621.397.5  1265 
Geometrical Study of the Optimum Num-

ber  of  Channels  for  Television—Payen. 
(Onde Elec., vol. 29, pp. 398-401; November, 
1949.) Discussion of the problem of providing 
satisfactory service over extensive territory 
by means of a number of suitably located sta-
tions transmitting the same program  on 
selected frequencies. 

621.397.5:535.88  1266 
Stereoscopic  Television —F.  Lochner. 

(Radio Tech. (Vienna), vol. 25, pp. 699-701; 
December, 1949.) Different methods of stereo-
scopic viewing and projection are reviewed, 
particularly those requiring the viewer to 
wear special eye-pieces. The application of a 
special cr tube to stereoscopic color television 
is described. This tube is divided into six 
chambers for left and right scanning in the 
three primary colors; a combinaation of prisms 
and reflectors is used for composition of the 
colored image. 

621.397.5:621.315.212  1267 
Television Terminals for Coaxial Systems— 

L. W. Morrison, Ji. (Elec. Eng., vol. 69, pp. 
109-115; February, 1950.) By double modula-
tion the L-1 coaxial-line terminal equipment 
transforms the video frequencies to frequencies 
200 kc higher, which can be transmitted 
efficiently over the line (transmission band 
64-3,100 kc). The original frequencies are 
restored on the receiver by a double demodula-
tion process. Vestigial-sideband transmission 
is used. The equipment and its operation are 
described. 

621.397.5:621.396.68  1268 
Metal-Rectifier  Voltage  Multipliers for 

E.H.T. [extra-high-tension] Supplies — Walker. 
(See 1256.) 

621.397.5: 621.396.813  1269 
Artificial Lines for Video Distribution and 

Delay—A. H. Turner. (RCA Rev., vol. 10, 
pp. 477-489; December, 1949.) Delay distor-
tion may be reduced by the use of mutual 
inductance between adjacent half-sections of 
a low-pass filter. A combination of such T sec-
tions and bridged-T sections gives small delay 
distortion up to 0.85 of the cut-off frequency. 
The quality of picture signals transmitted 
through several experimental lines of 20 sec-
tions each confirmed this theory. Each section 
provides a low-impedance feed point and the 
branch lines from these points must behave 
as lumped capacitors; they must therefore be 
unterminated and short compared with the 
signal wavelength. Input and output voltages 
are sketched for various values of mutual 
coupling. The work of other investigators is 
briefly reviewed and 14 relevant publications 
are noted. 

621.397.61  1270 
Low-Power  Television  Transmitter —L. 

Voorhees. (Elec. Eng., vol. 69, pp. 151-154; 
February, 1950.) Description, with block dia-
grams, of equipment designed for local cover-
age. The sound transmitter has an output of 
250 w; that of the video transmitter is 500 w. 
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Separate transmitters are used for the low and 
the high television frequency bands. 

621.397.62  1271 

The Simplification of Television Receivers 
— W. B. Whalley. (Sylvania Technologists, vol. 
3, pp. 9-12; January, 1950.) An investigation of 
general means of simplifying television receivers 
so as to reduce the costs of production and 
servicing. The operation of a television receiver 
is analyzed from the standpoint of the mini-
mum number of necessary functions, and then 
the simplest possible circuit to perform each 
function is planned, taking into consideration 
the possibility of combining two functions in 
the same circuit. 

621.397.62  1272 
Fixed-Tuned  Broad-Band  Television 

Booster —A. Newton. (Electronics, vol. 23, pp 
116 ... 134; February, 1950.) The booster is 
intended to improve the over-all noise figure 
and raise the useful gain of a receive:. The 
first rf stage, a grounded-grid triode amplifier, 
is coupled to the second stage by a double-tuned 
inductively coupled circuit, the output of which 
is fed to the receiver through a 300 SI input 
resistance. Separate high-band and low-band 
amplifiers are used and the respective inputs 
and outputs are connected through a crossover 
network consisting of X/4 sections. Total gain 
is about 8. 

621.397.62:621.396.67  1273 
Trends in TV Receiver Antenna Design — 

Kamen. (See 1085.) 

621.397.62.001.4  1274 
Measurement of Transient Response of TV 

Receivers —Van Duyne. (See 1194.) 

621.397.62.029.63:621.396.622.63:546.289 1275 
Germanium  Diodes  for  U.H.F.  TV — 

J. Lingel. (See 1307.) 

621.397.822  1276 
Perception of Television Random Noise — 

P. Mertz. (Jour. Soc. Afot. Pic. Eng., vol. 54, 
pp. 8-34; January, 1950.) The problem is 
studied by analogy with graininess in a pboto-
graphic image. Effective random noise power 
is obtained by cumulating and weighting actual 
noise powers over the video frequencies with a 
weighting function diminishing with increas ing  
frequency. Values obtained check reasonably 
well with preliminary experiments. The effect 
of changing the tone rendering and contras t 
of the television image is analyzed. 

621.397.828  1277 
Television  Interference  Seldom  comes 

from Power Systems —F. L. Greene. (Elec . 
World, vol. 133, pp. 55-59 ... 128; Januar y 
16, 1950.) The principal causes of interference 
with television reception so far encountered 
are listed and their effects on the television 
screen illustrated. Methods of eliminating the 
interference are suggested. Ignition systems 
cause most interference; domestic and indus-
trial apparatus are less troublesome. Interfer-
ence from power lines is slight. 

621.397.828  1278 
Some Devices for Reducing the Effects of 

Fading and Interference Part 1—D. McM ullan 
(Jour. Teltv. Soc., vol. 5, pp. 318-328; Septem-
ber, 1949.) The various types of interference 
encountered in the reception of television sig-
nals are reviewed and methods of reducing such 
interference are discussed, with special refer-
ence to circuit techniques which may be 
used in the design of the receiver. Future 
problems are considered, and the respective 
merits of positive and negative modulation 
are discussed from the point of view of their 
susceptibility to interference. 

621.397.828  127 / 
Suppression of TVI —F. T. Wilson. (Short 

Wave Mag., vol. 7, pp. 740-745 and 828-832; 
December, 1949 and January, 1950.) A de-
tailed account of an investigation of the 
source of television interference in an amateur 
transmitter and of its elimination by means 
of low-pass filters, effective screening, and 
suitable modification of the power amplifier. 
A circuit diagram, with component values, is 
given of a push-pull amplifier including har-
monic suppression arrangements. Final testa 
of the modified transmitter when radiating 100 
Won a frequency of 14 Mc showed only a trace 
of interference with a television receiver only 
2 ft away from the transmitter. 

Reception tests on local amateur stations, 
with the receiver tuned to frequencies of the 
order of 42-43 Mc, showed that the strongest 
harmonics were received from transmitters 
using single-ended output stages with beam 
tetrodes, while transmitters using variable-
frequency oscillators had very weak harmonics. 

TRANSMISSION 

621.316.726  1280 
Carrier Frequency Control: Automatic Sys-

tem for Unattended Transmitting Stations--
J. C. Gallagher. (BBC Quart., vol. 4, pp. 249-
256; Winter, 1949-50.) The Droitwich stand-
ard-frequency transmission of 200 kc is used to 
effect the near synchronization of unattended 
transmitters. Frequency dividers and pulse-
shaping circuits are used to generate a train of 
0.6 -as pulses with a recurrence frequency of 
1,000 per sec, which are fed together with the 
locally generated carrier into two integrating 
circuits; from these pulses are derived, each 
corresponding to a frequency change of ± 2 
parts in 10,. The pulses drive an impulse motor 
coupled to a series capacitor in the crystal-
oscillator circuit. 

621.396 : 621.394.611.2  1281 
An Electronic Keyer—B. Brondurn-Nielsen. 

(R.s'GB Bull., vol. 25, pp. 259-262; February, 
1950.) Description of an easily constructed 
semi-automatic keying unit. Dash/dot and 
mark /space ratios can be adjusted to be cor-
rect for any sending speed within the range of 
the unit. The resulting Morse signals compare 
favorably with those of an automatic tape 
transmitter. 

621.393.61  1282 
Aircraft Communications Transmitter Type 

AD.107 —W.  R. Bitcheno.  (Marconi  Rev., 
vol. 13, pp. 21-36; January-March, 1950.) 
Transmitters are described for hf and mf, 
each comprising four units: driver and modula-
tor, amplifier, antenna, and power units. The 
lif transmitter. weighing 85 lb, with a maximum 
power of 150 W, operates on 10 crystal-con-
trolled spot frequencies in the range 2-18.5 
Mc. The 80-lb ml transmitter, with maximum 
output of 120 W in the range 320 to 520 kc, 
has identical controls and the same number of 
crystal-controlled frequencies as the lif equip-
ment. 

621.396.61  1283 
Band-Switch  ORO  Transmitter —J.  N. 

Walker. (Short Wave Mag., vol. 7, pp. 818-827; 
January, 1950.) Full circuit and construction 
details of a 3-stage transmitter for full-power 
operation in the range 3.5-28 Mc. Switched 
coil turrets are used for both driver and power-
amplifier. Only a keyed vfo is needed for cw 
working. The set is adaptable for either screen 
or anode-and-screen modulation of the power 
amplifier for telephony.  Standard  British 
components are used throughout. 

621.396.615  1284 
3-kW M.F. Transmitter Design --I. F. 
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)eise and L. W. Gregory. (Communications, 
ol. 29, pp. 12-14, 35, 12-13, and 30-31; 
)ctober-December, 1949.) In order to reduce 
he size of the transmitter, hf iron-cored trans-
Jrmers are used; the construction and the 
perational characteristics of these are de-
cribed. The cores are of hipersil iron. An 
utotransformer with 5 per cent tappings is 
ised for matching the reflected antenna imped-
nce to that of the power amplifier. The work-
:1g frequency can be anywhere in the range 
50-540 kc and arrangements are provided for 
mmediate switching, when desired, to a second 
requency in the same range. 

)21.396.619.15  1285 
Square-Wave keying of Oscillators —J. C. 

5oldon. (Electronics, vol. 23, pp. 162. . . 172; 
ebruary, 1950.) A low-power circuit is de-
cribed which makes possible square-wave 
grid-modulation of oscillators over a wide 
ange of pulse widths and duty cycles. 750-v 
vsitive pulses can be produced from 15-v 
iegative pulses with a maximum current of 15 
.na, the rise and decay times being <1µs. 
15-w average power will easily control an 
mcillator giving 7.5 kw peak power output. 

TUBES AND THERMIONICS 

537.122:531.112:536.525.92  1286 
Electron Transit Time in Space-Charge-

Limited Current between Coaxial Cylinders— 
P. L. Copeland and D. N. Eggenberger. 

Appl. Phys., vol. 20, pp. 1148-1151; 
December, 1949.) The transit time of electrons 
between a cylindrical cathode and an external 
concentric anode can be determined if the 
potential distribution between the cylinders is 
known. Taylor series expansions are developed 
for this in a form which enables the transit 
times to be readily calculated to within 0.1 
per cent. 

537.58:539.234  1287 
Thermionic Emission of Thin Films of 

Alkaline Earth Oxide Deposited by Evapora-
tion—Moore and Allison. (See 1165.) 

621.383  1288 
Design Features cf a New Photocell —J. H. 

Crow and V. C. Rideout. (Radio and Teter. 
News,  Radio-Elearonic  Eng.  Supplement, 
vol. 14, pp. 8-9, 28; February, 1950.) The 
photocell Type CE-70V is a high-vacuum, end-
on type of tube, with two ring anodes and a 
flat disk-type cathode, which may be used as 
a combination modulator and photocell at 
carrier frequencies up to at least 200 kc. The 
inner ring is the control anode and serves to 
vary the emission current reaching the load 
;anode. Light striking the cathode controls the 
emission. Its application in an electro-optical 
pyrometer is described, where the comparison 
of the light intensities at two wavelengths is 
used to determine the absolute temperature of 
a luminous flame. 

621.385  1289 
; New Valves—J. Steiger. (Bull. Schweiz. 
lElektrotech. yes., vol. 14, pp. 112-121; Febru-
ary, 1950. In French.) An illustrated review of 
the most recent thermionic tubes, camera 
tubes, magnetrons, memory tubes, electron 
multipliers, electron couplers, and of the 
mselectron” developed in the RCA laboratories. 

621.385  1290 
New Subminiature Valves —C. G. Gee 

(Wireless World, vol. 56, pp. 46-47; February, 
1950.) These are flat types with filament 
currents of only 15ma. Performance is com-
parable with that of the corresponding Mullard 
10-mm tubes (2410 of 1948), but anode and 
filament currents are both much lower and the 
reduced size and flat shape results in a saving 
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of space of about one-third compared with the 
10-mm tubes, when three tubes are fitted in a 
hearing aid. The 10-mm range is also being 
extended for both mains and battery operation, 
for use in miniature equipment. 

621.385:621.396.621  1291 
A Survey of Modern Radio Valves: Part 3— 

Receiving Valves for Use Below 30 Mc/s — 
K. D. Bomford. (P.O Elec. Eng. Jour., vol. 42, 
pp. 201-208; January, 1950.) The modes of 
operation of the more widely used types of re-
ceiving tube are discussed and contrasted and 
the various factors limiting their performance 
are considered. Data are included on the physi-
cal form and the characteristics of modern 
tubes and the operating conditions conducive 
to long life are discussed. Parts 1 and 2: 482 
and 483 of March. 

621.385: 621.396.621  1292 
A Gated Beam Tube —R. Adler. (Elec-

tronics, vol. 23, pp. 82-85; February, 1950.) 
This tube, Type 6BN6, uses a sharply-focused 
electron beam passing through two control 
grids, each of which has an unusually steep 
and linear transfer characteristic. It is suitable 
for use in FM discriminator circuits, as a 
synchronization-pulse separator, or as a square-
wave generator. The assembly fits into a 
miniature-tube envelope with a 7-pin base. 

621.385:621.396.621  1293 
Contour Analysis of Mixer Valves —N. E. 

Goddard. (Wireless Eng., vol. 26, pp. 350-356; 
November, 1949.) "The characteristics of a 
mixer tube are completely defined by a series of 
three-dimensional surfaces. Two of the co-ordi-
nates, grid voltage, and heterodyne-oscillator 
voltage, determine the operating conditions 
for small signal voltages. The third co-ordinate 
is one of a number of tube parameters: funda-
mental or harmonic conversion conductance, 
cathode current, or grid current. Each surface 
is described by a contour map on which load 
lines are drawn for several automatic-bias 
circuits. The method is illustrated by Fourier 
analysis of a theoretical mutual-conductance 
curve and by experimental measurements on an 
EF42 pentode. 

621.385.029.63/.64+621.396 .615 .14  1294 
The Amplification of Centimetre Waves: 

Travelling-Wave Valves —G. Goudet. (Onde 
Elec., vol. 29, pp. 8-12; January, 1950.) Some 
typical performance figures are given for klys. 
trona and triodes at 3,000 Mc and the develop-
ment of the traveling-wave tube in different 
laboratories is reviewed. Details are given of the 
design and construction of the tubes produced 
in the Laboratoire Central de Telecommunica-
tions. Their mean operating frequency is 2,600 
Mc; pass band, 400 Mc; output power, 50 mw; 
noise factor, 18 db; gain, 35 db for a useful 
current of 3 ma. The bibliography includes 

42 references. 

621.396.615.14+621.385.029 .63 /.64  1295 
Valves for Communication on Frequencies 

above 1000 Mc/s: Part 2—H. Schnitger. 
(Fernmeldetech. Z., vol. 3, pp. 13-22; January, 
1950.) An illustrated description and compari-
son of three types of microwave amplifiers: 
(a) the disk-seal triode; (b) the klystron; and 
(c) the traveling-wave tube. The disk-seal 
triode is very useful for wavelengths near 10 
cm, where its noise factor is about 8, rising to 
about 60 for 3-cm wavelength. The noise factor 
of the traveling-wave tube is appreciably 
higher and the klystron has both higher noise 
factor and relatively small bandwidth. Part 1. 
2105 to 1949. 

621.385.029.63/.64  1296 
The Traveling-Wave Tube (Discussion of 

Waves for Large Amplitudes) —L. Brillonin. 

(Jour. Appt. Phys., vol. 20, pp. 1196-1206; 
December, 1949.) Equations are developed for 
the interaction of an electron beam with an 
em wave in a simplified linear model with 
infinitely short sections. Hence the usual 
theory for waves of small amplitude, assuming 
a strong beam with a weak signal, is derived 
and the precise limits of the validity of this 
theory are defined. For waves of large ampli-
tude, the amplified wave is progressively dis-
torted until a final stage is reached, dependent 
essentially upon the details of the tube struc-
ture, when no further amplification is possible. 
In some cases, a type of shock wave results, 
with a complete bunching of the space charge. 
A similar solution applies also to linear acceler-
ators and to synchrotons. 

621.385.029.63/.64  1297 
Travelling- Wave Valve T.P.0.85 —(Ann. 

Radioilec., vol. 5, pp. 62-63; January, 1950.) 
A linear amplifier tube made by the Compagnie 
Generale de TSF for operation between 1,500 
and 5,000 Mc. Max. output power, 1 w; gain, 
15-19 db; pass band, 80-100 Mc; total length, 
about 460 mm, max. diameter, about 41 mm. 

621.385.029.63/.64  1298 
Recent Developments in Traveling-Wave 

Tubes—L. M. Field. (Electronics, vol. 23, pp. 
100-104; Puniary, 1950.) 

621.385.029.63/.64:621.396.822  1299 
Transit-Time Effects in U.H.F. Valves— 

A. H. Beck and J. Thomson. (Wireless Eng., 
vol. 26, pp. 379-380; November, 1949.) Com-
ment on 3312 of 1949 (Thomson) and Thom-
son's reply. 

621.385.032.213  1300 
Activation  Phenomena  with  Thoria 

Cathodes —O. A. Weinreich. (Jour. Appl. 
Phys., vol. 20, p. 1256; December, 1949.) An 
investigation has been carried out into the 
activation of thoria-coated tungsten cathodes 
by (a) reverse electron current, and (b) 
exposure to evaporation products from a near-
by operating thoria cathode. The highest 
emission at temperatures at which thermal 
activation is negligible is given by the reverse 
electron current method. In some cases the 
emission passes through a maximum when 
plotted against the time during which reverse 
electron current is drawn. Procedure (b) was 
used for the activation of a pulsed thoria 
cathode, from which high emission could be 
maintained if a small dc emission was drawn 
from an auxiliary thoria cathode to the 
common anode. 

621.385.032.213.2:621.317.336.1  1301 
Change of Mutual Conductance with Fre-

quency —W. Raudorf. (Wireless Eng., vol. 26, 
pp. 331-337; October, 1949.) This phenomenon 
occurs in receiving tubes with indirectly-heated 
cathodes after operation for about 1,000 hours. 
It is "due to the deterioration, during opera-
tion, of the contact between the oxide coating 
and the metal sleeve which forms the core of 
the cathode. It can be greatly reduced by 
giving the metal sleeve an appropriate shape. 
By applying Holm's theory of electric contacts 
it is possible to estimate the number and size 
of the contact spots (a-spots) between coating 
and core metal. For an average size of 3µ for 
the oxide grain, for instance, and a contact 
resistance of about 4011 per cm2 of the cathode 
surface, the number of a-spots is about 3X 10' 
per cm' and their average diameter about IX. 
The contact resistance and the liability to 
cathode sparking seem to be connected. In 
general, cathode sparking is unlikely up to a 
specific emission of 1 a/cm'. To prevent 
sparking at pulse currents of 10 a/cm2 of <1 
ms duration, the contact resistance between 
coating and core must be <1011/cm2." 
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621.385.032.216  1302 
Distribution of Potential in the Coating of 

an Oxide Cathode during a Pulse of Great 
Current Density —R. Loosjes and H. J. Vink. 
(Le Vide (Paris), vol. 5, pp. 731-738; January, 
1950.) The distribution was investigated by 
applying the method previously described 
(2414 of 1948) to specially constructed diodes 
having up to 3 metal probes inserted in the 
cathode coating. No barrier layer at the metal/ 
oxide interface was found, but it was estab-
lished that a great part of the potential drop 
occurs close to the emitting surface. 

621.385.032.216  1303 
Comparison between the Electronic and the 

Thermodynamic  Temperature  of  Oxide 
Cathodes —R. Champeix. (Compt. Rend. Acad. 
Sci. (Paris), vol. 230, pp. 64-65; January 2, 
1950.) From results of experimental tests on 
some ten tubes whose thermodynamic temper-
ature 0 was varied between 850° and 1,200°K, 
the following conclusions are drawn: (a) the 
electronic temperature T is from 2 per cent to 
40 per cent greater than 0; (b) the difference 
decreases with increasing temperature; (c) the 
difference is about halved if a plate electrode is 
used instead of a grid; and (d) within the 
above temperature range T  00+6, where 
a >1. A theoretical explanation of the results 
will be given later. 

621.385.032.216:537.583  1304 
Thermionic  Emission  from  Oxide 

Cathodes: Retarding and Accelerating Fields — 
C. S. Hung. (Jour. Appl. Phys., vol. 21, pp. 
37-44; January, 1950.) The effects of applied 
fields ranging from retarding fields up to accel-
erating fields of 50kv/cm were studied. For 
strong retarding fields, excellent agreement 
with theory was obtained. Near zero field, 
cathode inhomogeneity or patch effect may be 
responsible for the deviations found; with the 
large cathode used, the existence or non-exist-
ence of a reflection effect could not be deter-
mined. For accelerating fields, deviations of the 
results from those predicted by the Schottky 
mirror-image theory are explainable by patch 
effect and by field intensification at sharp 
points of the rough cathode surface. 

621.385.2:621.315.59  1305 
Backward Current of Germanium Diodes— 

P. Aigrain. (Comp,. Rend. Acad. Sci. (Paris), 
vol. 230, pp. 62-63; January 2, 1950.) Theory 
is given which leads to values of backward 
current in agreement with experimental values. 

621.385.2:621.315.59  1306 
Backward Current and Capacitance of 

Germanium  Diodes—P.  Aigrain.  (Comp:. 
Rend. Aacd. Sci. (Paris), vol. 230, pp. 194-196; 
January, 1950.) An experimental verification 
of the theory (see 1305 above) for the extreme 
cases of low and high back resistance, repre-
sented respectively by a transistor with the 
emitter disconnected and a Type-1N54 diode. 
Calculated and observed values of current for 
different voltages are tabulated. The calculated 
If shunt capacitance for the transistor is 
0.46 pF at 10 V; for the Type-1N54 diode, 
0.1 pF. 

621.385.2:621.315.59:621.397.62.029.63  1307 
Germanium Diodes for U.H.F. TV—F. J. 

Lingel. (TV Eng., vol. 1, pp. 12-13, 39; 
January, 1950.) The construction and applica-
tion of mixer diodes for frequency conversion 
in the 475-890-Mc television band. The 
diodes can withstand microsecond pulses of 
500 ma in the forward direction and 1 ma in 
the backward direction. The contact point is 
welded to the Ge pellet. 

621.385.2:621.396.822  1308 
Valve Noise and Electron Transit Time — 

D. A. Bell. (Wireless Eng. vol. 26, p. 379; 
November, 1949.) Comment on 2097 of 1949 
(Fraser). 

621.385.2/.3].029.64  1309 
Electronic Admittances of Parallel-Plane 

Electron Tubes at 4000 Megacycles —S. D. 
Robertson. (Bell Sys. Tech. Jour., vol. 28, pp. 
619-646; October, 1949.) The general features 
of the mechanism of electron transit in close-
spaced diodes are briefly reviewed. Measure-
ments were made of the electronic admittance 
of  close-spaced  parallel-plane  diodes  and 
BTL1553 triodes (2964 of 1949) at 4,060 Mc, 
rf power being fed to the tube from a wave-
guide source through a waveguide-cavity 
transformer. The theory and practice of the 
method are described in detail. The diode con-
ductance is found to be much greater than the 
If value, and increases with decreasing electrode 
spacing. The susceptance decreases with in-
creasing current. For the triode, the input 
short-circuit admittance departs considerably 
from values predicted by single-velocity theory, 
but the transadmittance is only slightly lower 
than the If value. See also 1315 below. 

621.385.3:621.315.59  1310 
Characteristics of Transistors —P. Aigrain 

and C. Dugas. (Compt. Rend. Acad. Sci. 
(Paris), vol. 230, pp. 377-378; January 23, 
1950.) 

621.385.3:621.315.59  1311 
Physical Interpretation of Type A Transis-

tor Characteristics —L. P. Hunter. (Phys. Rev., 
vol. 77, pp. 558-559; February 15, 1950.) The 
relative efficiencies of the processes taking place 
in a transistor are discussed. For saturation 
conditions it appears that the poor perform-
ance of some transistors is due to low hole-
injection efficiency.  Below saturation  the 
emitter may remove some electrons from the 
crystal, or the collector voltage may be insuffi-
cient for all the holes to reach the collector; 
either effect would cause a reduction in effi-
cency. 

621.385.3:621.315.59  1312 
The Germanium Crystal Triode —H. Heins. 

(Sylvania  Technologist, vol. 3, pp.  13-18; 
January, 1950.) The electrical properties of 
semiconductors are briefly discussed.  The 
construction and characteristics of the crystal 
triode are then described and a few typical 
circuits are shown. 

621.385.3.011.4  1313 
Interelectrode Capacitance of Valves —E. E. 

Zepler. (Wireless Eng., vol. 26, pp. 378-379; 
November, 1949.) Further discussion. See 
2101 (Zepler and Hekner), 2102 (Humphrey 
and James), and 2962 (Booth) of 1949. 

621.385.3.029.63  13 
Two Triodes for Reception of Decimetil 

Waves --K. Rodenhuis. (Philips Tech. R 
vol. 11, pp. 79-89; September, 1949.) A 
scription of two receiving tubes for frequenci 
higher than 300 Mc: a triode, Type EC80, f 
amplifying and mixing at frequencies up 
about 600 Mc, and an oscillator, Type EC8 
with an upper frequencylimit of about 1,500 M 
The nine copper-plated pins sealed through tli 
glass base have a very low hf resistance. I 
contrast to the disk-seal tubes commonly use 
for uhf operation, these tubes are similar 
appearance to conventional types and enab 
receivers to be built which are simple in co 
values measured at low frequency. See ala 
1309 above. 

621.385.3.029.64  131 
Passive Four-Pole Admittances of Micr 

wave Triodes —S. D. Robertson. (Bell Sys 
Tech. Jour., vol. 28, pp. 647-655; October, 
1949.) Measurements at 4,060 Mc for a wide 
range of cathode/grid and grid/anode spacings 
are described. Two grids were used: (a) 
parallel-wire grid of 0.3 mil tungsten u ire 
wound at 1,000 turns per inch; and (b) a criss-
cross grid of the same wire wound at 550  I 
turns per inch. The microwave transadmit-' 
tances were found to be much higher than the 
values measured at low frequency. See also 1309 
above. 

MISCELLANEOUS 

43-3=2  1316 
Technisches Worterbuch (Deutsch-Eng-

lisch) [Book Reviewl —R. Ernst. Publishers: 
Tauchnitz Edition, Hamburg. vol. 1, 612 pp., 
16.50 D M. (Elektrotechnik (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 Rohre=klystron. More verbs 
are included than is usual in most technical 
dictionaries, and also the principal expressions 
for mathematical operations." 

45-3=2:621.396  _  1317 
Dizionario Tecnico della Radio. Italian° 

Inglese. Inglese Italian° [Book Review] - 
Bassetti. Publishers: II Rostro, Milan, 275 pp, 
900 lire. (Radio (Turin), no. 8, pp. 5-6; Novem-
ber, 1949.) Radiq terms and terms in physics 
and electronics connected with radio are ex-
plained. A list of abbreviations and symbols for 
circuit diagrams is included. 

621.396  1318 
Radio Engineering: Vol. 2 [Book Review]  • 

E. K. Sandeman. Publishers: Chapman and 
Hall, Ltd., London, 579 pp., 40s. (Wireless Eng., 
vol. 26, pp. 412-413; December, 1949; Wireless 
World, vol. 56, p. 10; January, 1950.) The subject 
matter of this second half of the work includes 
interference and noise, receivers, measuring 
equipment, equalizer design, feedback, net-
work theory, and filters. Appendices contain a 
large collection of formulas and information on 
a variety of subjects. Vol. 1 was noted in 600 
of 1949. 



ADVENTURES IN ELECTRONIC DESIGN 

r — 

THE BEST CHEFS IN THE W ORLD  ARE MEN. 

Each one of these renowned  chefs has his pet 41 

dishes for which he is famous. In making up these dishes, _ - 

.. to Crepes Suzettes,  from Shish Kabob 

these chefs carefully select 

exact proportions #  to impart the distinct flavor i. 41,1611  body and texture that 

make these dishes glamorous good eating.  St,  _„:4) And ceramic capacitors are 
/ 

each ingredient and carefully blend them in 

just like foods that are good eating.  -)  For example Centralab 

ere)has actually experimented .-;,. - v-----f-- with over 20,000 different ceramic compounds 

and .10T,_ ,e's .010,',- discarded all but 250 of them. With these 250, they've developed a 

wide variety of formulas ,-..:  or recipes. Each one makes a ceramic capacitor of 1/4 )  
- , 

distinct electrical and physical properties. , -...,1 That's why CRL 
.....0 

1, ceramic capacitors are better —  ,T.Tre. t..e exact ceramic formula to meet exact 

electrical and physical needs is individually compounded to meet them. CRL 
t 

i10%' 0Pb has spent hundreds of thousands of laboratory and manufacturing 7, 4 hours. .. over the past 20 years '-- to perfect its ceramic parts. New experiments 
:P- -1 

, 

,..14with new ingredients are constantly going on. So as each chef -17.-, , has his 
'LIc"' 

own secrets of food success — so Centralab engineers  Ls develop the perfect 
., . , 

ceramic body '''.,, to solve each of your capacitor problems. 

, '114i 

Cen al b-DEVELOPMENTS THAT HELP YOU  • 
8 
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THE SPOTLIGN 
The Mos* Perrne men 

RESULTS prove Centrolab Hi-Vo-Kaps Best for TV 
V ES, CRL Ceramic High Voltage Capacitors — the kind that 
high voltage requirements of TV need (10-20-30 KV; 500 

mmf capacity) — have become the accepted standard for the TV 
industry. This is no accident! For these units were specifically 
designed for the TV job. Behind them stands more years of en-
gineering know-how—more extensive production know-how than 
offered by any similar units. If you have high voltage capacitor 
problems — it will pay you to call in CENTRALAB — to in-
vestigate CRL Hi-Vo-Kaps today. 



' 

ON CERAMICS 
Type Capacilpors 

Centralah offers the widest line of ceramic capacitors in the entire in-
dustry — By-pass, Coupling, Temperature Compensating — tubulars, 
discs, plates.  Remember — its ceramics for longest life under high 
humidity and high temperature conditions. 

Printed Electronic Circuits — the pinnacle of their development — 
Centralab Ampec.... 3 full audio stages of a speech amplifier — all 
components complete in one miniature unit — 11/4 " x 11/8" x .340" 
over tube sockets. 

-Top — tubular trimmers especially designed for TV tuners. Bottom — 
ceramic trimmer-capacitors — with unusually stable characteristics. Sta-
bility due to optically ground uniformly flat surfaces. Rotor and stator 
plates of metallic silver — fired to ceramic rotor and stator bodies. 

Looking for savings? At left — Vertical Integrator — widely used in 
TV vertical integrator circuits — vastly reduces assembly costs. At right 
— a CRL Pentode Couplate — easily replaces screen, grid and plate 
resistors; screen by-pass, plate r.f. by-pass and coupling capacitors. 

YA402 002 



IMPORTANT BULLETINS FOR YOUR 

the Ampec 

ROTARY SWIYCH 

p-o° - 
LEVER SWITCH 

PENIOOE COUPLATE 
0,•ODUCT PlifYIF W O 

'PRODUCT , e ,FJI. P E C  •  

PPG' U'  

HNICAL LIBRARY! 

Choose From This List! 
Centralab Printed Electronic Circuits 

973 — AM PEC — 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. 
42-4R — BC Disc HIICAPs—miniature ceramic BC capacitors. 
42-10 — HI-Vo-KAPs — high voltage capacitors for TV appli-

cation. 
42-59 — CERAMIC TUBULAR TRIMMERS —  designed for TV 

and VHF application. 
695 — CERAMIC TRIMMERS — CRL trimmer catalog. 

981 —1-1I-Vo-KAvs — 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 — MODEL  1 RADIOHM — world's smallest commer-

cially produced control. 

Centralab Ceramics 

967 — CERAMIC CAPACITOR DIELECTRIC MATERIALS. 
720 — CERAMIC CATALOG — CRL stearete, ceramic products. 

Look to CENTRALAB in 1950! First in c o m po ne nt researc h that m ea ns lo wer c osts for the electro nic 

in d ustry.  If y o u 're  pla n ni n g n e w e q ui p me nt,  let. C e ntrala b 's  sales  a n d  e n gi neeri n g  service  w or k  w it h  y o u.  F or 

c o m plete  infor mati o n o n  all  C R L p ro ducts,  g et  in  touc h w it h y o ur C e ntrala b R e prese ntati ve.  O r w rite direct. 

C ENTRA LA B 

Division of Globe-Union Inc. 

900 East Keefe Avenue, Milwoukee, Wisconsin 

Yes —I would like to have the CRL bulletins, checked below, for my technical library! 

O 973 

O 42-6  0 

O 42-22  0 

42.24 

42-27 

999 

O 42.9 

O 42-3 

El 42-4R 

0 42-10 
O 42-59 
O 695 

0 981 
0 42-18 
0 814 

O 975 

O 957 

O 970 
O 995 

0 722 

O 42-19 

O 967 

O 720 

Name   

Address   

City  State   

Ii 

TEAR OUT COUPON 

for the Bulletins you want   

8 
Division of GLOBE-UNION INC. • Milwaukee 



G-E  RECTIFIER  TUBES 

GL-866-A 

7 , 
GL-673 
(also supplied 
with 50-watt base 
as Type GL-575-A) 

(also supplied 
with 50-watt base 
as Type GL-872-Al 

Y
4:31JR supply of d-c power ranks 
high among requirements for sig-

nal power and continuity. By installing 
rectifier tubes that serve reliably, you've 
taken a big step toward peak transmitter 
output with minimum time off the air. 
Assure tube reliability by choosing Gen-
eral Electric! 
Here are products pre-tested for qual-

ity (built of selected materials by the 
most modern manufacturing methods, 
with inspection at every stage), and pre-
tested for performance in two impor-
tant ways: (1) as tubes, after manufac-
ture, (2) as types, by use in broadcast 
stations from coast to coast, where G-E 
tubes enjoy a none-better record. 
General Electric also brings you con-

stant design improvements. Example: 

GENERAL , 

GL-857-8 

the straight-side bulbs of the GL-8008 
and GL-673 give an increased tempera-
ture margin of safety, make these tubes 
easier to handle and install. Example: 
future heavy AM-FM-TV power re-
quirements are anticipated by new G-E 
tube developments such as the GL-5630 
ignitron, which will supply direct cur-
rent in impressively large amounts. 
If you build or design transmitters, 

phone your nearby G-E electronics 
office for expert counsel on rectifier, 
tubes. If you are a station operator with 
tube replacements in mind, your G-E 
tube distributor will be glad to serve 
you promptly, efficiently, out of ample 
local stocks. Electronics Department, 
General Electric Company, Schenectady, 
5, New York. 

ELECTRI .c. 
Type 

GL-866-A 

GL-8008 

GL-673 

GL-869-B 

GL-857-B 

Cathode 
voltage 

2.5 v 

5 v 

5 v 

5 v 

5 v 

Cathode 
current 

Anode peak 
voltage 

Anode peak 
current 

Anode ovg 
current 

5 amp 

7.5 amp 

10 amp 

19 amp 

30 amp 

10,000 v 

10,000 v 

15,000 v 

20,000 v 

22,000 v 

1 amp 

5 amp 

6 amp 

10 amp 

40 amp 

0.25 amp 

1.25 amp 

1.5 amp 

2.5 amp 

10 amp 

0 
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PROVEN RELIABLE AND 

EFFECTIVE OVER THE YEARS 

CP Antennas use one of the most effective — and 

ele mental — for ms of antennas  serving radio co m-

munications. Si mple physically and electrically, CP 

Antennas have earned a reputation for reliability. 

CP Coaxial  Antennas are  ruggedly constructed  of 

selected  materials  to  give  satisfactory  co m mercial 

service under severe operating conditions. They are 

reco m mended for both trans mission and  reception. 

Power handling capacity is limited only by the rating 

of the feed line. All antennas feature rust-proof con-

struction throughout with necessary accessories for 

si mple, positive installation. 

Ask for your copy of CP Bulletin 106 
This new bulletin, compiled by the engineering staff 

of Co m munication Products, provides co mplete data 

on CP antenna  construction,  as  well  as detailed 

specifications and operational infor mation. Fully il-

lustrated with photographs and sche matic sketches. 

Call or write CP, now, for Bulletin 106 or literature 

on any of the products listed below. 

YOU CAN DEPEND ON 
THESE CP PRODUCTS 

LO-LOSS SWITCHES 
TEFLON TRANSMISSION LINE 

• ALITO-DRYAIRE DEHYDRATORS 
• COAXIAL DIPOLE ANTENNAS 

TOWER HARDWARE 

KE Y P O R NE W JERSEY. 

AKI4ON 

"Today's  Television  Receivers,"  1,y  Karl 
Wendt. Colonial Radio; October IS, 1949. 

"Color Television." by T. T. Goldsmith, Allen 

B. DuMont Laboratories, Inc.; November 17, 1949. 

'Semiconductor Amplifiers and Applications of 
Semiconductor Crystals." by L. P. Hunter, Writ. 
inglioune Research Laboratories; December  It. 

1949. 

"Distributed Amplifiers," by William Hem lilt 
Hewlett-Packard Company; March 14. 1950. 

ATLANTA 

"Velocity-Modulated Television," by M. A. 

Honnell, Faculty, Georgia Institute of Technology; 
March 31. 1950. 

BALTIMORE 

'Radar Target Simulating Equipment," by 

T. G. Arnold, Jr.. Faculty, The Johns Hopkins 
University; April IS, 1950. 

BEACNIONT-PORT Al ain/It 

"Protective Relays and Associated Apparatus 
on a Power System," by R. 0. Hopkins, Gulf States 

Utilities Company; March 31, 1950. 

CEDAR RAPIDS 

"Measurement of Nonlinearity in Audio Sys-

tems." by W. R. Hewlett, Hewlett-Packard Com-
pany; March 16, 1950. 

CHICAGO 

"Intercity Networks for Television," by M. F. 

Strieby, American Telephone and Telegraph Com-

pany; Symposium: "New Eiectronic Instruments 
and Their Measuring"; March 17, 1950. 

CINCINNATI 

"Computers for Aeronautical  Navigation," 

by 0. H. Schack. Minneapolis-Honeywell Com-
pany; February 21. 1950. 

"Problems  Encountered in the Analytical 
Counting of Radioactivity," by P. E. Ohmart, 
Mound Laboratory; Films: 'Atomic Explosions at 
Hiroshima." and "Nagasaki"; March 21. 1950. 

'The Bell System Coaxial Cable Television 
Network." by M. E. Strieby, American Telephone 
and Telegraph Company; March 30. 1950. 

CONNRCTICUT VALLEY 

"Tlw Navy Prepares for Undersea Warfare." 
by J. M. Ide. United States Navy Underwater 

Sound Laboratory; March 23. 1950. 
'Microwave and Acoustic Lenses," by W. E. 

Kock. Bell Telephone Laboratories; April 13. 1950. 
Business Meeting; April 15, 1950. 

DALLAS-FORT W ORTH 

"The Electrophrenic Respirator." by F. W. 

Geisert. "Industrial X-Ray." by F. H. Harrison. 
"Guided Missiles," by B. C. Scammel. and "Ca-

thodic Protection for Pipe Lines," by B. J. Whitley, 
Students, Southern Methodist University; March 
20, 1950. 

'Bandwidth Measurements at Locations Re-
mote from Transmitters Operating in Normal Serv-
ice." by N. A. Hallenstein. Federal Communica-

tions Commission; April 5, 1950. 

D AYTON 

"Intercity TV Networks,7 by M. E. Strieby• 
American Telephone and Telegraph Company; 
April 3, 1950. 

D ENVER 

Symposium:  "Long-Distance  Circuits  by 
Microwaves." by L. N. Shindel, R. G. Hall, and 
L. T. Hearson, American Telephone and Telegraph 

Company; March 7, 1950. 

(Continued on page 40A) 
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CAUTION ON HIGH VOLTS 

6000 
i 200 

OUT 
PUT 

C—OM 
12A— 

DCV  / —X 10 fl 

120 — 

c 
12 

1000 

P.4 A I2 6'0  _, v A 

X 100 0006000 --:_s,A0V 

molimummoommus 

112%  I 
I 

RESISTORS  I 
rummu usiemminill 

Is NE No Eli uumm  ---um  

COMPENSATED I 

OHMMETER 

CIRCUIT  I 

LONG 

t•----ACCURAC 

Model 

Designed for the engineer and technician who wants 
laboratory accuracy. Achieved in Model 630-A 

by more accurate components and hand-drawn scales 
that compensate for the average individual 

characteristic of each instrument. Also includes knife-edge 
pointer and mirror scale to eliminate parallax. 

630-A 
ONLY 647.50 AT YOUR DISTRIBUTOR 

117- HAND-DRAWN  I 
MIRRORED 

SCALES 
MINIM= ill  ME 

FOR THE MAN WHO TAKES PRIDE IN HIS WORK 
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AIRCRAFT 

RADI O 

COR P OR ATI O N 

Simplified 
—Compact 

—Portable 
900-2100 megacycles, 
single band 

Directly calibrated, single 
dial frequency control 

Directly calibrated 
attenuator, 0 to —120 Mom 

CW or AM pulse  lulation 

Internal pulse generator w ii 1i controls for width, 

delay, and rate. l'rovis•   for external pulsing 

Controls planned and grouped for ease of 
opera t • 

Weight: 42 lbs. Easily portable —ideal for air-
borne installations 

Immediate delivery 

Write  for  sperifseations — investigate the 
narantages of this outstanding neu, instrument. 

Built to 

DEPENDABLE ELECTRONIC EQUIPMENT SINCE 1928 

Navy Specifications 
for research 
and production 

testing 

40A 

(Continued from gage 38.4) 

'Highlights of the 1950 Institute of Radio En" 
gineers National Convention,' by P. M. Lahue. 

Heiland Research Corporation, G. T. Morrissey, 
Radio Station KFEL, and E. W. Post, I 'nited Air 
Lines; April 14. 1950. 

Ds MOINES-Amax 

'TV Receiver Design.' by E. A. Shore, Genera 
Electric Company; Panel Discussion; February 27. 
1950. 

'TV Transmission Problems,' by L. L. Lewis, 
Radio Station WOI-TV; Tour of Radio Station 
WOI-TV; March 27, 1950. 

DETROIT 

'Cosmic Rays," by W. A. Nierenberg, Faculty. 
University of Michigan; March 17, 1930. 

EBIPOKI LIM 

'Magnetic Amplifiers,' by Frank Shepard, 
Shepard Laboratories; March 21. 1950, 

EVANSVILLE-OWENSBORO 

Election of Officers; March 21. 1950. 
"Design Trends of Home Television Receivers,' 

by J. D. Reid, Crosley Division of Avco Manufac-
turing Corporation; April S, 1950. 

FORT WAYNE 

'Theory and Application of Germanium Semi-
conductors.' by Ralph Bray, Faculty. Purdue Uni-
versity; March 22. 1950. 

HAWAII 

'VHF Omnidirectional Range." by R. F. Bow-
ker, Civil Aeronautics Administration; March 15 
1950. 

General Discussion by Lee de Forest, Ameri-
can Television. Inc.; April 12. 1950. 

INDIANAPOLIS 

'Bell System—Microwave and Coaxial Cable 
Development —Television Network," by H. S. 
Osborne, American Telephone and Telegraph Com-
pany; March 14, 1950.  _ 

'Some Selected Problems of Television Re-
ceiver Design,' by Kurt Schlesinger, Motorola. 
Inc; March 31, 1950. 

LONDON  f 

Film: 'Atomic4Physics." presented by Flight. 
Lieutenant Fitzgerald. Royal Canadian Air Force 
Radio School, and discussed by R. C. Dearle, Facul-
ty. University of Western Ontario; 'Program Man. 
agement." by M. T. Brown, Radio Station CFPL; 
March 13, 1950. 

Los ANGELES 

'Applications of Analogue Computers to In-
dustrial Research Problems." by G. D. McCann, 
Faculty, California Institute of Technology; 'Radio 
Interference and its Elimination,' by Fred Nichols. 
Airesearch Manufacturing Company; and 'Sales 
Engineering." by G. F. Rucker; April 4, 1950. 

LOUISVILLE 

'Universal Phonograph Styli.' by J. D. Reid, 
The Crosley Division of Avco Manufacturing Com-
pany; February 10. 1950. 

'Atomic Energy,' by D. M. Bennett, Faculty. 
University of Louisville; March 10, 1950. 

MILWAUKEE 

'Geiger Counters.' by D. L. Collins. Victoreen 
Instrument Company; January II, 1930. 

'Tone Control Circuits.' by D. E. Mereen, 
Western Sound and Electric Company; January 
31, 1950. 

'Characteristics and Application of Magnetic 
Amplifiers.' by %V. J. Dornhoefer, Vickers Electric 
Division; February 22. 1950. 

(Continued on page 424) 
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Pictured above are several custom designed trimmers 
that incorporate the elements of standard Erie Disc and 
Tubular Ceramicon Trimmers. Each has been developed for 
a specific purpose, and each does its job efficiently and 
economically. Proper design and precision manufacturing, 
plus our years of experience, are the keynote to Erie quality. 
Look at these units carefully. They should suggest the 

possibility of using Erie Resistor know-how and facilities 
to make your equipment more compact and more efficient. 
Erie has the most complete trimmer line in the industry. 

We want to work with you in adapting them to your require-
ments. Inquiries should specify complete mechanical and 
electrical requirements. 

Eteettogi. veadieut 

ER ., ERIE, PA. 
. 1 111 .11111 111 1 M MI: OR ONT O, CANADA 

0 Standard Style TD2A Dual Trimmer 

with mounting pillars. 

0 Special ribbon type terminals on stand-

ard Style TS2B Trimmer for direct con-

nection to other components. 

0 Compact Trimmer —Capacitor —Resistor 

—Coil Design.  A complete oscillator 

unit. 

0 

Where special mounting is desired, 

standard Erie Style TS2A and Style 

557 Trimmers can be supplied mounted 

on brackets. 

Two trimmer elements become on in-
tegral part of this coil form and I. F. 

top section. 

Special bracket and terminal arrange-

ments or dual trimmer unit. 

A compact pluggable assembly for 

mounting a trimmer in parallel with ci 

plug•in crystal. 

63) Special tubular ceramic trimmer and 

variable inductance having one com-

mon terminal. 

0 Special steatite tubular dual trimmer. 

G .) Standard Erie Style 557 Trimmer with 

special bent rotor terminal. 
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STANDARD SIGNAL 

20 CYCLES TO 50 MC. 
IN ONE INSTRUMENT! 

GENERA TOR 

MEASUREMENTS 

Model 82 

THIS new Laboratory Standard is designed for the extremely w ide 
frequency coverage of 20 cycles to 50 megacycles, employing 

two specially designed oscillators. 

A low frequency oscillator, in the range from 20 cycles to 200 kilo-

cycles, provides continuously variable, metered output from 0 to 50 

volts across 7500 ohms. This is sufficient for most measurements at 

audio and supersonic frequencies. It may also be used as the modula-
tor for the radio frequency oscillator. 

A radio frequency oscillator covers the range from 80 kilocycles to 50 

megacycles.  It provides metered output, continuously variable with 

an improved mutual inductance type attenuator, from 0.1 microvolt 
to 1 volt  This voltage range makes possible most receiver measure-

ments including the determination of a.v.c. characteristics and inter-
ference susceptibility. 

SPECIFIC ATI O NS: 
frequency konge: 20 cycles to 50 megacycles.  (20 cycles to 200 kilocycles in four ranges; 
80 kilocycles to 50 megacycles in seven ranges, plus one blank range 

Frequency Colibration: Direct reading dial, individually calibrated for each range. 

Frequency Accuracy: 20 cycles to 200 kilocycles, occurote to  5%.  80 kilocycles to 50 mega-
cycles : accurate to  1%. 

Output Voltage and Impedance: 0 to 50 volts across 7500 ohms from 20 cycles to 200 kilo. 
cycles  0 1 microvolt to 1 volt across 50 ohms over most of the range from 80 kilocycles to 50 
megacycles  (Improved mutual inductance type attenuator.)  The output voltage or impedance of 
either range con be changed by the use of external pads 

Modulation: 180 EC -50 mc ranger Continuously vorroble from 0 to 50 % from 20 cycles to 
20 kilocycles by internal low frequency oscillator or external source 

Harmonic Output: less than 1% from 20 cycles to 20 kilocycles, 3% or less from 20 kilocycles 
to 50 megacycles 

Leakage and Stray Field: Lets than I microvolt front 80 kilocycles to 50 megacycles. 

Power Supply: 117 volts, 50 to 60 cycles  75 watts 

Dimensions, 15" high x 19" wide • 12" deep, oyeroll 

Weight: 50 lbs 

MEASURE MENTS  CORPORATION 
BO O NT O N  NE W  JERSE Y 

((ontinued front page 404) 

"Something New in Audio Amplifiers, • by F. L. 
McIntosh. McIntosh Engineering Laboratories; 
March IS, 1950. 

MONTREAL 

"Electronic Digital Computers," by C. C. 
Gotlieb, Faculty, Computation Centre; February 
IS, 1950. 

'Interlocked Radio Intercommunication,' by 
G. S. Jewell, Queen's University; "Nouvel mdl-
cateur Electronique de Pressions Dynamiques, • 
by Rene Fortier. Ecole Polytechnique; and "De-
sign of a Reflexed Speaker Cabinet with Sloping 
Front," by V. E. Van Zant, Carleton College; March 
I. 1950. 

"The Image Orthicon Television Camera," 

by N. S. Bean, Radio Corporation of Amefica; 
March IS, 1950. 

"Radar Echoes from Snow, Rain, and Clouds." 

by J. S. Marshall, Faculty. McGill University; 
March 29, 1950. 

NEW MEXICO 

'Radio Astronomy.' by C. R. Burrows. Facul-
ty, Cornell University; March 13, 1950. 

"The Application of Magnetic Amplifiers, Hy-
draulic Transmissions, and Magnetic Fluid Clutches 
in ServomeLhanism Problems," by P. D. Tilton. 
Vickers Electric Company; March 24, 1950. 

NEW YORK 

"Television Audio and Intercommunication 
Techniques and Systems," by 0. J. Sather. Co-
lumbia Broadcasting System. and J. H. Copp. 
American Broadcasting Company; March I. 1950. 

"New Developments in Transmitting Tubes, ' 
by C. E. Rich and T. Sege. Sperry Gyroscope Com-
pany, D. A. S. Hale and R. J. Kircher. Bell Tele-
phone Laboratories, and R. H. Rheaume, Machlett 
Laboratories; April 5, 1950. 

OMAHA-LINCOLN 

'Production and Detection of Waves Having 
More Than 100 Per cent Modulation." by A. J. L. 
Robertson, Faculty. University of Nebraska. and 
James Weblemoe, Faculty. Midland College; March 
20, 1950. 

OTTAWA 

'Royal Canadian Navy Communications Sys-
tem," by D. C. Rutherford, Royal Canadian Navy; 
March 16. 1950. 

'FM Discrimittators,' by Lieutenant Rious, 
CSRDE, Army; March 30, 1950. 

PORTLAND 

'Complex Frequency and Potential Analogy.' 
by J. M. Pettit, Faculty, Stanford University; 
January 20, 1950. 

'Tuning of Directional Broadcast Antennas,' 
by Clifford Moulton, Graduate Assistant, Oregon 
State College; February I& 1950. 

'Application of Scale Models to Antenna Meas-
urements.' by G. L. Hollingsworth, Boeing Air-
craft Company; March 20, 1950. 

PRINCETON 

"The Application of Statistical Measurement 
Techniques to Communication Problems." by J. B. 
Wiesner. Faculty, Massachusetts Institute of Tech-
nology; April 13, 1950. 

ROCHESTER 

'Serendipity. Cybernetics. and Electronics." 
by W. C. White, General Electric Research Labora-
tory; March 16, 1950. 

SACRAMENTO 

'New Developments in Audio Amplifiers.' by 
Rudy Poucher, Normand B. Neeley ET A/prises; 
December 13, 1969. 

'Important Aspects of Tube Developments 
and Uses," by Clayton Murdock. 
lough. Inc; January 17. 1950. 

(Continued on page 444) 
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REVERE FREE-CUTTING COPPER ROD 
...INCREASES ELECTRONIC PRODUCTION 

If 

S
INCE its introduction, Revere Free-Cutting 
Copper has decisively proved its great 

value for the precision manufacture of 
copper parts. Uses include certain tube 
elements requiring both great dimensional 
precision, and exceptional finish. It is also 
being used for switch gear, high-capacity 
plug connectors and in similar applications 
requiring copper to be machined with great 
accuracy and smoothness. This copper may 
also be cold-upset to a considerable defor-
mation, and may be hot forged. 
Revere Free-Cutting Copper is oxygen-

free, high conductivity, and contains a small 
amount of tellurium, which, plus special 
processing in the Revere mills, greatly in-
creases machining speeds, makes possible 
closer tolerances and much smoother finish. 

Thus production is increased, costs are cut, 
rejects lessened. The material's one impor-
tant limitation is that it does not make a 
vacuum-tight seal with glass. In all other 
electronic applications this special-quality 
material offers great advantages. Write 
Revere for details. 

EPERE 
COPPER AND BRASS INCURPORATED 

Founded by Paul Revere in 1801 

Executive Offices: 230 Park Avenue 
New York 17, New York 

Mills: Baltineore, Md.; Chicago, III.; Detroit, Mich; Los 
Angeles and Riverside, Calif.; New Bedford, Mass.; 
Rome, N. Y. —Saks Offices in Principal Cities, 

Distriladors Everywhere. 

soso 

41. 

CUSTOMERS REPORT: 
"This material seems to machine much better than our pre-
vious hard copper bar. it cuts off smoothly, takes a very 
nice thread, and does not clog the die." (Electrical parts.) 
"Increased feed from  l/2" to 6" per minute and do 

five at one time instead of two." (Switch pans.) 
"Spindle speed increased from 924 to 1161 RPM and 

feed from .0065" to .010S" per spindle revolution. This 
resulted in • decrease in the time required to produce the 
part from .0063 hours to .0036 hours. Material was capable 
of faster machine speeds but machine was turning over at 
its maximum. Chips cleared tools freely, operator did not 
have to remove by hand." (Disconnect studs.) 
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can you put your Finger 
on the TROUBLE? 

If you can, a SO RENSEN 

Electronically controlled, mag-
netic amplifier regulating cir-
cuit can solve it! 

Sorensen's new line of Elec-
tronic AC Voltage Regulators 

is  the  most accurate and 
most economical line of Elec-
tronic Voltage Regulators on 

the market  today.  Standard 

specifications offer Accuracy 

to within -.±0.1 % and Distor-

tion as low as 2%. Load range 

from zero to full load. All 

models are temperature Com-

pensated and can be supplied 

hermetically sealed or foster-

ited. And the Sorensen line 

uses  less tubes than  other 
electronic type regulators. 

• 
Sorensen Engineers are always 
at your service to solve un-

usual problems and give you 

the benefits of years of ex-

perience. Describe your needs 

and let a Sorensen Engineer 

suggest a solution. It will save 

you time and money to try 

Sorensen first. 

CATALOG A1049 DESCRIBES 

COMPLETE LINE 

TYPICAL AC REGULATORS 

Model 5000-2S—high power 
Input 95 to 130; distortion 3%; load 0-5000 VA; 
Accuracy -1-0.1 % against line or load; 50-60 cycles 

Model 30005—medium power 
Input 95 to 130; distortion 3%; load 0-3000 VA; 
Accuracy -1-0.1 % against line or load; 50-60 cycles 

Model 500S—low power 
Input 95 to 130; distortion 3%; load 0-500 VA; 
Accuracy 1-0.1 % against line or load; 50-60 cycles 

and company. int. 
371 FA NNIN(' AVI • SIA MPOID CONN 

IIMUFACTIREOS GI AC NO RIGULATOITS 60 AND CO (TWA MULATTO 0( P050 souta3; 11100010( 
WHIMS: TOITAGT 11100140 STANDARD HAMM RIOT TRANS100011 SOURAKI  MUM 

(Continued front page 42.4) 

*Electronics in Astronomy," by Gerald Krum 
Faculty, University of California; February 14, 
1950. 

'Design and Manufacture of Television Re-
ceiverk• by Boyd Farr and Allan Hyne, RCA Serv-
ice, Inc; April 11, 1950. 

SAN ANTONIO 

'New Uses for Electronic Wizards," by C. N. 
Hoyler, RCA Laboratories; March 23, 1950. 

SAN DIEGO 

"Use and Applicttions of a 20-MEV Betatron," 
by W. K. Lyons, United States Navy Electronics 
Laboratory; March 21. 1950. 

'The Role of Professional Groups in The In-
stitute of Radio Engineers." by L. I.. Van Atte. 
United States Naval Research Laboratory; April 4, 
1950. 

SCHENEcTADT 

*Electronics Park—Present Activities and Op-
erations," by W. R. G. Baker, General Electric 
Company; February 27, 1950. 

'The Color Television Controversy,' by Walter 
Hama, General Electric Company; April 10, 1950. 

SEATTLE 

'Microwave Installation of the Bonneville 
Power Administration,' by R. F. Stevens and T. W. 
Stringfield,  Bonneville  Power  Administration; 
March 21, 1950. 

ST. Louts 

'Recent Developments in Electronic Comput-
ers," by K. V. Newton, Emerson Electric Company; 
Color Film: ''Gatti-Hallicrafter African Expedi-
tion"; March 23, 1950. 

SYRACUSE 

"Basic Principles of Computing Machines." 
by Burton Lester, General Electric Company; 
February 2. 1950. 

"Engineering and Education." by K. G. Bart-
lett, Faculty. Syracuse University; March 16, 1950. 

‘VASHINGTON 

"Distortion and Noise in Communications 
Systems," by M. J. DiToro, Federal Telecommuni-
cations Laboratories; March 13. 1950. 

"An Exploration of the Effects of Strong Radio. 
Frequency Fields on Micro-Organisms in Aqueous 
Solutions." by G. H. Brown, RCA Laboratories; 
April 10. 1950. 

NV OIL I AMSPORT 

"Design and Application of Electrolytic Ca-
pacitors," by Joseph Collins. Aerovox Corporation; 
Appointment of Nominating Committee; April 12, 
1950. 

SUBSECTIONS 

AMARILLO-LUBBOCK 

"Silicones," by M. H. Leavenworth, Dow. 
Corning Corporation; February I, 1950. 

"Selecting the Right Distribution System,' 
by Bob McClure, Southwestern Public Service 
Company; March 16, 1950. 

CENTRE COUNTY 

"Semiconductor Devices," by R. W. Haegele, 
Sylvania Electric Products Inc; March 21, 1950. 

LONG ISLAND 

"Magnetic Amplifiers," by F. G. Willey and 
F. S. Macklem, Servo Corporation of America; 
April 11, 1950. 

NORTHERN NEW „JERSEY 
'Topics in Communication Theory," by C. E. 

Shannon, Bell Telephone Laboratories; and "Com-
puters." by B. McMillan, BeU Telephone Labora. 
tories; March 15, 1950. 

'Some Aspects of '6' Line Transmission,' by 
H. Englemann. J. Kostriza, and D. D. Grief. Fed-
eral Telecommunications Laboratories; April 12. 
1950. 
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Adjustable... Regulated 

A. C. Voltage Supply... 

with Harmonic Filter 

In the new SOLAVOLTS you have available an adjustable 
source of constant A.C. voltage of undistorted wave shape. 
They provide all of the voltage stabilizing characteristics of 
the standard SOLA Constant Voltage Transformer . . . -4-1 % 
regulation for line input changes from 95-125 volts . .. with less 
than 3% total harmonic distortion of the output voltage wave. 
Two regulated outputs: fixed 115 volts and adjustable 

0-130 volts. Regulation is automatic; maximum response time 
1.5 cycles. Except for the rotor of the autotransformer there 
are no moving parts, no manual adjustments and no tubes or 
other expendable parts. 

S LA 
ton Co 

Write for Bulletin K CVL 140 

for Full Electrical and Mechan-
ical Specifications and Prices 

Coltaastr Xi a 
RANSFOR ME 

20 
lighting • Cold Cathode lighting • Airport lighting • &Dries lighting • luminous Tubs Signi 

to m • etc • SO U ILICTRIC COMPANY, 4433 W. 16411 SereiN, Chleme• SO. 
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INST R U ME NTS 

TH AT BEL O N G 

IN q bg e 

LAB O R AT O R Y 

Type 310-A Z-Angle Meter - 
30 to 20,000 c.p.s. 

Measures  impedance ' directly  in  polar  co-
ordinates as an impedance magnitude in ohms 
and phase angle in degrees Z -L.r;_i_). Measures, 
with  equal  ease,  pure  resistance,  inductance, 
capacitance  or  complex  impedances comprised 
of  most any  RLC  combinations.  Range:  Im-
pedance (2), 0.5 to 100,000' ohms; Phase Angle 
(0). +90 ° (XL) through  (R) to -.90 ° (Xc). 
Accuracy:  Within  ±  for  impedance and 
± 2° for phase angle. Price: $425.00. 

LI 
Simplifies laboratory and field impedance and phase angle 

measurements.  Ideal for checking impedance of coils, trans-
formers, coupling networks, lines, filters, antennas, etc. Direct. 
reading Impedance Range: 10 to 5,000 ohms up to 200 kc, and 
10 to 1,000 ohms at 1 me: Phase Angle: +90' (XL) through 
0 (R) to -90° (Xc). Accuracy: Impedance to within + 3%, 
and phase angle -I- 4°. Price: $350.00. 

r3 Type 311-A R-F Z-Angle Meter 
Ls for radio frequencies - 100 kc to 2 mc. 

b_I - 1 Type 410-A R-F Oscillator _ 
- R 100 kc to 10 mc. (Special models 
L..). 46.5 kc to 4.65 mc available.) 

Power oscillator for use as bridge driver 
and general  laboratory measurements.  Fea-
tures: High stability, high output (approxi-
mate 30 volts), 50-60 CI output impedance, 
expanded frequency scale, direct reading out-
put voltmeter, compact design. Price: $350.00. 

hiC4 
The first commercially available all-electronic in-

strument  that directly  measures  the  phase angle 
between two voltages in a simple operation. Ideally 
suited to applications in such fields as audio facili-
ties, ultrasonics, servomechanisms, geophysics, vi-
brations, acoustics and many others. 
Phase angle readings made directly without bal-

ancing . . . stable at frequencies as low as 2 to 3 
cycles. Voltage range: 1 to 170 peak volts. Termi-
nals for recorder . . . choice of relay-rack or cabinet 
mounting.  Price $475.00.  Cabinet $20.00. 

Type 320-A Phase Meter - 
frequency range 20 cycles to 100 kc. 

Type 110 Slide-Wire Resistance Box 

Convenient combination consisting of precision decade re-
sistor and continuously adjustable slide-wire which provides 
smooth,  continuous  variation  of  resistance  between  decade 
steps (permits adjustment of resistance to one part in 10,000). 
For most applications,  eliminates need for more elaborate 
multi-dial decade boxes. Ideal for student and general labora-
tory use. Decade resistance cards adjusted to within + 0.1 s 
of nominal values, and slide-wire resistors direct-reading to 
within 1% of their maximum values. Cast aluminum cabinet. 
All resistance elements completely enclosed. Suitable for use 
at audio and ultrasonic frequencies. Type 110-A, range 0-11,000. 
ohms: $42.50. Type 110-8, range 0-110.000 ohms: $45.00. 

Technical catalog-yours for the asking. Contain5 detailed 
information on all TIC Instruments, Potentiometers and 
other equipment. Get your copy without obligation -write 
today. 

TECHNOLOGY INSTRUMENT CORP. 
1058 Main Street, Waltham 54, Massachusetts 

Eapincerhig R‘preicnlatires  Get eland, Ohio  PRorpect 6171 

Chicago, Ill. -UPtown 8-1141  Rochester, N.Y. -Charlotte 3193-J  Cambridge, Mass. -ELiot 
4-1751  Canaan, Conn. -Canaan 649  Hollywood, Cal. -H011ywood 9-6505  Manhasset, N.Y. -
Manhaeset 7-3424  Boonton, N.J. -Boonton 8-3097 

STUDENT  ?!.. 

BRA NC H 

MEETIN N 
 . • 

ALABAMA POLYTECHNIC INS I El UTE. IRE BRANCH 

"Your Telephone Voice of the Future." by F. A. 

Woods. Southern Bell Telephone Company; March 
. 28. 1950. 

Election of Officers; April 11. 1950. 

UNIVERSITY OF ARKANSAS. IRE BRANCH 

Business Meeting; April 19, 1950. 

BUCKNELL UNIVERSITY, IRE-AIEE BRANCH 

"Fusetrons." by W. J. Ulmer, Jr., Bussman 
Manufacturing Company; March 15. 1950. 

CLARKSON COLLEGE OF TECHNOLOGY. 
IRE BRANCH 

"Stepping Along with Television."  by Mr. 

Davenport. New York Telephone Company; March 
16, 1950. 

UNIVERSITY OF COLORADO. IRE BRANCH 

"A New Long-Range Navigational Aid." by 
W. R. Luebke. Graduate Student. University of 
Colorado; Film: "Television"; April 5. 1950. 

COLUMBIA UNiVERSITY. I RE-AIEE BRANCH 

"Engineer-Employer Relationships with Re-
spect to Inventions." by G. S. Rich; March 24. 
1950. 

UNIVERSITY OF DAYTON, IRE BRANCH 

"Causes and Reduction of Hum," by Albert 
Chong. Student. University of Dayton; December 
6, 1949. 

"The Radio Compass." by Richard Thome, 
Student, University oh Dayton; December 13. 1949. 

"Radio Aids to Navigation," by Paul North-
rop. Student, University of Dayton; December 20, 
1949. 

"FM Radio Altimeter," by Robert Cooper; 
January 10. 1950. 

"FM Radio Altimeter," by Robert Cooper; 
January 31, 1950. 

UNIVERSITY OF DELZ\VARE. IRE-AIEE BRANCH 

Student Paper Presentation; Election of Of-
ficers; March 30. 1950. 

FENN COLLEGE. IRE BRANCH 

"I se of the Square Wave in Amplifier Testing." 
by F. A. Schwaller. Student, Fenn College; March 
30, 1950. 

UNIVERSITY OF FLORIDA, IRE-AIEE BRANCH 

Field Trip to University of Florida Experi-
mental Station and Electronics Laboratory; April 4, 
1950. 

Business Meeting; Election oh Officers; April 
IS. 1950. 

ILLINOIS INSTITUTE OF TECHNOLOGY, 
IRE BRANCH 

"Shipboard Use of Electronic Equipment." 
by A. L. Gallin, Faculty, Illinois Institute of Tech-
nology; March 21. 1950, 

STATE UNIVERSITY OF Iowa, IRE BRANCH 

Business Meeting; March 22. 1950. 
Paper Submitted on Disc: "Universal Phono-

graph Styli," by J. D. Reid. Crosley Division of 
Avco Manufacturing Corporation; March 29. 1950. 

(Continued on page 18A) 
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I Here s the Helipot Principle that is Revolutionizing 
Potentiometer Control in Today's Electronic Circuits 

CONVENTIONAL POTENTIOMETERS have a coil diameter 

of approximately 16" and provide only 4" (about 300 ) 

of potentiometer slide wire control. 

HELIPOTS ARE AVAILABLE IN MANY SIZES: 

MODEL A---5 walla, incorporating 10 helical turns and a slide wire 
length of 46 inches, case diameter I%", Is available with resistance 
values from 10 ohms to 300,900 ohms. 

MODEL B--I0 watts with 15 helical turns and 140" slide wire. !we 
dtarnr•tar 314", Is available rith resistance values from 50 Olin,.  to 
500.000 ohms. 

MODEL C-2 watts, with 3 helical turns and 13 14" slide win., case 
dietoeter I%", available in redatanoe from 5 ohms to 50,000 ohms. 

MODEL 0- -IS with, with 25 belle', turns and 231" slide wire, 1111110 
diStrivter 314", available in resistances from 100 ohms to 750.000 ohms. 

MODEL C----21) watts, with 10 helical turn. anti 373" slide wire, "i.e 
Alarseter 3M", IS •rslisible with resistanee value* From 200 0i11114  to 
1,009,000 ohms. 

tuber types and deshins or Potentiornmers are sic, B16,11041% 

'"W...1.7   ,catwiwwwswowaxeiwwww...owiawo m mic 

THE BECKMAN HELIPOT has the same coil diameter, yet 

gives up to 46" (3600 r of potentiometer slide wire con-

trol—nearly TWELVE times as much! 

Some of the multiple Helipot advantages 
EXTENSIVELY used on precision electronic equipment 
E during the war, the Helipot is now being widely adopted 

by manufacturers of quality electronic equipment to increase the 
accuracy, convenience and utility of their instruments. The Helipot 
permits much finer adjustment of circuits and greater accuracy in 
resistance control. It permits simplifying controls and eliminating 
extra knobs. Its low-torque characteristics (only one inch-ounce 
starting torque*, running torque even less) make the Helipot ideal 
for power-driven operations, Servo mechanisms, etc. 

And one of the most important Helipot advantages is its 
unusually accurate linearity. The Helipot tolerance for deviations 
from true linearity is normally held to within + 0.5%, while pre. 
cision units are available with tolerances held to 0.1%, .05%, and 
even less—an accuracy heretofore obtainable only in costly and. 
delicate laboratory apparatus. 

The Helipot is available in a wide range of types and reels. 
lances to meet the requirements of many applications, and its 
versatile design permits ready adaptation of a variety of special 
features, as may be called for in meeting new problems of resis-
tance control. Let us study your potentiometer-rheostat problem 
and make recommendations on the application of Helipot advair 
bagel, to your equipment. No obligation of course. Write today. 

• Data 11 IOI Model A Nom 

Send for the New Helipot Booklet! 

THE Helipot CORPORATION, SOUTH PASADENA 6, CALIFORNIA 
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HIS FOR HORNET 
CLASS H 
HIGH VOLTAGE 

KNOW HOW 
AND THEY MAKE AN H OF A DIFFERENCE 

HORNET Transformers provide mini-
intini size, maximum efficiency and great-
est life expectancy in transformers for 
portable and airborne equipment. 

Because they are manufactured of 
newly developed Class H materials 
silicones, fiberglas and special steels - 
HORNET miniature transformers can be 

operated at temperatures far in excess of 
the so-called "normal range.-

Compare These Typical Volume and Weight Figures 

PLATE TRANSFORMER: Primary 115V., 380/1600cps. 
Secondary 860V. C.T. 70 MA-RMS, 60 V.A. 
(85 deg.C. ambient, 50,000 ft. alt.) 

Max. Oper. 
Temp. 
Deg.C. 

Volume 
Cu. Ins. 

Relative 
Volume 
Percent 

Weight 
Pounds 

Relative 
Weight 
Percent 

Hermetically Sealed 
(Class A insulation) 105 21.3 100 2.0 100 
Open Construction 
(Class A insulation) 105 11.0 54.2 1.2 60 
HORNET 
(Class H insulation) 200 6.5 30.5 .33 16.5 

The HORNET represents a combination of ingenious design, 

modern materials, and radically different manufacturing 

techniques which opens vast new fields in transformer con-
struction and application. 

Send for your copy of Bulletin B-300, containing 

detailed size, weight and rating information on 
Hornet Transformers and Reactors. 

NE W YORK 
TRANSFORMER CO., INC. 

ALPHA, NE W JERSEY 
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"The Drive-in Theatre Electrical Equipment." 
by W. J. Can. "The English System of Rani° Tube 
Markings," by Paul Meltzer. and 'Fundamental 
Concepts of the Atomic Bomb," by John Stafford, 
Students, State University of Iowa; April 12. 1950. 

Colored slides shown and explained by R. L. 
Riddle, Chester Lodge and James Fankhauser, 
Graduate Students, State University of Iowa; April 
19, 1950. 

IOWA STATE COLLEGE, IRE-AIEE BRANCH 

"Electronic Instrumentation of Meteorological 
Quantities," by Bob Stewart, Graduate Student. 
Iowa State College; April 5. 1950. 

UNIVERSITY OF KENTUCKY, IRE BRANCH 

Movie: 'Curiosity Shop," by Aluminum Com-
pany of America; March 14, 1950. 

"Television-Its Mechanism and Promise," 
by W. L. Lawrence, RCA Victor; March 28, 1950. 

LAFAYETTE COLLEGE, IRE-AIEE BRANCH 

"Electricity in Lightning." by William Roh-
land, Student, Lafayette College; 'Carrier Cur-
rent.• by S. S. Lesh, Pennsylvania Power and Light 
Company; March 30, 1950. 

MARQUETTE UNIVERSITY. IRE-A I EE BRANCH 

Election of Officers; March 30, 1950. 
"Silicone  Insulating Matrials," by'w Henry 

Worthman, Dow Corning Corporation; April 5, 
1950. 

Social Meeting; April 21. 1950. 

UNIVERSITY OF MIAMI. IRE BRANCH 

Election of Officers; March 29. 1950. 

MICHIGAN STATE COLLEGE. IRE-AIEE BRANCH 

"Modern Trends in Power Transmission." by 
Frank Sanford, Commonwealth Services; February 
22. 1950. 

"Operation of an Electronic Analogue Com-
puter." by A. F. Martz, Jr., Holley Carburetor 
Company; March 28, 1950. 

MISSOURI SCHOOL OF MINES AND TECHNOLOGY. 
IRE-AIEE BRANCH 

"Trans-Oceanic Telegraphy," by R. H. Dun-
can, Graduate Student. Missouri School of Mines 
and Technology; Erection of Officers; March 29, 
1950. 

UNIVERSITY OF NEBRASKA, IRE-A IEE BRANCH 

"Ignitron Rectifier Application," by A. R. Edi-
son, Student. University of Nebraska; April 5. 1950. 

NEW YORK UNIVERSITY, IRE-AIEE BRANCH 
(EVENING DIVISION) 

"Servomechanisms,"  by  Charles  Rehberg, 
Facility. New York University; March 13. 1950. 

"Planning of a Large Metropolitan Electric 
System," by J. Steinberg. Consolidated Edison 
Company; April 3, 1950. 

UNIVERSITY OF NOTRE DAME, 
IRE-AIEE BRANCH 

Student Paper Competition Finals; March 21, 
1950. 

'Television Antennas and Transmission Lines, 
by Ringland Krueger, American Phenolic Corpora-
tion; Election of Officers; April 13. 1950. 

OHIO STATE UNIVERSITY, IRE-AIEE BRANCH 

"The Importance of Geology to the Electrical 
Engineer." by Richard Anderson. Faculty. Battelle 
Memorial Institute; April 6. 1950. 

OREGON STATE COLLEGE, IRE BRANCH 

"Safety in Engineering Practice' by Scott 
Hazen, Bonneville Power Administration; March 
29. 1950. 

(Continued on page 584) 
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THIS IS THE FACTORY r'-'-f::-.27- THAT CUSTOM-MAKES 
TELEVISION PICTURE TUBES -1-- ---40.11 THAT CARRY 
THE NAME OF Sheldon. THIS IS HOW WE WASH 
OUR GLASS BLANKS. THIS IS WHERE WE PHOSPHOR-COAT 
'EM  f"  NOW WE TAKE 'EM 
PLACES WHERE WE DAG, BAKE & 
WE TAKE 'EM OVERHEAD TO THE EXHAUST 

OVERHEAD TO 
SEAL 'EM. AGAIN 

& THEN ,..tii.4& ,....._ - , --.,.pri. • , .. ,, i WE BRING 'EM OVERHEAD TO AGE, 
,..k..  -•,./- 0*, 

I 3 

BASE & FINAL TEST 'EM LLJ TO MAKE SURE THAT EVERY 
% mon TUBE GIVES THE FINEST POSSIBLE T-V PICTURES. 

S W U M 
NATURAL IMAGE 

SOH GLOW 

Tikturit ran 

Write for the NE W "General Characteristics and Dimensions" chart. 

Just off the press! 

SHELDON ELECTRIC CO. 
Division of Allied Electric Products Inc. 

68-98 Coif Street, Irvington 11, N. J. 
Branch Offices & Warehouses: CHICAGO 7, ILL., 426 S. Clinton St.  LOS ANGELES 26, CAL, 1755 Glendale Blvd.. 

SHELDON TELEVISION PICTURE TUBES  • CATHODE RAY TUBES  • FLUORESCENT STARTERS AND LAMPHOLDERS  •  SHELDON REFLECTOR & INFRA-RED LAMPS 

PHOTOFLOOD & PHOTOSPOT LAMPS  • SPRING-ACTION PLUGS  • TAPMASTER EXTENSION CORD SETS & CUBE TAPS  •  RECTIFIER BULBS 
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ELECTRICAL 
ENGINEER 

As INSTRUCTOR in Electronics for 

Engineering College in the Chicago 

area. Should have teaching and re-

search experience with a wide back-

ground in electronics field. Adminis-

trative experience 'very desirable. 

Permanent position having good en-

vironment and excellent facilities. 

Desirable living quarters in new 

conventional housing available. 

Outline in complete detail experi-

ence, research activities, accomplish-

ments,  and  educational  degrees. 

Doctorate  desirable.  Write  fully 

regarding family status and salary 

requirements. Salary is flexible to 

meet ability and record of applicant 

selected. Congenial faculty knows of 

this opening. Replies will receive 

full confidence. Reply Box =613. 

The Institute of 

Radio Engineers 

1 East 79th St., New York 21, N.Y. 

ELECTRONIC 

ENGINEERS 
Excellent opportunities are of-

fered by one of the leading 

conce rns in  the electronic 

computer field to engineers 

with development or design 

experience  in  video  and 

pulse circuitry or test and 

maintenance experience in 

the radar, television, or com-

puter fields. 

Send complete resumes and 

salary requirements to: 

Personnel Department 

ECKERT-MAUCHLY  COMPUTER 

CORPORATION 

3747 Ridge Avenue 

Subsidiary of Remington Rand Inc. 

Philadelphia 32, Pa. 

The following positions of interest to 
I.R.E. members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No. ... 

The Institute reserves the right to refuse any 
announcement without giving a reason for 
the refusal. 

MANUFACTURER-ENGINEER 

Wanted for ceramic capacitor manu-
facturer-engineer familiar with manufac-
turing techniques, design and development 
of equipment for use in high speed pro-
duction of ceramic capacitors. Should be 
capable 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. 

ELECTRONICS ENGINEER 

Opportunities for several experienced 
electronics engineers in communications, 
television receivers, television transmitters, 
classified military equipment, computers, 
microwave equipment and advanced de-
velopment 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 Electronic Co., Syracuse, N.Y. 

PHYSICISTS-SENIOR ELECTRONIC 
ENGINEERS 

Familiar with ultra high frequency and 
microwave techniques. Experience with 
electronic digital and/or analog, computer 
research and development program. Sala-
ries commensurate with experience and 
ability. Excellent opportunities for qual-
ified personnel. Contact C. C. Jones, Per-
sonnel Dept. Goodyear Aircraft Corp. 
Akron 15, Ohio. 

ASSISTANT TO CHIEF ENGINEER 

Large speciality transformer manufac-
turer wants man experienced in small 
transformer work. Excellent opportunity 
for qualified man. Please state education 
and experience, also salary on last or 

(Continued on Page 51A) 

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. 

RESEARCH AND 

DEVELOPMENT 

LABORATORIES 

Hughes Aircraft Company 

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 

50A PROCEEDINGS OF TIIE I.R.E.  June, 1950 



(Continued from page 50A) 

iresent position. Southern Ohio location. 
kll replies held strictly confidential. Suit-
ible arrangements will be made to inter-
riew qualified applicants. Box 606. 

TELEVISION ENGINEERS 

1ichnical or commercial phases of televi-

Several engineers experienced in either 

ion are required in the formation of a 
ew department. Send resume of qualifica-

. 

ions to Personnel Dept., General Preci-

e 

'on Laboratory, Inc., 63 Bedford Road, 
leasantville, New York. 

PROFESSOR 

Ph.D. or D.Sc. required. Age 40-45 
1w  ith good teaching experience. Some in-
lustrial experience helpful. Large mid-

western school, undergraduate and grad-
late programs. State salary expected and 
qualifications. Box 609. 

CALIFORNIA ENGINEERS 

1 Opportunity with California Communi-zations Commission, $415-505 . Require-

ments: California residence; 2 years com-
munications experience; 1 year design, ipperation, maintenance radio communica-
tions systems and 1 year wire communica-
tions systems plus college graduate with 
major in E.E. or physics. Write before 
June 15th to Recruitment Representative, 
State Personnel Board, 1015 L St., Sacra-
mento, California. 

• 

ENGINEERS 

Engineers and assistants needed at new 
Motorola laboratory in Phoenix, Arizona. 
Engineers are required to be graduates of 
accredited engineering school, specialists 
in VHF and UHF receiver design, micro-
wave communication pulse circuits, VHF, 
UHF and Microwave antenna design etc. 
Assistants must be engineering graduate 
with electronic experience. Replies should 
be sent to Daniel E. Noble, 4545 Augusta 
Boulevard, Chicago 51, Ill., stating educa-
tion, experience and past salary schedules 

ELECTRONIC ENGINEERS 

Excellent opportunities are offered by 
one of the leading concerns in the elec-
tronic computer field to engineers with 
development or design experience in video 
and pulse circuitry or test and mainten-
ance experience in the radar, television or 
computer fields. Send complete resumes 
and salary requirements to: Personnel 
Dept., Eckert-Mauchly Computer Corp., 
3747 Ridge Ave., Phila. 32, Pa. 

ELECTRONICS ENGINEER 

Electronics engineer about 35 years old 
who preferably has had some graduate 
training and who is experienced in elec-
tronic circuit and apparatus design and 
development work. Wanted by a small but 
expanding and well known company spe-
cializing in precision electronic instru-
ments. Located in New Jersey about 30 
miles from New York City. Salary up to 
$7,000 plus bonus. Our employees know of 
this ad. Box 611. 

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 

RADAR 
ENGINEER-
PHYSICIST 
W ANTED 
Must have heavy ex-

perience  in  basic 

study and research on 
new  radar  equip-

ment. 

Engineering Positions 

Available 

MOTOROLA RESEARCH LAB-

ORATORIES PHOENIX, 

ARIZONA 

The new Motorola laboratory building with 
one acre of floor space devoted to electronic re-
search and development is located in a beautiful 
residential area adjacent to Arizona Country Club. 

Housing in surplus supply. Climate ideal. 

A limited number of  fully qualified engi-

neer-4 and assistants will be added to the staff. 

Qualifications: 

Engineem: (1) Graduate of accredited engi-
neering school. 

Five or more years of respon-
sible  charge  of  commercial 
research,  development,  or 
manufacturing projects. 
Specialists in 
A. VHF and UHF receiver 

design 
B. Microwave communication 

pulse circuits 
C. UHF, VHF and  Micro-

wave antenna design 

 D. Telemetering  and  multi-
plexing 

(4) Originality and inventive abil-
ity of major importance. 

Assistants: (1) Engineering Graduate 
(2) Electronic experience, commer 

(2) 

(3) 

cial, hobby or military 

Qualified men interested in permanent em-

ployment should state education, experience and 
past salary schedules in first letter. Information 

confidential. Address  Daniel  E.  Noble,  4545 

Augusta BIsd., Chicago 51, 

COMPUTER- ENGINEER 
also : DEVELOPMENT 

Must have heavy experience in basic 

M E M. . study development and prototype con-
struction of analog computers. 

Excellent  opportunity  for  Senior  Men.  Juniors 

please do not apply. State full particulars 

Replies confidential 

Write: A. Hoffsommer 

The W. L. MAXSON Corporation 
460 W. 34th Street  New York 1, N.Y. 

Pioneer in Radio Inaineerina "Instruction Cince 102 7 

APITOL RADIO 
EN GI NEERIN G  INSTITU TE 

An Accredited Technical 3nstitute 

ADVANCED HOME STUDY 

AND RESIDENCE COURSES IN 
PRACTICAL RADIO-ELECTRONICS 
AND TELEVISION ENGINEERING 

Request your free borne study or 
resident scbool catalog by smiling to, 

DEPT. 266B 
16th and PARK ROAD, N W., 
WASHINGTON 10, D.C. 
Approved for Veteran Training 
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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 650, RCA Victor Division 

Radio Corporation of America 
Camden, New Jersey 

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 

*  * *  * 

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. 

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. 

ENGINEER 

Graduate June 1950 with B.S. in E.E. 
University of Virginia. Age 24. Tau Beta 
Pi. FCC radiotelephone 1st class license. 
Amateur radio operator. 2 years in U. S. 
Navy as radio-radar technician. 2 years 
design and development of electronic uni-
formity analyzer for textile materials. In-
terested in sales engineering, design and 
development. Box 405 W. 

ASSISTANT PROFESSOR 

B.S., M.S. in E.E. Illinois Institute of 
Technology and University of Illinois re-
spectively. 1 year teaching experience. 
21/2 years experience in design of com-
puter servos and missile systems. Desires 
to teach electrical engineering courses, 
preferably at a college located in rural 
or suburban area. Available June 1950. 
Box 406 W. 

ELECTRICAL ENGINEER 

Electrical engineer, graduate B.E.E., 
C.C.N.Y. Age 25, married. Some informal 
experience with amplifiers and magnetic 
recorders. Desires position, preferably in 
audio. Salary secondary. Box 407 W. 

ENGINEER 

Recent graduate of American Television 
Institute of Technology with B.S.T.E. 
Single. ART 1/c in Navy. 1st class radio-
telephone FCC license. Desires position 
with a future in electronics, television or 
airlines as Junior Engineer or technician. 
Domestic or foreign assignment. Box 
408 W. 

ELECTRONIC ENGINEER 

B.S. in physics (biology minor). Ex-
Navy  engineering  officer.  Graduate 

Married. Experience: electronics 
instruction, consultation, vacuum tube 
ruggeffization. Desires position in medical 
electronics, biophysics or vacuum tube 
development in east. Box 409 W. 

(Continued on page 54A) 

ENGINEERS 
Design, Development 

and Factory 

Senior Electronics Eng., to take charge of 

the design and construction of a complete 

radar system. At least a B.S. degree and 

5 yrs. experience in electronic circuit work, 

of which 3 yrs. must have been on radar 

circuits. Will be required to direct the 

activities of a group of engineers and 

technicians. 

Factory Engineer, Magnetron Engineer 

with 2 or 3 yrs. Magnetron product engi-

neering experience. Should have at least 

a B.S. degree and • knowledge of metals, 

fabrication and brazing of machined parts, 

glass to metal seals, exhaust procedure 

and microwave testing techniques. 

Plant located in Boston offering excellent 

educational, recreational, and cultural fa-

cilities. Excellent program of employee 

benefits available. 

Address replies to Personnel Dept., Syl-

vania Electric Products Inc., Electronics 

Division, 70 Forsyth St., Boston 15, Ma., 

ATOMIC 
POWER 

Position open for engineer, having at 

least a B.S. degree in electrical engi-

neering and in addition having sev-

eral years of practical experience in 

the development and design of in-

strumentation and servomechanisms. 

A thorough knowledge of electronic 

regulating systems, amplifiers, and 

simulators is also  a requirement. 

The work is related to the develop-

ment of regulating devices and in-

strumentation for control of a nuclear 

power plant.  Location,  suburb  of 

Pittsburgh, Pennsylvania. For appli-

cation write 

Manager, Technical Employment 

Westinghouse Electric Corporation 

306 Fourth Avenue, 

Pittsburgh 30, Pa. 1 
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'STAN MID R141* METERS 

DEVELOPED BY STODDART 
FOR THE ARMED FORCES. 

AVAILABLE COMMERCIALLY. 

VHF ! 
15 MC 
to 

400 MC 

CI M EI 

Sensitivity  os two-terminal voltmeter, (95 ohms balanced)  Com mercial equivalent  of 15.587  U.  
2 microvolts 15-125 MC;  5 microvolts 8B-400 MC.  Field 
intensity measurements using colibroted dipole.  Frequency 

range includes FM and TV Bonds. 

Hi 

150 KC 
to 

25 MC 

Self•contained batteries. A.C. supply optionol. Sensitivity as Commercial equ ivalent of AN PRM-1. 

two•terminal voltmeter,  1 microvolt. Field intensity with 1,2 
meter rod ontenna,  2 microvolts-per-meter; rotatable loop 
supplied.  Includes stondord broadcast bond, radio range. 

WWV, and communicotions frequencies. 

Since 1944 Stoddart R141* instruments hove established the 

stondord for superior quality 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-1-24a, AN•I-42, AN•1-27o, AN•I•40 
and others. Many of these specifications were written or re' 
vised to the  stondords of performance demonstrated  in 

Stoddart equipment. 

14 KC 
to 

250 KC 

Commercial equivalent  of AN'URM-6.  A new achievement in sensitivity%  Field intensity  measure' 

merits,  1 microvolt-per•meter using rod; 10 microvolts-per• 
meter using shielded directive loop.  As two-terminol volt-

. meter,  1 microvolt. 

UH F ! 

375 MC 
to 

1000 MC 

Sensitivity as two-terminal  voltmeter,  (50-ohm  coaxial  input)  
Commercial  equivalent  of AN  URM-17.  
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 loborotory.  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  values. 
Accessories provide means for measuring either conducted 

or rodiated r.f. voltages. Graphic recorder available. 
? 

*Radio Interference and Field Intensity. 

STODDART AIRCRAFT RADIO CO. 

6644 SANTA MONICA BLVD., HOLLYWOOD 38, CALIF. 

Hillside 9294 

Precision Attenuation for UHF 

•. Less than 1.2 VSWR to 3000 MC. 
Turret Attenuator: 
0, 10, 20, 30, 40, 50 DB. 

Accuracy 4' .5 DB. 

• Patents applied for. 

• t• 
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Positions Wanted 

PRESTO... most carefully 
made recording discs in the world 

step  -preparing the aluminum base 
The manufacture of recording discs is one of the most 
exacting industrial processes known. That's why 
PRESTO ... makers of the world's finest recording disc 
... insist on perfection from the beginning. They know 
that the slightest flaw in the aluminum base will always 
show up as an imperfect disc. Consequently, the careful 
selection and preparation of every aluminum blank is 
PRESTO'S first requirement. 

Aluminum ...milled to exacting specifications...rolled 
to absolute uniformity of thickness.., die-cut into per-
fect circles.., must pass rigid inspection before it is used. 
Approved aluminum discs are then 
punched and the burr removed 
from the edge. With special sol-
vents, the aluminum surface is 
cleaned and polished to shimmer-
ing smoothness...the perfect foun-
dation for every PRESTO disc. 

The next time you buy recording 
discs ...look for the PRESTO label. 
It is your assurance of the most 
carefully made, most permanent, 
best-performing disc anywhere. 

RECORDING CORPORATION 
Paramus, New Jersey 

Mailing Address: 

Box 500, Hackensack, New Jersey 

The lemons PRESTO "Green Label" 
. . . world'. finest recording disc. 

- - 

In Canada: 
Walter P. Downs, Ltd. 
Dominion Sp. Bldg. 
Montreal, Canada 

Overseas: 

The M. Simons & Son Co., Inc. 
25 Warren Street 
New York, N. Y. 

( atm.-4 from page 52,4) 

ELECTRONIC ENGINEER 

B.S.E.E. 1949 Vanderbilt University, 
working on M.S.E.E. at present at Syra-
cuse University. Interested in television, 
electronics, radio communication. 4 years 
as Navy electronic technician. Tau Beta 
Pi. Age 26, married. Prefers mid-west, 
south. Available June 1950. Box 410 W. 

AUDIO TECHNICIAN 

Experienced in complex audio circuits. 
Graduate RCA Institutes. 3 years tech-
nical training in Army Air Forces. Col-
lege background. Age 25. Box 411 W. 

ELECTRONIC ENGINEER 

Harvard B.S. June 1950. Broad physics 
and electrical engineering background with 
some emphasis on pulse and timing cir-
cuits. 2 years training in U. S. Navy as 
electronic technician (10 mos. as instruc-
tor). 1st class radiophone license, light ex-
perience with TV and audio. Age 22. De-
sires work in electronics anywhere but 
prefer eastern U.S. Box 412 W. 

ENGINEER 

B.S. in E.E., M.S. in communications 
engineering. Expect Ph.D. from Harvard 
in June 1950. Tau Beta Pi, Eta Kappa 
Nu. 4 years experience as Air Force radar 
officer specializing in tactical suitability 
tests of airborne equipment. 1 year in 
geophysical operations. Age 32. Married. 
Box 413 V\ 

SALES OR FIELD ENGINEER 

B.S.E.E. communications major. 5V2 
years experience in radar and microwave 
,‘ stems test equipment and components. 
\ dditional experience in photocell, UHF 
transmitters and receivers, and servos; 
also phases of production, development,. 
and supervisory management. Age 29, 
married, 1 child. Will travel or relocate. 
Box 414 W. 

•  ELECTRONIC ENGINEER 

Nt.S.E.E.,  B.S.E.E., communications, 
Oklahoma A. and M. College. 2 year: 
Oil Company Research Lab. 2 years mili-
tary Airborne rqdio Maintenance. Thesis 
work parasitic antenna array impedance. 
1st radiotelephone, Amateur class A, 
DXCC. Married, age 24. Desires design,. 
development, research anywhere.  Box. 
429 W 

ELECTRONIC ENGINEER 

B.S.E.E. June 1950, University of Mis-
souri. Age 26, top one-eighth of class, Eta 
Kappa Nu. 3 years research laboratory 
technician, 2 years broadcast Chief Engi-
neer, active HAM. Interested in develop-
ment, design or application. Box 430 W.. 

RADIO ELECTRONICS TECHNICIAN 

American, age 27, single. Desires long 
term position anywhere in Philippines.. 
Amiable disposition. Speaks some Tagalog 
and Visayan. 10 years military, amateur 
and commercial radio experience. Box 
431 W. 

ELECTRONICS ENGINEER 

B.E.E. September 1949, Georgia Insti-
tute of Technology, communications op-
tion. Age 27, single. Former Navy ETM-
Limited production experience. Desires 
position with a future in electronics or 
communications. Salary secondary. Loca-
tion immaterial. Box 432 W. 

(Continued on page 56.4) 
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MINIATURE TUBE SOCKETS 

7-PIN and 9-PIN...and SUB MINIATURES 

SINCE 1919 

THE INS UL ATO R 
TRADE MARK REG US PAT OFF 

Now MYCALEX offers both 7-pin and 9-pin miniature 
tube sockets ... with superior low loss insulating prop-

erties, at new low prices that offer ceramic quality for 

the cost of phenolics. 

MYCALEX miniature tube sockets are injection 
molded with precision that affords uniformity and 

extremely close tolerances. MYCALEX insulation has 

high dielectric strength, very low dielectric loss, high 
arc resistance and great dimensional stability. 

Produced in two grades: MYCALEX 410 conforms 

to Grade L4 specifications, having a loss factor of 
only .015 at 1 MC. It is priced comparably with 

mica filled phenolics. 

MYCALEX 410X is for applications where low 
cost of parts is vital. It has a loss factor only one-
fourth that of "everyday" quality insulating ma-

terials, and a cost no greater. 

Prices gladly quoted on your specific require-
ments. Samples and data sheets by return mail. 
Our engineers will cooperate in solving your 

problems of design and cost. 

Mycalex Tube Socket 
Corporation 

"Under Exclusive License of Mycalex Corporation 
of America" 

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

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

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

Step Function 

500 IN. 

BROAD BAND 

D-C AMPLIFIER 
MODEL 3611  0-1,000,000 CYCLES 

2 Cycle Sine Wave 

250 IIV. RMS 

Stable, high gain, no overshoot on square waves, illuminated 

dial output meter, internal d-c calibration voltage, shielded low-

capacitance two-conductor input cable, low impedance output, 

both input and output balanced or unbalanced, large •range of 

gain control. 

Voltage gain 10,000 to balanced output, 5,000 to unbalanced out-

put. 400 ohm output delivers maximum of one watt into 6,000 

ohms or 220 volts peak-to-peak into a high impedance. 60 db 

attenuation in 10 db steps and an additional 10 db continuously 

variable. Output terminals are at ground potential. Rise time 

is 0.4 microsecond and frequency response is down 3 db at 

about one megacycle. Good reproduction of square waves up 

to 70 kilocycles. Low noise level permits amplification of small 

signals as shown in above photographs taken with the Model 

36B as a preamplifier for a direct-coupled oscilloscope. 

A few of many applications: amplifier for recorders up to 10 

milliamperes full-scale; sensitive d-c voltmeter; strain-gauge 

amplifier for both static and dynamic measurements; amplifier 

for biological potentials; cathode-ray tube amplifier to drive 

the deflection plates directly, or preamplifier to increase the 
sensitivity of an oscilloscope. 

R&sea/wit, 9frtc. 
RI DGEFIELD, CONNECTICUT 

(Continued from page 54,4) 

PHYSICIST 

B.S. physics, University of Washing 
1949, age 26. 6 years sub-professional 
radio and radar experience. FCC licensed 
radio telephone, 1st class. Primary in-
terest: Electronic instrumentationy any-
where in U. S. Box 433 W. 

ENGINEER 

B.S.E. June 1949, University of Nebra 
ska. Communications options. Single, age 
26. Eta Kappa Nu, Pi Mu Epsilon. D 
sires position offering prospects of re-
search or of work toward advanced de-
gree. Salary and location secondary. Box 
434 W. 

ENGINEER 

B.E.E. January 1950. C,onununications 
option. Rensselaer Polytechnic Institute. 
First quarter of class, 2 years Army ex-
perience as Chief Carrier Repeaterman. 
Age 31, single. Neat appearance. Salary 
and location secondary. Interested in com-
munications, electronics and UHF. Box 
435 W. 

COMMUNICATIONS ENGINEER 

7 years training in electronics. B.S.E.E. 
Graduate Navy electronics school and Na-
tional Radio Institute. 1st class phone 
FCC license. Age 23, single. Technician 
experience. Interested in TV or other 
communications engineering. Box 436 W. 

ENGINEER—EXECUTIVE 

B.S. Iowa State. M.S. Purdue. M.B.A. 
Stanford, Graduate School of Business. 
E.E. Stanford, Graduate School of Engi-
neering. 3 years Naval engineering offi-
cer; Bowdoin M.I.T. radar schools, radar 
material sea duty. Experience in research, 
engineering, production, business and in-
dustrial economics. Tau • Beta Pi, Eta 
Kappa Nu, Sigma Xi. Interested in opera-
• tion of a small business manufacturing 
a technical electronic product, or in a 
responsible position- with a larger com-
pany in electronics industry. Box 437 W. 

ELECTRONIC ENGINEER 

B.S.E.E. atul three quarters toward 
M.S. Specialist in electronics, radio and 
control. 11/2 years as B-29 wing hq. staff 
radar and radio officer; 2 years as E.E. 
instructor at prominent university. Age 
30, married, 1 child. Conscientious, alert, 
congenial, excellent references. Primary 
interest: electronic or control development. 
Box 438 W. 

ENGINEER 

Engineering Aide. Graduate RCA Insti-
tutes, 2 years advanced technology course, 
21/2 years experience as a laboratory elec-
tronic mechanic. Age 29, married. College 
background. Prefer work in eastern U. S. 
Box 439 W. 

ENGINEER-PHYSICIST 

B.E.E. January 1949; M.A. in physics, 
May 1950, Columbia Univ.; Experience 
in teaching, design and construction of 
highly specialized electronic instrumenta-
tion involving research and technical paper 
publication. HAM experience 10 years on 
UHF to SHF. Member Tau Beta Pi, Eta 
Kappa Nu. N.Y. State P.E. in training. 
Age 27, single. Prefer New York City 
vicinity but not exclusively. Box 440 W. 

(Continued on rage 58A) 
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Int  Ai. Of HA M k},  RH  1110f,Ress 

For accurate and up-to-date news of every British 
levelopment in Radio, Television and Electronics 
YIRELESS WORLD.  Britain's leading technical magazine in 

ne general field of radio, television and electronics. Founded 

'early 40 years ago, it provides a complete and accurate 

urvey of the newest British technique in design and 

nanufacture.  Critical reviews of the latest equipment, 

iroadcast receivers and components of all types are regularly 

ncluded.  Theoretical articles deal with design data and 

ircuits for every application.  Each issue is 

)rofusely illustrated and news from all parts 

if the world is fully reported. Monthly, 2s. 

knnual Subscription  - -  6s.  (84.50). 

WIRELESS ENGINEER. The journal of radio research and pro-
gress. Produced for research engineers, designers and students 
in radio, television and electronics, it is accepted internationally 
as a source of information for advanced workers and wireless 
engineers. Editorial policy is to publish only original work, selec-
ted by an Editorial Advisory Board representative of the fore-
most technical bodies in British radio engineering and elect-
ronics. Monthly, 2s. 6d. Annual Subscription, LI 12s. (85.50). 

ASSOCIATE:D 

ILIFFE 
PUBLICATI ONS 

ASSOCIATED TECHNICAL BOOKS. "Wireless Direction 
Finding" (4th Edition) by R. Keen, B. Eng. (Hons.), 
A.M.I.E.E. An up-to-date and comprehensive work 
on the subject. 453. ($7.5o). " Radio Laboratory 
Handbook" by M. G. Scroggie, B.Sc., M.I.E.E. 
430 pages (4th Edition).  I3s.  ($2.00) 

iubscriptions can be placed with British Publications 
international Money Order to Dorset House, Stamford 

Inc.: 150 East 37th Street, New York, 16, N.Y., or sent direct by 
Street, London, S.E.I, England.  Cables : " Ili ffepress. Sedist, London " 
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The ne w 
Doyen 
Type 170 
Electronic 
Volt meter 

outstanding features: ... has these 
• Wide voltage range -from 001 Volt 
to 100 Volts 

• Large, easy-to-read illuminated meter 
scale 

• All readings may be made on only 

one meter scale 
• Frequency range -10 cycles to 250 kc 

• High input impedance; cathode fol-
lower input provides effective input 
capacity as low as 6 mmfd 

• Decibel range -meter scale 0 - 20 DB. 
Multiplier control provides four ad-

ditional ranges of 20 DB 

-±-2% accuracy over entire frequency 

range 
• Output  jack  and  separate  volume 
control for using Voltmeter as wide. 

range, high-gain amplifier 
• High  stability  circuit  with  internal 

regulated power supply to make 
readings independent of normal 

power line variations 
• Speed and accuracy of measurement 
assures ease of operation 

Write for complete information 

Dept. 1E-8 

THE  DAVEN Co  
1 9 1  C E N T R A L  A V E N U E 

N E W A R K  4,  N E W  JE R S E Y 

.• 

Positions Wanted. 
,ritinueil from page 56.4) 

ELECTRONIC ENGINEER 

Electronic engineer. Age 41. 7 years col-
lege; 15 years responsible practical experi-
ence in electronic operation, design and re-
search. Now employed as consultant on 
job which will be completed this fall. De-
sires responsible position, credentials for-
warded upon request. Salary open. Ad-
dress: American, 72 \rococo, Sao Paulo, 
Brazil. 

SALES. FIELD, OR APPLICATION 
ENGINEER 

B.S.E.E. June 1950, Newark College of 
Engineering. Age 24. Single. Interested 
in position which combines engineering 
and "people." Navy 3 years, Electronic 
Technician 1/c. Some teaching, writing 
and industrial experience. Member Omi-
cron Delta Kappa. Resume on request. 
Box 441 \V. 

(Continued from page 48,4) 

STUDENT 

BRA NC H 

MEETINGS 

"A Direct Reading RF Wattmeter," by W. S. 
Burdic. Faculty. Oregon State College; "Plate 
Load Characteristics of a Push-Pull Audi. Power 
Amplifier." by Lloyd Craine. Faculty. Oregon 
State College; 'Distortion in Directional Broadcast 

Antennae." by Clifford Moulton. Faculty, Oregon 
State College; April I. 1950. 

PENNSYLVANIA STATE COLLEGE. IRE-AIEE 
BRANCH 

'Automatic Train Control.' by P. X. Rice. 

Faculty. Pennsylvania State College; Nomination 
of Officers; April Li. 1950. 

PRATT INSTITUTE. IRE BRANCH 

Business Meeting; March 15. 1950. 
"Local Broadcasting Stations," by George 

Travis. Student, Pratt Institute; March 29. IO W 
'Servomechanisms." by Charles Rehberg. Fac-

ulty. New York University; April 13. 1950. 

RHODE ISLAND STATE COLLEGE. 
IRE-AIEE BRANCH 

Business Meeting; January 16. 1950. 
Business Meeting; Election of Officers; April 21. 

1950. 

RUTGERS UNIVERSITY. IRE-AIEE BRANCH 

Business Meeting; Nomination of Officers; 

April 4. 1956. 
'System Protection Relays." by W. K. Sonne-

mann. Westinghouse Electric Corporation; April 

18. 1950. 

SAN DIEGO S1A I E COLLEGE. IRE BRANCH 

"Radio Astronomy." by R. F. Meyers. Student. 
San Diego State College; March 7. 1950. 

'Television Propagation." by John Day, Naval 
Electronics Laboratory; March 28. 1950. 

UNIVERSITY OF SOUTHERN CALIFORNIA. 

IRE-AIEE BRANCH 

"Color Television." by Willard Geer. Faculty. 

University of Southern California; March 14. 1950. 
Film and Guided Tour; March 16, 1950. 
Tour of Radio Station KFI-TV conducted by 

Bryan Cole; March 23. 1950. 

(Continued on page 39.4) 
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Student Branch Meetings 

(Continued from page 58:1) 

Tour of Radio Station KECA-TV conducted 
by Ernest Thornton; March 25, 1950. 

Tour of Pacific Telephone and Telegraph Los 
Angeles Central Office; April I. 1950. 

'SYRACUSE UNIVERSITY, IRE-AIEE BRANCH 

Election of Officers; March 28. 1950. 

UNIVERSITY OF TENNESSEE, IRE BRANCH 

I Turn COLLEGE, IRE-AIEE BRANCH 
'The Design and Erection of a Television Sta-

tion." by S. V. Stadig, Radio Station WBZ-TV; 
March 15. 1950. 

,  "Radar Countermeasures in World War IL" 1 by F. D. Lewis. General Radio Company; April 12, 
1950. 

Election of Officers; April.,11, 1950. 

TULAIRIE UNIVERSIIY, IRE-AIEE BRANCH 

'Arc Welding in Refrigeration." by E. L. Peter-
son. and 'Electronics in Neuropsychiatry." by 
%V. M. Nunn, Students, Tulane University; March 
24, 1950. 

•  UNIVERSITY OF WYOMING, IRE BRANCH 

'Civil Aeronautics Administration Growing 
Up.' by M. R. Neary. Civil Aeronautics Admin-
istration; January 26. 1950. 

'Telephone Company —Past. Present and Fu-
• ture." by C. R. Lewis, Mountain States Telephone 
k and Telegraph Company; February 16. 1950. 

Film: "Jet Propulsion." by General Electric 
Company; March 9. 1950. 

YALE UNIVERSITY, IRE-Al EE BRANCH 

'Recent Developments in the Electrical Power 
Engineering Field.' by R. G. Warner, United ,l-
luminating Company; March 30, 1950. 

'Microwave and Acoustic Lenses,' by %V. E. 
Kock, Bell Telephone Laboratories; April 12, 1950. 

The following transfers and admissions 
were approved and will be effective as of 
June 1, 1950: 

Transfer to Senior Member 

Abramovicli, M. N.. 9903 Lorain Ave.. Silver 
Spring, Md. 

Adams. G. J., 299 Atlantic Ave., Boston 10, Mass. 
Allured, R. B., 904 Dewey. Ann Arbor. Mich. 
Arnett, It. A.. Box 7166. Dallas 9, Tex. 
Benson, J. E., 4 Beaumont Ave., West Ryde. 

N.S.W., Australia 
Byers, V. J.. 341 Sutherland Dr., Toronto 17. Ont., 

Canada 
Caldwell, C. M.. 5511 Fairglen Lane, Chevy Chase 

15, Md, 
Cole, W. A., 67 Elwood Blvd., Toronto 12, Ont.. 

Canada 
D'Orio, P. A.. 1225 N. Linden Ave., Oak Park. 
Duckett. E. J., 319 Barnes St., Pittsburgh 21, Pa. 
Eaton. T. T.. RCA Victor Division. Camden, N. J. 
Flowers, H. L.. 208 Elmira St.. S.W.. Washington 

20, D. C. 
Gronner, A. D.. 50-17-63 St., Woodside, L. I., N. Y. 
Hicken, J., 40 Andrews Ave., Binghamton. N. Y. 
Holtz, R. F., Box 177, Great Notch, N. J. 
Jenny, H. K.. R.D. 6, Lancaster, Pa. 
Kees. H., 3312 Lake Dr.. R.D. 3, Evansville. Ind 
Lewis, F. 13., General Radio Company, 275 Massa-

chusetts Ave., Cambridge 39, Mass. 

Filter 
Manufacts* 
• HIGH-PASS FILTERS 

• LOW-PASS FILTERS 

• BAND-PASS FILTERS 

• BAND SUPPRESSION OR 

REJECTION FILTERS 

For RF or audio filtering and line RF suppression 
... for harmonic attenuation and teletype com-
munications . . . for single side band and telemeter-
ing equipment—these and many more are the uses 
to which B & W Filters are being applied daily. 
Time-tested and performance-proved, each of the 
filters listed above offers you a combination of 
accuracy and ruggedness that can't be beat in com-
mercial equipment, military equipment . . . ANY 
EQUIPMENT. 
That's why if your equipment requires filters— 

real filters built for day-in day-out dependability 
— B & W is the perfect answer. For details, write 
today to Barker & Williamson, Dept. PR-60. 

'Manufacts = Manufacturing facts 

BARKER &WILLIAMSON, INC. 
237 Fairfield Avenue Upper Darby, Penna. 

(Continued on page 604) 
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specify 

CORNISH 

AVOID LOSSES FROM 

O C K / 4 / 6 Not being an extruded plastic, 

absolute uniformity of diameter 
can be guaranteed. Therefore:— 

NO NICKING OF CONDUCTORS 
NO CONSTANT RESETTING OF BLADES 

If 

"NOFLAME-COR" 
the TELEVISION hookup wire 

APPROVED BY 

UNDER WRITERS 

LABORATORIES AT 

0 90 . 
CENTICiRt.DE  600 VOLTS 

Proven BEST, and specified regularly, by leading manufacturers 
of television, F-M, quality radio and all exacting electronic 
equipment. For maximum output and minimum rejects. Available 
in all sizes, solid and stranded. Over 200 color combinations. 

PRODUCTION ENGINEERS: Specify "NOFLAME-COR" 
for absolute uniformity of diameter, permitting 
clean stripping of insulation without damage 
to the copper conductor... 

NO NICKING OF CONDUCTORS 

NO CONSTANT RESETTING OF BLADES 

AVOID LOSSES FROM 

" BL O B BI N G " 
Not being an extruded plastic, 

eliminates the costly "blabbing" of 
insulations under soldering heat 

• Flame Resistant 

• Heat Resistant 

• High Dielectric 

• High Insulation Resistance 

• Facilitates Positive Soldering 

• Easy Stripping 

• Also unaffected by the heat of impregnation 
therefore, ideal for coil and transformer leads 

COMPLETE DATA AND SAMPLES ON REQUEST 

"made by engineers for engineers" 

CORNISH WIRE COMPANY, Inc. 
605 North Michigan Avenue,  15 Park Row, New York 7, N.Y. 

Chicago 11  Philadelphia 6 
1237 Public Ledger Bldg . 

(0,ntinued from page 594 ) 

Marchese. T. J.. 159 Hillside Ave., Nutley 10, N. J. 
McConnell, T. E., 122-33 St. Dr., S.E.. Cedar 

Rapids, Iowa 
Michaels, S. E., Bell Telephone Laboratories, Inc.. 

Murray Hill, N. J. 
Morrissey. T. G., 4161 E. 16 Ave.. Denver 7, Cob. 
Rao., M. V. S., Indian Radio & Television Institute. 

Box 33, Buckinghampet P.O.. India 
Russell, C. M., Electronics Test, U. S. Naval Air 

Test Center. Patuxent River, Md. 
Sands, L. G.. Philco Corporation, Industrial Divi-

sion. Philadelphia, Pa. 
Sieminski, E., 134-14 Franklin Ave., Flushing, N. Y. 
Stone, R. P.. RCA Laboratories. Princeton, N. J. 
Walker, R. M.. 75 Brent St., Dorchester 24, Maas. 
Warriner, B., IV, Federal Telecommunication Lab-

oratories. 500 Washington Ave.. Nutley. 
N. J 

Admission to Senior Member 

/Win, A. V., 5008 Battery Lane, Bethesda 14. Md. 
Bond, W.. 5930-14 St., N., Arlington, Va. 
Carne. G. G.. 46 Valley View Rd., Rockaway, N. J. 
Fielder. D. C., School of Electrical Engineering. 

Georgia Institute of Technology. Atlanta, 
Ga. 

Harris, L. M., Jr., Stromberg Carlson Company. 
Rochester 4, N. Y. 

Harris, W. A., 101 N. Spring Garden Ave.. Nutley 
10, N. J. 

Howard, J. H., Box 340. Highland, N. Y. 
Kleen, W. J., C.S.F.-C.R.T., 23 Rue du Maroc. 

Paris 19, France 
Mika, H. S., 444 S. Highland. Dearborn. Mich. 
Oser, E. A., Patent Department, Bldg. 5-2, Radio 

Corporation of America, Camden, N. J. 
Taylor, N. H.. 48 Central St., Manchester. Mass. 
Walsh, C.. 437 Walnut St., Emporium, Pa. 

Transfer to Member 

Affelder, C., 6 Valley St., Newark 6, N. J. 
Anderson. %V. If.. Ashburn, Ont., Canada 
Baldwin, J. H. G., 5062 Qranville St.. Vancouver. 

B. C., Canada 
Cotts, A. C., Electrical Engineering Department, 

Kansas State College. Manhattan. Kan. 
Dagavarian, H. 0., 1809-51 St., Brooklyn 4, N. Y. 
Dobbins. B. D., 101Q8 Georgia Ave.. Silver Spring. 

Md. 
Ellis, R. E., 2640 N. Roosevelt St.. Arlington. Va. 
Fezer. II., Ogden Park. Dobbs Ferry. N. Y. 
Fielding. B. L.. 11331 Valley Spring Lane. N. Holly-

wood. Calif. 
Jensen, A. M., 189 Riverview Ave., Little Silver, 

N. J. 
Jones, %V. B.. Jr., Electrical Engineering Dept., 

Georgia Institute of Technology. Atlanta, 
ON. 

Koski. J. I., 2228 Yucca, Fort Worth 11, Tex. 
Lowman. R. V.. 122 Cutter Mill Rd.. Great Neck. 

N. Y. 
Massell. E., Box 433, Locust. N. J. 
Meinheit, C. E.. Box 6. Bayside, L. I., N. Y. 
Mobley. M. P., Jr.. 4610 Laurel Grove Ave., N. 

Hollywood. Calif. 
Pace. R. T., Box 6. Bayside. L. L. N. Y. 
Pickens, D. H., 9807 S. Yates Ave., Chicago 17. 
Robbiano, P. P., c/o Electronics Research. Inc., 

Box 327. Evansville 4. Ind. 
Schaefer. R. G., Electrical Engineering Department. 

University of Wyoming, Laramie. Wyo. 
Schott, F. W.. 3605 Richmond St., San Diego 3, 

Calif. 
Sessions. S. H., 1886 Malden St.. San Diego 52. 

Calif. 
Shaffer, C. V., 206 Annis Blvd., Rt. 5, Gainesville. 

Fla. 

MANUFACTURERS OF QUALITY WIRES AND CABLES FOR THE ELECTRICAL AND ELECTRONIC INDUSTRIES 

\ 

(Continued on page 61.4) 
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(Continued from page 604) 

Stantz. L. H.. 168 Moeller St., Binghamton. N. Y. 
Ungvary, R.. L., 2009 Summer St.. Stamford. 

Conn. 
Witten, A. L., Jr.. 20 Evelyn Rd., Port Washington. 

N. Y. 

Admission to Member 

Arnold, W. F.. 1313 Beunz Vista. Ventura, Calif. 
Bishop. A. R.. 5907 S.E. Hill St., Portland 22. Ore. 
Bishop. G. W.. 7833 Penn., Kansas City S. Mo. 
Bobenhouse, C. J., 1421 Harrison, Des Moines. Iowa 
Bradford, W. 0., 155 W. Guava St., Oxnard, Calif. 
Chapman. A. K., 136 Radio Security Sq., Brooks 

A.F. Base, Tex. 
Childs, A. F.. 605 Adams Ave., W. Hempstead, 

N. Y. 
Connell. J. C., 516 E. Grand Ave., Albuquerque, 

N. Mex. 
Fitzgerald, H. M., 131 Frederick St., Clinton, Ont., 

Canada 
Gordon. L., 157 Broad St., Red Bank, N. J. 
Hill, R. R.. Mutual Telephone Company, Box 2200, 

Honolulu. T. H. 
Hockman. P. E., R.D. 2, Springfield, Ohio 
Huynen, J. R.. Hillsdale Apt. 256-D, 37 Ave.. San 

Mateo. Calif. 
James, W. E., 68-01A Cloverdale Blvd., Bayside, 

L. I.. N. Y. 
Kulmus, R. J.. 1665 Hager St.. Utica 4, N. Y. 
Lee, W., Military Communications Division. Sig. 

Sect. GHQ FEC, APO 500. c/o PM, San 
Francisco. Calif. 

Lippke, J. A., 35 Church St., Roslyn, N. Y. 
Martinez, B.. Manrique #6, Apt. 2. Havana, Cuba 
Mason, F. L., Electronics Office, Naval Shipyard. 

Pearl Harbor. T. H. 
Meyer, R. G. H., Coles Signal Laboratory" Red 

Bank, N. J. 
Moore. J. D. B., 27 McClary Ave., London, Ont., 

Canada 
Nelson, A. B., 618 Burlington Ave., Bristol, Conn. 
Randals. A. W., 19071StratfordfAve., Neptune, 

R.D. 1, Asbury 'Park. N.f.J. 
Redden, M. S.. Jr., 4124 N. Third Rd.. Arlington, 

Va. 
Rhodes, A. J.. Rm, 310, M.C.A., D.H.Q.. Adamton 

House, Monkton. Ayrshire. Scotland 
Sengupta, D. P., Assistant Technical Officer. Aero-

nautical Communication Station. Calcutta 
Airport. Dum Duni, India 

Warnke, G. F., 35 W. 33 St., Chicago IS, Ill. 

The following elections to the Associate 
grade were approved and were effective as 
of May 1, 1950: 

Abbitt, C. W., 1521 Plum St., Springfield, Ohio 
Alaimo. J. H., 4652 N. Kenmore Ave.. Chicago 40. 

Aseltyne, J. G.. 188 King. Box 304, London, Ont., 
Canada 

Ayer. D. R., Box 1, Bell Aircraft Corporation, Buf-
falo. N. Y. 

Balaban, S. A.. 1018 Hathaway St., Owensboro. Ky. 
Bargfeld. F. G., 3044 N.E. 46 Ave.. Portland. Ore. 
Barrett, C. S.. 2121 Mershon Ave., Dayton, Ohio 
Barwick, M. N., 1815 N. W. 48 St., Miami, Fla. 
Bary, V., Louisiana Ave.. Bridgeport, Conn. 
Boehme, C. D.. 4 Talbott Bldg.. Dayton, Ohio 
Bradley, J. R.. 7 Eighth St., Hicksville. N. Y. 
Brock, K. S., 66 Needham St., Newton Highlands, 

Mass. 
Brooks. L. P., 81 Lincon Ave., Tuckahoe, N. Y. 
Brown, W. A., 7120 N. Barnett Lane, Milwaukee, 

Wis. 
Burak, M., 153 Water St., Quincy 69, Mass. 
Butler, J. J., 4330 N. Leavitt St., Chicago 18, Ill. 

ACD Double-Needle Crystal Cartridge 

SURF, ot contotra 

essetfficti considetanon ity siatecnoct ybon  ? 

physi  and pettoonance cbatactesistice 

calUidaes tac you% needs. 1ben cafftes tbe  n ot 
tbe vaanuiactule% -- does be bave tbe yl  ilities.  

tbe ytecisio  ce  i 

n tnethods and t chniques, tbee  eigovecl 

encpoeeirics skill, to olive yo‘.1 &Lc:Lel/ vA,  you vole? 
Ittese cae OA tactots venial bay e kept  tic tbe nation's 

nusobes olle suco pt ot ipiclalp c  s sin t titst 
pioneeted the ;Old ot cTystal  nes and +pickups. 

Astaic veseascb keeps alas  out snost advanced 

teguisernents.  Astc6tc vo  oq ptocecluses give 
you tbe biqbesk decicee coo qui:dirt, Select any 

ot tbose newest Nalati  • dqes on tlle basis ol pub' 
Usbed cbcaacke  and tbds exactly viliat yotk 

caD coulNt on, '  quanitty. *site tot contylete data. 

•Ait.t;, Crystal Devices manufactured 
undo, Brush Development Ce. patents 

) 11 A % 11rA ti r /  Cotxpott,p..1.‘"o.,r 

1 Newest Astatic miniature turnover model fea-
turing  mechanical  drive  system  with new low in 
inertia.  Result — sensationally smooth response, new 
tracking mc•Ilisricis, low needle talk. Output 1.0 volt 
at 1.000 c p.s. Needle pr  ix grams. 

AC Crystal Cartridge 
3 Tiny, single•needle version of the new ACD, 

with sarn• unparalleled smooth response.  AC..1 for 
slow sp ud records has five gram needle pressure; 
AC-AG-J, with speci•I All-Groove needle tip for all 
record types, has six gram needle pressure; AC-71-.1 
for 71 RPM records has six gram needle   
Output of each is 1.0 volt at 1.0:00 c.p.s. 

LCD Doubts-Needle Crystal Cartridge 
2 The PROVED TOP PERFORMER for turnover 

type pickups today.  Outstanding for mc•Ilenc• of 
frequency response, particularly at low frequencies. 
Output 1.2 volts on slow speed side, needle pressure 
six grams; 0.1 volt on 71 RPM side, night grams. 
Available with or without needle guards 

GC Ceramic Cartridge 
4 The first ceramic cartridg• with replaceable 

needle. Takes the "Type G" needle — with either one, 
throe-mil or special All-Groove tip, precious motel 
or sapphire — which slips from its rubber chuck with 
• quarter turn sideways. Output has been increased 
over that of any other ceramic cartridge available. 
Light weight and low minimum needle pressure. 

CO Crystal Cartridge 
Features miniature size and five•gram weight.  Models CQ..) and CO•AG•J fit 

standard 1/2" mounting and RCA 45 RPM record changers.  Model C0.1.1 fits RMA 
No. 2 Specifications for top mounting .453" mounting centers. Output 0.7 volt et 1.000 
ups. Employ one-mil tip radius "9" Needle, or special All•Groove tip (Model CO-AG.J). 

(Continued on page 624) 
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TYPICAL APPLICATIONS 

NOWunw A p4adicai SOLUTION TO 
HIGH-SPEED COUNTING PROBLEMS... 

Beithelei/ DECIMAL COUNTING UNITS 
* HIGH SPEED ... up to 30,000 

counts per second; resolves in-
dividual pulses separated by as 
little as 5 microseconds! 

* DIRECT READING.. Decimal 

count is indicated directly by 
illuminated numbers on front 
panel. 

* RUGGED, COMPACT ... Com-

ponents mounted in sturdy plastic 
moulding, moisture and fungus - 
proofed; enclosed in stamped alum-
inum case only 1-3/16" wide by 
53/8" high. (53/4" deep, including 
tubes.) 

*PLUG-IN MOUNTING with 

standard octal base. 

MODEL 410 INDUSTRIAL COUNTER uses 3 Deci-
mal Counting Units plus 6-place mechanical 
register .... handles up to 10,000 counts per 
second, gives direct-reading total up to 
1,000,000,000 counts. 

MODEL 500 TIME INTERVAL METER gives 
direct-reading indication of elapsed 
time in units of .0001 second; uses 4 
Decimal Counting Units which register 
cycles from a 10 kc crystal-controlled 
source during the interval to be mea-
sured. 

MODEL 2000 DECIMAL SCALER is a com-
plete laboratory instrument for the ac-
curate measurement of nuclear radiation; 
uses 3 Decimal Counting Units and me-
chanical register—built on high voltage 
power supply and automatic control for 
predetermined count. 

Write Department P for Literature, Prices. 

(Continued from page 61,1) 

Buzzard, R.. Box 832, Waipahu, Oahu. T. H. 
Caggiano. V. D., 8222 Murietta Ave.. Van Nuys, 

Calif. 
Capasso. L. V., 2504 Bathgate Ave., New York, 

N. Y. 
Cenci, A. A., 11023 Strathmore Dr.. Los Angeles. 

Calif. 
Chalekian. J.•S- 239 W. 31 St., Indianapolis, Ind. 
Chambers, W. M., Radio Station WLOS, Asheville, 

N. C. 
Clithero, W. H.. Jr., 1835 Sul Ross, Houston 6. Tex. 
Cochran. K. W., 12531 Barbara Ave., Venice, Calif. 
Cohen. A., 109 Jackson Ave., Schenectady 4, N. Y. 
Colbert, S. M.. Franklin Annex, Cornell University, 

Ithaca. N. Y. 
Conley. W. H.. 110 Calyer St., Brooklyn. N. Y. 
Curtis. W. T., 924 Lawrence Ave., Chicago, Ill. 
DeVincent, J., 227 E. 33 St., New York 16. N. V. 
Diener. B.. 3636 Rosewood Ave., Venice. Calif. 
Dunn, E. J., 1498 E. 172 St.. New York, N. Y. 
Egli. E. M., 19 Roetelstrasse. Zurich. Switzerland 
Farrington, H. W., 1772-20 Ave., Oakland 6. Calif. 
Feinne, L., 8768-254 St., Bellerose. L. L. N. Y. 
Fjeldsted. N. B.. 1433 S. Rexford Dr.. Los Angeles, 

Calif. 
Flynn, L. A.. 3105 Meeting St., Naval Base. S. C. 
Franks, C. B.. 2909 Delmar Ave.. Cleveland, Ohio 
Ganiere, H. C.. 46 Rennell Ave., Lexington Park. 

Md. 
Gault, A. A.. 3620 Rutherford St., Harrisburg. Pa. 
Gerber, W., Direction Generale Des PTT, Berne, 

Switzerland 
Gilmer, R. L., 2728 Gilbert Ave.. Portsmouth, Ohio 
Gilmer, W. R.. 1608 Harrisville Ave.. Portsmouth, 

Ohio 
Golden. H.. 1514 Unionport Rd.. New York. N. Y. 
Gray, G. A., 4117 Illinois Ave.. N W., Washington 

11. D. C. 
Green, J. S., 116 S. Willow St.. Compton. Calif. 
Green, L. F.. 1425 Chase Ave.. Chicago. Ill. 
Griffin, D. C.. 13 S. Main St.. Simsbury. Conn. 
Guth, R. J., 215 VV. 23 St., New York 11. N. V. 
Haahn, F. J.. 391*5 Dismount St., Dallas. Tex. 
Hailey, W. H., 6340 Walrond, Kansas City. Mo. 
Hax, D. H.. 3635 Tracy Ave.. Kansas City, Mo. 
Hellstroem, P. G.. Box 279, Gotheborg, Sweden 
Henderson, J. A.. 4125 S. Anthony Blvd.. Ft. 

Wayne, Ind. 
Hogan, H. A.. 1304 N. Astor St.. Milwaukee, Wis. 
Hornbostel. %V. G., 8042 Altavan Ave.. Los Angeles. 

Calif.  
Howell, J. E., 245 Rural Sta.. Dillon, S. C. 
Jennett, N. E., Jr., Box 342, Camarillo. Calif. 
Jobe. R. E.. 433 Maluniu Ave.. Lanikai. Oahu, 

T. H. 
Johnson. R. L., 23 Linden St., Norwood. Mass. 
Jones, I. B., Potchefttroom. Transvaal. South Africa 
Jones. J. T., Jr., 9128 Old Newton Rd., Philadel-

phia, Pa. 
Jordal, V. M.. Buffalo Center. Iowa 
Kahn, I., 115 Broadway. New York 6, N. Y. 
Kandra, J. P., 1255 Flora. N. W., Grand Rapids. 

Mich. 
Kaplan. H.. 1227 Grand Concourse. New York 52, 

N. Y. 
Kappes, A. V.. R.R. 6. Evansville. Ind. 
Kline, C. M.. 6915 Horrocks St.. Philadelphia, Pa. 
Klotzel. E., Caiza Postal 3301. Sao Paulo. Brazil 
Krauer, 0., 51 Manhattan Ave., Crestwood, N. Y. 
Leichtman. J. A., c/o Brater, 978 Aldus Street, 

New York, N. Y. 
Lewand, J., 1786 Galena. Denver. Colo. 
Lamp'. M. B., 828 Brooklyn St., San Antonio Tex. 
Lindemann. E. G., 2672 Lowery Ave., Honolulu 54, 

T. H. 
Lyon, R. E., 7342 Lasaine Ave., Van Nuys. Calif. 
Machuta. A. J., 38 Bright Rd.. Hatboro. Pa. 
Madeley. P. E., 145 Madeley St.. Conroe, Tex. 
Maravich, R., 107 W. 73 St.. Chicago 21, III. 

(Continued on page 63A) 
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(Continued from Page 624) 

McLaughlin. F. G.. 1243 Collingwood Ave., Akron, 
Ohio 

Mehray. P. N.. 550 Riverside Dr., New York. N. Y. 
Meyer. B.. 1435 E. 21 St.. Brooklyn 10, N. Y. 
Miller, W. E.. 4012 Ruskin St.. Houston 5. Tex. 
Mirakentz. A.. 4901 Ninth Ave.. Los Angeles, Calif. 
Montague. L. E., Box 3045. 760 Laurel. Beaumont; 

Tex. 
Mueller. A. G.. 418 F St.. Rock Springs. Wyo. 
Napoli, C. A.. 197-26 Foothill Tern, Holliswood, 

N. Y. 
Needs, %V. IL. Rt. I. Box 976. Fort Lauderdale, Fla. 
Noskowicz. 1'. S.. 151 Highland Ave.. Wooddale. 

O'Connell, T. P.. 97 Willow Ave.. New York 54, 
N. V. 

Ohlemacher. R. F., Box 548. State College. N. Mex. 
Penmessa, V. R.. 5 Varadarakamudali Lane, 

Madras. S. India 
Pheil. C. E.. 2401-23 Ave.. S.. St. Petersburg. Fla. 
Plutt. J. A., Jr., 215 W. 23 St., New York. N. Y. 
Pressnall. J. R.. 4606 Kansas Ave.. N W.. Wash-

ington. D. C. 
Profitt, C. L., Box 722. Augusta, Ga. 
Randall. W. T., 4717 Campbell Dr., Culver City. 

Calif. 
Raschke, R. R., 177 Eighth St.. Troy, N. Y. 
Redfield. S. I., 920 S. Michigan Ave., Chicago. III. 
Rexroad. R. A.. 1633 Woodland Ave.. N. W., Can-

ton. Ohio 
Rivers. M. D.. 1327 Grigsby Ave.. Dallas 4. Tex. 
Robertson. W. J. P., RCAF Sta., Clinton, Ont., 

Canada 
Rockwell. D. A.. 4430 Sheridan Rd., Chicago. III. 
Rockwell. R. G.. 5335 W. 99 Pl.. Los Angeles, Calif. 
Rogers. W. J., Jr.. 6236 N.E. 26 Ave.. Portland. Ore. 
Ross, C. 0.. Milwaukee School of Engineering, 1020 

N. Broadway, Milwauee 1. Wis. 
Rudolf, S.. 3026 Brighton & 14 St., Brooklyn 35, 

N. Y. 
Rumbold. D. G.. 202 Huron St., London. Ont., 

Canada 
Samalonis. A. J., 545 Court St.. Elizabeth, N.J. 
Schleppegrell, J. R.. 88 Drake St., Charleston. S. C. 
Shock, W. R., 700 Pine St.. Central Falls, R. I. 
Sinclair, J. G., Jr., 7400-3-4 Arizona. Los Angeles, 

Calif. 
Singh, K. J.. Block E2, 3GTS, Hospital Town, W.. 

Bangalore, S. India 
Slocomb, G. M., 734 E. Olive St.. Burbank, Calif. 
Smith. R. J., 176 Davidson Ave.. Buffalo, N. Y. 
Smith. R. T., 3377-B Castle Heights Ave., Los 

Angeles, Calif. 
Spellman, F. C.. 206 E. Fourth St.. Brooklyn 18, 

N. Y. 
Sturrock. J. K.. 4412-S1 St., Red Deer. Alta., 

Canada 
Subbaraman. V., c/o Radio Sales & Service. Shora-

nur Rd., Trichur, S. India 
Taft, E. A., Jr.. Tropical Radio Telegraph Com-

Pans, Tegucigalpa, Honduras 
Tahl, J. E., 1400 Gardner Rd.. Westchester. May-

wood, III. 
Tandan, P. D.. Sushil Bhawan, Madan Mohan St.. 

4 Daryaganj. Delhi, India 
Thompson, R. L., Jr., 29 Laure Ave.. Abington. 

Mass. 
Tucker, M., 1090 W. 30 St.. Los Angeles 7. Calif. 
Vogt, K. S.. 120 S. Dixon Rd Kokomo. Ind. 
Weber, W. J.. Jr., 1705 C St.. SE., Washington 3, 

D. C. 
Wegner, D. A., 131 Saranton Ave., Lake Bluff, Ill. 
Weinberg, D. H.. 421 S. Sixth, La Crosse. Wis. 
Wolfe. J. A., 614 Watertown St., Newtonville 60, 

Mass. 
Wolff, K. A.. 1713 N. Orchard St.. Chicago 14. III. 
Woods, H. D., 1235 N. Van Buren, Milwaukee 2, 

Wis. 
Zecher, R. 0., 1305 Union St.. Schenectady 8, N. Y. 

TOWER LIGHTING EQUIPMENT 

Designed for Dependability . . . 
Immediate Delivery .. . 

q4.a12701V-

300 MM CODE BEACON, Type 660. Sturdily 
constructed, completely dependable. To 
provide steady, uninterrupted service for 
many years of exposure to rigorous 
weather conditions, metal parts are made 
of cast aluminum with hardware of corro-
sion resistant bronze. Insects are kept out 
by screens placed in ventilating openings. 

ISOFORMERS, Types 2015 and 2030. Interlock-
ing ring, air-insulated lighting transformers; 
particularly adapted for use with towers that 
develop a high voltage across the base in-
sulator. 
REPLACEMENT LAMPS, for code beacons and ob-
struction lights. Carried in stock in variety of 
filament voltages. 
LIGHTING FILTERS, for use with insulated tow-
ers developing moderate voltages above 1 MC. 
Models available unhoused or in weatherproof 
steel housing. 
BURNOUT INDICATORS, to show lamp failure. 
PHOTOELECTRIC CONTROL SWITCHES, to turn 
tower lights ON and OFF. 
FLASHERS, for code beacons. 
COMPLETE TOWER LIGHTING KITS, including 
conduit, wire, and all fittings for towers of 
any height. 

SINGLE (Type 661A) and DOUBLE (Type 662A) 
OBSTRUCTION LIGHTS. Easy to service, rugged, 
reliable. To replace burned out lamps, just 
loosen one thumb screw and open the two 
piece cast aluminum housing. 
Write /or descriptive bulletins or further 
information—today. 

C O R P O R A TI O N 

/.  rAsT /So  11 51 51  C HI C A G O  IS 

TRANSMISSION LINES FOR AM.FM-TV • ANTENNAS • DIRECTIONAL ANTENNA EQUIPMENT 
ANTENNA TUNING UNITS • TOWER LIGHTING EQUIPMENT • CONSULTING ENGINEERING SERVICES 

WORLD'S LARGEST ANTENNA EQUIPMENT SPECIALISTS 

•S AA approvals rover only 
lighting fixtures themselves. 
Associated equipment is not 
subject to CAA regulations 
but more than meets all local 
regulations. 
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News—New Products 

A Complete Line of 

PRODUCTION TEST EQUIPMENT 
for TV Manufacturers 

Tel-Instrument has designed and provided the production test 
equipment for many of the major TV manufacturers. A complete 
line of instruments designed to be unusually critical in the testing 
of TV receivers is available. They are the result of the wide 
practical experience of Tel-Instrument engineers plus a complete 
understanding of the production problems of TV manufacturing. 

ts 

reit_ 

TYPE 2120 
R F PICTURE SIGNAL GENERATOR 

Provides picture and sound carrier. 

Modulated  by  stondard  R.M.A. 

composite  picture  signal.  Sound 

carrier stability suitable for testing 

Inter Carrier  type receivers.  In. 

lernal 400 cycle FM and External 

audio with 75  microsecond  pre. 

emphasis. Output max. 0.1v pp 

across  75  ohm  line.  Available 

channels 2.13. 

••••• 

TYPE 1200A 
12 CHANNEL 
R.F. SWEEP GENERATOR 
Intended for precise adjustment of 
R.F. head oscillator coils and R.F. 

band  pass  circuits.  Pulse  type 
markers  at  picture  and  sound 
carrier frequencies extend to zero 

signal  reference  base  line.  Ac-
curacy  of  markers  0.02 %  of 

carrier frequency.  12 to 15 MC. 
sweep on all channels. Max. 1.‘r 
peak output across a 75 ohm line. 
Provisions  for balanced input re-

ceivers. Instant selection by push 
button. 

TYPE 1900 
CRYSTAL CONTROLLED 

MULTI-FREQUENCY GENERATOR 
A 10 frequency, 400 cps. modu-
lated crystal controlled oscillator, 
ideal for production line adjust-
ment of stagger tuned I.F. ampli-
fiers. Available with crystals rang-
ing from 4.5 to 40 M.C. Output 
frequency  accurate  to 0.02%. 
Immediate push button selection 
of frequency. Output attenuator 
range .5V to 500 microvolts. Self 
contained regulated power supply. 

Write for Detailed 

TYPE 1500 A 
I.F. WOBBULATOR 

A two band sweeping generator 
covering the range of 4.5 to 50 
M.C. Capable of a band width of 
approximately ±-.25% on either 
band. Five pulse type crystal 
generated markers to specified 
frequencies  available for each 
band. Accuracy of markers .05%. 
Zero signal reference base line. 
with markers extending to base 
line. I.V output max. into 75 ohms. 
A saw sweep available for "X" 
axis of scope. 

Engineering Data Sheets. IIIIIIIIII
IIII
IIII
IIII
IIIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
II 

Tginsirument Co. Inc. 
54 PATERSON AVENUE  • EAST RUTHERFORD, N. J 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 30,4) 

Miniature Sensitive 
Electronic Relay 

A new electronic relay system to pro-
vide super sensitivity in industrial control 
applications has been developed by Servo-
Tek Products Co., 4 Godwin Ave., Pater-
son 1, N. J. 

This economical electronic relay sys-
tem utilizes recently developed cold-cath-
ode type gas tubes. Simplicity of design 
and minimum number of components 
make possible this unit which mounts on a 
standard 4-inch electrical connection box. 
The unit operates from the 115-volt 

50-60 cps line and uses no filament to draw 
standby power with the relay circuit ener-
gized. Unit operation is initiated by the 
contact of a drop wire, contact making in-
strument, or any conductive medium be-
tween the two contacts having a resistance 
as high as one million ohms. Maximum cur-
rent flow through the initiating resistance 
is in the order of microamperes. 
The load relay contacts are arranged to 

permit a choice of either opening or closing 
a circuit, or simultaneously to open one cir-
cuit and close another. 
A hold circuit., is incorporated for op-

tional use. 

Pulse-Rise Time 
Indicator 

A new Model 632-B, pulse-rise time 
indicator, with a rise time of 0.005 to 0.1 
microsecond in 20 steps, is available from 
the manufacturer Electronic Systems Co., 
555 E. Tremont Ave., New York 57, N. Y. 

1 
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News—New Products DO YOU NEED Small PRECISION RESISTORS 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 644) 

The instrument employs a specially 
designed delay line of variable length and 
a vacuum-tube voltmeter. The voltmeter 
reads the peak of the resultant pulse pro-
duced by the pulse under test and its 
reflection; its magnitude is a function of 
the rise time and the delay of the line. 
When the delay is less than the rise time, 
the resultant pulse amplitude will be 
smaller than that of the impressed wave; 
when the delay of the line is equal to the 
build-up time of the pulse, the voltmeter 
reading will have reached maximum. Thus 
the calibrated line is a measure of the rise 
time and may be used to plot the leading 
edge. This instrument is also available in 
other ranges upon request. 

Portable Oscilloscope 
Waterman Products Co., Inc., 2445 

Emerald St., Philadelphia 25, Pa., intro-
duces the new Model S-14-B wide-band 
pocketscope. This oscilloscope demon-
strates that laboratory oscilloscopes can be 
made increasingly practical through por-
tability and still be characterized by supe-
rior electrical performance. 

Suitable for random pulse analysis, or 
transient investigation, the S-14-B has 
amplifier fidelity constant within 2 db from 
dc to above 700 kc without peaking. Its 
linearized triggered or repetitive time base 
is continuously variable from i-cps to 50 
kc with either + polarity of sync or trigger. 
Amplifier sensitivity is of the order of 50 
my rms/inch and internal calibration of 
trace amplitude is provided. Observation 
of limited wave-form areas is facilitated by 
a trace expansion better than four times 
screen face. Input attenuators and gain 
controls are nonfrequency discriminating. 

Decade Inductors 

...ACCURATE TO 1% TOLERANCE OR CLOSER? 

ACTUAL 
SIZE 

 --xi.-
Maximum Minimum 

Type Sec- Size Mtg. Watts Resistance Resistance 
lions Screw per section per section 

Ohms Ohms 

136A 1 13 32" x 1/4" No 0 0 15 150,000 1 

137A 2 45 64" x1/4" No. 0 0 15 150,000 1 

133 3 1-5 32" x 3 8" No. 3 0.25 550,000 1 

134 4 1-1 4" x 3 8" No 3 0.25 350,000 1 

!cross 
Miniature AKRA-OHM Precision Wire-Wound Resistors 

Available from General Radio Co., 275 
Massachusetts Ave., Cambridge 39, Mass., 
in single-decade units for building into 
other equipment and in three- and four-
decade cabinet assemblies for laboratory 
use, are new decade inductors which pro-
vide precise decade steps of inductance 
from one millihenry to one henry per step. 

(Continued on page 664) 
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There's no substitute for well-made precision wire-wound 
resistors. They provide close tolerance PLUS the high 
stability and reliable low temperature coefficient re-
quired for dozens of modern electronic circuits! In many 
cases, however, size limitations of ordinary precision 
resistors have been a handicap. 
Shallcross miniature Akra-Ohm resistors overcome 

this difficulty. Proved in hundreds of exacting applica-
tions, available in types only slightly larger than carbon 
resistors, they offer unusually high, accurate, and stable 
resistance values in minimum size and with a suitable 
variety of leads and mounting arrangements. 

Get this GUIDE to CLOSE TOLERANCE 
RESISTORS 

1/4

More than a catalog to the market's largest line of pre. 
cision wire-wound resistors, Shallcross' new Bulletin 
R3A contains complete, helpful data for their specifica-
tion, selection, and use. Sent on request 

SHALLC R OSS  M AN UFACTU RI N G  CO MPAN Y 

Dept. PR-60, Collingdale, Penna. 

r,"; 



SIGMUND COHN CORP. 

44 GOLD ST  NE W YORK 

goe(p4tyi 
TUNGSTEN 

and 

MOLYBDENUM 

GRID WIRE 

Made to meet your 

specifications ... 

for gold content, 

diameter and 

other requirements. 

Write for details and 

list of products 

SINCE 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued front page 654) 

Cores are molybdenum perinalloy dust 
toroids with precisely adjusted, banked 
windings. Temperature coefficient of in-
ductance is-24 parts per million per de-

gree Centigrade over the normal range of 
room temperatures, and maximum storage 
factor Q is between 200 and 330. Accuracie, 
range from 2 per cent for the one milli-
henry steps to 0.25 per cent for the 1-henry 
steps. 

RF Interference Test 
Equipment 

A new radio interference locator, Model 
302, for the 550 kc to 30 Mc frequency ' 
range has just been made available by the 
Sprague Products Co., North Adams, 
Mass. 

The instrument utilizes a sensitive 8-
tube superheterodyne circuit and operate, 
either from self-contained batteries or 115 
volt supply. An auxiliary inverter power 
supply is available for storage battery op-
eration. 
Each locater is supplied with both a 

loop and a collapsible rod antenna for nor-
mal use. An rf search probe, insulated for 
35,000 volts ac, is also available for field 
use as is an audio probe for circulating cur-
rent faults and cable fault location. 
Other features of the Locator include a 

built-in loudspeaker, built-in dual range 
output meter and battery test meter, cali-
brated rf and audio gain controls, a beat 
frequency oscillator for detecting unmodu-
lated signal sources, etc. 
A complete description of the new in-

strument is given in Bulletin M-446, avail-
able upon letterhead request. 

(Continued on page 67A) 

COSSOR 
tu'QUALITY 
Oscilloscope Recording 

simplified  with  the 

COSSOR MODEL 1428 CAMERA 

CHECK THESE FACILITIES 
25 ft. of film or paper 
Standard 35 mm. stock 

Guillotine for removing any 
length of exposed film. 

Ground glass focussing screen. 
Shutter lock for time 

exposures. 
Shutter-operated beam 
triggering switch. 

Trap door for aligning 
traces. 

COSSOR MODEL 1429 
MOTOR DRIVE 

ATTACHMENT 

for use with 1428 Camera — 
uses capacitor motor for high 
starting torque, worm-
coupled to 3-speed gearbox. 
Three speed rapges available 
Type F 4", 12", 36 ec. 
Type M..4", 1.2", 3.6"/sec. 
Type S . 04 ",.12", .36"/sec. 

DESIGNED FOR USE WITH 
COSSOR TWIN BEAM 

SCOPES. 

Model 1428  Model 1429 
$220 fob New York $137 
$198  fob  Halifax  $115 

STOP PRESS 
Alternative Model 1428C with 
100 1 film capacity now avail-
able • •  •  $320 New York. 

COSSOR (CANADA) LIMITED 

Windsor St., Halifax, Nova Scotia 

BEAM INSTRUMENTS CORP. 

Room 907, 511 Fifth Ave., 

New York 17, N. Y. 
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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 66A) 

Low Cost DC Power 
Supply 

A new Model "BF J unior, just an-
nounced by Electro Products Laboratories, 
Inc., 4501 N. Ravenswood Ave., Chicago 
40, III., offers a low-cost source of filtered 
power, utilizing the same application of 
selenium rectifiers used in their Model "B." 
This application, using conduction cooling, 
doubles the rectifier power rating, dissi-
pates over three times the heat, and pro-
vides lower cost per ampere output. 

The new "BY Junior supplies 1- to 
12.5-amperes, 6 volts, continuous duty, 
with an intermittent rating up to 25-am-
peres. Supplies 3 to 9 volts at other ratings, 
operating from 115 volts, 50/60 cps power 
source. 
Designed for demonstrating and testing 

low voltage devices, the "BJ" Junior is 
constructed of heavy duty components 
which withstand high overloads, with an ac 
ripple of less than 0.4 volt at 6 volts 8 am-
peres. 

Standoff Mounts for 
Toroidal Inductors 

The design of various types of stand-
offs for mounting all types of uncased 

toroidal inductors is announced by Toro-
coil Company, 5387 Northland Ave., St. 
I.ouis 12, N10. 

(Continued on page 68A) 
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THERE'S A 

FOR EVERY PURPOSE 

...EVERY PURSE! 

3 Heads! 
PT63-A to MONITOR YOUR MAGNECORDINGS 
Three separate heads — erase, record, and playback for monitoring 
from tope — prevent recording errors. Some high fidelity and flexi-
bility as the Mognecorder PT6-A — the world's most widely used 
professional :tape recorder. New P163-1 Amplifier has separate play-
back and recording amplifiers to monitor from the tape. Includes 10 
watt audio amplifier which also will drive external speaker. 

OR  CONVERT  YOUR 
P16-A TO M ONIT OR 

KIT 101 

Conversion kit includes a three-head 
unit, monitor amplifier and power 
supply to modernize your present 
P16-A. Head unit plugs into recep-
tacles for present two-head unit. 

The New PT-7 Series 
3 Heads (erase, record, playback for monitoring from tape) in single 
housing, yet separately alignable, replaceable. New positive drive. 
2-speed hysteresis-synchronous motor.  Push-button controls can be 
remotely operated. Uses 7" or 10' 2" N.A.B. reels. 3 channel porta-
ble amplifier has high-level mixing. 

PORTABLE 
RACK or 

CONSOLE 

Write for 

3 6 0  N ORT H  MI C HI G A N  AV 

World's Largest and Oldest 

67A 



MODERN 
RADIO TECHNIQUE 
This series, edited by J. A. Ratcliffe, 
deals with advances in radio tech-
nique made during and since the war. 
All the books are written by men 
responsible for important advances in 
the subjects they discuss. All are il-
lustrated with plates and diagrams. 
More titles will follow. 

The Principles and Practice 
of Wave Guides  • 
L. G. H. Nunn'. An introductory survey, 
based upon courses on micro-wave technique 
gi%en during the war, of the phenomenally 
rapid development since 1940 of radar 
equipment in Britain and the United States. 

328 pp. $4.75 

Radio Aids to Navigation 
R. A. SMITH. Concerned mainly with the 
application of radio technique to navigation 
of aircraft, this book also discusses briefly 
the navigation of ships. It shows how many 
limitations of radio were overcome by new 
methods, especially in radar. 114 pp. $2.50 

Principles of Radar 
DENIS TAYLOR and C. H. Wencorr. This 
exposition of the principles of radar defines 
the common factors which underlie radar 
design and the many types of equipment 
used during the war. It is largely concerned 
with the performance of radar equipment 
and its suitability for a specified purple. 
"Will delight any technical student." — 
Proceedings of IRE.  141 pp. $350 

Velocity-Modulated 
Thermionic Tubes 
A. H. W. BECK. An expert on velocity. 
modulation tubes and their operation pre-
sents a general introduction to and the the-
ory of the interchange of energy between 
field and beam, with the application of this 
theory to types of V. M. tube. 180 pp. $3.75 

Aerials for Metre and 
Decimetre Wavelengths 
R. A. Shunt. Since a comprehensive descrip-
tion of aerial systems used for short-wave 
radio would not be possible in one volume, 
the author illustrates general principles with 
selected applications, largely from radar 
where the outstanding developments have 
taken place.  2/8 pp. $3.75 

Recent Advances in 
Radio Receivers 
L. A. Moxox. Concentrating on advances 
made during the war years, this book deals 
mainly with circuits used with modern 
valves. The emphasis is on receivers for 
radar and on the design of intermediate 
frequency amplifiers to follow the crystal 
frequency-changer.  /83 pp. $4.00 

Aerials for Centimetre-
Wave-Lengths 
D. W. FRY and F. K. COWARD. The theory 
and application of scanning aerials for use 
on wave-lengths of 10 cm. and less, empha-
sizing principles of design rather than con-
structional details, and the advantages of 
particular types of aerial to meet particular 
requirements. Non-scanning Directive and 
Broadcast aerials are discussed. 

182 pp. $3.50 

Order through your bookseller 

Cambridge University Press 
SI MADISON AVENUE, NE W Y(111k  10, N.V. 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. 

(Continued from page 67/1) 

These types consist of units for indi-
vidual mounting or units which can be 
used for stacking as many as four toroids. 
Both of these types solve the problem of 
crmly attaching and insulating the un-
fiased toroids from the chassis. These 
mounts supplement the complete line of 
toroids that are available to the industry 
through this organization. 

Battery Powered G- M 
Scaler 

A portable battery-operated scaler 
Model 80, designed to meet the need for 
determinations of radioactive levels in 
locations where conventional power sup-
plies are not available or where line 
transients make conventional scalers un-
reliable, has been designed and developed 
by Berkeley Scientific Co., 6th. St. & 
Nevin Ave., Richmond, Calif. 

It is not a survey-type meter in the 
usual sense, but rather a true-Geiger-
Mueller Scaler with  which accurate 
counts can be made. 
The instrument consists of a G-M tube 

and probe, a scale-of-eight electronic 
counter, a mechanical register, and an 
adjustable, high-voltage, battery supply. 
It has a maximum continuous counting 
rate of 14,400 counts per minute and will 
resolve individual pulses at 90 micro-
seconds. The summation of the counts is 
indicated by the mechanical register, plus 
the reading of the interpolation micro-
ammeter. 

Wide-Spaced Sections to 
Cool Selenium Rectifiers 
A new line of Selenium rectifiers with 

wide-spaced sections for rapid cooling has 
been announced by Sarkes Tarzian Inc., 
Bloomington, Ind. 

(Continued on page 694) 

MERCURY 

41540eraciat * 

PERFORMANCE 
at 

LOWER COST 

TO WER 
LI GHTI N G 
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 

1  

SINGLE and DOUBLE 
OBSTRUCTION 

LIGHTS 

Designed tor 
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 
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 INFORMATION 

HUGHEY & PHILLIPS 
TOWER LIGHTING DIVISION 
326 N. LA CIENEGA BLVD. 
LOS ANGELES 48, CALIF 

60 E. 42ND ST. NEW YORK 17, N. Y. 
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Which Of These Coil Forms 
Best Fits YOUR Needs? 

Coil 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.  0.A. Height 

LST 

156 

155 

LSM 

153 

1.54 t 

L-5 
Ceramic 
L-5 
Ceramic 
L-5 
Ceramic 
Paper 
Phenolic 
Paper 
Phenolic 
Paper 
Phenolic 

8-32 

10-32. 

N-28* 

8-32 

- 2 8 

% ft 

I 1142” 

1 Li" 

2142 /1 

I WI" 

*These types only provided with spring locks for slugs. 
tFised lugs. All others have 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  Swage's 

custom or standard the 
guaranteed components 

CAMBRIDGE THERMIONIC CORP. 
456 Concord Ave., Cambridge 38, Mass. 

West Coast Stock Maintained By: E. V. Roberts, 
5014 Venice Blvd., Los Angeles, California 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued front page 68A) 

Described as "Centre-Kooled," these 
rectifiers have been designed for use in 
radio, TV, or electronic equipment, and 
feature new developments in design. The 
center cooling feature provided ,by a spe-
cial spacer between the cells insures lower 
over-all operating temperatures by allow-
ing air to reach the portions of the cells 
in which the current density is the greatest. 

„ sr  
,f41-a&MazErip. 
,=111IMMILEEpr 

Sixteen models are available in the 
standard line ranging from units rated at 
65 ma at 130 volts to units capable of 
handling 450 ma at 130 volts. Many 
special assemblies are possible for special 
applications. 
Complete data and engineering in-

formation are available from the company. 

All-Purpose Nuclear • 
Scaler 

A new all-purpose scaler, which pro-
vides facilities for every type of counting 
within one instrument, has just been an-
nounced by Nuclear Instrument & Chemi-
cal Corp., 229 W. Erie St., Chicago 10, 

This new instrument, known as the 
"Ultra-Scaler" because of its versatility, is 
the only commercially manufactured in-
strument of its kind, the manufacturer 
claims. Geiger, proportional, or scintilla-
tion counting can be accomplished with 
this unit by either automatic or manual 
methods. 

(Continued on page 70A) 

Co mplete, 

modern  data 

on the practical 

and theoretical 

aspects of TV 

engineering. 

PRACTICAL 
TELEVISION 
ENGINEERING 

By SCOTT HELT 

Research Division Allen B. Du Mont Labora-

tories —Instructor, Columbia University 

700 pages, 6 x 9, 385 illus., $7.50 

Here, just off the press, is the first book 
since the war which covers the entire field 
of Television from the viewpoint of a 
practical engineer actually employed in 
the field. Written by one of the industry's 
pioneers, it provides a sound knowledge of both 
theory and actual working practice, particularly 
as related to Television manufacturing and 
broadcasting. 

AN UP-TO-THE-MINUTE GUIDE 

Starting with the fundamentals of video 
transmission,  PRACTICAL  TELEVISION 
ENGINEERING progresses logically and un-
derstandably through every phase of its sub-
ject. Far from being a rehash of old and often 
outmoded material, it brings you up-to-the-
minute details of the latest developments, 
trends, problems, data and specific engineering 
know how. 

COMPLETE • MODERN - AUTHENTIC 
Complete coverage of the following subjects 

makes  PRACTICAL  TELEVISION  ENGI-
NEERING invaluable for all who are associ-
ated in any way with TV research, develop-
ment, sales engineering, broadcasting, study or 
instruction: 

Fundamentals of Picture 
Transmission 

Cathode-Ray Tubes 
Cathode- Ray Nell lographs 
Electron Tubes for Image 
Pickup 

Synchronizing Generators 
—Timing 

Shaping  and  Deflection 
Circuits 

The Video Amplifier and 
Cathode Follower 

Voltage-regulated  Power 
Supplies 

Television Receivers 
Television Camera Chains 
Television Transmitters 
Television  Broadcasting 
Techniques 

Glossary of Terms 

Use coupon today! Read this book for 10 days 
AT OUR RISK 

10 DAY MONEY-BACK GUARANTEE 
Dept. IR-60, Murray Hill Books. Use. 
232 Madison Ave., New York It New York 
0 Enclosed find $7.50 ($8.00 outside U.S.A.) for 
Ilelt's PRACTICAL TELEVISION ENGINEER - 
LNG ; or 0 send C.O.D. and I will pay postman 
this amount plus postage. In either event, if book 
is not what I want, I may return it within 10 
days and you ouAne.Yrram to refund the purchase 
[nice. 
(Cash only outside U.S.A., same return privilege 

Name   

Address   

City   Zone   Fit ate   
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FR O M  TH E S M ALLEST TO  THE  LA 
YOU'LL DO BETTER WIT/1 B O 

-. "-- 1̀11•111.11 -

MINIBOXES 

There  are  thousands 
of uses in the fields 
of radio and electron-
ics  for  these  new 
boxes. They are made 
from  heavy  gauge 
aluminum.  The  de-
sign of the box per-

mits  installation  of  more  components  than 
would be possible  in the conventionally de-
signed  box  of  the  same  size.  It  is of two 
piece  construction,  each  half  forming  three 
sides.  The  flange  type  construction  assures 
adequate shielding. Available in etched alumi-
num finish and gray hammerloid finish. 

= 

---

Catalog Numbers 
Gray  Etched 

CU-2100 
CU-2101 
CU•2102 
CU-2I03 
CU-2104 
CU-2I05 
CU•2106 
CU-2I07 
CU•2108 
CU-2I09 
CU•2110 
CU•2111 

CU•3000 
CU•3001 
CU. 3002 
C U -3003 
CU•3001 
CU-3005 
CU•3006 
CU -3007 
C U • 3008 
CU-3009 
CU•3010 
CU•30I I 

Dealer 
Length  Width  Height  Cost 

2. 4"  2.." 
3'4"  2'." 

2.4," 
2'4" 

5"  2'4" 

51/4 "  3" 
6"  5" 
7"  5" 
8"  6" 
10"  6" 
12"  7" 

CU•2112  CU•3012  17"  5"  4" 
CU-2113  CU•3013  10"  2"  is." 
CU•2114  CU-3014  12"  21/2 "  2.4" 
CU•2115  CU-3015  4"  2"  2' 4" 
CU-2116  CU-3016  41/4 "  21/4 "  I ' 4 

is."  .50 
Is."  .50 
16."  .50 
21/4 "  .70 
21."  .72 

.72 
2. 4,"  .72 

.81 
1.05 

3.2"  1.68 
3.,"  1.80 

2.34 
2.76 
.78 
.96 
.60 
.66 

Prices 10% higher west of the Mississippi River 

ADD-A-RACK SERIES 
It has always been necessary 
to buy special  racks without 
louvers on one side to obtain 
a  maximu m  of  panel  space 
with a minimum of floor space. 
Now,  you  no longer need  to 
buy  a  whole  new  cabinet 
when  you  want  additional 
panel space. Through our new 
and exclusive Add-a-Rack se-
ries, BU D not only offers ad-
ditional  racks  at  a  lower 
cost,  but  provides  you  with 
a sturdier, better looking as-
se mbly. 

The Illustration above at left shows two Add•a•Rack 
cabinets assembled together. The illustration above at 
right shows the unique and ingenious method of adding 
a unit to your present equipment. Instead of buying 
an entire new outfit, you purchase only four parts: (1) 
a door, (2) a top. (3) a bottom and (4) an Add-a-Rack 
coupling unit. The right (or left) hand side of your 
present relay rack is removed and replaced by the 
Add•a-Rack coupling unit: next, a top and bottom is 
fastened into place, and the side taken from the first 
rack is fastened onto the second rack which has been 
added. Place the additional door into position and you 
have two racks properly and anciently coupled together. 

Add-a•Rack Unit 

AR•1778 
AR•1775 
AR-1776 
AR-1777 

To Add-a-
Rack to 
CR-1774 
CR-1771 
CR-1772 
CR-1773 

in the same simple way, more racks can be added at 
any time and every one will be in a CONTINUOUS 
ONE.PIECE assembly. 

This series is available in two ways: (1) a double 
unit consisting of two racks and the Add•a-Rack coup-
ling unit. (2) Add-a-Rack unit, consisting of a door, 
a top, a bottom and an Add•a-Rack coupling unit. 
These units are furnished with all necessary assembling 
and panel mounting hardware. 

BUD RC-7756 Casters will fit this unit. Casters are 
not included in price of cabinet. 

Overall 
Height 
46 1/16" 
47 5/16" 
66 9/18" 
82 5/16" 

Panel 
Space 
366,4" 
42" 
61 1/4 " 
77" 

Complete unit, consisting of the knocked-down parts necessary for two relay racks coupled together. 
Dealer Cost 

CR-1779  two coupled relay racks same size as CR•1774  $54.75 
CR-1780  two coupled relay racks same size as CR-1771   67.95 
CR-1786  two coupled relay racks same size as CR-1772   83.05 
CR-1799  two coupled relay racks same size as CR-1773   s  98.40 

Dealer 
Cost 
$26.25 
32.50 
40.75 
48.00 

Prices are 10  higher west of the Mississippi Rive, 

BUD RADIO, INC. 
211C' EAST 55TH STREET  CLEVELAND 3, 01410 

A i CONTINENTAL NOBLELOY 
N\S" METAL FIL M 

NF RESISTOR 
• Lo w Te mperature Coefficient 

• Range; 1 Oh m to 1 Megoh m 

• Axial Leads; 1/2 Wall 

• Small Size 1/2 " long a .150" Dia. 

• Tolerance; +  -  1"Ye & 5 % 

Continental type NF "Nobleioy" resistors were designed 
to meet the needs of miniature, stable. precision r, 
sistors In critical applications. 

Write for further details. 

CONTINENTAL CARBON INC. CLEVELAND 11, OHIO 

News-New Products 
These manufacturers have Invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued front page 69,1) 

A built-in timer is provided which may 
be set for a predetermined length of time 
and will then turn off the scaling unit 
automatically. The instrument may also 
be set for a predetermined number of 
counts, and the scaling unit will stop at 
that number of counts and indicate the 
time on the timer. 
The "Ultra-Scaler" incorporates two 

inputs, one for Geiger pulses and the other 
for very small proportional pulses re-
quiring linear amplification. The Higin-
botham-type scale of 128 has a resolution 
time of only two microseconds. 

Midget Ceramic Capacitor 
A 0.01 pfd disk Ceramicon in a new 

small size, only 19/32 inch in diameter, 
is now being manufactured by Erie Re-
sistor Corp., 640 W. 12 St., Erie, Pa. This 
midget Ceramicon capacitor provides 
easy application in small spaces and sim-
plifies soldering operations. 

Capacity of the new Ceramicon is 0.01 
ufc1+100 per cent -0 per cent. Voltage 
rating is 400 volts dc, which is based on a 
life test of 800 volts-dc at 85° C for 1,000 
hours. The power factor is 2.5 per cent 
maximum at 1 kc at not more than 5 
volts rms. Insulation resistance is 7,500 
megohms minimum. 
This disk Ceramicon is insulated with 

red dipped phenolic. 

9 Pin Tube Socket 
Mycalex Tube Socket Corp., operating 

under exclusive license of Mycalex Corp. of 

Nmerica announces the addition of a 9 pin 
\OVAL) miniature tube socket to their 
line. Sockets are injection molded MYCA-
LEX. 

(Continued on rage 7IA) 
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EXPLODED VIEW 

CONTACT 
RETAINING 
CLIP -11. 

LARGE 
PIN 

CONTACTS 
'REMOVABLE) 

INSERT 
4 —  BARREL 

4 11 04- - FRONT 
INSULATOR 

4- -  SMALL 
d PIN CONTACTS 

REAR 
INSULATOR 

4—  INSERT 
RETAINING 
RING 

di—  SPLIT 
END BELL 
f SHELL) 

41^  ASSEMBLY 
NUT 

TYPE AN3I01B 
CABLE CONNECTING RECEPTACLE 

CO ? 

One of six shell types in the "AN" line: AN3100A, 
AN3102A, AN310613, AN3107B, AN3108B. 

Cannon Electric Development Company, Division 
of Cannon Manufacturing Corporation, 3209 Hum-
boldt St., Los Angeles 31, California. Canadian 
factory: Toronto. World Export: Frazar& Hansen. 
San Francisco, New York, Los Angeles. 

u,amea 01004200 

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 70A) 

The sockets are obtainable in Mycalex 
410 which was developed for applications 
requiring close dimensional tolerances not 
possible in ceramics and at much lower loss 
factor than mica filled phenolics with ad-
vantage in economy, the manufacturer 
claims, and in Mycalex 410X which has 
been developed to compare favorably with 
general purpose bakelite in economy but 
with a loss factor of only about one-fourth 
of that material. 
These sockets are manufactured to pre-

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

HF Inductor Alternator 
.1 new "Inductor Alternator" which 

provides mobile high frequency ac power. 
from a dc source, was recently announced 
by the Carter Motor Co., 2644 N. Maple-
wood Ave., Chicago 47, III. 

Basic in design, this new rotary power 
supply is suitable for aircraft, geophysical, 
government, and laboratory research, and 
other applications where a small mobile 
source of 400 to 800 cps of 100 watts or less 
continuous power is desired. 
The ac output is obtained from the 

rotary inductor principle, eliminating con-
ventional slip rings and brushes. The ac 
rotor and field are electrically isolated from 
the dc motor end. No permanent magnets 
are used for power generation. The ac out 
put is not affected by the influence of 
strong magnetic fields, vibration, or aging. 
A separate dc output is also available, in 
addition to the ac output. While designed 
primarily for 24- to 29-volt airborne equip-
ment, any input voltage from 5.5 to 230 
volts dc is available on special order. For 
details, request Bulletin #350. 

Stand-off Ceramic 
Capacitor 

The Erie Resistor Corp., 640 W. 12 St., 
Erie, Pa., is offering a new ceramic capaci-
tor which has been designed especially for 
high frequency decoupling. 

(Continued on page 724) 

FREQUENCY. RANGE 
I .100 MC ,/ 

WITHOUT TEMPERATURE CON• 
TRU, BH6 CRYSTAL UNITS 
(SHOWN IN PHANTOM) C 

NILE WITH-
IN *9025% FROM -55°C TO 
+90°C. WITH TEMPERATURE 
CONTROL, INSTALLED IN TYPE 
TCO-1 OVENS, STABILITY CAN BE 
-1.0001% IF DESIRED. IT PAYS 
TO CONSIDER THE RATIO OF 
COST TO IMPROVED STABILITY. 

UT . . . A COMPLETE 

APPRECIATION OF END USE 

COST FACTORS AS APPLIED 

0 FREQUENCY STABILITY. 

Always Specify Bliley! 

CR YSTA L S 
- BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING 

ERIE, PA. 
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News—New Products 

MR. ENGINEER.. 

TRIAD TRANSFORMERS 

will lneet and main-

tain the most exacting 

requirements of your 

equipment 

FIEGROM-
TRANSFORMER• s 

",Nal bowie 
• kt114critel 
• hates, 

AVAILABLE FROM STOCK 
Triad "HS" Series Transformers are 
engineered to meet precisely and main-
tain indefinitely the most exacting 
requirements of any industrial electronic 
application. Maximum protection 
against failure of your product is assured 
through: 

• Hermetic Sealing 
• "Climatite" Treatment (the improved 
and exclusive vacuum impregnation 
process used on all Triad transformers) 
• Conservative Ratings 
• Strong Mechanical Construction 
• Exceptional Electrical Characteristics 
• Long, trouble-free life 

Triad "I-IS" Series Transformers are 
carried in stock for immediate delivery 
by Triad distributors or at the factory. 
Write for Catalog TR-49A. 
Also readily available in standard 

designs for most used circuits are Triad 
Geofonners (Geophysical Transform-
ers). Write for Catalog GP-49., 

TRANSFORMER  MEG  CO 

2254  Sepulveda Blvd. 

Los Angeles 64, Calif. 

These manufacturers hare invited PROCEEDINGS 

lea ders to write for literature and further technical 

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

(Continued from page 714) 

Its applications will be in the field of 
television tuners, receivers, and other high-
frequency equipment. 

"Type 325 Stand-off Ceramicon" has a 
hermetically sealed case, and the com-
pany claims that it provides a by-pass to 
ground through the shortest possible path. 
Full advantage is taken of the concentric 
cylindrical electrode configuration in main-
taining this short path, with resultant ex-
tremely low series inductance and effective 
vhf by-pass. Electrical shielding is pro-
vided by means of the grounded case. 
Standard capacitance 1,500 Asaf ± 20 per 
cent, 500 volts working. 

Special Coils and 
Chokes 

A new line of coils and chokes adapta-
ble to "tailor-made" specifications has been 
introduced by the Shallcross Manufactur-
ing Co., Collingdale, Pa. 

Types include high-Q rf chokes, pro-
gressively-wound  slug-tuned  broadcast 
coils, and oscillator coils, all of them hav-
ing  out-of-the-ordinary  characteristics 
which cannot be matched by standard coil 
types. Shallcross rf chokes may be made up 
as two separate coils having a specified 
coupling  coefficient.  High-premeability 
iron cores are sometimes used to provide 
greater inductance in a small unit. 

(Continued on page 734) 

FOR 

AM, FM, 

UHF, VHF, 

MICRO WAVE, 

TELEVISION 

AND RADAR 

Emsco guyed 
triangular radio 
towers are 
engineered for 
high wind load 
capacity, low 
maintenance costs 
and perfect 
transmission 
pattern ... for 
all types of 
communication ... 
in all industries. 
Standard towers 
available with 
20!4", 3, 5' or 14' 
faces, heights 
to 1000 feet and to 
withstand 20, 30 
or 40 pound wind 
loads. 

FREE BULLETIN 
New Emsco Bulletin 
F•173 gives complete 
information on Emsco 
guyed triangular radio 
towers and Emsco 
free-standing square 
and triangular towers. 
Writs for your free 
copy today , 

EMSCO DERRICK 
& EQUIPMENT 
COMPANY 
Houston, Texas 
LOS ANGELES, 
CALIFORNIA 
Gotland, Texas 

II 
Shown here is on Ernsco 
70I 2-inch face, 
160-foot Type IRT 
Emsco radio tower 
with 30-pound wind 

• loud rati ng. 
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PO WER-
PACKED 
FOR 
HEAVY 
DUTY 

N\\\ 
SOLDERLITE 

STREAMLINED 

\sr 

5-SECOND 

HEATING 

RIGID-TIP 

LONGER REACH 

DUAL HEAT 
scngte heat 

200 watts, 

dual heat 
200/250 watts; 

115 volts, 

60 cycles 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued from page 72,4) 

Sensitive DC Amplifier 

A new and improved dc amplifier, 
Model 10, of the General Motors breaker 
type, which offers many advantages in the 
measurement of dc microvolt regions, is 
in production by Liston-Folb, Div. of 
Atlas Coil Winders Inc., Dept. M, Box 
1334, Stamford, Conn. 

Heavy jobs and light jobs—the new 250-
watt Weller Soldering Gun speeds them 
all. Chisel-shaped RIGID-TIP provides 
more soldering area for faster heat trans-
fer. New "over-and-under" terminal design 
gives bracing action to tip. Your Weller 
Gun does delicate or heavy soldering 
with equal efficiency; compact and light. 
weight, it gets into the tightest spots. 
Weller Guns actually pay for them. 

selves in a few months. Fast 5 second 
heating means no time lost. Trigger-
switch control means no current wasted 
—no need to unplug gun between jobs. 
Prefocused spotlight and longer length 
let you see the job and reach the job 
with ease. No other soldering tool offers 
so many time-and- money-saving 
features. Order your new 250-watt 
Weller Gun from your distributor to-
day, or write for bulletin direct. 

SOLDERING GUIDE 
Get your copy of "SOLDER-
ING TIPS" —new fully illus-

trated 20 page booklet of 
practical soldering sug-
gestions. Price 10c at 

your distributor's or 

order direct. 

W ELLER 
MANUFACTURING COMPANY 

821 Packer Street, Easton, Pa. 

It is useful for the amplification of low-
level thermocouple voltages, infrared de-
tectors, photovoltaic cells, and the like. 
It can be used to replace suspension gal-
vanometer systems. 
This new amplifier features high im-

munity to the effects of ac pickup in the 
input circuit. The discrimination ratio 
against 60 cps pickup is over 1,000. It has 
an improved life breaker. 
This instrumeRt has a zero stability of 

better than 0.005 microvolt per day 
after warm up. The noise level approaches 
the limit imposed by the Johnson noise of 
the external circuit. This amplifier is 
available for operation with input circuits 
from 0 to 1 megohm. The dc output of the 
amplifier is sufficient to operate standard 
recorders, milliampmeters, and dc relays. 

Hermetic Sealing For 
Timers 

Hermetically sealed enclosures are now 
furnished for timers manufactured by the 
A. W. Haydon Co., 232 N. Elm St., Water-
bury 20, Conn. 

News—New Products The ORIGINAL and Still the BES-11 
LIGHTNING ARRESTER 

for all 
weather 
conditions 

will not 
absorb 
moisture 

tetel 
co"11:1. pro° 
ve tt APPROVED 

for OUTDOOR-

Indoor Use! 

Protects Television Sets Against 
Lightning  and  Static  Charges 

SAFE  GUARD 
Fits Any Type of Twin Lead 

No. AT102 for Regular Twin Lead 
NO. AT103 for Oval Jumbo Twin Lead 
NO. AT103 Also for Tubular Twin Lead 
BOTH  Models Conform With  Fire 
Underwriters and National Electrical 
Code  Requir-ments  for  OUTDOOR 
installations. 
SI MPLE TO INSTALL . . . For maximum efficiency. 
arrest ,  should  he  mounted  outside  window  nearest 
to TV receiver, with ground wire attached to nearest 
grounded point. No stripping. cutting or spreading of 
wires necessary. Supplied corn pine with 4 ft.  length 
of Ductile Aluminum Ground Wire for Wall Mounting. 
and  Strap  for  Mast  or  Grounded  F ipe  installation. 

Look for the JFD Trademark 

'225 EACH 

MANUFACTURING CO., Inc. 
6127 16th Avenue, Brooklyn 4, N. Y. 

First In Television Antennas &Accessories 

The W orl d's STANDARD Op 

YIIST-LISTEITIITO 
magnetic tape OE/V/1 M 

IF.n, ...', prow el As 
lio••••1..  I•41.11.4 

el Amerito", ••• 
6.1  •• Ampo• Nog. 
.04 Top 

AMPEX 
Magnetic Tape Recorder 
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• 
MODEL 300 C 40 

SIS/S'ob Sofa'',  .4 
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Get FREE BOOKLET today! ". 

AMPEX ELECTRIC CORP., San Carlos, California C/ 
orhour oblogoroon photo send I &peps dIveroted 

booklet contomong rechrucol specificotrons of Amp*, 
Magneto< Tope R.. 

NAME   

ADDRESS   

CITY 

One mod Ufa: 
laboralory R•Pop h 

MvIti.Chonnel Rotor &nil 

O Recording RroodcoolIng 

Distribultd by . . . 
BING CROSBY ENTERPRISES Iliollywoodl 
AUDIO & VIDEO PRODUCTS CORP. (New York COO 
GRAYBAR ELECTRIC COMPANY arrerywherrrl 

EXPORT: WESTREX IN•w York City/ 

STATE 

[ I 

[ I IndwItiol Retordan4 
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TE KT R O NI X 
SQUARE W AVE GENERATOR 

Continuously Variable, 25 CPS- I MC 

Rise Time, .02 Microseconds 

Direct Reading Frequency Meter 

Versatile Output Circuit 

Square wave testing techniques come into wider use 
as the need for gopd transient response in wide band 
amplifiers becomes increasingly important. In order 
to test the high frequency response it is necessary to 
have a signal which has a rise and fall at least equal 
to and preferably faster than the risetime of the 
amplifier being tested. In addition too sharp rise and 
fall, the test signal should be free of over-shoot and 
other spurious responses. For examination of the low 
frequency response a square wave signal having flat 
horizontal portions is needed. 

• 

• 

TEKTRONIX Type 105 
Square Wave Generator 
Price S395.00 f.o.b. 

Portland, Oregon 

The TEKTRONIX Type 105 Square Wave Generator provides a suitable sigral 
for both of the above tests. Its frequency range, extending continuously from 
25 cycles to 1 mc., combined with its risetime of .02 microseconds, makes it pos-
sible to quickly and accurately test amplifiers, filters, etc., having pass bonds 
from a few cycles to 20 mc. 

Write Today for Detailed Specifications of 

Type 105 and Other Tektronix Instruments 

712 S E HAWL HORNE BLVD  PORTLAND 14, OREGON 

C ara  A':111-1Cri nEE1130 R.E CABLES 

We are specially orgiani3ed 
to handle direct enquiries 
from overseas and can give 

IMMEDIATE DELIVERIES/AMA. 
• 

Cable your /115,11 order teor 
delivery by air. Settlement in 
dollars 4heckoiyiravnbanA 
Transactional simple as any local 

parelisse-andofelne widasywid 

IHIGH POBEIR FLEXIBLE 

PtIOTOCILI 
CABLE 

VERY LOW 
CAPACITANCE 
CABLES 

LOW 
ATTEN 
TYPES 

Al 
A.2 

A.34 

IMPEDI 
OHMS 

74 
74 

73 

ATTEN LOADING 
44100El  Not 
at /00   

1.7  0.11 
1.3  0.24 

0.6  1.5 

0 D. 

0.36 
0.44 
0-es 

LOW 
CAPAC 
TYPES  

C I 
P.0 1 

CAPAC. 
wow % 

7.3 
10.2 

6.3 
6.3 
5.5 

5.4 
4.8 
4.4 

154P50. 
014PAS 
• 

150 

132 
173  3.2  0.36 
171  2.1S 0.44 
184  2.8  0.44 

197 
220 
252 

ATTE,. 
£100ft 

VP Also 

2.5 
3.1 

0 0' 
• 

0.36 
0.36 

CII 
C.2 
C.22 
C.3 
C.33  
.44 

I . 9 
2.4 
2.1 

0.64 
0.64 
1.03 

TRANSRADIO LTD 
C O N T R A CT O R S  T O  H  M .  G O VE R N M E N T. 

13 8A CROMWELL ROAD 

LONDON. S.W.1•ENCI. AND 

C A B L E S: T R A N S R A D  •  L O N D O N 

News-New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

'Continued Irons page 7341 

These new timers are suited to any 
application involving corrosive atmos-
pheres or high humidity as encountered in 
aircraft, ships, and mines. 
All enclosures are evacuated to 100 mi-

crons and filled to one atmosphere with dry 
nitrogen so that full switch ratings can be 
used even at extremely high altitudes 
where contact capacity is normally re-
duced. Deterioration of motor brushes is 
completely eliminated. 

Crystal Calibrator 
Measurements Corporation, Boonton, 

N. J., has announced the production of 
their new Model 111 Crystal Calibrator. 
This instrument was designed for the fre-
quency calibration of signal generators, 
transmitters, receivers, grid-dip meters, 
and other equipment in the range of 250 kc 
to 1,000 Mc. The frequency accuracy is 
+0.001 per cent. 

The Model III, a dual-purpose cali-
brator, not only provides a test signal of 
crystal-controlled frequency, it also has a 
self-contained receiver with a sensitivity 
of 2 microwatts. 
A new circuit arrangement utilizes the 

cross-modulation products of three sepa-
rate oscillators operating at the funda-
mental frequencies of 0.25, 1.0, and 10 
megacycles. This system extends the usa-
ble range of harmonic frequencies far be-
yond that of previously available equip-
ment. 

When writing to these ad-

vertisers please merit' 

PRI /C H.:DINGS of the. 
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IWebster Electric MOLDED 

S ' S tfil a ti  R E SI S T O R S 

Model "AI 
Cartridge 

with Twist 
Mechanism 

A complete unit with 
top performance and absolute 
minimum of service and 
installation problems. 

The twist mechanism is factory assembled 
with Model A7 cartridge in place, ready for 
installation in tone arms without adjustment 
or modification. This completely assembled 
unit gives positive tracking at all playing 
speeds. High vertical and lateral compliance 
eliminate  skating". The simple, foolproof 
twist mechanism gives positive indexing, 
eliminating the possibility of twisting and 
damaging the leads in the tone arm. 

There are no delicate parts to break or get 
out of order. The Model A7 with twist mech-
anism reverses through a 180 degree are for 
playing either 33% — 45 or 78 It . records. 

Send for a sample assembly today... try 
it ... then note first hand the advanced 
improvement. 

WEBSTER 4 ELECTRIC 
Wobster Electric Company, Racine, Wis • Established 1909 

-Where Quality is a Responsibility and lair Dealing an Obligation" 

PROCEEDINGS OP THE I.R.E.  June, 1950 

Of particular interest to all who need 
resistors with inherent low noise 
level and good stability in all climates 

TY P E  6 5 X 

Actual Size 

STANDARD RANGE 

1000 OHMS TO 9 MEGOHMS 

Used extensively in commercial equipment 
including  radio,  telephone,  telegraph, 

sound pictures, television, etc. Also in a 
variety of U. S. Navy equipment. 

ilttli7tatfmt" 
Resiltou 

HIGH VALUE RANGE 

10 to 10,000,000 MEGOH MS 

This unusual range of high value resistors 
was developed to meet the needs of scien-
tific and industrial control, measuring and 

laboratory equipment—and of high voltage 
applications. 

SEND FOR 

BULLETIN 4906 

It gives details of both 
the  Standard  and  High 
Value  Resistors,  including 
construction, characteristics, 
dimensions, etc. Copy with 
Price  List mailed on re-
quest. 

— 
144;A; 

s•falsolssys. 

11WHITEINDUSTRIAL 
THE S. S. WHITE DENTAL MFG. CO.  DIVISION 

- -DEPT.  GR  IO EAST 40th ST., NE W YORK 16, N. V. — 
FLEXIBLE  SHAFTS  AND  ACCESS ORIES 

moiDeo PLASTICS PRODUCTS—MOLDED RESISTORS 

7eata/tes. 

• Low Loo 

• High KVA Rating 

• Shielded From External Elec-
trostatic Fields 

• Low Internal Distributed In-
ductance 

• Complete Dependability 

Nu. 

Ogee,/ Aroivacetit Rit4,4 log4440:tat ENt.e.4,6141(4 

JOHNSON PRESSURIZED 
CAPACITORS 

Use of a gas dielectric under pressure permits 
high voltage ratings and large values of capacity in • 

small volume of space, yet all the advantages of air 

dielectric capacitors are retained. Construction prevents 
erratic performance due to changes of barometric pre,-
sure or humidity as well as excluding all foreign matter 
which could cause flashovers. In contrast to comparable 
solid  dielectric  capacitors,  permanent  damage  to 
JOHNSON pressurized capacitors from flashovers is 

improbable. 

JOHNSON designed and built pressurized capa-
citors are available in fixed, variable and semi.vanable 
types Capacity values to 10,000 mmf • voltage ratings 
to 32,000 volts peak and currents from 40 to 80 amperes 
are available in standard units Special units with even 
higher voltage and current ratings can be supplied. 

Plates are polished aluminum with rounded edges. 
Shells are copper plated steel, insulation steatite Seals 
are corprene which is impervious to moisture and oil, is 
stable and does not deteriorate with age. Dielectnc is 
200 PSI oil pumped nitrogen. 

The reliable performance of JOHNSON pressur-
ized cepacitors is due to conservative design and excel-
lent workmanship Complete dependability Is assured. 

Write For 
Illustrated JOHNSON Catalog and Prices 

JOHNSON „ al awfoce4 KCIPHe eft R e a th 

E. F. JOHNSON CO. WASECA, MINNESOTA 
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licnvon 

KENYON 

76A 

Fits Your 

Production To A  
KEnvon "T's" —high quality, uniform 

transformers, are your best bet for development, 
production and experimental work. For over 20 
years, the KENYON "K" has been a sign of skill-
ful engineering, progressive design and sound 
construction. 

Now —reduce inventory problems, improve 
deliveries, maintain your quality —specify 
KENYON "T's," the finest transformer line for 
all high quality equipment applications. 

New Catalog Edition! Write Today! 

Kcnvon new modified edition tells the com-
plete story about specific ratings on all transform-
ers. Our standard line saves you time and expense. 

Send for your copy of our 
latest catalog edition now! 

TRANSFORMER CO., Inc. 
840 BARRY STREET • NEW YORK 59, N. Y. 

"  I  PS Another SKL first" 

CONTINUOUSLY 

VARI ABLE 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 

SKI SPENCER KENNEDY LABORATORIES, INC. 
IN 181 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS. 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for litetature and furthei technical 
information. Please mention our I.R.E. affiliation. 

(Continued from toge 744) 

Dynamotor Power Supply 
Carter Motor Co., 2644 N. Maplewood 

Ave., Chitago 47, III., announces the 
Multi-Magmotor, which was designed to 
provide reliable rotary power for applica-
tions demanding multiple input, multiple 
output, or both. 

, 

Jote 

Because field flux remains constant 
regardless of input or output voltage, 
single, dual, or even triple input voltages 
are possible without affecting the field 
circuit. One, two, or three dc output volt-
ages are also available, or many other com-
binations of input and output arrangements 
not exceeding the maximum 4 commu-
tator design. 
All windings are insulated from each 

other, and the frame. Open construction 
permits greater outputs and higher con-
tinuous duty ratings. 

Heavy-Duty Inverter 
American Television & Radio Co., 300 

E. Fourth St., St. Paul, Minn., announces 
a complete line of heavy-duty inverters 
which will supplement the existing ATR 
lines of inverters. 

The new inverter line is for operation 
on dc input voltages ranging from 6 volts 
to 220 volts dc, having output of 110 
volts 60 cps at capacities ranging from 
175 watts to 1,000 watts. 
This line of inverters was designed 

especially for heavy-duty applications 
including tape recorders, television sets, 
portable transmitters, and similar elec-
tronic and electrical equipment within the 
output capacity ranges indicated. 

(Continued on page 774) 
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Spectrum Analysis 
from AF to UHF 

Fattier and Simpler with Ul m 
Panoramic Instruments 

Whether your problem is Investigation of noises. 
vibrations.  harmonics, characteristics of AM. FM 
or pulsed signals. oscillations, cross modulation. 
transmission characteristics of lines and filters. tele-
metering or any  phenomena requiring spectrum 
analysis,  these panoramic instruments will help 
collect information faster, easier and accurately. 
Panoramic  instruments  automatically  visualize 
spectral content Indications in the form of vertical 
pips whose height and horizontal location respec-
tively ,how signal level and frequency, enable rapid 
examination of one or more signals at one time. 

AP-1 

PANORAMIC SONIC ANALYZER AP-I 
Complete Audio Waveform Analysis in One 

Second 
Recognized as THE practical answer for analyzing 
waves of random or static character, the AP-I 
automatically  separates  and  measures  complex 
wave components in only one second. 

Frequency Range: 40-20,000 c.p 5., log scale. 

Input Voltage Range: 500 µV-500V. 

Voltage Scale: linear and two decade log, har-
monic products suppressed by at least 60 dl, .Direct 
Reading. Simple Operation. Optimum Resolution. 

PANORAMIC ULTRASONIC ANALYZER 
Entirely New for Ultrasonic Studies 

An Invaluable new direct reading instrument. the 
810 -7 enables overall observation of the ultrasonic 
spectrum or very highly detailed examination of 
any selected narrow segment of the spectrum. 
Frequency nano*: 2KC-300KC. linear scale. 
Scanning Width: Continuously variable, 200 KC to 
zero. 

Input Voltage Range: 1 mV-50V. 
Amplitude Seale: linear and two decade log. 

SB-8 

PANALYZOR —PANADAPTOR 
For RE Spectrum Analysis 

Long accepted as the simplest and fastest means of 
observing segments of the BF Spectrum, Panatiap-
tor units operate with superheterodyne receivers, 
which tune In the segment to be examined. Pans-
lyzors use an external signal generator for thls 
purpose and have • flat amplitude response for 
determining relative levels of signals. 

Both are available in over a dozen standard models 
and types differing in .  . Maximum Scanning 
Widths ranging from 501HI to 20MC, continuously 
variable to zero Signal Resolution Capabilities from 
250KC down to 100 CPS. 
Write for Complete Technical Data 

PANORAMIC. 
—  Rf1010 PRODUCTS Inc 

. 
11  r •  I 

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 764) 

Lamp Sockets with Ceramic 
Insulation 

The Dial Light Co. of America, Inc., 
900 Broadway, New York 3, N. Y., 
announces the availability of sockets of 
the new NE 12 series intended for mount-
ing lamps with double contact bayonet 
bases. They are listed by the Underwriter's 
Laboratories, Inc., and are especially 
suitable for the new 10C7DC pilot light 
lamp and bayonet base appliance lamps. 

These sockets have flexible wire leads 
for circuit connections. A great variety 
of mounting bracket forms permits the 
design to adapt them to any situation. 
The wire leads terminate inside the 

socket shell in contacts mounted in a 
ceramic disk. Recesses in the under side 
permit the wire covering to enter the disk 
so that no live metal is exposed. 
The ceramic disk insures effective in-

sulation of these sockets even when hot 
lamps are employed in them. When high 
ambient temperatures are anticipated, 
asbestos covered wire leads may be speci-
fied for maximum resistance to the effects 
of heat. 

Electronic Filters and Tuned 
Audio Amplifiers 

new series of electronic filters and 
tuned audio amplifiers specifically de-
signed for all audio and specialized elec-
tronic fields, involving single frequency 
circuits, is now in production at the 
Instrument Div., Amplifier Corp.  of 
America, 398-1 Broadway, New York 11 
N. Y. 

Six standard instruments are available 
in each series, providing pass frequencies 
and tuned frequencies of 400, 500, 1,000, 

(Continued on page 794) 

THE  / 
WIDE BAND 

POCKET W 
MODEL 
S-14-B 

We. 14 lbs. 

12 x 6 'x 7" 

Another Waterman  POCKET-

SCOPE confirming the obsolescence 

of conventional oscilloscopes. 

Characterized by wide band am-

plifier fidelity without peaking as 

well as amazing portability. S-14-B 

POCKETSCOPE is ideal for labora-

tory and field investigation of tran-

sient signals, aperiodic pulses, or 

recurrent electrical wave forms. 

Vertical channel, 50mv rmsiinch, with response 

within —2DB from DC to 700KC, and pulse 

rise of 0.35µs. Horizontal channel: 0.3v 

rms/inch with response within —2DB from DC 

to 200KC, and pulse rise of 1.81.1s. Non-fre-

quency discriminating attenuators and  gain 

controls, with internal calibration of trace 

amplitude. Repetitive or trigger time base, 

with linearization, from 1/2 gps to 50KC, with 

±  sync. or trigger. Trace expansion. Filter 

graph screen. Mu metal shield. And a host of 

other features. 

r WATERMAN PRODUCTS CO., INC. 
PHILADELPHIA 25, PA. 

CABLE ADDRESS. POKETSCOPE 

WATER MAN PRODUCTS INCLUDE: 

S-10-B GENERAL 

S-1 1-A INDUSTRIAL 

S-14-A HI-GAIN 

5-15-A TWIN TUBE 

POCKETSCOPE 

POCKETSCOPE 

POCKETSCOPE 

POCKETSCOPE 

S-21-A LINEAR TIME BASE 

Also RAKSCOPES, LINEAR 

AMPLIFIERS, RAYONIC' TUBES 

and other equipment 

WATER MAN PRODUCTS 

PROCEEDINGS OF THE I.R.E. June, 1950 
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Wrest WELLS 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 Weils. Order 

directly from this ad or through 

your local Parts Jobber. 

TYPE. 

0146 
01A 
El -C IA 
9.3 
IA5GT 
C 111/3C31 
154 p 
11121A, 61471A 
1922 
tf123 
11132 53211 
11142 
1518 
El IC 
IC 501 
106 
IC 70 
10867 
111761 
IF4 
166 
11146 
11160 
ILA 
ILC6 
11245 
1/45G1 
1p2 
11)501 
184 
155 
174 
2A3 
2A7 
:Apt 
297 
2B22 GI 559 
2C22 7193 
2C26 
2C264 
2(3-I 
2C44 
2121 
2221A 
2.122 
2.196 
2.127 
2231 
2232 
2233 
2.134 
2.137 
2238 
2248 
2261 
2362 
282 
2130 
3A4 
3A4 '17 
357 
3522 
3824 
38p1 
EE-3C 
3C21 
3C24/246 
3C31-C15 
3CP1-51 
3DP1 
306/1299 
3E97 
3FP 7A 
301.1 
391 7 
311157 
395 
39501 
354 
GA4 
5E15 
VT5/2 1511 
5Apl 
El -0513 
58p1 
5BP4 
5CP1 
5021 
5Fp 7 
50p1 
511p4 
5223 

IR ICE EA.  TYPE.  141 ICE EA.  TYPE.  PRICE EA. 

. 95 

.45 
3.95 
. Bo 
.65 
4.85 
I. 75 
2.55 
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 
8.45 
12.95 
9.95 
12.85 
18.95 
17.50 
13.85 
6.95 
12.95 
24.50 
14.95 
.55 
I. 20 
• 35 
.45 
.45 
2.35 
I. TS 
3.75 
3.95 
5. On 
.50 
4.85 
1.95 
3.75 
• 45 
I. 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 

5329 
5V40 
594 
5Z3 
5220 
6-4 
6-7 
EL-C68 
6113 
6A6 
607 
6AC7 
6AE66 
CMGS 
611118 
6A 85 
6A86 
°ALA 
6,115 
6476 
6540 
687 
688 
6886 
6BA6 
65E6 
6C4 
6C 66 
6C21 
606 
6F5 
6E6 
6E60 
6E86 
6660 
6116 
016 
62767 
6380 
61(60T 
6117 
61476 
61.60 
617 
6%? 
657 'GT 
697 
6970 
6SA7 
62C 7 
65(76T 
6sF7 
6SFIS 
6567 
651)7 
6SH7GT 
6517 
05.1761 
6587 
658701 
651.761 
65176T 
6S97 
659761 
6SR7 
6SR7GT 
68117 
6170 
6V60/ 
6950 
6)(501 
61(60 
7-7-11 
7A4/XXL 
7A1S 
746 
747 
754 
754) 
7118 
711P7 
7C4/1203A 
7(5 
7C7 
7E5/1201 
7E6 
7P 7 
7117 
71.7 
7N7 
777 

13.45  714  . 90 
1.07  9-3  .45 
.79  10  .55 
.90  10 ACORN  .65 
. 75  10 (117 -25 A )  .55 
.36  10E/14 6  1.00 
.35  1071  . eo 
2.00  101 (V7-25)  .45 
. 80  12A6  .25 
.65  1211601  .25 
.95  12A7  • 80 
.00  I2A11767  1.12 
.85  12411  • 96 
I. 20  12AX7  I. 20 
I. 10  12506  1.20 
1.20  12CN  . 54) 
.80  12E507  • 65 
.95  12116  .40 
.95  12.15GT  .40 
.81  12.17GT  .70 
•  12118  • 85 
.15  129701  .75 
. 95  12SA7  .73 
.95  I2SC7  .75 
.95  125E7  .60 
.65  1256 7  .65 
.40  125117  . 4o 
1.05  125.17  . 73 
19.25  12587  . eo 
. eo  125117GT  .130 
.85  1251761  . eo 
• 60  12557GT  1.10 
. eo  1289761  .130 
.95  12SR7  .60 
. No  128825 -2414p.T 1•50. 1.95 
.45  1273  .90 
.90  13-4  .35 
.70  I4A7  .90 
.95  1455  .75 
• 55  14F7  .90 
.60  14117  .90 
.80  1497  • 90 
1.35  14147  • 90 

15E  1.50 
1514  1.20 
168879-249p. 715G. 1.95 
FG17, 96 7  3.25 
19  1.20 
20-4 BA1 LAST.  .45 
21-2 RAI LAST.  .45 
RE121  2.75 
2304  .45 
R K24  1.75 
21A  . 75 
441(25/802  2.85 
VT-25-A/I0  .55 
2575  .73 
25Z6GT  .55 
25766  .55 
26  • 65 
27  • 50 
28117  .40 
30, 17-67  .75 
30 (501 VT-67)  .75 
33  .75 
34  .35 
61.34  1.50 
R1(34/2C 34  .45 
35/51  .60 
351.661  . 73 
3594  .73 
357561  .62 
36  .40 
37  • 40 
an  .40 
39/44  • 35 
41  • 55 
42  .50 
43  • 50 
45 SPEC.  • 50 

4.95  46  .75 
.35  EF54)  .45 

1:1150  1.00 
5085  1.00 
501 667  .95 
56  .65 
67  .45 
58  .50 
R1(60/164 1  .65 
1'162 (BRITISH) 
65 

• 75 
• 75 
.55 
• 75 
. 65 
. 75 
. 70 
. HO 
. 51 
.65 
. 40 
.40 
.60 
.60 
. 64. 
. Bo 
. 66 
. 95 

.60 

.90 

.60 

.85 

.75 

.80 

. 73 

.ets 

. 35 

.60 

.80 

.75 
• 60 
.60 
.60 

.65 

.60 

.60 

.70 

. 70 

.70 

.70 
• 90 

TYPE.  INIICE FA.  IrE.  PRICE EA.  TYPE.  PF.ICE EA. 

64954  .90 
7787/30  .90 
701.7  1.05 
71A  .75 
CE(172  I. 50 
CRP72  . 95 
C5972  I. 75 
R10172  .90 
1440473  1.25 
75  .449 
76  • 55 
77  .55 
78  • 50 
VR76  . 6.5 
NO  .45 
FO-81-11  3.95 
83V  • 90 
89  .73 
895  .40 
71490  .65 
VT90 (BRITISH)  2.55 
51192  .65 
F095 001295  9.95 
V796 11E15  14.95 
1009  2.75 
inure  11.50 
101 637  I. 65 
102F  3.55 
FG105  9.75 
VR105  .85 
VU-111-5  .155 
1148  1.20 
12IA  2.65 
1228  2.65 
71127 (BRITISH)  .35 
VT I27A  2.95 
111150  . 54) 
V71511 OHO  14.95 
F6172  19.75 
2058  1.45 
211 (VT-4-C)  . ec. 
21511 (775) 
CEP220 
221* 
227A 
2311) 
RX233A 
25011 
257A 
268A 
2828 
2874, '7228 
30411 
304111 
307A 
316A 
327A 
3508 
354C 
3568 
368AS/703A 
371A, 4162 
3718 

1.20 
2.00 
I. 75 
4.75 
1.20 
1.95 
9.00 
3. 04) 
2.05 
4.25 
9.50 
1. 7.. 
5.75 
4.25 
.55 
2.50 
2.55 
14.95 
4.95 
3.95 
.95 
.85 
3.95 

3931.  4.65 
395A  4.95 
10(4081 -BA1 LAST.  . 30 
4 17A  14.50 
434A  3.40 
4467,  1.55 
44611  1.56 
4 50111  17.95 
014.51  1.90 
61471A  2.55 
n un  3.00 
527  9.95 
91530  5.00 
W1531  12.95 
91532  1.85 
532A, 1832  3.55 
02.5 59  3.75 
K1 610  7.45 
91615  I. 05 
91632A  8.75 
700  7.95 
7005  7.95 
700C  7.95 
7000  7.95 
701A  3.00 
702A  2.95 

1.10  703A/368AS  3.95 
1.25  701A  1. 75 

705A 
70611% 
707A 
707B 
70611 
709A 
710A 
7I3A 
714111 
7258 
717A 
716111 
718E1 
721* 
7218 
722A/287A 
723AB 
724A 
725A 
726A 
7288 
730A 
801 
8014 
803 
804 
805 
807 
8011 
609 
812 
813 
814 
815 
826 
83011 
8320. 
834 
635/38111A 
836 
837 
838 
841 
842 
843 
851 
852 
861 
/034 
865 
66-31".10R. 
8661. 
869 
8695 
872A 
874 
876 
878 
879/282 
902 
923 (PHOTO) 
930 
931A 
951 

1.65 
17.50 
14.00 
15.00 
3.75 
4.75 
2.45 
1.50 
11.75 
9. 75 
.85 

16.00 
• 15.00 
3.75 
3.95 
D. 50 
14. 95 
4.25 
9.95 
12.50 
13. 50 
9.95 
• 50 
• 70 
5.25 
8.95 
5.95 
1.25 
I. 55 
2. 50 
2.95 
7.85 
3.75 
2.85 
.75 
3. 95 
7.95 
5.75 
1.10 
1.35 
1.65 
3.25 
.50 
2.75 
. 50 

39.00 
6.25 
29.45 
.45 
2.55 
• 95 
1. 30 
19. 75 
27.25 
2.45 
1.95 
.50 
1.95 
.55 
3.50 
1.35 
1. Om 
3. le; 

955 
956 
957 
958 
958A 
059 
96 1/P1517  3.25 
991/NE-16  .24 
1005  • 35 
1007  4. 50 
1148  .35 
1201  .45 
1203  • 56 
1203A  .65 
1254  .55 
001295  9.915 
1299,'306  .45 
1613-8ELECT. 6E6  . 55 
1616  1.25 
1619  .35 
1624  I. 25 
1625  . 35 
1626  .35 
1629  .35 
1630  3.95 
1638  . DO 
1641/RK60  • 65 
1642  • 50 
1852/6AC 7  .90 
1853/6AB7  .95 
1960  1.35 
1961,532*  I. 85 
3950  . 7N 
2051  .75 
1764153  I. 20 
193  .35 
so ii/vroo. en ruse 2. 55 
44012  3.25 
8013  I. 25 
80I3A  1.50 
9019  1.75 
9020  3. 35 
8025  B. 75 
9001  .65 
9002  .4.5 
9003  . Bo 
9001  . 40 
9006  .40 
38111A/875  1.10 

X7AL DIODES 

1521 
11521A 
152IB 
1522 
1523 
I523A 
L527 
1529 
1551 (OE) 
15.18 (GE) 
1552 (GE/ 

.55 

.55 

.45 

.55 

.55 

.55 

. 65 

.95 
1.20 
.110 
• 60 
.85 
.85 
.85 
.75 
. 75 
1.00 

JUST OUT-

CATALOG HS00 

Manufacturers, Distributors 

and Amateurs: Write for 

the brand new Wells Elec-

tronic Catalog 1-1500. It's full 

of Tremendous values in 

highest quality components. 

411. 

IIVEMS/  
SALES, INC. 

320 N. LA SALLE ST.  DEPT. 12,  CHICAGO 10, ILL. 
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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 774) 

2,000, 3,000, and 10,000 cps. Multituned 
amplifiers and multifilters utilizing switch-
ing networks for selecting any one of up 
to six predetermined frequencies are also 
available. 
A dual looped network is employed, 

which consists of a combination of positive 
and negative feedback, arranged so that 
positive feedback is predominant at the 
pass frequency while negative feedback 
prevails throughout the remainder of the 
audio spectrum. 
The tuned amplifiers include, in addi-

tion to the frequency selective network 
and output stage, a low-noise level input 
bridging stage which may be coupled to 
any impedance  source under 500,000 
ohms. 
%Vhere balanced input or output cir-

cuits are required, auxiliary input and out-
put transformers may be added. The in-
clusion of .the optional output indicating 
meter makes the electronic filters or the 
tuned amplifiers complete indicating in-
struments. 

Alpha Counter 

Nuclear Div., Clarkstan Corp., 11925 
West Pico Blvd., Los Angeles 64, Calif., 
announces their Model 501 Alpha-Counter, 
a nuclear instrument for the detection of 
alpha particles from any source. All 
uranium and thorium ores may be quali-
tatively and quantitatively analyzed, 
when the radio active content is as low 
as a fraction of 1 per cent. The device is 
stable in operation so that it may be cali-
brated against known sources and samples. 

The counter utilizes a highly efficient 
optical system and a newly developed 
phosphor screen. From these it provides a 
statistical count of alpha particle scin-
tillations. Unlike the spintharascope which 
must be used in the dark, the Model 501 
may be used under subdued white light 
or red light illumination. 
The counter comes complete with 

luminescence-quenching filter, radio-active 
samples, aluminum carrying case, and 
complete instructions. 

(Continued on page 82.4) 

PROCEEDINGS OP THE IRE. 

JUST PLAIN 
RUGGED 

. . . yet an 
instrument of 
highest QUALITY 

• . PRECISION 
• . ACCURACY 

The Burlington "Hermetically Sealed" Instrument was 
designed and is manufactured to conform to JAN 

specifications for sealed instruments. 

• Steel case with heavy copper-cadmium plate and black finish. 
• Excellent shielding due to case material and construction. 
• Double strength clear glass. 
• Black satin onodized aluminum bezel. 
• Glass to metal seal under controlled humidity and temperature 
conditions. 

• D'Arsonval permanent magnet type movement for DC applica-
tions. 

• Designed to enhance panel appearance. 
• Available in Vh" and Ph" round case types. 
• Guaranteed for one year against workmanship and materials. Best Buy Burlington 

BURLINGTON INSTRUMENT COMPANY 
DEPT. 1-60, BURLINGTON, IOWA 

MODEL 708 SPECTRUM ANALYZER 

Frequency range-8500 mc to 9600 mc. 
IF bandwidth—approximately 100 kc. 
Sweep frequency—I0 cps to 25 cps. 
Minimum frequency dispersion—I 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 705 WOBBULATOR 
Swept signal output with center frequency adjust-
able from 2 to 500 mc. 

Continuous swept output adjustable from 0 to 
100 mc./sec. with 0.1 volt output at 50 ohms. 

Internally synchronized scope with detectors and 
amplifiers. 

High and low impedance shielded traveling de-
tectors. 

Output designed for making response measure-
ments at 3000 mc., IF frequencies, and Video. 

fune, 19 40 
79,‘ 



COM MUNICATIONS EQUIPMENT CO MPANY 

I RADAR SETS 
*TEST EQUIPMENT. * 

YD-2 MARKER BEACON EQUIP. Compl. installa-

tion in Trailer w/Gas Generator-WRITE. 

X BAND 
Cross gd. direction Coupler 20 DB, Mid on 
90 bend    .....  .$14.50 

90  bend H plane 4- Radius cover to cover 
  • ... WOO 

Directional  coupler,  UG-40/U  take  off,  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  08,  cali• 
brated   $18.50 
Directional coupler, APS-31. type "N" take 
off, 25 DB   $17.50 
Bi-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 a, 
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   $12.00 
90° Twist, 6" long   $7.50 
45° Twist, 6" long   $7.50 
10° Twist, 5" long with pressurizing nipple $7.50 
15° Bend, 10", choke to cover ..  $4.50 
5 ft.  Sections  UG-39  to  UG-40.  s.lvm 
Plated    $1.50 
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" 4  
guide    $8.50 
WE attenuator 0 to 20 DB, less cards. bell 
size guide  $12.50 

90° Bend, E Plane 18"  $4.00 
Rotary Joint, choke to choke  $10.00 
Rotary Joint, choke to choke with deck mount-
,n9   $10.00 

TR-ATR Duplexer Section for 1824 and 724B 
  $12.50 

Wavemeter-Therimstor MTG Sect,   $6.00 
2K25/723 AB Receiver, Local Oscillator Klystron 
Mount, complete, with Crystal Mount, Iris 
Coupling and Choke Coupling to TR  522.50 

TR-ATR Duplexer Section for above  $8.50 
723A5 Mixer-Beacon Dual Oscillator Mount 
with Crystal Holder. Used  $12.00 

723A11 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' x 54" guide  $24.50 
12" Flexible Section, 11/4 " x Vs" guide  $10.00 
Crystal Mount in Waveguide  $17.50 
SO-3 Echo Box, Transmission type cavity w,th 
bellows   $28.50 
180° Bend with pressurizing nipple   $5.00 
"S" Curve 18" long   $5.00 
"5" Curve 6" long   $3.25 
APS-3I Mixer Section for mounting two K2S s 
Beacon Reference Cavity, 1824 TR Tube $42.50 

Transition I x 1/2 " to 11/4" x %", 14" long . $8.00 
Receiver Front End, complete, C/O Dual 723AB 
Klystron mount, TR-ATR Duplexer Section, 2 
Stage 30 MC. Preamplifier, new, with a 
tubes .  $59.50 
Random  Lengths of Waveguide 6  t  It 
long  . $1.00 per ft. 

RADAR SETS 

APS-2, Airborne, 10 CM, Major Units, New 
APS-4, Airborne, 3 CM, Compl., Used  . 
APS-15, Airborne, 3 CM, Major Units, New 
SD-4, Submarine, 200 MC, Compl., New 
SE, Shipboard, 10 CM, compl., New ...  . 
SF•I, Shipboard, 10 CM, Compl., New   
SJ-I, Submarine, 10 CM, Compl., Used   
51..1, Shipboard, 10 CM, Compl.. Used   
SN, Portable, 10 CM, Compl., Used   
SC), Portable, 10 CM, Comp., Used   
SO-I, Shipboard, 10 CM, Compl., Used .... 
50-8, Shipboard, 10 CM, Compl., Used   
Mark 4, Gunlaying, 800 MC, Less Ant., Used 
Mark 10, Gunlaying, 10 CM, Compl., New 

Less Rack, New. $1500; Less Rack, Used. 
CPN-3, Beacon, 10 CM, Major Units, Used   
CPN-6, Beacon, 3 CM, Complete, New ... 
CPN-8, Beacon, 10 CM, Complete New   
Less Ant., New   

SCR-533. IFF/AIR, 500 MC, New .  ..... 
Search Tracer Airborne Radar Altimeter, 500 
MC Compl., New ,   

COUPLINGS -UG-CONNECTORS 

UG/I5U    $.75  UGB6U    $1.40 
UG206U  ....  . $.90  UG342U    $3.25 
UG87U    $1.25  UG8SU    $1.45 
UG27U    $1.69  UG58U  5.60 
UG2IU    5.89  UG9U  $.89 
U616711    $2.25  UGIO2U  ....  5.45 
UG29U    5.90  UGIO3U  5.45 
UG254U  $1.69  UG2551.1  $1.1.5 
UG 40/U  5.75 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  ..5.70 UG I49/U  $3.00 
UG 425  $2.00 1/8 Coax  5.50 UG I48/U  $4.00 
UG 116  $1.95 Ye Coax  5.95 LIG 150/U  $3.00 
UG 117  $2.50 UG 53/U  $4.00 UG 39/U  5.60 
UG 51  $1.00 UG 54/U  $4.75 UG 40/U  5.80 

WRITE 

OR 

PHONE 

FOR 

INFO. 

AND 

SPECS. 

MANY 

TYPES 

AVAIL. 

All merch. guar. Mail orders promptly filled, All 

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%" x  absorption type wavemc"t...9? 
micrometer head. 6000 to 8500 mc. Demorna, 
Budd :358  $185.00 

C Band "T" gold•plated at  $97.00 
C Band Flap attenuator Demornay-Budd type :339. 
gold-plated  $100.00 

X Band I%" x %" Klystron mount with tunable 
termination. gold-plated  $75.00 

X Band I%" x %" low power load, gold-plated 
  $45.00 

X Band 1Viz" x '/2" waveguide to type "N" adaptor, 

X Band 11/8" a 1/2" "T" Section, gold-plated ..$5$2 52..005°  
gold-plated    

DEHYDRATOR  UNIT.  CPD  10137  Automatic 
Cycling, Compressor to 50 lbs., Comp!. for Radar 

H.V. PWR. SUPPLY 15000 v 30 ma. DC Bridge" R 2e5.clt. 
XSMN, Line. New   

For. Sply. Oper, CM. 115 v 60 cy.  $115.00 
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   $91.50 

APS-2 10CM RF HEAD COMPLETE WITH HARD 
TUBE (715B) Pulser, 714 Magnetron 4I7A Mixer 
all Ye” rigid coax. incl. revr. front end _5210.00 

MODEL TS-268/U Test set designed to provide a 
means of rapid checking of crystal diodes IN21, 
IN2IA, IN21B, 1N23, IN23A, IN23B. Operates on 
11/2 volt dry cell battery. 3 a 6 x 7. New ...$35.00 

3CM  WAVEMETER  Coverage  9000-
9500 Mcs w/Calib. Chart Absorb. 
Type w/Cire. Flange or XMSN. Type 
w/So. Flanges. New .....  575.00 

10CM ECHO BOX CABV 14ABA-1 of 0BU-3$:2258.91 
SL WAVEMETER Type C‘v60ABM   

MC to 3170 MCS, direct reading micrometer 
head. Rin  prediction scale plus 9% to minus 
9%. Type 'N" input. Resonance indicator meter. 
New and Comp. w/access.  Box and  10 CM 
Directional Coupler  $350.00. 

10 cm. horn assembly consisting of two 5" dishes 
with dipoles feeding single type "N" output. 
Includes UG28/U type "N" "T" junction and 
type "N" pickup probe. Mfg. cable. New $15.50 
10 cm. cavity type wavemeters 6" deep, 61/2" in 
diameter. Coax output. Silver plated ..$64.50 ea. 
10 Cm. echo box part of SF radar w/I15 volt DC 
tuning Motor sub sig I I48A  $47.50 

THERM1STER BRIDGE: Power meter I-203-A, 10cm. 
mfg. W.E. Complete with meter, interpolation 
chart, portable carrying case ...   $72.50 

W.E. I IS. Signal generator, 2700 to 2900 Mc. 
range. Lighthouse tube oscillator with attenuator 
output meter, 115 VAC input reg. Pwr. suraoIy 

3 WCMit.h  circuit diagram stabilizer cavity, transmission type  $52705..0000 

3 CM. HORN AT-48/UP model 710. Type "N" input 
Hoy. silver plated  $6.50 

AT-68/UP 3 CM Horn with type "N" fitting  55.00 
TS-89/AP Voltage Divider: Ranges 100; 1/2 for 200 
to 20000V 10; 1 for 200 to 2000v. Input Z 2000 
ohm, output Z 4 meg. flat response 150-5 meg. 
cys.   $42.50 
10 CM WAVEMETER W.E. type 8-43590 Transmis-
sion type. "N" fittings. Veeder root mit. dial 
gold plated w/calib chart. P/O W.E. Freq. r-
X66404A. New    $99.50 

THERMISTORS 
D-167332 (tube) ...$.95 
D- 170396 (bead) ..5.95 
0-67613 (button) .4.95 
D-I04690  for  MTG  in 
-X" band Guide $2.50 

D-167618 (tube)  5.95 

VARISTORS 
D-170225   $1.25 
D-167176    5.95 

0- 168087  5.95 
D-171812  5.95 
D-171528  5.95 
D• 168549  5.95 
D- 168442   $3.00 
D• 163293   $1.25 
D-98428    57.00 
D-161117A  $2.85 
D-17112I  5.95 
SA (12-43)   $1.50 
D-167620  $3.00 
D-105598    $2.25 

K BAND 
APS-31 Rotating Joint ...   $41.50 
Right Angle Bend E or H Plane, specify combina-
tion of coupling desired    $12.00 

45' Bend E or H Plane, Choke to cover  $12.00 
Directional coupler CU•I03/APS 32  $41.50 
Mitered Elbow, cover to cover  $4.00 
TR-ATR Section, choke to cover   .$4,00 
Flexible Section I" choke to choke  $5.00 
"5" Curve choke to cover  $4.50 
Adaptor, round to square cover ... ...   $5.00 
Feedback to Parabola Horn with pressurized win-
dow  $27.50 
Low Power Load, less cards   $18 50 
K Band Mixer Block  $45.00 
Waveguide 1/2" X 1/4"   .51.00 per ft. 
Circular Flanges  5.50 
Flange Coupling Nuts  ..  5.50 
Slotted line, Demornay-Budd #397, new  $450.00 
90  Twist  $10.00 

DE MORNAY BUDD 
ALL FORMER STOCK AVAILABLE THROUGH 

COMMUNICATIONS EQUIPMENT 

S BAND 
Coax dal Mount for Type "N" Tunable $15.00 
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 
any of three outputs. Standard 11/2 " x 3' 
square flanges. Complete with  I 15V drive 
motor. Raytheon CRT24AAS, new  $150.00 

72IA TR Box complete with tube and tuning 
Plungers    $12.50 

McNally Klystron Cavities for 707B or 2K29. 
Three types available  $4.00 

Right Angle Bend 51/2  ft. overall with  
slotted section    $21.00 

Pick-up Dipole in Lucite Ball with Sperry Et-
ting  $4.50 
F-29/SPR-2 Filters, Type "N", input and out-
put   $12.50 

726 Klystron Mount, Tunable output, to type 
"N", complete, with socket and mounting 
bracket   $12.50 

WAVEGUIDE to 7/1" Rigid Coax. "Doorknob" 
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  $32.50 
SO. FLANGE to rd choke adapter, 18 in. long 
OA I1/2 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-14AA0 ....$9.50 

Coaxial slotted section. Vs" rigid coax with 
carriage and probe   

tight Angle Bend 6" radius E or H plain $15.00 
Right Angle Bend 3" radius E or H plain-
Circular flanges  $15.00 

AN/APR5A 10 cm antenna equipment consist-
ing of two 10 CM wavegunde sections, each 
polarized, 45 degrees  $75.00 per set 

PICKUP LOOP, Type "N" Output  $2.75 
TR BOX Pick-up Loop  $1.25 
POWER  SPLITTER: 726 Klystron  input dual 
"N - output   

"5" SAND Mixer Assecibly, with crystal mount 
pick-up loop, tunable output  $3.00 

721-A TR CAVITY WITH TUBE. Complete with 
tuning plungers  .   $12.50 
10CM OSC. PICKUP LOOP, with male Home. 
dell output   
MAGNETRON To W.G. Coup's for 13/4" Mag. 
Outp't Fit's. .... . ......... .  .565.00 
10 CM  FEEDBACK  rPoLE ANTENNA,  H 
lucite ball, for usc wall parabola Vs" Rigid 
Coax. Input  $0.00 

PHASE SHIFTER. 10 CM Waveguide. WE type 
ES-683816. 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. 

ASI4A/AP ft/ CM dipole pickup ant. w/I0 ft. 
cable type N fittings  $3.25 

10 CM Mixer   $3.00 

'Is" RIGID COAX 
Directional coupler, Tvpc "N" take of!  $22.50 
Magnetron  Coupling  with  TR  Loci  u, 
crated  $7.50 

v. Rigid Coax Coupler  $17.50 

.41E MICROWAVEik 
COMPONENTS 

prices, F.O.B., N.Y.C. Send Money Order or Check. Only shipping charges sent C.O.D. 

CO M MUNICATIONS EQUIP MENT CO MPANY 

Rated Concerns send P.O. 
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COM MUNICATIONS EQUIPMENT COMPANY 
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 
microsec. or 1/4 microsec. @ 600 PPS  $39.50 

W.E. :D166173 Hi-Volt input transformer, W E. Im-
pedance ratio 50 ohms to 900 ohms. Freq. range: 
10 kc. to 2 mc. 2 sections parallel connected, 
potted in oil  $36.00 

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  $6.00 

G.E. :K273I 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. :0169271 Hi Volt input pulse Transformer 
 $27.50 

G.E. K2450A. Will receive I3KV. 4 rriicro-second 
pulse on  pri. secondary delivers  I4KV Peak 
Power out 103 KW G. E.  $34.50 

G.E. :K2748A.  Pulse  Input line  to  magnetron 
  $36.00 
9262 Utah Pulse or Blocking Oscillator XFMR 
Freq. limits 790-810 cy-3 windings turns ratio 
I:1:1 Dimerisions I 13/16 x We 19/32  $1.50 

Pulse 13I-AWP 1-421435  $6.00 
Pulse 134-BW-2F L-440895  $2.25 

DELAY LINES 
D-163169  Delay  Line  Small  quantity available 

  $50.00 
D-168184: .5 microsec. up to 2000 PPS 1800 ohm 
terrr,  $4.00 
D-170499:  .25/50/.75  microsec 8 KV 50  :hms 
imp.   $16.50 
D-I65997: 11/4 microsec.   $7.50 

PULSE NETWORKS 
Ray•wX4298F  $39.50 
GE•K6824730   $50.00 
GE-K92 16905  $50.00 
15A-l-400-50:  15  KV,  "A"  CKT,  1 microsec 
400 PPS, 50 ohms imp. $42.50 

G.E.  :6E3-5-2000-SOP2T,  6KV  "E"  circuit,  3 
sections, .5 microsecond, 2003 PPS, 50 ohms 
impedance  $6-50 
G.E. :3E (3-84-810; 8-2.24-405) 50P41; 3KV, "E" 
CKT Dual Unit: Unit 1, 3 Sections. .84 Micro-
sec. 810 PPS, 50 ohms imp.: Unit 2. 8 Sections 
2.24 microsec. 405 PPS, 50 ohms imp. ..  56 50 

7.5E3-I-200-67P. 7.5 KV, "E" Circuit, I r• 
200 PPS, 67 ohms impedance, 3 sections S7 50 

7.5E4-I6-60.67P. 7.5 KV, "E" circuit 4 acetic) , • 
16 microsec. 60 PPS, 67 ohms impedance $15 00 

7.5E3-3-200-6PT. 7.5 KV. "E" Circuit, 3 
200 PPS 67 ohms imp. 3 sections ..  ' 2 $0 

PULSE EQUIPMENT 
MIT. MOD. 3 HARD TUBE PULSER: Output P..,lse 
Power 144 KW (12 KV at 12 Amp). Duty Ratio: 
001 max. Pulse duration: 5, 1.0, 2.0 microsec. 
Input voltage: 115 v. 400 to 2400 ops. Uses: 
1-71513. 4-829-13, 3-'72's, 1-73. New  $110.00 

APO-I3 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 (1201 KW pk); 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  $49.30 

APS-10 MODULATOR DECK. Complete, less tubes 
 $75.00 

BC 12038 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 ca. 

Tube 
2127 
2)31 
2121-A 
2122 
2126 
2132 
2137 
2138 Pkg. 
2139 Pkg. 
2140 
2149 
2134 
2161 
2.162 
3131 
5130 
7I4AY 
7I8DY 
720BY 
720CY 
725-A 
730-A  9345.9405 mc. 
728  AY, BY, CY, DY, 
700  A, B. C, D 
706  AY. BY, DY, EY, cY, GY 
Klystrons  723A/8 $12.50: 7078 

W/Cavity 
417A $25.00  2K4I  $65.00 

MAGNETRON MAGNETS 
Gauss  Pole Diam.  Spacing  Price 
4850  3/4 in.  /a in.  $ 8.90 
5200  21/32 in.  3/4 in. 
1300  I% in.  1 5/16 in.  $12.50 
1860  I% in.  1,/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 Ws" 
New Part of SCR 584  $34.50 
se. 

MAGNETRONS 
Frq. Range Pk. Pwr. Output Price 

2965-2992 mc.  275 KW  $ 8.50 
2820-2860 mc.  265 KW  $25.00 

$25.00 
$25.00 
$25.00 
$25.00 
$45.00 

3249-3263 mc.  5 KW  $35.00 
3267-3333 mc.  87 KW  S35.00 
9305-9325 mc.  10 KW  $65.00 
9030-9160 mc.  58 KW  $85.00 

S55.00 
3000.3100 mc.  35 KW  $65.00 
2914-3010 mc.  35 KW  565.00 
24,000 mc.  50 KW  $55 00 

$39.50 
$25.00 

2720-21390 mc.  250 KW  $25.00 
2800 mc.  1000 KW  550 00 
2960 mc.  1000 KW  S50.00 

9345-9405 mc.  50 KW  $25.00 
50 KW  $25.00 

EY. FY, GY  550.00 
$50.00 
$50.00 
$20.00 

9345.9430 mc.  50 KW 
3267-3333 mc.  265 KW 
2992-3019 mc.  275 KW 
2780-2820 mc.  285 KW 

CW" 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 

FILAMENT TRANSFORMER 
for above 115V/60 cy Pri: lour 6.3V/ 
4A Sec. 5000VT  $27.50 
Magnetron Kit of four OK's 2675-
3375  •• 'trans special  5750 00 

MICRO WAVE ANT. 

RF EQUIPMENT  4, 

6 1)  MICROWAVE ANTENNAS 
AN-I22 Dipole Any.   $22.50 

LP-2I-A ADF Loop W/Selsyn and Hou• 
sins. New  $e.00 
OAK Bellino Tossi OF Loops ...$125.00 
Adcock OF Arrays, Complete  $65.00 

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. I2'L v 
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 I" x 1/2 " waveguide. Drive motor and gear 
mechanisms for horizontal and vertical scan 
New, complete  $65.00 

AN/TPS3. Parabolic dish type reflector appro.. 
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 

DIM ANTENNA. Dual, back-to-back parabolas 
with dipoles. Freq. coverage 1,003.4,500 mc. 
No drive mechanism  $65.00 

ASI25/APR Cone type receiving antenna, 1080 to 
3208 megacycles. New  $1.50 
140-600 MC. CONE type antenna, complete with. 
25' sectional steel mast, guys, cables, carrying 
case, etc. New  $99.50 

ASD 3 cm. antenna, used, ex. cond  $49.50 
YAGI ANTENNA AS-46A. APG-4, 5 elements 

$14.50 ea. 

DISH FOR PARABOLA 30"  $4.85 
ASI7/APS 10 CM Antenna, APS.2 30 Inch Dis., 
with 1/6 Coax Dipole and fittings, New ano 
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-717 
P  N.  i Complete  $94.50 

DIRECTION FINDERS 
DAB 3 & 4. 2 18 Mc mfg. like new  $850.00 
DAK Direction Finder Automatic bearing in. 
dicators $185.00 
complete receiver  $225.01 

$125.03 
R e2p311 Twin conductor rf cable 250 ft. reel 

$50.00 
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 154-186 mc. adj. modulat-

ing pulses 4-10 micro sec. comp. II5v 60 cy 
ac pwr. supply. 
Vidio output receiver. New w/tubes $350.00 
Wavemeter for above  $75.00 
Dipole Array for above  $85.00 

INDICATORS -SCOPES 
BC 9311 4-20.50-100 mile range 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 
BC 937A & BC 938A 12" PP1 & 'A" scope 
Complete desk Rack assy w/osc. control 
unit, rec., pwr. supls. in unused cond. but 
shelf worn 
Radar Indicator RW '181 mfg. by Research Enterprise Ltd. 5" scope  $300.00 $30.00 
12" PPI Radar indic. console P/O SK-I M Rol ,. 
ASD Indicator 
1030 APS2 Indicator} Write or phone for formation  and  pr-- r. 
929 Indicator 

.  Many others in stock 

it MAGNETRONS 

PULSE EQUIPMENT t 

I 

PRECISION CAPACITORS 
D-I63707: 0.4 mfd  1530 vdc. -50 to plus 85 deg 

 $4.50 
D•163035: 0.1 mfd @ 600 vdc. 0 to plus 65 deg C. 

 $2.00 
D-170908: 0.152 mfd, 300 v. 400 cy. -50 to plus 85 

C  $2.50 
0.164960: 2.04 mid @ 200 vdc. 0 to plus 55 deg C 

 $2.50 
D-I68344: 2.16 mfd @ 200 vdc. 0 to plus 55 de  c 
 ace 

D-I61555: 5 mfd @ 400 vdc. -50 to plus 85 deg 
 $3.00 

0-161270: 1 mfd @ 200 vdc, temp comp -40 to plus 
65 deg C  $12.50 

30' U. S. ARMY SIGNAL CORPS 
RADIO MASTS 

Complete net for the erc  • ,f a lull flat top 
antenna. Of rugged ply , construction tele-
scoping into 3 ten-foot se-tons for easy stow' 
age and transportation. Supplied complete: 2 
complete masts  hardware  shipping crate. 
Shipping wt. approx. 303 lbs. Sig Corps 
VA289-223-A. New ......435.00 per set of 2 

R. F. EQUIPMENT 

LHTR,  LIGHTHOUSE ASSEMBLY,  Part of  RT-
30/AFG-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 (7158) Pulser. 714 Magnetron 4I7A Mixer 
all Vs" 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 3:7: 
Volume 23 RAD LAB Series   .00 4 
Pre-Amplifier cavities type "M", 7410510GL, to use 
446A lighthouse tube. Completely tuneable, Heavy 

cc. silver plated construction   
RT32/APS  6A  RF  HEAD.  Compl.  with  725A 
Magnetron magnet pulse xfmr. TR-ATR 723A/B 
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. & 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. 
13KV, PK, Pulse, with all tubes incl. 7159, 829B, 
RKR 73, two 72's. Complete pkg.   .00 

S BAND AN/APS2. Complete RF head and m2010du. 
lator, including magnetron and magnet, 4I7A 

$   

mixer, TR receiver duplexer, blower, etc., and 
complete pulser. 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-B receiver-mixer   

ASB-500 Megacycles Radar Receiver with t$.1o50 1 
446 lighthouse cavities, new less tubes  $37.50 

All merch. guar, Mail orders promptly 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. 
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News—New Products 
\lanolin:long.'s tests confirm soperiorit) of PALI\ EY* #7 
lor brushes on new Rertilinear Potentiometer ... 

"Our  experience  has  con-
firmed your tests and those of 
the Radiation Laboratory re-
garding brush wear. Less than 
a week ago we completed a 
life test on one of our 2" Rec-
tilinear Potentiometers in 
which the brush traveled the 
full length of the resistance 
element five million times be-
fore  failure Dee urred. The 
wire used in the resistance 
element was .0014 diameter." 

PAL1NEY*  7 ... a precious metal 
alloy containing gold, platinum and pal-

ladium . . . is giving outstanding service as the 
sliding contact in many types of potentiometers where 

long life, low noise and maintained linearity are essential. This 
and other Tested NEY Precious Metal Alloys are also being used success-
fully in numerous precision contact and slip ring applications requiring 
controlled wear resistance, high conductivity and freedom from tarnish 
and corrosion. Write or call our Research Department for additional 
technical data, outlining your problem if possible. 

THE P. M. NEY VOMPANY 171 ELM ST, HA1111111111, NE M 

SPECIALISTS IN PRECIOUS METAL METALLURUY SINCE 1812 

• Reg. T.M. J. M. Ney Co. 
G  • •.1  & CO., INC. 

•.1  Turnpike 
Springticld. New Jersey 

5NY50 

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 mc. Total 
cost is no greater than that of "homemade" 
screen rooms of ha lower efficiency. Numerous 
sizes are available and rooms can readily be 
moved or enlarged as required. Write, wire, 
or 'phone for details. 

ACE ENGINEERING Et 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 /fill, N. 1.—Ace Screen Rooms 
play an important part in assuring max-
imum shielding efficiency for numerous 
test and  h procedures. 

SCREEN ROOMS 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 

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

(Continued Iron page 194) 

New Resistance Boxes 
New resistance boxes, just announced 

by Leeds & Northrup Company, 4934 
Stention Ave., Philadelphia 44, Pa., are 
designed for use as moderate-precision, 
adjustable standards for dc and ac re-
sistance measurements up to medium fre-
quencies.. 

l'rincip II leature of the boxes is an 
entirely new type of rotary switch having 
exceptionally low and stable contact re-
sistance, obtained through the use of solid 
silver switch contacts and silver alloy 
multiple-leaf brushes. Zero or contact 
resistance is less than 0.002 ohm per 
decade, and changes less than 0.0005 ohm 
per decade on accelerated life tests. 
I imit of error is ±0.05 per cent 0.005 

ohm. The 4-dial model has a range of 
11,110 ohms in 1-ohm steps. The 5-dial 
models cover 11,111 ohms in 0.1-ohm 
steps or 111,110 ohms in 1-ohm steps. 
Time constant at 50 kc for usual range of 
dial settings is less than 0.05 microsecond. 

Microwave Signal Source 
Polarad Electronics Corp., 100 Metro-

politan Ave., Brooklyn 11, N. V., has 
developed a series of microwave signal 
sources, covering the range of 634 to 8,340 
Mc, in four units. 

These reties klystron signal sources are 
controlled by one dial only and frequency 
is read directly from a linear indicator to 
accuracies of  per cent. The reflector 
voltage is automatically tracked with the 
cavity tuner. There are no klystron modes 
to set, no voltage settings to. be made, 
and frequency can be read directly with-
out resorting to charts or graphs. 
The Model SSR microwave signal 

source covers the range from 634 to 1,174 
Mc; Model SS:M -4,290 to 8,340 Mc. The 
signal sources are supplied complete with 
tube. 

(Continued on rage 814) 
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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 824) 

New Model Power Supply 
Kepco Model 315 power supply, which 

features one regulated B supply, one regu-
lated C supply, and one unregulated fila-
ment supply is now being marketed by the 
manufacturer, Kepco Laboratories, Inc., 
149-14 41 Ave., Flushing, L. 1., N. V. 

The B supply is continuously variable 
from 0 to 300 volts and delivers from 0 to 
150 ma. In the range 20 to 300 volts the 
output voltage variation is less than 
per cent for both line fluctuations from 
105 to 125 volts and load variations from 
minimum to maximum current. Ripple is 
less than 5 millivolts. 
The C supply is continuously variable 

from 0 to 150 volts and delivers 5 ma. For 
all output voltages, the output voltage 
variation is less than 10 millivolts for line 
fluctuations of 105 to 125 volts. At 150 
volts, the regulation is less than 4 per cent 
between 0 and 5 ma. At other settings 
below 150 volts, the internal resistance of 
the supply will increase to a maximum of 
25,000 ohms. Ripple is less than 5 milli-
volts. 
The ac output is 6.3 volts, 5 amperes, 

center-tapped, unregulated. 

Standard Resistance Boxes 
A new resistor decade for electronic 

production and laboratory use is being 
offered by Analysis Instrument Co., P.O. 
Box 231 East Paterson, N. J 

Model 101 contains all RMA 10 per 
cent resistance values from 47,000 ohms 

(Continued on Page 854) 

) 

PROVIDE DELAYS RANGING  

FROM I 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" 

11:!•04 1.- 
-- r VOLTAGE Of  4,1  WITH AMPIIIITI 

t I O 

: BASS OS 
ERS 6 CHARGER  VOLTAGE VARIES  Amperite 

------ I 50%  2%   are the sim-VARIES APPROX  051 
'  REGULATORS 

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 

MPERITE CO., Inc., 561 Broadway, New York 12 , N. Y. 

In Canada. Atlas Radio Corp, Ltd, 560 King St., W. Toronto 

Z004 000 000 
to me/ 

10 MICROVOLTS TO 

10,000 VOLTS 

This enormous range of AC voltages is easily 

covered by the Ballantine Model 300 Volt-

meter, Model 220 Decade Amplifier and Model 

402 Multipliers. The accuracy is 2% at any 

point on the meter scale, over a frequency 

range of 10 cycles to 150 kilocycles. The Model 

300 Voltmeter (AC operated) reads from .001 

volt to 100 volts, the Model 220 Amplifier 

(battery operated) supplies accurately stand-

ardized gains of 10x and 100x and the Model 

402 Multipliers extend the range of the volt-

meter to 1,000 and 10,000 volts full scale. 

Write for descriptive Bulletin No. I2-A 

BALLANTINE 
LABORATORIES, i. 

MODEL 300 

Featuring a Logarithmic 
Voltage Scale and 
Uniform Decibel Scale 



IT'S  KINGS  FOR  CON NECTORS 

• 

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 the 

manufacture 01 co axial connectors 

Write tot illustrated catalogs. Department "1-

• 

1 
KINGS CrecveAmi€4 
Ill LEXINGTON AVE. BROOKLYN 21 N 

Manufacturers of Radar, Whip, and Aircraft antennas 

Microphone Plugs and Jocks. 

Radar Assemblies, Cable Assemblies, Microwave and 

Special Electronic Equipment 

The Institute of Radio Engineers 

DIRECTORY 1950 

A 

111 =111111MI 

LOOK IT UP 
in 

Your IRE Directory 
Use Its Engineering 

Products Listings! 

don't fail 

to see the 

AMPEREX 
TUBE 

advertisement 

next month 
(July issue) 

on the inside 

front cover 

AMPEREX ELECTRONIC CORP. 
25 WASHINGTON STREET, BROOKLYN I, M. Y. 

In Canada and Newfoundland  Roger, Alai., if, L,rniled 

1111 Ifenfcliffe Road, leatide. Tofonlo, Onforio, Canada 

ONLY $21 5*FOR 
THE GREEN 
ENGRAVER 

.. yet it's fast, versatile 
and rugged enough 

for die steel 

The Green En-
graver  offers 
great speed and 
convenience.  Quickly 
cuts up to four lines 
of letters from 3/64" to 1" on curved 
or flat surfaces whether made of metal, 
plastics or wood ... operates by Mere-
ly tracing master copy — anyone can 
do an expert job. Special attachments 
and engineering service available for 
production work. Just the thing for 
radio, electronic apparatus and instru-
ment manufacturers. 

For quality engraving on 
• Panels • Name Plates • Scales 

• Dials • Molds • Lenses • Instruments 
. . . also does routing, profiling and 
three dimensional modeling. 
*Price does not include master type 
and special work holding fixtures. 

GREEN INSTRUMENT CO. 

361 Putnam Ave. 
Cambridge, Mass. 
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News—New Products 
These manufacturers have invited  PR OCEEDINGS 

readers to write for literature and further technical 

information  Please mention your I.R.E. affiltation 

(Conttnued from page 83A) 

to 2.7 megohms, I-watt dissipation and 
10 per cent accuracy. 
Model 102 has resistance values from 

680 to 39,000 ohms with i-watt dissipation 
and 10 per cent accuracy. 
These decades make it possible to place 

RMA resistor values in a circuit without 
the necessity of drawing a number from 
stock for trial. It also eliminates the 
potentiometer-ohmmeter method of first 
approximation of circuit values, or the use 
of expensive precision resistance boxes for 
this purpose. 
Models 101A, and 102A, identical with 

the 101, and 102 except for 5 per cent 
resistor accuracy, are also available. 

Utility Amplifiers 

A neu series "E," amplifiers, which 
includes 10-, 17-, 25-, and 50-watt models, 
, phone-taps, mobile and portable assem-
blies is in production at Newcomb Audio 
Products Inc., 6824  Lexington  Ave., 
Hollywood 38. Calif 

Nlodel l.25 (illustrated), is a 25- to 
30-watt amplifier. It has inputs for two 
high-impedance microphones and a phono-
graph, with knock-out holes in chassis to 
provide for easy conversion of mike inputs 
to low impedance if needed. Individual 
bass and treble tone controls offer wider 
range of adjustment and feature bass em-
phasis for phonograph without emphasiz-
ing voice bass. Molded type coupling con-
densers give added protection from heat 
and moisture. 
Other specifications: Power output, 

25 watts at less than 5 per cent distortion; 
frequency response, ± 2 db, 40 to 15,000 
cps; output impedances 4, 8, 16, 500 ohms. 

NOTICE 

"Information for our News and 
New Products section is warmly 
welcomed. News releases should be 
addressed  to Indilstry Research 
Division,  Proceedings  of  The 
I.R.E., Room 707, 303 West 42nd 
Street, New York 18, New York. 
Photographs and electrotypes, if not 
over two inches wide, are helpful. 
Stories should pertain to products 
of interest specifically to Radio 
Engineers." 

ACME ELECTRIC CORPORATION 

NEW 
SIGNAL GENERATOR 

MODEL 202-D 

Frequency Range 175-250 mc 

The Type 202-D Signal Generator is a precise and 

reliable instrument well suited to the specialized 

requirements of telemetering engineers for rapidly 

analyzing and evaluating overall system performance. 

SPECIFICATIONS 

RE RANGE: 175-250 megacycles, a«strate to J.-, 0.5 %. 
Main frequency dial also calibrated in 24 equal divisions 

for use with vernier frequency dial. 

FREQUENCY MODULATION (Deviation): FM deviation con-

tinuously variable from zero to 240 kr. Modulation meter 
calibrated in three FM ranges: 0-24 kc , 0-80 kr., and 

0-240 kc 

AMPLITUDE MODULATION: Utilizing the internal audio 

osriqator amplitude modulation may be obtained over 

BOONTO 4ADIO 
 N,  otaie.&( 

You write the specifications and 

Acme  engineers  will  design  a 

transformer with the exact output 

characteristics to provide "top" per-

formance for your product. And re-

member, in addition to quality per-

formance, Acme also can provide 

quantity pioduction in custom de-

signzd electronic transformers. 
446 Water St., Cuba, N.Y., U.S.A. 

the range of 0-50 %, with meter calibration points 

at 30"'/:, and 50 %. By means of on external audio 
oscillator the RF carrier may be amplitude modu-

lated to substantially 100 %. 

RF OUTPUT VOLTAGE: The RF output voltage is con-
tinuously variable from 0.1 microvolt to 0 2 volt at 

the terminals of the output cable; Output impodonce 

al front panel jock is 53 ohms resistive. 

DISTORTION: The overall FM distortion at 75  kr 

deviation is less than 2% and at 240  kr. loss than 

L
10 %. The AM distortion at 50 % Is loss than 6.5 %. 

Complete detaltsand .pecircalion% ',eon ',quo,' 

PROCEEDING.S OF I IIE I.R.E. June, 1950 



ELE( TRONICALLY REGULATED 

LABORATORY 
POWER SUPPLIES 

• 

STABLE  • INPUT: 105 to 125 VAC, 
•  DEPENDABLE  50-60 cy 

MODERATELY • OUTPUT =1: 200 to 325 
PRICED  1  V0115  DC at 100 ma 

I  regulated 

MODEL 33  i• O UT P UT  :-'2: 6.3 Volts 

STANDARD  !  AC CT at 3A unregu-
NAck  lated 

MOUNTING  ' 

PANIL SIZE  • RIPPLE OUTPUT: Less 
s1/4" a IV'  than 10 millivolts rms 

WIIONT 16 LBS. 

For complete information write 
for Bulletin G8 

L1IIIIDI ELECTRONICS 
C O R P O R A 

COR ONA 

1'  I O N 
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 ELECrRONICS 
CONFERENCE. INC. 
852 East 83rd St. Dept. IRS 
Chicago In, Illinois 

I Inclose 81.00 (cheek or money order) 
for which please send me one I I) copy 
of the Proceedings of the 1919 National 
Electronics Conf   

Name 

Street Address 

City  one.... Stale.... 

(1.cm-ceding* of previous conferences 
available upon request) 
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LESTER W. BAILEY 
Registered Patent Agent 
Senior Member IRE 

PATENT OFFICE PRACTICE specializing in 
ELECTRONICS  MECHANICS 

RADIO 
LINCOLN-LIBERTY BUILDING 

PHILADELPHIA 
Broad & Chestnut Streets  Rittenhouse 6-3267 

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 — 'falerlolon — AM 
Audio Systom• InalneerIng 

Roxbury Road  Stamford 3-7159 
Stamford, Conn. 

CROSBY LABORATORIES 
Murray G. Crosby & Staff 
FM, Communications, TV 

Industrial Electronics 
High-Frequency Heating 

Offices,  Laboratory & Model Shop at: 
126 Herricks Rd.  Mineola, N.Y. 

Garden City 7-0784 

Richard B. Schulz 

E teeetid — Seend 
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515 W. Wyoming Ave., Philadelphia 40, Pa. 
GLadstone 5-5353 
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Jack Rosenbaum 

Specializing in the design and 
development of 
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radar and allied fields. 

333 West 52nd St.  Telephone: 
New York 19, N.Y.  PLAZA 7-0520 

WILLIAM L FOSS, INC. 
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WASHINGTON, D.C. 
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Harold A. Wheeler and Engineering Staff 
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1,,innents by RCA scientists have made Television part of family life in homes of all incomes. 

iliit/reSgaVA  7WeV/...C/bg /h7b more parses 

Remember when television was "just 
around the corner," and guesses at re-
ceiver cost ranged to thousands of dol-
lars? Came reality, and pessimists were 
wrong. Home television sets were rea-
sonable, grew more so year by year. 
One factor has been research at RCA 

Laboratories. For example: In 1949, RCA 
scientists perfected the glass-and-metal pic-
ture tube — so adaptable to mass production 
that savings of 30% in tube cost were made. 
Again, these scientists and development 
engineers learned how to replace complex 

parts with less costly, and more efficient 
materials. A third contribution was the use 
of versatile multiple-purpose tubes—so that 
one could do the work of several! 
Most important, the savings effected by RCA 

scientists have been quickly passed on to you, 
the consumer. RCA Laboratories is known as a 
great center of radio, television, and electronic 
research. It is indeed an institution which fits 
RCA products into more purses! 

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

New RCA Victor 16-inch television 
receiver, a leader in the 1950 line. 

APAA2/0 C O R P O RA W O N of A M E RFCA 

Wor/d Leader in Radio — 77r3-1-in 7e/evi5ion 1 
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they HOUR 
may ( 111911DELIVERY1 
look 

alike, 

there k 

is 

only 

one 

1910 I9SC, 

"SILVER MIKE" 

CA 
CAPACITORS 

Now you can get the some dependability thot 
has made C-D's famous in engineering circles 

the world over, on a twenty-four-hour delivery 

basis. The demand for "Silver Mike"' Micas 
through the years hos been so great that every 

expansion program has proved insufficient. But 

with the completion of our last expansion pro-

r\c "\s•-..Ck  
c6\\-

0\ 

A 

gram we are making available the entire Provi-
dence plant exclusively to the production of the 

famous, reliable C-D line of "Silver Mike " 
Micas. Of course, in addition to the new, im-

proved delivery standards, you still get these 
other features that hove mode C-Ds "Silver 

Mike " Micas so populor: 

Extru heavy silver coating thoroughly bonded to mica — results in o uniform and 
low capacity-temperature coefficient (-1-.002 % per degree C.); excellent retrace char-

acteristics; practically no capacity drift with time. 

Molded in low-loss red compound — results in an exceptionally high 0 (3,000 to 
5,000); fixed electrical characteristics. 

Wax impregnated — results in a humidity-proof capacitor. 

"Silver Mike"' Mica Capacitors are available in 300 and 500 Y.D.C.,ond in capacities 

from .000001 to .005 mfd. ot standard tolerance of  5%. "Silver Mike"' Micas can 
also be supplied, on special order, to tolerances of ±3 %. ± 2% and ± 1%. 

Your inquiries are invited. CORNELL DUBILIER 

ELECTRIC CORPORATION, Dept. M60 South Plain-

field, New Jersey. Other plants in New Bedford, 

Brookline and Worcester, Mass. ; Providence, 
R. I.; Indianapolis Ind., and subsidiary. The 

Radiart Corp., Cleveland, Ohio. 

FOR A CONSTANT LC PRODUCT ... FOR DEPENDABLE RESULTS 
..  FOR UNRIVALED PERFORMANCE  SPECIFY C-0! 

Vesi4 46r ?e/d? ' 
CO NSISTENTLY  DEPE NDABLE 

CORNELL-DU M MER 
CAPACITORS • VIBRATORS • ANTENNAS • CONVERTERS 

SI111111/1111, 



°THE new General Radio Type 1021-A 
1 Standard-Signal Generator operates at 
frequencies between 50 and 920 Mc with 
the same convenience and reliability found 
in other G-R generators in the broadcast 
frequencies. 
Its main use is the determination of radio 

receiver and circuit characteristics. With 
an inexpensive diode modulator, television 
picture modulation can be produced for 
overall testing of television receivers. 

It is a convenient and well-shielded 
source of power for measurements with 
bridges, impedance comparators, and slot-
ted lines. For these uses internal modula-
tion is provided. 
With the new G-R Type 874 line ot 

Coaxial Elements, this generator provides 
a very complete and flexible system for 
measurements of voltage, power and 
standing-wave ratio from 50 to 920 Mc. 

FEATURES 
• SIMPLICITY,  RELIABILITY,  CONVENIENCE of a standard broadcast generator. 
ACCURATE • COMPACT • LIGHTWEIGHT 

• MODERATELY PRICED 
• BUTTERFLY TUNING CIRCUIT  no sliding contacts . . . no noise . . . perfectly 

smooth tuning . . . rugged design with good stability and very low drift 
• REGULATED POWER SUPPLY assures good heterodyne beat note 
• OUTPUT FROM 0.5 MICROVOLT TO ONE VOLT with overall accuracy better than 

t-10' 

• INTERNAL OUTPUT IMPEDANCE 50 ohms 
• LEAKAGE AND RESIDUAL OUTPUT VOLTAGE Nelow sensitivity of most receivers 
• INTERNAL 1000-CYCLE AND EXTERNAL AMPLITUDE MODULATION over audio 
range, adjustable from 0 to 50% . . incidental fm under 100 parts per million over 
most of the ranges 

• T-V PICTURE MODULATION ON ALL CHANNELS from 50 to 920 Mc with NO 
INCIDENTAL FM, when Type 1000-P6 Crystal-Diode Modulator and source of video 
signals are used. The power requirements for modulation are so low, video output 
from a standard T-V receiver can he used 

TYPE 1021-AV V-H-F Standard-Signal Generator (50-250 Mc)   
TYPE 1021-AU U-H-F Standard-Signal Generator (250-920 Mc)   
TYPE 1000-P6 Crystal-Diode Modulator   

$595.00 
615.00 
35.00 

Type 1021-P2 Oscillator Unit (250-920 Mel 
,ct•aratc iiscillaior, are as ailahlo. 

They are niceltanically and electrically in-
terchangeable, and are sold as separate 
units to convert the range clone standard. 
signal generator to that of the other. 
TYPE 1021-P2 U-H-F Oscillator 
Unit only (250-920 MO  $420.00 

TYPE 1021-P3 V-H-F Oscillator 
Unit only (50-250 Mn)   $400.00 

Type 1000-P 6 Crystal Diode Modulator 
An inexpensive, wide•barld 
for amplitude modulation of carrier fre-
quencies between 20 and  1000 Mc. 
Modulation-frequency range is 0 to 5 Mc. 

$35.00 

GENERAL RADIO COMPANY Cambridge 39. 
Massachusetts 

90 West St., New York 6 920 S. Michigan A*c., Chicago 5 1000 N. Seward St.. Los Angeles 38 


