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N°re"PROTELGRAM 
LIFE-SIZE 
LIFE- LIKE 
Television! 

. . . from this 2" tube --

Chosen by these famous makers of 
quality projection TV receivers 

ANSLEY • EMERSON 

FADA • FISHER 
PILOT • SCOTT 
STEWART WARNER 

INTERNATIONAL 
TELEVISION 

BRUNSWICK 
and others soon to be announced 

PROTELGRAM is the result of nearly 
fifteen years of research by the world's 
greatest electronics laboratories. This scientifi-
cally designed, optically correct projection system 
makes possible, for the first time, a life-size distor-
tion-free picture of nearly 200 square inches (20" 
diagonal) ... a more life-like picture without 
glare or eyestrain. And from a tiny long-life, 

low-cost picture tube! 
PROTELGRAM is the answer to the public 

demand for a bigger, clearer picture that is 
easier on the eyes. It produces a better than 
16" x 12" non-reflecting picture that fills a flat 
screen all the way to the corners, and permits wide 
angle visibility, fatigueless viewing from 5 feet 
or 50! Small size and light weight make possible 
compact consumer units. Write to Dept. PB-5, 
North American Philips Company, I ncorporateu, 
100 East 42nd Street, New York 17, New York. 
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ore co 

PROT 
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e 

for 
life.size, 
more 
life- like 
television 

Jo/ 

PHILIPS 
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COVER: MILESTONES OF RADIO'S GROWTH — Besides marking the outstanding radio achievement 
or characteristic of each year, from the very beginnings of broadcasting by Westinghouse station 
KDKA, Pittsburgh, in 1920, the height of each yearly column is proportional to the volume of 
radio manufacturing and sales that year. Note that reflected in the chart is the rapid growth of 
radio in 1927 and 1928 following the clearing up of the "radio chaos" of 1925-26; the drop in 
sales during the great Depression of the 1930s; the effect of the general business setback of 
1937; the sudden cut to war production in 1942; the towering heights of electronic war produc-
tion in 1944 and 1945 reaching over three billions, or five times top peacetime output, and 
finally the resumed industry growth with the advent of television. 

e•••..4 

• 

• 

THE "LEADERSHIP" PLAN IN ELECTRONIC WAR PRODUCTION 
Greater usefulness of available facilities achieved by 
teaming up medium-sized manufacturers under a "leader" 

22 

LIGHTING REQUIREMENTS OF TELEVISION STUDIOS  Richard E. Blount 24 

Camera equipment limitations, locale variations, necessi-
tate controlled light sources for superior picture quality 

VOLTAGE MULTIPLIER SYSTEMS FOR TV RECEIVERS  M. Mandl and N. Sher 26 

Circuits presented serve to save space, eliminate need 
for heavy power transformer, make for low overall costs 

BARIUM TITANATES AS CIRCUIT ELEMENTS A. I. Dranetz, 

Characteristics and applications of piezo-electric ceramics 
in production of electronic circuit components — Part II 

G. N. Howatt, J. W. Crownover 28 

VIDEO RECORDING TECHNICS   George H. Gordon 31 
Current engineering practices using 16-mm equipment in 
the photographing of programs directly from CR tubes 

RADIO INDUSTRY MARKS TWENTY-FIFTH ANNIVERSARY  Ralph R. Botcher 34 

How present multi-billion dollar radio and television arts 
had their feeble beginnings 25 and 50 years ago 

AN INSTANTANEOUS AUDIENCE MEASUREMENT SYSTEM   38 
UHF transceivers responding to a pulse signal permit a 
direct percentage reading of the listener intensity 

NOISE FIGURES FOR RECEIVER INPUT CIRCUITS  Peter G. Sulzer 40 

Analysis of six different circuits commonly employed in 
UHF receivers and discussion of suggested applications 

DEPARTMENTS: 

Tele-Tips     10 
Editorial Comments     21 
Washington News Letter     43 
News     44 
New Products     46-50 
Letters   52 
Books     70 

CALDWELL-CLEMENTS, INC., Publication Office, Orange, Conn., Editorial and 
Executive Offices 480 Lexington Avenue, New York 17, N. Y., Tel Plaza 3-1340 

Publishers also of RADIO & TELEVISION RETAILING 
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take your choice... 

FIXED 

PAPER-DIELECTRIC 

CAPACITORS 

Readily available for DC electronic applications, these capaci-

tors are manufactured in accordance with joint Army-Navy 

specifications JAN-C-25. Case styles include types CP 53, CP 
54, CP 55, CP 61, CP 63, CP 65, CP 67, CP 69 and CP 70. 
Capacitance ratings are from .01 Muf to 15 Muf, and voltage 
ratings are listed from 100 to 12,500 volts. 

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

arrangements are available for various installation requirements. 
Write for detailed description and operating data: Bulletin 

GEA-4357A. 

*Pyranol is General Electric's non-inflammable liquid dielectric for capacitors. 

Less than one inch long, and only 
one inch square, this postage-stamp-
size selenium rectifier offers radio build-
ers substantial savings in production 
costs. Only two soldering operations 
and a minimum of hardware are neces-
sary for installation in places where a 
rectifier tube and socket won't fit. 
They're built to safely withstand the 
inverse peak voltages obtained when 
rectifying (half-wave) 110-12 5 volts, 
rrns, and feeding a capacitor as required 
in various radio circuits. Tests prove 
that selenium rectifiers will outlast the 
conventional type of rectifier tubes, at 
the same time costing less. Send for 
bulletin GEA-5238. 

11111 GENERA ELECTRIC 
2 TELE - TECH • May, 1949 



HOLDS 

OUTPUT VOLTAGE 

CONSTANT 

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

ig371".* 
GENERAL ELECTRIC 

oei ;aerie 

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

TELE -TECH • May, 1949 

TIMELY HIGHLIGHTS 
ON GE COMPONENTS 

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

General Electric's television cord set 
comes in 6-foot lengths, made of 2/18 
Pot-64 brown Flamenol* rip-cord. Set 
has brown plastic plug and new brown 
Flamenol connector molded on opposite 

end. Rip-cord has smooth finish, resists 
oil, water, acids, alkalies, or sunlight 
deterioration. Rating is 7 amps., no. 18 

wire. Set is designed for assembly on 

*Trademark Reg. U. S. Pat. Off. 

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

DEPENDABLE CONTROL 

FOR AUTOMATIC DEVICES 

G.E.'s multi-contact relays are in-

expensive units built specifically for 
appliances and vending machines. Con-
struction features assure quiet, reliable 

operation, and compactness makes them 
adaptable to a variety of devices such 
as coin changers, phonographs, and 
television receivers. Single-circuit con-

tacts or combinations of contacts for 
multi-circuit application are attached 
to the same sturdy frame and coil 
assembly, affording a multiplicity of 
relay forms. Ratings are 5 amperes at 
115 volts or 24 volts, a-c or d-c. Get 

details from Bulletin GEC-306. 

General Electric Company, Section F667-1 
/ Apparatus Department, Schenectady, N. Y. 

Please send me the following bulletins: 

GEA -36348 Voltage Stabilizers 

GEA -43.57A D-C Capacitors 
DGEA-5238 Selenium Rectifiers 

DGEC-306 Multi-contact Relays 

DGEC-472 Tube Timers 

/ NAME  

COMPANY 

ADDRESS  

CITY ......  STATE  

 7 



PROFESSIONAL SERVICES 

WELDON & CARR 
Consulting Radio Engineers 

Washington, D. C. 
1605 Connecticut Ave. MI 4151 

Dallas, Texas 
1728 Wood St. Riverside 3611 

RAYMOND M. WILMOTTE 
PAUL A. deMARS 

ASSOCIATE 

1469 CHURCH ST., N.W. DE. 1234 

WASHINGTON 5, D. C. 

LERU LABORATORIES, INC. 
Design and Development of Electronic Equip-
ment for industrial and scientific purposes 

Special experience in microwaves, spectrum ana-
lyzers, photo-electric circuits, test equipment, etc. 

360 Bleecker Street 
New York Il WAtkins 9-4194 

WILLIAM L. FOSS, Inc. 

Formerly Colton 11 Foss, Inc. 

927 15th St., N.W. REpublic 3883 

WASHINGTON, D. C. 

A. F. & MUCKIER & CO., INC. 
ELECTRONIC g COMMUNICATION 

ENGINEERS & MANUFACTURERS 

202-208 TILLARY ST. BROOKLYN 1, N. Y. 

Ulster 5-5141 

RUSSELL P. MAY 
1422 F St., N. W. Kellogg Bldg. 

Washington, D. C. REpublic 3984 

Member of AFCCE 

KEAR & KENNEDY 

1703 K ST., N.W. STERLING 7932 

WASHINGTON, D. C. 

AMY, ACEVES & KING, INC. 
Specialists in the 

Design and Installation of 

HIGH-GAIN 
AM, FM, and TELEVISION 
ANTENNA SYSTEMS 

LOngacre 5-6622 
11 West 42nd Street, New York 18, N. Y. 

McNARY & WRATHALL 

RADIO ENGINEERS 

906 Natl. Press Bldg. 1407 Pacific Ave. 
Washington 4, D.C. Santa Cruz, Calif. 

8.. D. RING & CO. 
76 Years' Experience in Radio 

Engineering 

MUNSEY BLDG. REPUBLIC 2347 

WASHINGTON 4, D. C. 

HERMAN LEWIS GORDON 
Registered Patent Attorney 

Patent Investigations and Opinions 

Warner Building 100 Normandy Drive 

Washington 4, D. C. Silver Spring, Md. 
NAtional 2497 SHepherd 2433 

Commercial Radio Equip Co. 

Everett L. Dillard, Gen. Mgr. 

INTERNATIONAL BLDG. DI. 1319 

WASHINGTON, D. C. 

PORTER BLDG. LO. 8821 

KANSAS CITY, MO. 

There is no substitute for experience 

GLENN D. GILLETT 
AND ASSOCIATES 

982 NATIONAL PRESS BLDG. NA. 3373 

WASHINGTON, D. C. 

FRANK H. McINTOSH 

710 14th St., N.W.—Metropolitan 4477 

WASHINGTON, D. C. 

GEORGE P. ADAIR 

Radio Engineering Consultants 
EXecutive 1230 1833 M STREET, N. W. 

EXecutive 5851 WASHINGTON 6, D. C. 

ELECTRICAL 
TESTING LABORATORI ESINC 

Specializing in teehnien/ serekes to these 
intent upon GOOD QUALITY 

2 Fast End Avenuent 79th St Newl'ork 21 Y 
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RALPH R. BATCHER BERNARD F. OSBAHR 
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H. D. WULFORST 

Assistant Editor 

STANLEY GERSTIN 

Contributing Editor 

CHARLES DREYER, Art Director 

WASHINGTON, D. C. 

R. C. DAVIES DR. A. F. MURRAY 

News Editor Consulting Editor 

National Press Bldg. 4707 Windom Pl. 

CIRCULATION 

B. V. SPINETTA, Circulation Director 

M. GROENING, A. DeLUISE 

Subscriptions, List Compilation 

BUSINESS DEPARTMENT 

M. H. NEWTON 

Business Manager 

J. J. BROOICAAAN 

Sales Manager 

480 Lexington Ave., New York 17, N. Y. 

S. M. GASKINS, Western Manager 

JOHN ROMANCHAK, District Manager 

201 N. Wells St., Chicago 6, III. 

Telephone RAndolph 6-9225 

DUANE WANAMAKER, 
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610 S. B'way, Suite 623, Los Angeles 14, 
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W. W. SWIGERT, Credit Manager 

M. TEMMEL, Editorial Secretary 
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800 ohms/cad 

Temp. Coeff. of Resistance: 

_ 0.00002 max. from — 50°c to + 100°c 

the improved electrical resistance alloy! 

Higher Ohmage makes possible Smaller 
Resistors—Increased Savings 

Compared with Manganin and Constantan 
(Advance), the copper-base alloys widely used for 
high accuracy wire-wound resistors, the electrical resis-
tivity of Karma* is exceptional — 800 ohms per 
circular mil foot, at 20°C, it is more than 2.7 times 
greater. Now you can wind even smaller precision 
resistors at still lower cost per ohm. 

More Stable Resistance permits Wider Ap-
plications—at Wider Temperature Ranges 

The comparably Low Temperature Coefficient 
of Resistance of Karma remains constant over a very 
much wider temperature range than that of Manganin 
or Constantan (Advance*). The " useful range" of 
Karma is more than 8 times that of Manganin and 4 
times that of Constantan (Advancel. Karma, therefore, 
is especially adapted for service in precision resistors 
that are subjected to severe changes in temperature. 

Low Thermal EMF Value against Copper assures 
Extreme Accuracy 

In cases where error due to voltage generated 
by thermal EMF against copper must be confined to 
negligible proportions, Manganin has long been ac-
cepted as ideal for resistor windings. The thermal EMF 
value for Karma against copper is equal to that of 
Manganin itself! 

\A e. o „0/051 Miters ** 1 

ef% 

• • 

e 0) 

High Resistance to Oxidation prolongs Elec-
trical Properties 

The superior surface oxidation resistance of 
Karma, essentially a nickel chromium alloy, enables it 
to retain its fine electrical properties longer than the 
copper- base alloys Manganin and Constantan (Ad-
vance* ). 

Higher Tensile Strength permits Faster Winding 
Speeds — saves Production Time 

In addition to its outstanding electrical qualities, 
Karma affords physical advantages over the commonly 
accepted alloys. Its higher tensile strength permits 
faster winding speeds; its lower thermal expansion 
minimizes distortion and movement in windings. 

In a word, this urgently needed Driver-Harris 
alloy offers plus values all along the line. Ask us about 
it. We shall be glad to supply you with complete data. 

KARMA` is manufactured only by 

Driver-Hams Company 
HARRISON, NEW JERSEY 

BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, San Francisco, Seattle 

Manufactured arid sold in Canada by 

The B. GREENING WIRE COMPANY, LTD., Hamilton, Ontario, Canada 

T.M. Reg.U.S.Pat.Off. • Formerly D-H experimental alloy #331 



PERFORMANCE FAR EXCEEDS PROMISE with 

PIRTORM/INCEMIREP 

11 
miLCAPACITORS 

* The new AEROLENE impregnant eliminates the necessity of 
stocking and using both wa% and oil capacitors. One impreg-
nant does the work of both. Results in lower inventories with 

corresponding reduction in manufacturing costs. 

* DURANITE capacitors show no deterioration in stock. May be 
stored in advance of actual use, with corresponding economy 

* D URANITE does not dry out. Does not develop cracks or fis-

and convenience. 

sures. It stays tight throughout. 

• Sample DURANITES right off the production lines cheerfully 

sent for your own tests and conclusions. Meanwhile, let us 

quote on your TV and other severe-service capacitor needs. 

• Based on our lab and life tests, Aerovox has 
made several superlative claims for the exclusive 
DURANITE technique. And because DURANITE 
means a new impregnant, Aerolene, new process-
ing methods, new casing material — Aerovox has 
sought not to confuse DURANITE capacitors with 
conventional molded tubulars. 

For example: Note actual clipping from DURA-
NITE introductory literature issued almost two 
years ago and based on units produced by our 
pilot plant. Then note the performance of a batch 
of initial-production DURANITES that were in a 
brief case and carried in planes, trains and autos 
many thousands of miles along the Eastern Sea-
board from March through November (during the 
humid summer months), and just recently meas-
ured for insulation resistance by lab men of a 
leading radio manufacturer'. Could usual paper 
lubulars approach this performance? 

Definitely—but very definitely—Dua.ANITEs are 
setting brand new standards of stability, depend-
ability and durability. 

'Name on request. 

AEROVOX TYPE P-88 

DURANITE TUBULARS 

Insulation Resistance after Nine Months 
Cap. 

IR in 
Mfd. Volts Megohms 

THE 

PERFORMANCE 

0.01 400 Case Size 
30,000 

11/32 x 1 1/8" 
0.022 400 

35,000 
0.022 600 100,000 13/32 x 1 3/8" 

0.10 400 15/32 x 1 3/8" 
24,000 

0.22 400 17/32 x 1 5/8" 
40,000 21/32 x 2" 

See accompanying text for conditions. 

FOR RADIO-ELECTRONIC AND 

INDUSTRIAL APPLICATIONS 

AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S.A. 

SALES OFFICES IN ALL PRINCIPAL CITIES • Export 13 E. 40th SI., NEW YORK 16. Pt. Y. 

'ARLAIV • la Canada: AEROVOX CANADA LTD ., HAMILTON, ONT. 

in L liCH • mr, v j, q 



1N58. 100 volt diode. 

Products of continuing research by the 
world's largest manufacturer of 

germanium diodes, these 5 new types 
open up interesting new fields of 

application. They are available for 

immediate delivery in reasonable 

quantities. 

SYININIA 
ELECIRIC 

Electronics 1Hrisiori. .500 Fifth 

,Nest, York 18...1.1'. 

1 

1 

1N54. High efficiency 

diode. Two megohms 

more at — 10 volts. 

1N5 5. 150 volt diode. 

1N56. High conduction 

diode. Passes 15 ma or 
more at i 1 volt. 

coupon for deccriptive, literature/ 

Sylvania Electric Products Inc. 
Electronics Division, Dept. E 3105 
500 Fifth Avenue, New York 18, N. Y. 

Gentlemen: 

Please send me descriptive literature on Germanium Diodes 
1N54, 1N55, 1N56, 1N57 and 1N58. I am also interested in re-
ceiving literature covering your other products in the fields of: 

D Communications, Television and Industrial Electronics 
D Radioactivity D Radar and Microwaves 

Name  

Home Address  
City State  

Company  

Position  

ELECTRONIC DEVICES. RADIO TUBES, CATHODE RAY USES; PHOTOLAMPS; FLUORFSCENF LAMPS, FIXTURES, WIRING DEVICES, SIGN TUBING: LIGHT BULBS 
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eat dissipation can be 

Heat dissipation can be mighty tough 

. . . but not for IRC resistors. They are 
universally engineered for the lowest 
possible operating temperatures and 
maximum power dissipation within the 
smallest size units consistent with good 
engineering practice. 

Long experience with the widest line of 
resistor types in the industry has pro-
vided IRC with a wealth of "know-how" 
on resistor heat dissipation. In Power 
Wire Wound Resistors for example, the 
complete range of tubular and flat types 
manufactured by IRC utilizes a special 
cement coating to attain rapid heat dis-
sipation. This dark rough surface does 
double duty by effectively guarding the 
windings against harmful atmospheric 
moisture and corrosion. Use the handy 
coupon to get complete data on proven 
advantages of IRC Power Wire Wounds. 

There are 52 spe-
cific types of IRC 
Power Wire 
Wound Resistors. 

IRC Flat Wire 
Wound Resistor, 
offer a higher 
space- power 
ratio. 

Adjustable types 
feature the ex-
clusive IRC non-
corrosive contact 
band. 

Windings are of 
highest groan al-
loy wire on tough 
ceramic forms. 

Power ratings 
from 2 to 225 
watts. Variety of 
8 terminal types. 



INTERNATIONAL 

RESISTANCE COMPANY 

tough 

Heat dissipation properties of alu-
minum are used to full advantage in 
housing and winding core of IRC Power 
Rheostats, 25 and 50 watts. Type PR 
Rheostats operate at full rating at 
about half temperature rise of equiva-
lent units. Can be operated at full 
power in as low as 25% of rotation 
without appreciable difference in tem-
perature rise. Direct contact between 
rheostat and mounting panel allows 
rapid conduction to panel of a portion of 
heat dissipated. Send for Bulletin E-2. 

111. MI 1M OM I 

New, ADVANCED FIT Resistors obsolete present 
performance standards for fixed composition resistors. 
Extremely low operating temperature and excellent 
power dissipation in compact, light weight, fully insu-
lated units at 1/2 , 1/2 , 1 and 2 watts. These ADVANCED 
resistors meet JAN-R-11 specifications. All the facts 
are included in 12- page technical data Bulletin B-1. 

Water-cooled LP Resistors utilize high velocity 
water stream flowing in spiral path against thin 
resistance film. High power dissipation is made 
possible by centrifugal force holding water in 
thermal contact with resistance surface. Resistance 
film less than 0.001" thick with active length 
much less than 1/4 wave length at FM and tele-
vision frequencies, gives excellent frequency 
characteristics. Resistance values 35 to 1500 ohms; 
15% tolerance standard; power dissipation up 
to 5 K.W. ac. Bulletin F-2 gives all the facts. 

If you have the heat put to you for 
speedy service on small order resistor 
requirements for experimental work, 
pilot runs, etc., you'll appreciate the 

advantages of IRC's Industrial Service Plan. This enables 
you to get ' round- the-corner service from the local stocks of 
your IRC Distributor. He's a good man to know . . . we'll 
gladly send you his name and address. 

Wiwepenitke, Cétemit Say —mA,--1 

Power Resistors • Voltage Dividers 

Insulated Composition Resistors • Low 
Wattage Wire Wounds • Controls 
DepositedrarbonPrecistors•Precislons 
HF and High Voltage Resistors 

Voltmeter Multipliers • Rheostats 

INTERNATIONAL RESISTANCE COMPANY 

407 N. BROAD ST., PHILA. 8, PA. 

Send me additional data on items checked below: 

Power Wire Wounds ( tubular) C Flat Power Wire Wounds 

— Advanced BT Resistors Power Rheostats C Water•Cooled Resistors 

C Name and address of our local IRC Distributor 

NAME  

TITLE  

COMPANY  

ADDRESS   
401 N. Broad Street, Philadelphia 8, Pa. 

In Canada: International Resistance Co., Ltd., Toronto, Licensee 
J.F•APNOT AGENCY 



Electronics 

Kester "Resin-Five" Core Solder is 
more active, more efficient, and 
faster than any rosin flux— yet is 
absolutely non- corrosive and non-
conductive. The finest flux-core sol-
der made for all television and 
radio work. Available in diameters 
as small as .010"... 5 different core 
openings for each diameter ,... all 
practical alloys. 

The TV tuner pictured above, manu-
factured by Standard Coil Products 

Company, contains 210 soldered 
connections, all made with Kester 
"Resin-Five" Core Solder. 

Call in a Kester Technical Engi-
neer today and have him show you 
how "Resin-Five" Core Solder in the 

proper size and alloy will increase 
your soldering efficiency. 

• 
e 

FREE — TECHNICAL MANUAL 

Send for Kester's new manual, "SOLDER 

and Soldering Technique"—a complete 
analysis of the application and proper-
ties of soft solder alloys and soldering 
fluxes. 

KESTER SOLDER COMPANY 

4210 Wrightwood Avenue, Chicago 39, Illinois 

Factories also at Newark, New Jersey • Brantford, Canada 

10 

TELE-TIPS 
h hi 

ATLANTIC PACT RADAR—Sir 
Robert Watson-Watt, visiting Wash-
ington last month, proposed that a 
radar screen be set up around the 
European nations taking part in the 
North Atlantic Pact agreement, simi-
lar to that already under Congress' 
consideration for US northern border. 

REMINGTON-RAND is a new 
name in commercial TV picture tubes. 
Already the South Norwalk, Conn., 
plant is in pilot production on 12LP4's, 
turning out 50 to 100 daily, under the 
direction of Engineer Marshall P. 
Wilder, with larger plans for the Fall. 
Since 1944, company has produced 
orthocons and image-orthocons for 
guided-missile and industrial TV sys-
tems of its own manufacture. 

FM VIDEO may yet show some in-
herent advantages over present stand-
ard AM-TV pictures, according to 
engineers who are working to develop 
new operating possibilities theoret-
ically available with frequency modu-
lation of the picture signal. So don't 
write off FM-TV yet! 

MEXICO CITY PARLEY RE-
SULTS—The World Radio Confer-
ence plan for sharing shortwave 
broadcasting time comprises 32 huge 
pages of charts, and is the product of 
six months of work by 459 delegates 
representing eight-five countries. The 
plan charts the use of 235 broadcast-
ing channels in the eight narrow 
shortwave bands between 6 and 
26 MC. 

PROJECTION TV is the ultimate 
for the home—this seems to be con-
sensus of increasing number of in-
dustry figures who have studied pub-
lic's desire for big pictures as con-
trasted with difficulties and draw-
backs of large direct-view tubes. 
Prominent raster lines now showing 
up as unexpected annoyance of 16-
inch viewing, a trouble due, con-
trarily, to the very excellence of spot 
focus. 

PORTO RICAN PROFITS — Some 
radio men are considering Porto Rico 
for manufacturing and assembly 
operations, with decided benefits be-
cause of low labor costs and highly-
favorable tax situation. 
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STANDARD COIL 
PRODUCTS CU. 

STANDARD COIL PRODUCTS CO. 
CHICA60. ILL. 

STANDARD COIL PRODUCTS CO. BANGOR.MICH. 

COSMALITE* 
in STANDARD COIL PRODUCTS CO. TUNERS 

Of course COSMALITE is used by the STANDARD 

COIL PRODUCTS CO., INC. in their Television and 

Auto Set Tuning Assemblies. It is the first choice 

of those who insist on precision and quality prod-

ucts at prices that are right! 

Consult us 

on your needs! 

• Reg. U. S. Pat. Off. 

The advantages of COSMALITE SHELLS FOR 
TELEVISION DEFLECTION YOKES are many. 
Of prime importance is the fact that we have 
available, without charge, the tools for punching 
and notching many types of Cosmalite shells and 
coil forms. This means attractive prices with 
quicker deliveries. 

eCLEVELAND CONTAINERe 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 

PLANTS AND SALES OFFICES ot Ptyrnouth, Wis., Chicago, Detroit, Ogdensburg, N.Y, Jornesburg, N.J. 

ABRAVVE DIVISION nt Cleveland. Ohio 

CANADIAN PLANT: The Cleveland Container, Conado, Ltd., Prescott, Ontario 

REPRESENTATIVES 

CANADA WM. T. BARRON, EIGHTH LINE, RR • I, OAKVILLE, ONTARIO 
METROPOLITAN 
NEW YORK R. T. MURRAY, 614 CENTRAL AVE., EAST ORANGE, N.J. 

NEW ENGLAND E. P. PACK AND ASSOCIATES, 968 FARMINGTON AVE. 

WEST HARTFORD, CONN. 
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Now! A Top Quality Tape Recorder at a Reasonable Price 

ew PRESTO 
Magnetic Tape Recorder 

.1!Ç'. LAST, a magnetic tape recorder that fully measures up to the most exact-

ing requirements of broadcast network op-

erations, independent stations and tran-

scription producers, yet priced to have 

wide appeal. 

Compare these specifications: 

• Frequency response: 30 to 15,000 cps ± 1 db. 

• Signal to noise ratio: Over 60 db below max. 
signal. 

• Fast speed, 240 ft. per second forward and 
rewind, instantly reversible. 

• Recording speeds 71/2" or 15" per second 
(15" or 30" per second provided on request). 
Speed selection by special 2-speed motor. 

• Reels direct mounted on motor shafts. Uses 
any type and size of reel up to 14". 

• Erasing, recording and playback heads all 
mounted in separate housing — entire unit 
connected by plug-in for immediate replace-
ment. 

• Full-size illuminated scale V. U. meter on 
top panel. 

Now! Greater 
Accessibility 
Illustration shows how ev-
erything mechanical and 
electrical can be serviced 
from the front and top. Am-
plifiers and power supply are 
;n swinging door behind re-
movable panels. Mechanical 
units are mounted on top 
panel, hinged at rear so it 
can be opened upwards. 

WORLD'S LARGEST MANUFACTURER UF INSTANTANEOUS SOUND RECORDING EQUIPMENT AND DISCS 

RECORDING CORPORATION 
Paramus, New Jersey 

Mailing Address: 

P. 0. Box 500, Hackensack, N. J. 

In Canada : 

WALTER P. DOWNS, Ltd., Dominion Square Building, Montreal 
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Er new simplicity, wide range, and high accuracy in the control of modern electronic circuits... 

A multi-turn rotational-indicating knob dial for use 

with the HELIPOT and other multiple turn devices. 

Cutaway view of the 
HELIPOT (Model A-
10 Turn- 1 I> 

Provides many times greater resistance control in 

same panel space as conventional potentiometers! 

I F YOU are designing or manufacturing any type of precision 
electronic equipment be sure ro investigate the greater con-

Yenience. utility, range and compactness that can be incorporated into 
your equipment by using the revolutionary HELIPOT for rheostat. 

potentiometer control applications.., and by using the new DUODIAL 

turns-indicating knob described at right. 

Briefly, here is the HELIPOT principle... whereas a conven• 
tional potentiometer consists of a single coil of resistance winding. the 
FiELIPOT has a resistance element many timer longer coiled belhally 

into a case which requires no more panel space than the conventional 
unit. A simple, foolproof guide controls the slider contact so that it 

follows the helical path of the resistance winding from end to end as 

a single knob is rotated. Result... scab no increase in panel 1Pol, 
requirements, the HELIPOT gives you as much as 12 times' the control 

surface. You get far greater accuracy, finer settings, increased range-
with maximum compactness and operating simplicity! 

COMPLETE RANGE OF TYPES AND SIZES 

The HELIPOT is available in a complete range of types and 
sixes to meet a wide variety of control applications ... 

MODEL A: 5 wafts, 10 turns, 46" slide wire length, 13/4 " cos. 
din., resistances 10 to 50,000 ohms, 3600° rotation. 

MODEL II: 10 watts, 15 turns, 140" slide wire length, 31/4 " 
case dia., resistances 50 to 200,000 ohms, 5400° rotation. 

MODEL C: 3 watts, 3 turns, 13 1/2 " slide wire length, 1,/" cose 
die., resistances 5 to 15,000 ohms, 1080° rotation. 

MODEL D: 15 watts, 25 turns, 234" slide wire length, 31/4 
"De dio., resistances 100 to 300,000 ohms, 9000° rotation. 

MODEL E: 20 watts, 40 turns, 373" slide wire length, 31/2 " 
cope dio., resistances ISO to 500,000 ohms, 14,400° rotation. 

Also, the HELIPOT is available in various special designs... with 
double shaft extensions, in multiple assemblies, integral dual units, etc. 

Let us study your potentiometer problems and suggest how 

the HELIPOT can be used- possibly is already being used by others 
in your industry - to increase the accuracy, convenience and aim. 

plicity of modern electronic equipment. No obligation, of course. 
Write today outlining your problem. 

.Data for Model A, 13/4 " dia. HeliPot. Other models give even greater 
control range in 3" case diameters: 

'Ihe"trier. or Primary dial of the DUODIAL show, rya, angular puré. 
non of hat, during each revolution. Ike outer, nr Secondary dial 
Ihr,U I number of complete rerolurtons made b, the Primary dial. 

THE DUODIAL is a unique advancement in knob dial design. 
It consists essentially of a primary knob dial geared to a 

concentric turns-indicating secondary dial- and the entire unit is so 

compact it requires only a 2" diameter panel space! 

The DUODIAL as so designed that - as the primary dial rotates 

through each complete revolution- the secondary dial moves one divi• 
sion on its scale. Thus, the secondary dial counts the number of com-
plete revolutions made by the primary dial. When used with the 

HELIPOT, the DUODIAL registers both the angular position of the 

slider contact on any given helix as well as the particular helix on 
which the slider is positioned. 

Besides its use on the HELIPOT, the DUODIAL is readily adapt-
able ro other helically wound devices as well as to many conventional 

gear-driven controls where extra dial length is desired without wasting 

panel space. It is compact, simple and rugged. It contains only two 
moving parts, both made entirely of metal. It cannot be damaged 
through jamming of the driven unit, or by forcing beyond any me-

chanical stop. It is not subject to error from backlash of internal gears. 

TWO SIZES— MANY RATIOS 

The DUODIAL is now available in two types - the Model "R" 

( illustrated above) which is 2" in diameter, and the new Model -W" 
which is 454" in diameter and is ideal for main control applications. 
Standard turns-ratios include 10:1. 15:1, 25:1 and 40:1 ( ratio be-
tween primary and secondary dials). Other ratios can be provided on 

special order. The 10:1 ratio DUODIAL can be readily employed with 
devices operating fewer than 10 revolutions and is recommended for the 
3-turn HELIPOT. In all types, the primary dial and shaft operate with a 

1:1 ratio, and all types mount directly on a 1:s" round shaft. 

Send for this 

HELIPOT AND DUODIAL CATALOG! 

Contains complete data, construction de-

tails, etc., on the many sizes and types of 

HELIPOTS ... and on the many unique fea-

tures of the DUODIAL Send for your free 

copy today! 

THE lieIipot CORPORATION, SOUTH PASADENA 3, CALIFORNIA 
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How to Improve the Picture 

A SIMPLE SOLUTION to the effects of attenuation and im-
pedance mis-match on television and FM reception: install an 

ATV Lead-In, the line that minimizes these effects. 

The satin-smooth, polyethylene insulation of ATV line sheds 

water readily — thus avoiding subsequent impedance discon-

tinuities. Besides, the new-type plastic insulation offers in-
creased resistance to weathering—an important factor where 

lines run outside. 

Count on Anaconda to solve your high frequency transmis-

sion problems, with anything from a new type lead-in line to 

the latest development in coaxial cables. 49433 

WRITE FOR ATV BULLETIN. Anaconda offers a complete 

selection of ATV Lead-In Lines for every need: for 75, 150 
and 300 ohms impedance unshielded and shielded lines of 
high impedance. For an electrical and physical characteris-
tics bulletin, write to Anaconda Wire 8: Cable Company. 

*Reg. U. S. Pet. Off. 

tp4»,&4DA ANACONDA WIRE IL CABLE COMPANY 
25 BROADWAY, NEW YORK 4, N. Y. 
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EA-I-tell EA-I-
"NOIFLAME-COR 

the TELEVISION hookup wire 
APPROVED BY UNDERWRITERS LABORATORIES AT 

900CENTIGRADE  600 VOLTS 
Preferred by leading producers of television, F- M, quality radio and all exacting 

electronic equipment. All sizes, solid and stranded; over 200 color combinations. 

Production Engineers: Avoid high percentage of line rejects by specifying 

"NOFLAME-COR" (not an extruded plastic). Insula-

tion does not " blob" under heat of soldering iron. 

J Flame Resistant J High Insulation Resistance 

J High Dielectric J Facilitates Positive Soldering 

I/ 

Heat Resistant 

J Easy Stripping 

J Also unaffected by the heat of impregnation— 
therefore, ideal for coil and transformer leads 

RUBBER  75° 

PLASTIC 80° 

"NOFLAME-COP"  90° 
"made by engineers for engineers," 

CORNISH WIRE COMPANY, Inc. 
605 North Michigan Avenue, 

Chicago 11 15 Park Row, New York 7, N. Y. 1237 Public Ledger Bldg, 

Philadelphia 6 

MANUFACTURERS OF QUALITY WIRES AND CABLES FOR THE ELECTRICAL AND ELECTRONIC INDUSTRIES 
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a complet 
Rectifiers 

Small, lightweight a-c to cl-c power supply units 
for use with cathode-ray tubes, television camera 
tubes and radar indicator scopes, electron micro-
scopes, and similar jobs. Typical outputs are 7, 
9 and 13 kv. Low regulation the 7-kv unit 
illustrated does not exceed 3.5% regulation per 
0.1 milliampere load, holds ripple on output volt-
age to less than 1%. Size, only 6" x 6" x 7", 
weight 8 lb. 

Pulse Transformers 
Pulse transformers for use with 

either hard-tube or line- type modu-
lators. Available in voltage ratings of 
10 kv or above. These units are ideal 
for radar applications, stepping up 
or down, impedance matching, phase 
reversing and plate-currentmeasure-
ments. Also suitable for nuclear 
physics research work, television and 
numerous special applications in and 
out of the communications fields. 

Resonant Reactors 
Resonant-charging reactors, accu-

rately designed and constructed for 
radar service. Usually required in 
ratings of 40 kv and below, 1 ampere 
and below and 300 henries and be-
low. Higher ratings are being built, 
and can be considered. When re-
quired, small- and medium-size de-
signs can be provided with 3 to 1 
range of inductance adjustment. 

Filament Transformers 
Filament transformers available 

with or without tube socket mounted 
integral with the high-voltage ter-
minal. Low capacitance. Ratings to 
match any tubes; insulated to prac-
tically any required level. 

e line of 

hermetically 

sealed 

HIGH-VOLTAGE COMPONENTS 

Illustrated here are typical high-voltage com-

ponents manufactured by General Electric. 
They can be built to meet Armed Services 

requirements. All are oil-filled and hermeti-

cally sealed— with excellent ability to with-

stand mechanical shocks and to operate con-

tinuously for long periods in widely varying 

temperatures and atmospheric conditions. 
Your inquiries will receive prompt atten-

tion. Since these components are usually 
tailored to individual jobs, no catalog is avail-

able. Please include with your inquiry, func-

tional requirements and any physical limita-

tions. Apparatus Dept., General Electric Co., 

Pittsfield 42-304, Mass. 

GENERAL ELECTRI.p. 
TELE -TECH • May, 1949 17 



The Du Mont Types 5130-B and 
5130-C 16 mm. television projectors 
are designed and built for the rug-
ged requirements of film telecasting. 
Greater reliability for day-in-day-
out operation. Readily accessible 
mechanism. Easily replaceable ports. 
Feature length reel (opacity. Maxi-
mum optical resolution. Greater light 
output. High-fidelity sound. Either 
type recommended, based on 
style and feature preference. 

Du Mont Type TA-105-A Film Pickup Con. 
trol Console. Includes saw-tooth, para. 
bola and sine-wave shading with 5" 
waveform monitors for both line and 
frame. 12" picture monitor. Instantly ac-

cessible chassis. Integral design with the Du Mont Type TA- 108-B Video Mixing 
Console and associated equipment which will handle four separate video or com-
posite input channels with automatic or manual "fades" and "lap dissolves". 
between any video input channels. 

For sound-film economy..• maximum pic-
torial resolution . . • high-fidelity sound . . • good 
audience reaction and real sponsor satisfaction— 
PLAY SAFE WITH A DU mow 

4.0efescafte e»,, fikel 

Here's fully-coordinated engi-
neering. From projector to con-
trol conso/e, there are no weak 

sho 
links. Each unit does its job as 

ulcl be done. thoroughly as that job can and 

First, a choice of two types of 
Du Mont projectors designed 
frorn scratch and built by spe-
cialized craftsmen to insure su-
per/alive images and so 
16 ram. fil 

Du Mont Type TA-103-A Iconoscope Film 
Pickup Camera. An ideal pickup head for film or slides, 
using the high- resolution Iconoscope Type 1850-A. Special rim light 
and back lighting arrangement. Available with fixed pedestal or slid-
ing-track mounting for handling two or more image sources. Mechanical 
construction such that all components are readily accessible. 

SYSTEM 
konoscope Film Pickup Head fo 
translate pictorial resolution into 
precise e/ectronic signals. final-

the Du Mont Control and Vi-
deo Mixing Equipment to moni-

flovving program. tor the pickups for a smooth-

"PortionS of this been 
grain have 

niotion picture film-
takes on new meaning when 

S. Then the Du Mont men' throughout. from handled with Du Mont equip-

. Details on request. Remember, Du Mont means "first 
with the finest in Television" from camera to trans-

mitter, and again to the finest telesets' made. 

*Trade Mark 

CALLEN C. DU MONT LABORATORIES, INC 

-Z-rweeZi-74,-,:e7à.-- i,,;,, 
ALLEN B. DU MONT LABORATORIES, INC. • TELEVISION EQUIPMENT DIVISION, 42 HARDING AVE., CLIFTON, N. J. • DU MONT NETWORK 
AND STATION WABD, 515 MADISON AVE., NEW YORK 22, N. Y. • DU MONTS JOHN WANAMAKER TELEVISION STUDIOS, WANAMAKER 
PLACE, NEW YORK 3, N. Y. • STATION WTTG, WASHINGTON, D. C. • HOME OFFICES AND PLANTS, PASSAIC, N. ' 

18 TELE -TECH • May, 1949 



Can you afford a switch 
that isn't dependable?  

ENGINEERING DATA SHEETS 
Send for the Mallory Engineer-
ing Data Sheets on the BS 
series. They contain complete 
specifications for available eir-
(mil combinations w it h respec-
tive terminal locations. dimen-
sional drawings — e. cry thing 
the engineer needs. • 

SPECIFICATION SHEETS 
Specilica  " sheets for all BS 
switches have also been pre-
pared. These sheets are printed 
on thin paper to permit 
blueprinting. The sectional 
drawings indicate standard and 
optional dimensions— make ii 
easy for von to order pi-, 
duetiem sainples built to 
requiremen t s. 

There is a Mallon' stun.", to fit your 
design — write for further 

I )t-sign engineers who specify Mallory RS switches know they are getting the best 
that substantial construction and precision manufacturing can produce. They 
know that Mallory RS switches protect their good name because they provide 
maximum long-life and efficient dependable service. 
Mallory RS switches are available with cam and ball type index assembly, or with 
positive indexing hill-and-valley double roller type index assembly. 
These are the features that make Mallory switches famous for dependability and 
quality. All are advantages of extreme importance in television and high frequency 
applications where stability is essential. 

• Insulation of high-grade, low-loss laminated phenolic. 
• Terminals and contacts of special Mallory spring alloy, heavily silver-plated to insure 

long life at low contact resistance. 
• Terminals held securely by exclusive Mallory two-point fastening— heavy staples 

prevent loosening or twisting. 
• Double wiping action on contacts with an inherent flexing feature— insures good 

electrical contact with the rotor shoes throughout rotation. 
• Six rotor supports on the stator—insure accurate alignment. 
• Brass rotor shoes, heavily silver-plated—insure low contact resistance. 
• MI shoes held flat and securek to phenolic rotor by ru % its— prevents stubbing - 
i so re- - moot h rotation—minimum of noise in critical circuit ,. 

Precision Electronic Parts— Switches, Controls, Resistors 

MALLORY 
P. R. MALLORY & 

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

SERVING INDUSTRY WITH 

Capacitors Rectifiers 

Contacts Switches 

Controls Vibrators 

Power Supplies 

Resistance Welding Materials 
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Follow the Leaders to 

.• 

5 

The Power tor R-F 

Though it would seem a strange place to look for a precious stone, each Eimac 

3X2500A3 triode, and modifications of this tube type, contains three sapphires . . . 

making this Eimac triode a better vacuum tube . .. better able to do a superior job 
in communication, research, and industrial applications. 

It became evident in the early stages of 3X2500A3 development that the structure 

which provided filament tension posed a problem. The source of tension was easy ... 

by using a conventional pusher-spring at the cool end of the center-rod, transferring 

the pressure to the top of the rod, and then out to the filaments. 

But . . . somewhere in the structure, between the filaments and the center-rod 
there must be a non-conducting material with the ability to remain inert under high 

temperatures ( 1500 degrees to 1600 degrees C). It must be unaffected by electron 
bombardment and it must be physically strong. 

The imaginative foresight of Eimac engineers, after exhausting the possible use of 

conventional materials, brought synthetic jewels under consideration . . . the rest of 

the story is vacuum tube history. 

As in the past, when better vacuum tubes are made they will first bear the trade-

mark " Eimac" . . . the result of engineering foresight . . . skill . . . imagination 
... and research. 

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

Export Agents: Frazer á Hansen, 301 Clay St.. San Francisco, California 

20 TELE • TECH • May, 1949 



wliAL_AcIt?2D 
TELEVISION • TELECOMMUNICATIONS • RADIO 

O. H. CALDWELL, Editorial Director * M. CLEMENTS, Publisher * 480 Lexington Ave., New York ( 17) N. Y. 

ANOTHER QUARTER-MILE—Along with the Radio 
Manufacturers Association's twenty-fifth anniversary, 
this year the radio-electronic industry celebrates its first 
quarter of a century of commercial operation. Its 
foundations, of course, were laid during the preceding 
quarter century, running back through the early 1900's. 
But radio-electronic men look forward to far greater 

technical and industrial developments in the quarter 
century ahead. This next "quarter-mile", marked by TV, 
FM, and UHF, promises amazing achievements and 
progress, far overshadowing all that has gone before. 

VHF—UHF?—Recent industry and public discussions 
of television assignments have demonstrated the confu-
sion and futility of such terms as "Very High Frequency" 
and "Ultra High Frequency" in today's ever-widening 
electromagnetic spectrum. Such comparative definitions 
have already become meaningless and should be 
dropped from any further use. To avoid further con-
fusion, let's get back to the absolute and specific, such 
as "50-MC", "500 MC" and similar numerical delinea-
tions that will leave no doubt as to what we talking 
about! 

RADIO-GUIDED MISSILES SOON—Ominous new 
tasks for radio-electronic controls in warfare were out-
lined by Dr. Karl T. Compton of M.I.T. and General 
M. S. Fairchild, U.S.A., speaking at a House Committee 
hearing on a 3000-mile test range for guided missiles. 
General Fairchild told the committee that "within the 
next ten years we will be replacing guns and bombs 
with guided missiles and within fifteen years surface-
to-surface guided missiles will have been perfected to 
the extent that they will have important applications in 
the field of tactical and strategic bombardment opera-
tions"—but only if research can be conducted over a 
long range. General Fairchild also said that missiles with 
ranges up to 500 miles would be ready in 1949, but as yet 
there is no range long enough to test them. 

RED TAPE STIFLES IMPROVEMENTS—In any 
program of commercial equipment development, the de-
signing engineer is above all cost-conscious, and can 
often balance a substantial part of his salary by saving 
a penny or so in the manufacturing cost of a component 
or item. This factor is of negligible or minimum im-
portance in designing military equipment. In fact, the 
enormous cost of bucking red tape has prevented many 
excellent improvements being used or even getting re-
ported. 

TONS OF PAPER WORK—In looking back over 
published reports of production records of military 
equipment during the last war one is struck by the fre-
quent, and at times, only, reference to dollar values as 
the only criterion of production levels. Any manufac-
turing company which did business then, cannot forget 
about the tons of extra unnecessary paper work that 
grew up around each job—no matter whether simple 
or complex. These reports, monthly, weekly, daily, and 
sometimes it seemed, hourly, covering many variations 
of the same data and made to different agencies, repre-
sented a useless task no one wanted. 

DAILY REPORTS; EQUIPMENT STALEMATED— 
Going to non-technical groups it seemed doubtful if 
their thousands of reports were ever read, except by 
statisticians who gloried in how many millions of dollars 
we spent each day! In a number of cases daily produc-
tion reports were insisted on to the extent that they had 
to be phoned in to Washington each day. Meanwhile 
the actual equipment, built under the stress of overtime 
scheduling, was being allowed to pile up for months be-
fore being shipped! 

WASTED PRODUCTION ENERGY—One of the most 
needed research programs relating to military (and 
this refers to all the services) equipment needs, would 
be to figure up how much of this paper work is "neces-
sary." Possibly a gigantic overall system of punched 
cards covering all contracts would permit pertinent data 
to be kept up to date by simple coded telegrams. 

Certainly there should be better use for the energy 
spent in getting out these records, to say nothing of the 
saving in printed forms and filing facilities. 

ST. ELMO'S FIRE, that legendary static discharge 
from ships' mizzentops and church steeples, which we 
used to read about in boyhood days, is now with us 
to plague home TV reception on tall isolated antennas— 
though little has been reported on it. A dozen times a 
year, either on cold clear starry nights or during low-
lying thundercloud conditions, our own 50-ft. antenna 
sets up intermittent or continuous clicks and roars, 
which may spoil or even drown out the sound, while 
accompanying white spots flash across the picture 
screen. We have tried completely insulating the folded 
dipole from the grounded metal mast, also grounding 
its midpoint, without complete success. Next step will be 
to mount a series of needle points at the top of the mast 
to drain off the earth's electricity with least sparking. 
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The "Leadership" Plan in 

Three Hazeltine and seven sub-contractors engineers engaged in development of new types of electronic measuring and test equipment 

How Hazeltine Electronics Corporation achieved greater usefulness of personnel 

and available facilities by teaming up medium-sized manufacturers under "leader" 

MUCH interest was aroused by 
publication in March TELE-

TECH of the Munitions Board Mo-
bilization Plan for the Electronics 
Equipment Industry, a plan which, 
latest information indicates, is be-
ing motivated. 
One of the most interesting as-

pects of this Plan, to judge by in-
quiries from readers, was that de-
scribed as follows: 
"Following the successful pattern 

employed in World War II . in the 
electronics industry of providing 
leadership in educating numbers of 
companies to the point where they 
can assume the responsibilities of 
prime contractors—releasing their 
primes to devote more time and fa-
cilities to research, development and 
pilot production of new equip-
ments." 
What was this leadership plan? 

Who pioneered with it? Who helped 
to make it a successful pattern? 

Seeking the answer to these ques-

tions, we went to Fred R. Lack, 
Industry Chairman of the Electron-
ics Equipment Industry Advisory 
Committee of the Munitions Board, 
and to members of its Task Com-
mittee. They referred us to W. A. 
MacDonald, president of Hazeltine 
Electronics Corporation, another 
member of Task Committee No. 1, 
who contributed many of the ideas 
incorporated in The Munitions 
Board Plan. 

"At the start of World War II," 
it was explained, "the situation was 
doubly difficult; the armed forces 
needed production and the elec-
tronic industry needed to get into 
production. There was a crying 
shortage of trained electronic en-
gineers. Many qualified people were 
eager to get to work — but they 
lacked the know-how. 

"At that point, the Navy asked 
Hazeltine to take the lead in a plan 
for production of military electron-
ic equipment which would utilize 

the tremendous production capacity 
of home-radio receiver manufac-
turers. Hazeltine accepted, and oth-
er concerns followed the pattern or 
adapted it to their own operations." 
From the Hazeltine archives, these 

facts were developed: 
Although designs of much useful 

radio-electronic apparatus were 
available at the beginning of World 
War II, this equipment had been 
produced previously only in rela-
tively small quantities and over a 
period of years. If it had ever been 
designed for large production, the 
practices and processes had been 
abandoned long since. 
Much of the equipment of this 

class had been custom-built rather 
than designed for mass production. 
When it was required in quantities, 
it had to be either redesigned or the 
old slow process of manufacture 
followed. 
With the advent of World War II, 

the few large companies of the 
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Electronic War Production 

41% 

United States quickly became heav-
ily overloaded both with engineer-
ing and production problems. 

This condition resulted from three 
factors: ( 1) military business in 
peacetime normally flows to com-
panies with the larger engineering 
organizations; (2) desire to place 
business where it will maintain re-
search and engineering organiza-
tions needed in wartime; and ( 3) 
the volume of peacetime military 
business prior to World War II, the 
bulk of it being communications 
apparatus; radar and many of the 
other present apparatus of elec-
tronic equipment were yet in the 
dream stage. 
The several large companies, 

RCA, GE, Westinghouse and AT&T, 
were first selected by the procuring 
Services to supply the electronic 
needs of the United States military 
forces, principally because of their 
potential production capabilities and 
the fact that they had substantial 
engineering departments. Addition-
ally, they had had, with few excep-
tions, the only experience in manu-
facture of military equipment. 
A fact that was perhaps not fully 

recognized was that, with the ex-

ception of RCA, the electronic ac-
tivities of GE, Westinghouse and 
AT&T represented only a minor 
fraction of the country's useful pro-
duction capacity. The electronic ac-
tivity of all of the above companies 
combined in fact represented only 
15% to 20% of the industry's out-
put. The remaining radio industry 
output was divided among some 45 
assemblers and some 100 to 150 
parts suppliers. 

Engineering Allocations Increased 

A survey of the radio industry 
early in 1940 disclosed that the 
average radio-set manufacturer de-
voted between 11/2  % to 2% of its 
total billings to engineering activi-
ties. Engineering activities included 
design, development and processing 
of models through to the so-called 
type test stage, just prior to manu-
facture. Subsequent examination of 
the engineering content required for 
a reasonable cross-section of mili-
tary equipment, however, soon in-
dicated that 10% to 15% was nec-
essary to meet the special needs of 
the Services. 
A second survey of the industry, 

Chart shows how Hazeltine leadership plan worked during World 
War II to provide U. S. services with needed electronic equipment 

Ar rand Forces 

Hazeltine os Prime Contractor 

Design and assembly of type-test models at Hazeltine by staff 
engineers working with engineers sent by sub- contractors. 
Preparation of production drawings. Preparation of instruction 
books and service material. Purchasing coordination of ports 
and moterials. 

Sub-Contractor 

Supplies 

-t-f-
Shipments 

Sub- Contractor 

Supplies 

tt 

_L_ 
Shipments 

Sub- Contractor 

Supplies 

tt  

Shipments 

Supplies of critical and scarce parts obtained on sub- contractor's 

order under blanket order and allocation by Hazeltine. 

1 
Gem:, ul supplies of parrs and materials purchased directly by each 

sub-contractor from ports makers. 

Shipments of complete equipments made directly to Government by 

each sub-cont ractor. 

OPERATING NOTE: Erich sub- contractor rnonutoctured complete equipments under der* boo 01 
111 h.> engineers who hod returned from Hozeltine, and 1210 limited number at resident NOzelline 
engineers 

made late in 1941, disclosed that al-
though the several large manufac-
turers were heavily overloaded with 
military business, most of the in-
dustry including some large com-
panies and the great percentage of 
medium and smaller companies, had 
little or no such orders from the 
armed forces. This was because the 
procuring Services were not con-
vinced that the remaining com-
panies were qualified to solve the 
engineering details involved in pro-
duction of military equipment. This 
1941 survey further disclosed that 
there were hundreds of acres of 
factory space available and unused, 
and thousands of skilled and semi-
skilled workers idle. 
On the other hand, however, there 

were insufficient engineers available 
to make up the difference between 
the 10% to 15% engineering con-
tent required for military work and 
the 11/2  % to 2% actually being used 
by the commercial radio industry. 
Either the manufacturer would 
have to increase his engineering 
staff, or he must reduce the volume 
of work that normally could be 
processed through his facilities, in 

-(Continued on page 66) 

Hazeltine engineer and two sub-contractors engineers checking 
performance of new electronic apparatus in development laboratory 

TELE - TECH • May, 1949 



Television .Jtticrio L 

Fi, Si Of o Series 

IT 
OOD lighting, intelligently ad-
ministered by a competent stu-

dio engineer, is essential if the full 
dramatic possibilities of television 
are to be realized. Good lighting 
means light sources of various types 
properly controlled to serve the 
many lightning needs of the televi-
sion studio. Intelligent administra-
tion includes not only the proper 
manipulation of the lighting to 
assist in the program director's in-

Requirements 
nun., l', Engiteecririe nir.. Lamp Dept., General 

Electric 1".. \ ,,/,/ Park. Cleveland. Ohio 

terpretation of the theme but also 
control of the lighting levels and 
color quality to fit the requirements 
peculiar to the camera tube and 
associated equipment. 
The engineer's first task is to 

provide sufficient light over the 
staging areas to insure an accept-
able signal-to-noise ratio. Second-
ly, the lighting must cause the 
viewing audience to focus their 
attention where the director wishes. 

Fig. 1: Photo- effectiveness curve of 5655 orthicon derived from 
3000 K. incandescent light and camera tube's spectral response 

oo 
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Thirdly, light must produce a three-
dimensional effect on the objects in 
focus. The characteristic features of 
the objects must be made to have 
depth by the creation of shadows 
and highlights in the proper places. 
In addition, the objects must be 
made to stand out from the back-
ground by the use of outlining 
highlights. Finally, the background 
or scenery should be adequately il-
luminated so that from a program-

Fig. 2: Relative signal output per lamp-watt of the 5655 orthicon 
using various filters to obtain more favorable spectral response 
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Camera equipment limitations, locde variations, necessitate 

carefully controlled light sources for superior picture quality 

of Television studios 
ming point of view, the locale of 
the action is established. The net 
result of these lighting arrange-
ments is the creation of a mood 
that can be altered to suit the ac-
tion by adjusting the balance of 
the various light sources. 
These basic lighting require-

ments are also common to the stage 
and to the photographic studio but 
their attainment is different in 
some respects due to differences in 
the camera and viewing tube char-
acteristics and fundamental differ-
ences in programming methods. 
Stage presentations are perhaps 
most easily lighted because the re-
ceptor is the human eye that re-
sponds almost instantly to a range 
of lighting levels of about 5,000 to 
1. The photographer, either motion 
picture or still, can record a much 
more limited range of lighting lev-
els and, if he is using black and 
white film, he must do it on media 
whose response to color differs from 
that of the eye. The television pro-

ducer is limited at present to a 
combined camera and viewing tube 
lighting range of about 20 to 1 for 
any one picture and, as with photo-
graphic film, the color response of 
the camera tube departs radically 
from that of the eye. Therefore, as 
with black and white film, correc-
tions by means of filters at the cam-
era lens are necessary to render 
colors in approximately the same 
brightness scale as the eye views 
the original scene. 
Good pictures can be obtained 

with television systems that will 
handle only a 20 to 1 range of 
brightness for one particular cam-
era adjustment. In a typical shot, a 
man's suit may be the darkest por-
tion of the picture, while his shirt, 
if white, probably is the brightest 
due to differences in reflection fac-
tors. A black suit with a reflection 
factor of 2%, and a shirt of about 
70% results in a brightness range 
of 35 to 1. No detail will show in 
the suit since the controls will 

probably be adjusted to prevent 
"blooming" of the shirt. This situ-
ation can often be remedied by a 
more fortunate choice of garments. 
A buff-colored shirt will help a 
great deal since its reflection factor 
may be only 50%, resulting in a 
brightness range of 25 to 1. Further, 
a lighter colored suit may be sub-
stituted to materially decrease the 
ratio. This technic of controlling 
the brightness ratio should be uti-
lized in scenery design and support-
ing property, as well as in the 
costumes of the actors. In general, 
faces of people should be brighter 
than the backgrounds. This treat-
ment focuses attention on the actors 
and also prevents the DC restorer 
from causing faces to darken as so 
often happens when the actors move 
in front of brighter areas. 
To carry out further the idea of 

controlled brightness, it must be 
remembered that the 5655 or 5769 
image orthicons do not "see" colors 
as does the eye. (Fig. 1) An in-
spection of the sensitivity curves of 
these tubes shows that the greatest 
response (current output) is ob-
tained from light in the ultraviolet 
and blue regions. Objects reflecting 
such radiation appear on the view-
ing tube as grey or white, whereas 

(Continued on page 58) 

Fig. 3: Photo-effectiveness of the 5655 image orthicon using 4500°K. Fig. 4: Orthicon photo-effectiveness when 3500 -K. light is em-
„dell° fluorescent light. Note exclusion of ultra-violet by filters, 4;ployed. Extrusions in the curve are spectral lines of mercury 
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Fig. 1: Basic 
voltage dou• 

bier circuit. J• 

110 V A G 
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Voltage Multiplier Systems 
L: I 

POWER supplies incorporating 
A voltage multipliers are to be 
found in increasing numbers in 
modern television receivers. Such 
systems are being used not only to 
double the voltage, but in many in-
stances are utilized for voltage 
tripling and quadrupling purposes. 
The circuits employed are both 
practical and ingenious and serve 
to save space, eliminate the weighty 
power transformer, and make for 
lower cost. Their growing popular-
ity makes it well worthwhile for 
the engineer, technician or service-
man working with sets incorporat-
ing such supplies to become famil-
iar with the basic circuits involved. 

Voltage doubling circuits are not 
new and extensive use of them is 
found in many electronic devices. A 
brief review of the foundation cir-
cuit, however, will serve as a basis 
for analysis of tripling and quad-
rupling circuits used by various 
television receiver manufacturers. 
A typical doubling circuit employ-
ing two diodes (or a duo-diode 
tube) is shown above. At one alter-
nation of the AC current, input ter-
minal No. 1 will be positive and 
terminal No. 2 negative. V2 will 
then conduct and charge C2 with 
voltage (E) of a polarity as shown. 
During the time V2 conducts, VI 

is in a non-conducting state, inas-
much as the plate is minus with 
respect to the plus cathode. When 
the next alternation of AC current 
arrives, it makes terminal No. 1 
minus and terminal No. 2 plus. V2 
now no longer conducts, but VI 
does conduct by virtue of its plate 
being plus with respect to the 
minus cathode. Since C2 was previ-
ously charged to peak line voltage, 
its charge in combination with the 
line voltage is now impressed across 
Cl, thus charging Cl to 2E. 
Thus by successive doubling, de-

signers obtain sufficiently higher 
voltages to operate a receiver. Nota-
ble examples of this procedure ap-
pear herewith. 

In this group the power supply section of certain Hallicrafter receivers are shown (Fig. 
2 below left). At right Fig. 4 is shown how the negative single voltage source and the 
tripler stage are combined to quadruple. (Model 154). 
On the positive swing of the AC line voltage, C80A charges through CR1 and B73 to 
voltage "E." During this time (VIS-B being non-conductive). On the negative swing of 
the line AC, this voltage adds to the line voltage to charge C58B to double voltage 
through V15B which now conducts. During this time the Selenium rectifier is not con-
ducting, making it a virtual open circuit. 

R 72 
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6X5GT 

C 58B 
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R 73 CR 

110 V AC 
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3E 

VI5 V 15 A 
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598 
10 

On its positive swing, the line 
voltage adds to 2E across 
C58B, to charge C578 through 
V16 to a voltage 3E. Fig. 4b e 
is again a simple half-wave 
rectifier where the plus polari-
ty is connected to ground. Its 
output is approximately equal 
to the voltage obtained from 
terminals 3 and 4, except for 
reversed polarity. Added to 
the voltage across terminals 
7 and 8, it provides a quad-
ruple voltage, 4E, used as 
plate supply to the vertical 
and horizontal sweep ampli-
fiers. 
Fig. 3: (right) indicates the 
single and double voltage sec-
tions in simplified form. 

T. 60A 
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Fig. 5: A voltage doubling system of the Motorola TS-4F chassis is the VT-71 series. The 
unusual feature here is that the tubes themselves act as voltage dividers. The Two B 

v voltages are delivered. The voltage multiplying takes place in a manner similar to that 
described above. BOCA is used for current limiting. 

In Fig. 5b, terminals as marked are connected to those in 5a. Plate voltage for V5 is 
taken directly from C-77A. For the other tubes the 8++ output of the filter section is 
used. V3 and V2 are in series from B-1-+ to DC ground, and that BA- is obtained by 
using the six tubes. VI, V4, VS, VIOB, V1OA, and V12 in a series-parallel combinaton. 
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in TV Receivers By M. MANDL and N. SHER. 
Television Instructors. TeltIple Unicersity Technical Institute, 
Philadelphia. Pa. 
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Fig. 6: In the Emerson. Model 571, five 25Z5 
rectifier tubes are utilized. A parallel com-
bination of two provides one doubler system 
and a parallel combination of three another 
doubler. The use of the rectifiers in parallel 
permits comparative larger amount of cur-
rent to be used in TV receiver. The combined 
use of the two doublers, gives quadrupling 
action in the Emerson. 
Fig. 6 shows the low voltage power supply 
section of this particular Emerson receiver. 
The 125 volts from the auto transformer sec-
ondary provides the heater voltage for the 
five 2525 rectifier heaters in series. Diode 
sections marked 3 and 4 of both V23 and 
V24 are paralleled as are sections 5 and 8 
of these same tubes. Diode sections 3 and 
4 of V20, V21 and V22 are in parallel as 
are sections 5 and 8. They are connected 
as a voltage doubler with positive output. 
A plate supply voltage proportional to 4E 
is used for the sweep circuits by combining 
the outputs of the two doublers. Output 4E 
in Flq. 6 is obtained from terminals 3 and 5. 

In the Farnsworth FV-
200 set, Fig. 8a below left 
shows the picture tube 
:power source. Here 
V18, used in the "beam 
relaxor" circuit which 
generates the horizontal 
sweep current, cuts off 
during the horizontal re-
trace, and a positive 
pulse is produced at its 
plate. This pulse is 
stepped up by the auto 
transformer and is sup-
plied to a voltage doub-
ler circuit to produce 
the high voltage. 

C61 

V20 

20KV 

C 100 To TP400 

B + 

The Philco high voltage supply Fig. 9 (in the Model 48-2500 receiver) 
furnish somewhat over 20,000 volts for the TP-400 projector tube. This 
is a triple circuit using three sections. The output is the sum of the 
voltage across C100, CI01, and C102, each of which is charged to 
approximately 7,000 volts. C103 and C104 are likewise charged to 
approximately 7,000 volts. The signal which is applied to the tripler 
is the positive pulse developed across the auto transformer of the 
horizontal output transformer from the horizontal fly-back during 
retrace. 

Fig. 10: The 5TP4 projection tube power supply of the General Elec-
tric Model 901 uses a voltage quadrupler circuit to furish 27,000 volts. 
The counterparts of C219 and 11215 do not appear in the other high 
voltage sources, previously discussed. The values of these parts, 
(470 rnmfd. and 47,000 ohms) are small enough so that C219 will be 
discharged through 11215 between charging pulses. The DC voltage 
across C219 will be small compared to the voltages across the other 
capacitors and can be neglected insofar as its effect on the rest of 
the circuit is concerned. C219 and 11215 will act to limit the charging 
currents flowing into the other capacitors. 
From the cathode of V209 to ground a voltage of 3E appears since 
each capacitor (excepting C219) is charged to voltage "E"— the pulse 

Fig. 7a shows the DuMont RA-101 
voltage doubler source of high 
voltage for the picture tube. This 
differs from the usual inductive 
fly-back or high frequency oscilla-
tor type of second anode supplies 
so common that a power trans-
former is used, with a secondary 
delivering 4,400. On the negative 
swing of this high voltage secon-
dary, C34 charges to voltage E 
through VII, as shown in Fig. 7b. 
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C 106c T 

R 84 

R85 

R 86 

HIGH VOLTAGE 

TEST POINT 

TO PICTURE 
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C 35 

On the positive swing voltage E 
on C34 adds to the secondary volt-
age (input) to charge C35 through 
V12 and the limiter resistor 1143. 
The charge thus placed on C35 is 
proportional to 2E. During this time 
VII is not conducting. 1144 and 
1151 are used as a bleeder and 
voltage divider to facilitate voltage 
measurement during servicing. The 
voltage across R Si is about 1°,,, 
of the total. 

4-

During the pulse. C106C charges to voltage E through V19. 
Between pulses, C108C will discharge through 1184, 1185 and 
1186, thus charging C60. After several cycles each capacitor 
builds up to voltage E (Fig. 8c). During pulses, voltage E on 
C60 adds to pulse voltage, to charge C61 and C106C through 
V20 to a total voltage 2E, with voltage "E" appearing across 
each. (Figure 8d) The output is the sum of the voltages across 
C61 and C106C. 

C 219 

-NVV-

5215 

HORIZONTAL 
OUTPUT 2: 

T 202 

V204 V205 

voltage. When a positive pulse appears at the top of the auto trans-
former, the voltages across C211, C2I2, and C213 (each of value "E") 
add to the pulse voltage to charge the capacity between inner and 
outer wall coatings of the 5TP4 to a potential of 27,000 volts, (through 
V210). 
The voltage across C214 is applied to a resistance voltage divider 
network from which focusing voltage for the 5TP4 is obtained. This 
use of the 5TP4 tube conductive coatings for a capacity is convention-
al. The high voltage is applied across inner and outer aquadag coat-
ings, with the glass acting as the dielectric. 

TO FOCUS 
CIRCUIT CAPACITY OF STP4 
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Barium Titanates as Circuit Elements 
Characteristics and applications of piezo-electric ceramics in 

the production of numerous components for electronic circuits 

Part Two of Three Parts 

T N general, there are two systems 
1 for measuring the piezo effect of 
crystals: dynamic and static. Most 
of the former utilize measurements 
of dynamic impedance by bridges 
or other means, ( ref. 25 page, 385 
if). Recently, Bauer has reported 
(") a more direct low frequency 
system of measurement: thin elec-
troded sheets are placed upon a 
small support and a driving pressure 
head placed thereon is driven by a 
magnetic speaker coil assembly at 
audio frequencies and the output 
voltage is measured. Although sev-
eral measurement schemes have 
been used at the Gulton Mfg. Corp. 
the static system has proved most 
successful. 

Here, an electroded sample 1/2 " x 
1/2 " x .010" is placed on a rubber 
pad. A known weight is then applied 
through the arrangements, Fig. 17b. 
A high impedance voltmeter is con-
nected to the leads of the jaws while 
they are closed ( i.e., while the sam-
ple is compressed). Opening the 
jaws then releases the pressure and 
causes a charge to be built up be-
tween the electrodes, which is 
measured. Since the voltage meas-
urement must be converted to 
charge, the element and stray ca-
pacitance must be taken into ac-
count. To do this, a simple circuit 
addition has been made and is 
shown in Fig. 17a. 

The test specimen is placed be-
tween the rubber jaws under full 
pressure with the switch in the ( 1) 
position. The voltmeter is shorted 
out momentarily to remove the in-
duced piezoelectric charge. The up-

By A. I. DRANETZ, 

G. N. HO WATT, 

J. W. CROWNOVER, 

Gallon Manufacturing Corp., 
Metuchen, N. J. 

per jaw is then lifted and ei is noted 
on the voltmeter. The switch is then 
sent in position ( 2) and the voltage 
E is adjusted to give the same volt-
meter reading. The equivalent cir-
cuit of the piezoelectric material 
itself is shown in Fig. 18(A). In the 
first instance, 

Qi 
=   (1) 
Cd C. C„, 

where Cd is the distributed capaci-
tance. The charge Q, built up on 
Cd, C., and C. before breaking the 
electrical connection is: 

c.(C. Cd C„,) 
Q. =   (2) 

(e. ± C. + Cd Cm) 

e. C. 
=   (3) 

C. + C. + Cd C. 
combining ( 1) and ( 2). Similarly 
with the switch in position ( 2) and 
the jaws closed 

e. c. 
=  
C.+ C.+ Cm 

EC.(C. Cd ± Cm) 
=   

(c. d- C.+ Cd C.) 

(4) 

(5) 

A combination of equations ( 4) 
and ( 5) yields ( 6) and ( 3) and ( 6) 
yields ( ) 

EC. 
el =   (6) 

(c. ± C. ± Cd ± 

e. c. = EC. = Q. (7) 

In this manner, it is merely 
necessary each time to record the 
balancing voltage E and multiply it 
by the standard capacitance C., to 
obtain the piezoelectric charge 
which divided by the jaw weight 
gives the piezoelectric constant. To 

measure the hydrostatic sensitivity 
of barium titanate, the jaws are re-
placed by an oil pressure chamber. 
The sample is held in a modified 
automobile spark plug with the un-
grounded lead brought out through 
its center lead. 
We are also presently engaged in 

determining the induced piezo effect 
under various conditions using 
test equipment similar in nature to 
that of Bauer except that ten 
samples can be tested simultane-
ously in an oven up to temperatures 
of 180°C. (See Fig. 18B.) This 

arrangement allows the sample to 
be charged with AC and DC poten-
tials and further permits the sensi-
tivity to be measured while charg-
ing with DC. The neon light is a 
short circuit indicator. 

Physical Nature of Piezo Effect 

The physical nature of the piezo 
effect in barium titanate is now 
partially understood. In a unit cell 
of barium titanate, the titanium ion 
is at the center of the barium octa-
hedra and an oxygen ion is located 
in the center of each of the six 
sides of the cube, Fig. 19. 
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The titanium atom is held in its 
position in the center of the cube 
not only by an ionic bond, but by a 
covalent bond as well, vibrating 
toward and away from the oxygens, 
and sharing electrons with them. 
Because of the electrostatic cou-
pling between the atoms, the oxygen 
and barium ions vibrate to some 
extent with ' the vibrations of the 
titanium ion. Above 120°C, the 
Curie temperature, the titanium ion 
seems to move around in random 
fashion and the statistical average 
displacement of charge centers is 
zero,) 
Below this temperature, i.e. be-

tween 10°C, and 120°C, the titan-
ium picks out a favorite neighbor-
ing oxygen and oscillates with it, 
sharing with it an electron. The re-
sultant oscillations of the surround-
ing barium and oxygen ions are 
transmitted to the titanium ions in 
the immediate neighboring cells, 
and soon all the cells of a given 
group are oscillating in phase, with 
the center of oscillation of all the 
titanium ions shifted in the same 
direction. This spontaneous shifting 
of centers of oscillation of the titan-
ium ion in a direction parallel to a 
crystallographic direction, the so-
called c-axis is evidenced in X-ray 
studies by the change in "C" to 
"A" axis ratio from 1.0000 to ap-
proximately 1.0050 ( as in Fig. 3) 
as the temperature is lowered 
through the Curie point. This spon-
taneous polarization thus results in 
a first order transition from the 
cubic to tetragonal cell structure as 
the barium titanate is lowered 
through the Curie temperature. 
At the other two Curie tempera-

tures a similar transition takes 
place. As the temperature is low-
ered through —5°C, the titanium 
ion suddenly shifts from its vibra-
tion in a direction toward one oxy-
gen ion to a direction half way be-
tween two nearest oxygen ions .As 
the temperature is lowered through 
—70°C, the direction of vibration 
of the titanium ion shifts to that 
midway between 3 oxygen atoms, 
resulting in another phase change. 

Several research groups have 
been growing single crystals of 
barium titanate by melting a mix-
ture of TiO2, BaCO., and BaC1, 
(Matthias ' 28). Investigations are 
also being conducted to determine 
the effect of supplementary agents 
upon the growth and structure of 
the crystals",". These single crystals 
have aided in the study of the do-
main patterns in barium titanate. 
Normally, domains begin to grow 
simultaneously throughout the crys-

tals and since the titanium ions can 
shift in either of the three cube-
edge directions, the directions of 
spontaneous polarization of neigh-
boring domains are almost perpen-
dicular to each other. 
The shifting of these centers of 

oscillations can be controlled to a 
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relatively large extent by the appli-
cation of an external potential, 
causing the growth of the favorably 
oriented domains at the expense of 
those in other directions, an effect 
similar to that of ferromagnetic 
domains. The accompanying lattice 
distortions are a direct measure of 
the piezo effect. The internal me-
chanical strains of the domain 
structure have been viewed under 
a microscope utilizing polarized 
light. A series of such pictures, 
taken by Matthias and von Hippel", 
show this effect upon domain struc-
ture of the variation in the applied 
potential. 

This mechanical strain accounts 
in large measure for the creeping 
of polarization with increasing time 
of applied charging potential as 
shown in Fig. 20 and also limits the 
action of several domains turning 
into a single domain. Incidentally, 
when a high DC potential is ap-
plied across a barium titanate slug, 
one can hear a Barkhausen noise. 
Newton, et al.' have estimated that 
these "click" regions are approxi-
mately 10' cm'. 

It has been found that the maxi-
mum saturation polarization at field 
strengths of 20,000 volts/cm is (for 

a single crystal) approximately 16 
microcoulombs/cm2("). Hulm has 
also plotted the maximum polariza-
tion as a function of temperature 
for several fields Fig. 21. 
While one reason for the limit in 

polarization is the mechanical 
strains caused by lattice distortion, 

20 
Fig. 21 

50 
TEMP (% ) 

100 150 

another possible reason for the lim-
iting polarization is the electric 
shielding action set up around some 
domains by surrounding domains, 
which because of different polari-
zation directions offer different di-
electric susceptibilities to the ap-
plied field. 
At any rate, standard procedure 

for sensitizing a material is to ap-
ply a high DC field (up to 600 volts 
per mil) for a period of approxi-
mately one hour to line up many 
of the domains. Due to the mechan-
ical wedging action, most of the 
domains so aligned keep their direc-
tions after a relaxation period of 
several days. The aligned dipoles 
then contribute to the piezoelectric 
coupling when strained mechani-
cally or an electric field is applied, 
while the randomly oriented dipoles 
have a net piezo effect of zero. 
Piezoelectric materials have many 

and varied uses in the fields of sci-
ence and engineering. Of such ma-
terials barium titanate offers certain 
definite advantages. For example its 
extremely high dielectric constant 
permits barium titanate to be cou-
pled to relatively low impedance 
circuits. While quartz is very stable 

(Please turn to next page) 

Fig. 22: Approximate operating temperature range al certain piezoelectric materials 

Lower Limit 
Lower Upper 

Working Limit Working Limit Upper Limit 

Rochelle Unknown 
Salt Below —160  C —30° C 

Ammonium Disintegrates Unknown 
Phosphate —118° C 

Barium Unknown Unknown 
Tilanate 

45 C 

Becomes electri-
cally conductive 
60° to 80° C 

110° C 

Melts at 
55 C 

Unknown 
(over 100' C) 

Loses piezo-
electric properties 

at 120' C 
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BARIUM TITANATES AS CIRCUIT ELEMENTS (Continued) 

1 2 3 4 5 6 7 8 9 

Bulk 
Velocity 

V, 
CM. PER SEC. 

Density 
p 

Piezo Strain 
Coefficient 

e 
COUL. / SQ. CM. 

Young's 
Modulus 

0 
E ----- Vr2 p 
DYNES/ 
SQ. CM. 

Elastance 
(Compliance) 

1 
S = - 

E 
SQ. CM. / DYNE 

Piezo Stress 
Coefficient 

0 
d = es 

COUL. / DYNE 

Specific 
Dielectric 
Constant 
K 

Unit 
Capacitance 
C„ -_,_ 8.85 
x 10-" K 
FARADS/ 

SQ. CM. / CM 

Unit Open 
Ckt Output 

d 

V = -c,, 

VOLTS/CM. 
PER DYNE/ 

SQ. CM. 

Quartz-X cut 
0 

5.7 x 105 
0 

2.65 
0 

0.176 x 10" 8.61 x 10" 0.116 x 10 -11 
0 

0.0204 x 10-' 
0 

4.5 

0 
14 

0.398 x 10'2 0.512 x 10" 

ADP-45° Z cut 
0 

4.92 x 10' 
0 

1.80 
0 

0.493 x 10' 4.37 x 1011 0.229 x 10" 0.113 x 10" 1.24 x 10-1 

17.7 x 10" 

0.91 x 10" 

2.72 x 10 4 
Rochelle- 
45° X cut 

0 
2.4 x 10' 

0 
1.77 

0 
5 x 10" 1.04 x 10'I 0.961 x 10 -11 

0 
4.81 x 10' 

0 
200 

Rochelle- 
45° Y cut 

® 
2.7 x 105 

0 
1.77 

0 
0.307 ir 10" 1.29 x 10" 0.775 x 10'1 0.238 x 10-" 

0.0196 x 10' 

0 
6.3 x 10" 

0-
10 

0 
5.5 

0 
1200 

0.885 x 10' 2.69 x 10 4 

Tourmaline- 
Z cut 

0 
7.54 x 10' 

0 
3.0 

0 
0.333 x 10' 17.0 x 10" 

8.0 x 10" 

0.059 x 10 -11 0.487 x 10" 

106 x 10 ' 

0.403 x 10 4 

0.595 x 10' 
Polycrystalline 
Barium Titanate 

0 
4.2 x 10 5.55 

1. True if cross-coupling coefficients are neg 
lected 

2. Fry, W. J. Taylor, J. M., and Henvis, B. 
W., "Design of Crystal Vibrating Systems", 
Dover, N. Y. C., 1948, p. 173 

3. Loc. Cit.-Bulk velocity estimated from 
given value of longitudinal velocity 

4. Ibid., p. 4- Highly temperature dependent 

5. Ibid., p. 60-" 

6. Ibid., p. 61-" 

7. Cady, W. G. "Piezoelectricity," McGraw-
Hill, N. Y. C., 1946, p. 219, gives d -__-_-
6.9 x 10 statcoulombs per dyne, or 0.023 
x 10 coulombs per dyne 

8. Handbooks give values up to 20 times this 
figure 

9. Estimated from longitudinal velocity V, 
3.8 x 10' cm/sec, measured in our labs 

10. Measured in our labs.-determined by static 
compressional method 

11. Measured in our labs.-constant over nor-
mal temperature range 

with regard to temperature, its high 
cost prohibits many uses. Other 
piezoelectric materials, besides ex-

hibiting relatively small dielectric 
constants, are also severely limited 

in useful temperature range as in-
dicated in Fig. 27, (from Bauer') 

where a comparison of the tem-
perature characteristics of Barium 
Titanate, Rochelle Salt, and Ammo-
nium Phosphate is made. 
One common use of a piezoelec-

tric material is as a pickup element 
in either a dynamic or a static 

(Continued on page 54) 

Fig. 23: Table of crystal characteristics. (Footnotes referred to in table above are at left) 
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25: Chart for determining electro-mechanical characteristics of various crystals 
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Video recording installation at Station WABD showing Eastman television re-
cording cameras, video recording monitors and associated control equipment 

THE ability to record a television 
1. program is an important and 

valuable part of television station 
operation. The process is analogous 
to the making of audio transcrip-
tions in aural broadcasting and 
serves many of the same functions. 
A sight and sound recording of 
which copies may be made can be 
used to fulfill the following require-
ments: ( 1) a legal or documentary 
record of programs broadcast; ( 2) 
a transcription of a live show or 
special event program which may 
be used for syndication or for re-
broadcast at a later date; ( 3) a 
record of programs, rehearsals, or 
auditions for the benefit of spon-
sors or advertising agencies; ( 4) a 
record of programs for study by 
the operations department of a 
broadcasting station; for instance 
to check lighting arrangements, 
camera angles, back drop reproduc-
tion, camera matching; ( 5) a meth-
od, when coupled with rapid film 
processing, for presenting large 
screen or theatre television pro-
grams. 
For any or all of the above uses 

the highest possible quality of re-
cording of both picture and sound 
is desirable. In addition to techni-
cal standards, certain operational 
standards should be established. 
The basic specifications for a video 
recording system fall into two 
groups; the electronic equipment, 
and the photgraphic equipment. The 
cathode ray tube image to be pho-
tographed must be of the highest 
quality which the art can produce. 
The monitor, in order to be flexible 

Part One of Two Parts 

Current engineering practice favors using 16-mm equip-

ment in photographing programs directly off CR tubes — 

TV stations find increasing applications for these recordings 

By GEORGE II. GORDON, Eastman Kodak Co., Rochester, N. ï. 

(Mr. Gordon's office is at 342 Madison Ave., New York City) 

in operation, should have high 
brightness, the ability to reverse 
horizontal sweep direction, the 
ability to produce pictures of either 
positive or negative polarity, and 
good control over average bright-
ness and contrast. The basic pho-
tographic specifications are that the 
quality of the recording should be 
such that the rebroadcast image is 
comparable to the broadcast image 
from a film obtained by direct pho-
tography of the subject in the stu-
dio. The film speed should conform 
to American Standards Motion Pic-
ture Speed of 24 frames per second 
(both 16-mm. and 35-mm.) which 
coresponds to 36 ft./min. for 16-
mm. and 90 ft./min. for 35-mm. 
film. At least one half hour of un-
interrupted recording should be 
possible. The recording should be 
such that copies or prints can be 
made. Suitable means for recording 
sound synchronously with the pic-
ture should be provided so that the 
finished product is a composite 
sound-on-film print. For television 
purposes 16-mm. film has many ad-
vantages over 35-mm. film. The 
quality obtainable on 16-mm. film 
is more than adequate for television 
and in addition 16-mm. film usage 
reduces the size and the space re-

quirements for all film handling 
equipment and the cost per minute 
of playing time is very much less 
than for 35-mm. film. 
The most obvious problem in de-

signing a suitable photographic 
camera for video recording is that 
of reconciling the 30 frames per 
second rate of American television 
with the 24 frames per second rate 
which is standard in motion pic-
tures. Some attempts have been 
made to use a motion picture cam-
era running at 30 frames per second 
and having a closed shutter angle 
of 180°. This method removes the 
interlace which the television in-
dustry has taken so much pains to 
provide, and also requires non-
standard sound recording and pro-
jection equipment. If projected at 
standard speed such recordings re-
sult in time distortion. A timing 
cycle has been devised which per-
mits each motion picture frame to 
record a full television frame of 
both lace and interlace and also 
allows time for the film pulldown. 
Such a camera runs at 24 frames 
per second and has a closed shutter 
angle of nominally 72°. In Fig. 1 
the television frame cycle and the 
shutter and pulldown cycle of such 

(Please turn to next page) 
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VIDEO RECORDING TECHNICS (Continued) 

a recording camera are indicated 
with respect to the same time scale. 
For the sake of simplicity only the 
total duration of television fields 
and frames is shown. Each field in-
terval includes its share of blanking 
time as well as its scanning time. 
An open shutter interval of 288° at 
24 frames per second corresponds 
to an elapsed time of 1/30-sec. 
which is the duration of a full tele-
vision frame cycle. The closed shut-
ter interval of 72° corresponds to 
an elapsed time of 1/120-sec. which 
is the duration of half a television 
field. Pulldown of the film must 
occur within this time. During the 
second open shutter interval of 
1/30-sec. the film is exposed to a 
second full television frame, but 
the television frame is not scanned 
in the same order as the first one. 
After pulldown, the third motion 
picture frame is exposed to a third 
full television frame which is 
scanned in reverse order from the 
first one; that is, even lines then 
odd lines instead of odd lines then 
even lines. It is apparent that after 
four motion picture frames and five 
television frames the whole se-
quence has returned to the starting 
point. This process has converted 
five television frames to four mo-
tion picture frames, progressively 
omitting part of the television image 
to allow film pulldown, but still 

putting a full frame of television 
information on each motion picture 
frame. This five to four ratio is 
directly related to the 30 to 24 
frame rate ratio. This sequence of 
events would occur regardless of 
the phasing between the motion 
picture cycle and the television cy-
cle. Thus there is no need for inter-
locking the monitor and the camera 
provided a mechanical shutter is 
used. Synchronous power supplies 
for the camera and the synchro-
nizing generator to establish basic 
frequency rates is all that is nec-
essary. Electronic blanking of the 
monitor tube can also be used with 
counting or equivalent circuits per-
mitting normal operation for the 
duration of 525 lines and then 
blanking the tube for the equivalent 
of 131 1/4 lines. In this case inter-
lock must be provided to insure 
coincidence of tube blanking and 
film pulldown. In general, the start 
and end of the exposure occurs 
during scanning which forms the 
image. Thus the start and end of 
the exposure, commonly called the 
"splice", occurs at two places in the 
picture. By proper phasing of the 
camera and synchronizing genera-
tor one of the "splices" can be made 
to occur during the normal televi-
sion blanking interval and only one 
"splice", which is in the center of 

Close-up of the operating side of Eastman television recording camera with 
an RCA sound head for single system direct positive video recording at NBC 

the picture, occurs during the pic-
ture scanning and affects alternate 
motion picture frames. This con-
dition prevails in Fig. 1. The timing 
cycle in the camera must be at least 
as accurate as the timing of the 
synchronizing generator. If the open 
shutter interval is slightly too long 
or short the "splice" will show as a 
relatively narrow horizontal area of 
over exposure or under exposure 
respectively. These markings are 
known as shutter bars or banding. 
They can be caused by improper 
shutter angle, a significant change 
in lens aperture and focal length 
from the value for which the shut-
ter was designed, instability of the 
synchronizing generator, or hunting 
or oscillation in the shutter move-
ment. 

Practical 16-mm Camera 

The Eastman Kodak Co. at the 
request of the National Broadcast-
ing Co. and Allen B. DuMont Lab-
oratories, Inc., has constructed a 
practical 16-mm. camera for video 
recording which utilizes this shut-
ter cycle. The camera provides in-
terchangeable magazines holding 
1200-ft. rolls of film which is suffi-
cient for approximately 33 minutes 
recording. The camera is powered 
by two 1800 RPM single phase syn-
chronous motors. One motor drives 
the film transport mechanism which 
has a slot and spline accelerated 
8-star Geneva pulldown mechanism 
with an 8-tooth intermittent sprock-
et. Normally the Geneva mechanism 
would produce a 135° pulldown 
period but is accelerated to produce 
pulldown in approximately 57°. 
The magazine take-up is gear-
coupled and requires no belts. The 
periodic loading of the main drive 
motor by the intermittent mecha-
nism causes some hunting or oscil-
lation which makes this motor un-
satisfactory for driving the shutter. 
The precision timing demanded by 
the shutter cycle is achieved by 
driving the shutter through spe-
cially-cut gears at 1440 RPM by a 
separate motor the rotor of which 
acts as a flywheel and provides for 
uniform shutter speed. The two 
motors are electrically locked to-
gether but have a floating mechani-
cal coupling which insures that 
shutter closure and pulldown coin-
cide. This phasing coupling insures 
that the motors start at the same 
rate but when the camera is at 
normal running speed each syn-
chronous motor runs at the speed 
determined by power line frequency 
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Fig. 1: Diagram illustrating the timing cycle involved in recording 30 frames 

per second television on motion picture film operating at 24 frames per second 

and the coupling runs free. 
In addition to the problem of 

shutter timing, a practical camera 
presents serious problems of design. 
As a result of the enormous linear 
accelerations required, a special 
intermittent mechanism is neces-
sary if sufficiently rapid pulldown is 
to be achieved without film damage 
and with acceptable image steadi-
ness. The expectation of continuous 
runs of 30 minutes requires new 
film gate design if emulsion pile up 
is to be avoided. In usual motion 
picture practice "takes" are rarely 
longer than three to five minutes, 
and then the cameraman has an 
opportunity to clean the gate. Take-
up of the film is also a problem. 
For convenience, it is desirable to 
use standard 2-in, diameter plastic 
cores. Thus at the beginning of re-
cording the take-up roll is 2-in, in 
diameter and increases to approxi-
mately 11-in, at the end of a 
half hour. To wind up film at 
a constant linear rate, the small 
roll must rotate much more rapid-
ly than the large one and still 
not impose undue tension on the 
film. Normal motion picture practice 
is to use 16-mm. camera film in 
400-ft. rolls which presents a very 
much less severe take-up problem. 
For simultaneous picture and sound 
recording on the same film strip 
the two motor drive is very advan-
tageous because the shutter motor 
can be used to drive the film past 
the sound head with a much more 
uniform motion than is ordinarily 
achieved in single system cameras. 

J. M. Wall, Inc. also manufac-
tures a camera for video recording. 
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It also has two motors, a phasing 
coupling, and 1200-ft. magazines. 
The intermittent mechanism utiliz-
ing a claw pulldown and pilot pins, 
however, is a modified version of 
the regular movement used in the 
iregular 35-mm. Wall cameras. 

Monitor Operating Requirements 

The monitor used for video re-
cording must provide exceptional 
image quality. The ability to re-
verse horizontal sweep direction is 
very desirable because the photo-
graphic processes used or equip-
ment available may require a left-
right reversed image in order to 
avoid printing difficulties or to ob-
tain standard emulsion position in 
the projector. An image of negative 
polarity may also be required if a 
direct positive image on the film is 
desired for immediate use with min-
imum delay or for theatre television 
systems. This negative polarity im-
plies that the blanking and synchro-
nizing pulses are extracted from the 
incoming complete video signal and 
used without inversion. This per-
mits inserting the blanking pulse 
on the cathode of the picture tube 
and thereby allows the black level 
of the picture.to be set at will with-
out retrace lines showing. In order 
to achieve maximum image defini-
tion wide band amplifiers are nec-
essary. It might be desirable to 
boost high frequency response to in-
crease contrast in fine detail which 
suffers degradation both on the tube 
face and in the photographic proc-
ess. Such high frequency boost also 
increases the apparent noise level. 

33 

In order to obtain sufficient bright-
ness for adequate exposure of slow 
speed fine grain films the cathode 
ray tube must be operated at a high 
accelerating voltage. The tube 
should have an efficient phosphor 
which is aluminum backed for max-
imum brightness and contrast. 
Existing equipment has from 17 to 
30 KV accelerating voltage. Wheth-
er 60 cycle voltage multiplier, radio 
frequency, or flyback power sup-
plies are used, the output should be 
well filtered and have good regula-
tion. In some designs a brightness 
gradient horizontally across the ras-
ter has been observed and photo-
graphed as a result of diminishing 
voltage while beam current was 
drawn. Some tubes operated under 
these conditions generate significant 
amounts of x-radiation. Measure-
ments should be made, and, if nec-
essary, shielding provided to protect 
personnel. The monitor should pro-
vide stable control over average 
brightness and contrast and have 

(Continued on page 62) 

Single system Eastman television recording 

camera with RCA sound head. Equipment is 
installed as rack mounted monitor at NBC 



E. F. McDonald. Jr. 
Zenith 

Dr. W. R. G. Baker 
General Electric 

Walter Evans 
Westinghouse 

F. A. D. Andrea 
Andrea Radio 

Gen'l. David Sarnoff 
RCA 

Radio Industry Marks 
The men and the ideas that have exerted leadership throughout 

a quarter century of pioneering and growth 

Technical Roots into the 
Scientific Past 

By RALPH R. HATCHER, 
Consulting Editor TELE-TECH 

rri HE development of so many new 
I spectacular fields of engineering 
and science that are based on elec-
tronic principles, during the last 
decade, did not just "happen." 
Credit for the rapid perfection of 
these projects, many of which have 
now become complete businesses 
on their own, has usually been 
given to the group efforts of whole 
armies of young engineers and sci-
entists working in enormous, per-

H. B. Richmond 
General Radio 

Bruce Coffin 
Hytron 

Lloyd Coffin 
Hytron 

Fred R. Lack 
Western Electric 

E. C. Coolidge 
Croname 

fectly equipped laboratories. In one 
way the placement of such credit is 
as it should be, because a lot of 
valuable work was done even with-
out their making a first-hand study 
of any of the background and his-
tory of the problem. 
However the success of each of 

these ventures was possible only by 
their inheriting so many operating, 
practical electronic circuits and 
components to serve as a basis, and 
to a wealth of experience and 
know-how vested in the personnel 
of radio manufacturers who were 
given the drawings and ideas ema-
nating from these "brain mills" and 
told to make up models and get 
them to work. 
We now are approaching the 

twenty-fifth anniversary of the im-
portant factors behind U. S. su-
premacy in radio developments, the 
founding of the RMA to promote 
cooperation, develop test standards 
for quality and interchangeability 
of components, and establish stand-
ards of good engineering practice. 
One has only to spend a few min-

utes in examining the background 
of all these matters to realize how 
much the present is linked to that 
mid-period of development when 
RMA was young—just as the engi-
neers of that period were told that 
their ideas should be credited to the 
pioneers a quarter of a century be-
fore them—the early 1900's when 
one found Wm. Crookes, J. J. Thom-
son and P. Lenard reporting on the 
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H. W. Clough 
Belden 

A. A. Berard 
Ward-Leonard 

J. M. Spangler 
National Carbon 

Leslie R. Muter 
Muter Co. 

Dr. R. H. Manson 
Stromberg Carlson 

Twenty-fifth Anniversary 
How present multi-billion-dollar radio and TV arts had their 

feeble beginnings 25 and 50 years ago 

basic laws of electron flow in vacu-
um, Richardson and Wehnelt show-
ing the advantages of heating cath-
odes to get a source of electrons, 
also that coating them with certain 
oxides gave still greater gains, and 
when Braun, Röntgen, DeForest 
and Fleming ' each developed from 
these lines of thinking different 
forms of tubes each having great 
import to subsequent history. 

Marconi to Armstrong 

In other lines of activity at that 
time one finds, along with the spec-
tacular achievements of Marconi at 
the turn of the century, many de-
velopments that were reported by 
hundreds of scientists whose names 

Octave Blake 
Cornell-Dubilier 

M. E. Fr•gctrt 
Universal Winding 

J. C. Duley 
Jefferson Electric 

are rarely heard but whose con-
tributions are the commonplace 
items of the art. Heterodyne prin-
ciples have always been the funda-
mental plan in most system opera-
tions but the name of Fessenden is 
rarely heard. Crystal rectifiers now 
the object of feverish activity as to 
new forms and applications rarely 
evokes the name of Pickard. Many 
characteristics of delay lines and 
wave guides utilize the basic con-
cepts of the great Pupin— preceptor 
of the still greater Armstrong, des-
tined to invent regeneration, the 
superheterodyne, superregeneration, 
and static-elimination through FM. 
• Many a modern researcher has 
wondered why the art suffered so 
long with the ponderous compo-

Rulph 
Mueller Electric 

Glenn Browning 
Browning Labs. 

nents of the broadcast art when the 
simplicity of microwave equipment 
must have been self-evident. Wire-
less communication started in the 
microwave region and much of the 
earliest work was done by Hertz 
and others in this range, until Mar-
coni began to extol the advantages 
of the longer wavelengths, those in 
the kilometer range. 

Thus again the art has completed 
a cycle and has now gotten back 
to first principles. 

In the early twenties the science 
of communications had progressed 
and was then making money selling 
apparatus and service rather than 
stock certificates. There was such 

(Please turn to next page) 
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RADIO INDUSTRY ANNIVERSARY 

Ludwig Arnson, president of the 26-year-old 
Radio Receptor Company, New York, was 
first operator to transmit a CQD signal in 
1903. Later he was the first American engi-
neer to join the old Marconi company. Under 

Mr. Arnson's guidance, Radio Receptor was 
pioneer in building crystal sets, and later 
AC-operated receivers. It now builds com-
mercial transmitters, air navigation equip-

ment, and selenium rectifiers 

activity that new laws with in-
creased powers gave to the govern-
ment the headaches of establish-
ing frequency allocations. Industry 
needed more channels even then 
(although all of the "useless" 
wavelengths, those below 200 me-
ters, were turned over to the ama-
teurs since no one knew what to 
use them for) and set about to 
establish rigid standards so that 
more services could be established. 
First a minor part of the National 
Electrical Manufacturers Associa-
tion, the radio industry soon found 
it had enough to do to warrant the 
establishment of an industry organ-
ization looking into the problems of 
this one radio field alone. 

Birth of Radar 

After twenty-five years of prog-
ress from the period whose high 
spots were cited above, we can now 
look back at a science that was 
rapidly becoming stabilized, but 
still with all the glamor of the pre-
ceding era. Many new principles 
and basic effects were being men-
tioned casually in reports by Alex-
anderson, Ballantine, Heising and 
Colpitts. A. H. Taylor and L. C. 
Young had just observed that short-
wave radio signals could be reflect-
ed from boats passing their labora-
tory on the Potomac, an effect 
remembered and utilized later in 
radar. 
Cathode-ray tubes were being 

considered as possible means of re-
ceiving television pictures. This was 

(Continued) 

the easiest part of the job however, 
but Zworykin was already at work 
on the Iconoscope principle and 
Farnsworth on his own ideas on the 
proper solution to the television 
problem: that of converting scenes 
to a transmittable signal. 
Engineers were then attempting 

to eliminate the big stumbling block 
affecting the progress of radio—that 
of keeping the batteries in order— 
so the AC operated tubes and cir-
cuits came about. It was then that 
the radio receiver business grew up. 
Engineers were interested in elimi-
nating another trouble—a substitute 
for the ever-present gangs of head-
sets whenever the whole family 
wanted to listen to a program—and 
came up with loudspeakers, power 

Dr. E. H. Armstrong, inventor of the regenera-
tive circuit, 1912: superheterodyne, 1918: 
Super-regenerative circuit, 1920: means of 
eliminating static by frequency modulation, 
1939. Awarded Legion d'Honneur, IRE Medal 
of Honor, Franklin Medal, Edison Medal, etc. 
Dr. Armstrong is Professor of Electrical En-
gineering, Columbia University, New York 
City. Pictured behind Dr. Armstrong is J. M. 
Poppele, for 27 years chief engineer of WOR, 
New York, and now also president Tele-

vision Broadcasters' Association 

J. McWilliams Stone, one of the founders of 
RMA. and after 26 years still heading 
Operadio Manufacturing Company, St. 
Charles, Ill., one of the first to develop a 
light portable battery radio with carrying 
case and loop antenna, here shown being 
demonstrated in an Atlantic City roller chair 
during the 1925 RMA Convention. In last 17 
year Operadio has supplied loudspeakers to 
practically every U. S. radio manufacturer 

amplifiers and higher fidelity. These 
developments were extended and 
started the public address business 
and the "talking" movies. 
Engineers then sought out meth-

ods of cheapening costs of radio re-
ceivers and came up with the seem-
ing paradox of adding more tubes 
to reduce prices. Instead of using 
best quality, high "Q", lowest loss 
components they added a few more 
tubes in simplified circuits and got 
better results. 

Magie of Superhet 

Tuning simplicity and greater 
selectivity were both introduced by 
Armstrong's superheterodyne cir-
cuits, with an attendant boost in 
the broadcast receiver industry. 
This was the business, then as now, 
that fathered most of the sidelines 
'that later became independent fields 
of activity. The superheterodyne 
receiver along with the work of 
Hazeltine in neutralizing spurious 
oscillations, eliminated the receiver 
squeals which had previously been 
considered a necessary evil. 

Tubes, being used in so much 
greater numbers, because of lower 
prices, increased sales and more 
tubes per set, were then manufac-
tured in quantities that upped their 
quality and lowered their costs. 
A few experimenters in the early 

twenties, the writer included, put 
radio receivers in their cars, start-
ing a vogue that is producing more 
of these special purpose receivers 
than the whole country used of reg-
ular receivers at the time! 
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Many of the greatest contribu-
tions of this period were from ama-
teurs who opened up the whole 
short wave field in their efforts to 
find a signal that would be satis-
factory in reaching their most dis-
tant friends. Their studies of skip 
distances and propagation phenom-
ena, their modifications in circuits 
and tubes to handle these frequen-
cies and their designs of antenna are 
now the accepted standards of today 
in all fields where these higher fre-
quencies are used — air navigation, 
television, and half a hundred other 
services. 

Art Is Stabilizing 

And so after another quarter cen-
tury we arrive at the present—but 
wondering about the future. We 
know that the thinking of our re-
search groups today start the new 
industries of tomorrow. One needs 
only to examine the program of the 
recent IRE Conference in New York 
to see where new fields are sure to 
start. First there were few papers 
on the standard radio subjects — 
broadcasting, either AM or FM, on 
long wave services, etc. The art is 
stabilized in these fields and reports 
of research being done in these 
fields have given way to more spec-
tacular subjects: resulting in 
around a dozen talks on each of the 

Ralph R. Batcher, (author of the accompany-
ing article) photographed in 1924 with the 
late Alfred H. Grebe and one of the con-
temporary Grebe home receivers designed 
by Mr. Batcher, who as Grebe's chief techni-
cal man, also engineered the construction 
and operation of pioneer broadcast station. 

WAHG, later WABC, (now WCBS) 

Control of U. S. radio channels over a span of twenty-five years— 
In this picture, taken at the Radio Executives Club, New York, 
March 10, at center ex-President Herbert Hoover who as Secretary 
of Commerce, in 1971 set up first plans for policing the infant 
radio industry through co-operative efforts by the broadcasters. 
Secretary Hoover controlled all radio broadcasting through 1926. 

In 1927 full authority for all radio wavelengths was given to 

subjects of television, electronic 
computing apparatus, nuclear in-
strumentation problems, air navi-
gation methods, new modulation 
methods, and the like. 

Research By-Products 

There were many interesting 
conclusions from this analysis. The 
research groups that are interested 
in exploring new scientific princi-
ples and experimenting in new lines 
are always on the move. The de-
velopments of one period for the 
most part have been forgotten at 
the end of the next decade as far 
as they were concerned, with en-
tirely new problems to worry them. 
This research activity has always 
left new developments and new 
businesses behind for others to 
carry on—practical, working, prof-
itable commercial developments 
that are providing a livelihood for 
thousands of others. For every big-
name scientific researcher and new-
field explorer, there are many doz-
ens of engineers engaged in making 
practical use of their discoveries in 
directing the manufacture and op-
eration of new equipment — and 
still other, and even larger groups 
engaged in the installation and 
maintenance of the equipment in 
the field. This is a business where 
there is a place for everybody. 

the Federal Radio Commission, pioneer engineer member of which 
was Dr. Orestes H. Caldwell (left), now editor of Tele-Tech and 
Radio & TV Retailing, who took a leading part in the formative 
reallocations of wavelengths, spectrum planning, and radio policy 
deLisions of 1927-9-9. 

Later successor to the Radio Commission was the FCC, present 
chairman of which, Hon. Wayne Coy, is seen at right. 

TELE - TECH • May. 1949 37 



An Instantaneous Audience 

Fig. 1: Diagram illustrating overall operation of JAMS in New York City. AM listeners 
have not reported hearing the 7 KC interrogating pulse mixed with program material 

UHF transceivers, responding to pulsed interrogating sig-

nals on AM station's carrier, permit a direct percentage 

reading of the listener intensity to any broadcast service 

0 NE of the major problems ex-perienced by those engaged in 
evaluating audience reaction to 
various program types is that of the 
relatively long time interval re-
quired for the collection and com-
pilation of data. In answer to this 
problem, the Engineering Research 
and Development Department of 
the Columbia Broadcasting System, 
under the direction of Dr. Peter C. 
Goldmark, has developed a new 
communication system that permits 
an instantaneous automatic meas-
urement of AM, TV and FM audi-
ence samples. 
A pilot model of this Instanta-

neous Audience Measurement Sys-
tem, (termed JAMS) has been in 

operation for some months in New 
York City testing an audience seg-
ment involving 1000 FM, AM and 
TV sets, and during this time it has 
successfully demonstrated its capa-
bility of providing the following 
types of information in a matter of 
seconds: ( a) the number of sets 
turned on, (b) which one of three 
program material categories is be-
ing received, ( c) the particular sta-
tion within a category to which the 
receiver is tuned. It is also able to 
relate the response to particular 
subdivisions of the audience sample, 
such as the general geographical 
area or income group to which the 
set belongs. All of this data is pre-
sented in the form of a graph which 

indicates the degree of listening in-
tensity of the sample continuously 
throughout the entire period of the 
survey. When it is considered that 
further refinements of the system 
may permit increasing the size of 
the sample and the variety of in-
formation derived therefrom, the 
possible impact on the broadcasting 
industry is tremendous. 

In the overall operation of JAMS, 
a 7 KC pulse of 35 p.sec. duration is 
inserted into the program material 
of the station conducting the survey 
(Fig. 1). This pulse serves to in-
terrogate transceiver units, placed 
alongside the sets to be polled. Each 
transceiver then returns pulses of 
approximately 1.5 to 2 psec. dura-
tion to a central point, via UHF; the 
number and interval between the 
pulses from a given unit being de-
termined by the information the 
system is set up to collect. The out-
put of the UHF receiver that gath-
ers the response pulses actuates a 
coding system which converts the 
pulses to 1000 cycle signals, and 
these in turn are sent over tele-
phone lines to remotely located 
JAMS decoding and recording de-
vices. 
The origin of the interrogating 

pulse is shown in Fig. 2. A cam, 
driven by a synchronous motor and 
rotating at 0.4 RPM, actuates a 
switch which flashes a light source 
every 2.5-min. This light is passed 
through apertures in a rotating disc 
where the light beam is broken me-
chanically to produce the 7 KC sig-
nal. The signal is then fed into a 
band pass amplifier where the pulse 
is brought to the desired level be-
fore being mixed with the program 
content. Meanwhile, the program 
material has been divested of its 

Fig. 2: Method of obtaining 35 asec. pulse 
from light source and injecting into carrier 
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Measurement System 
7 KC component by means of a 
highly selective band rejection fil-
ter. The gap thus created is filled 
by the pulse in a mixer stage. In 
this regard, it is interesting to note 
that the presence of the interrogat-
ing pulse is not noticeable to the 
listener as evidenced by the lack of 
comment or inquiry during the 
time the pilot model has been in 
operation. 
Upon arrival at the transceivei, 

the pulse is filtered out of the pro-
gram context and amplified. This 
signal then causes a relay to close. 
which, in turn, sets a special clock 
in motion whose operation is syn-
chronized with all the other trans-
ceivers as well as the master timer 
at the JAMS recording point. The 
timing clock, which makes one rev-
olution in 2.5-min., drives a com-
mutator whose contacts represent 
the sixty reporting time intervals 
available. ( Figs. 3 & 4) 
Depending upon the position of 

the rotary switch, as determined by 
the tuning of the sample receiver, 
certain commutator contacts will be 
energized. The pulse modulator in 
the UHF transmitter is therefore 
triggered as the clock hand passes 
through the appropriate sectors. 
These UHF pulses are generated a 
type 2C43 lighthouse tube and have 
a peak power on the order of 1 KW. 

In earlier models the rotary 
switch was physically attached to 
the receiver being polled but later 
the method as shown in Fig. 5 was 
evolved. A short pickup wire is ex-
tended from the JAMS unit which 
gathers a signal from the local os-
cillator of the subject receiver and 
mixes it with a variable frequency 
oscillator in the transceiver cover-
ing the same frequency range. The 

Fig. 5: The tuning of listeners' receivers can 
also be determined electronically by using 
a heterodyne signal as a control voltage on 
motor driving the reporting commutator 
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Fig. 3: Clock face for IAMS 
min. revolution. System can 

is divided into 60 reporting time intervals during one 2.5. 
be arranged to accommodate -yes- or -no- listener vote 

resultant heterodyne is amplified, 
detected, and used to start a small 
motor. The motor rotates the switch 
and tunes the transceiver oscillator 
for zero beat. At this point the 

motor is de-energized and the 
switch has been positioned to be in 
accord with the frequency of the 
tuned receiver. 

(Continued on page 64) 

Fig. 4: Diagram of system where listener's tuning mechanism is mechanically connected to 
reporting commutator which in turn actuates UHF transmitter at the required marnent 
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Noise Figures for 
Analyzing six different circuits commonly employed in UHF 

By PETER G. SULZER, Research Assistant. Pennsylvania State College Dept. of Electrical Engineering, 
State College, Pa. 

Ir is the purpose of this paper to derive expressions for the noise 
figures of various amplifiers that are 
commonly used as radio receiver 
input circuits. The circuits will be 
compared from the noise stand-
point, and the proper application of 
each will be suggested. Although 
some of the results have appeared 
before, it is believed that they have 
not been presented in a convenient 
form suitable for discussion. 

Since cascaded amplifiers will not 
be considered, it is possible to use 
a simplified method of derivation. 
While not as elegant as the avail-
able-power method, it is more di-
rect for a single stage. It should be 
noted that if the available-power 
gain of the first stage of the receiv-
er is reasonably high, the noise 
figure of the entire receiver is es-
sentially that of the first stage. 
Therefore, results for a single stage 
are of practical value. 
The effects of transit time and 

cathode-lead inductance are not 
considered. 

The noise figure of a receiver may 
be defined as the ratio of the total 
noise power output of the receiver 
to the portion of that power result-
ing from thermal (Johnson) noise in 
the resistive component of the an-
tenna impedance. Thus, the noise 
figure: 

F --= e,2/e.9  (1) 
where e,' is the mean-square output 
noise voltage referred to some con-
venient point such as the input grid, 

and e.2 is that portion of the mean-
square output noise voltage result-
ing from antenna external noise, 
referred to the same point. 

In the following work it is as-
sumed that the receiver input cir-
cuit is an amplifier. In each case 
the noise power will be referred to 
the control grid of that amplifier. 
Certain resistances are associated 
with each amplifier circuit shown in 
Figs. 1 to 6: R. is the antenna re-
sistance whose magnitude may or 
may not have been transformed by 
the receiver input transformer and 
thus can, within reasonable limits, 
be set to any value desired. R, is 
the resistance appearing across the 
secondary side of the input trans-
former as a result of circuit losses 
and tube loading. R„ is the equiva-
lent noise resistance of the tube; 
and It', is the plate load resistor. It 
is assumed that all reactances have 
been tuned out. 
The thermal noise voltage e' 

across a constant open-circuited re-
sistance R is: e' = 41( T B R, where 
K is Boltzmann's constant, 1.374 x 
10 joule per degree Kelvin; T is 
the temperature of the resistance in 
degrees Kelvin; and B is the band 
width in cycles per second. When 
working with voltage gain rather 
than power gain, it is convenient to 
consider a voltage rather than a 

voltage squared. Thus, e =V4K TB R 

VNR, where N = 4 KT B. It 
must be realized, however, that be-
cause of the random nature of noise, 

powers rather than voltages must 
be considered in the final analysis. 

Single-Ended Grounded-Cathode 
Amplifier 

Referring to Fig. 1, the compo-
nent of e., the control grid-cathode 
voltage, resulting from antenna 

thermal noise is: e. = (VN R„) 
(RI/R.-El:Q. For convenience it is 
assumed here that the noise source 
R. is at room temperature; this is 
not necessarily so. Then: 

e.' (N Ft.) (Fti/R.-ER,) 2 (2) 
Considering all noise sources, eg 

has two components which are 

(VF1.) (VR. Ri/R. ) and VN R„. 
The two noise sources are R. and 
R, considered in parallel, and R„. 
To obtain e„", these components are 
squared separately, and added. 
Thus: 
e,' = N ( R. R,/R. Ri) N R,.„ ( 3) 
Substituting ( 2) and ( 3) in ( 1) 
yields: 

F I ++ R ( I • a 
R 

Ri Ra RI 

In general the equipment designer 
has little control over R„ and R, 
(unless he intentionally lowers RI 
for broad banding). However, as 
mentioned above, R. can be varied 
by changing the ratio of the re-
ceiver input transformer. It is 
therefore of interest to find the 
value of R. giving minimum noise 
figure. Taking aF/3R. = 0 and solv-
ing for R., 

R, = Ri/V1 (5) 

Figs. 1.3: (Left to Right) Single ended grounded grid cathode amp., push-pull grounded cathode amp., and cathode follower analysis circuits.. 
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Receiver Input Circuits 
receivers and discussing suggested applications for each type 

Thus, R. must be less than RI, 
and the familiar mismatch condi-
tion is indicated. To obtain the 

4 minimum noise figure, ( 5) is sub-
stituted in ( 4): 

I Reg pri-( I 
= I • • -17  I • Ft-7  I. . . . . (6) 

y 1 4 i. —L)2 

Reg Reg 

Push-Pull Grounded-Cathode 
Amplifier 

The circuit of this amplifier is 
shown in Fig. 2. Proceeding as 
before, e.2 = N R.(2RJR. + 2111) 2; 
e2 = N ( 2R.RJR. + 2R,) + N R, + 
N Re, and: 

F • I • Ra . }q-(2 • Ra)2   (7) 
...RI 2Ra 

Likewise, for minimum noise fig-
ure: 

R. = 211,/V1 ±(RI/R,) ( 8) 
and: 

I Reg F j 1 
Foin . I •=-7i 1- Y I f-- Ire • , 

• —   
12Ni 

(9) 

which is the same as for the single-
ended amplifier. 

It is evident from Fig. 3, the cir-
cuit of the cathode follower, that 
exactly the same results will be ob-
tained as for the grounded-cathode 
amplifier. Certain practical limita-
tions of the cathode follower as a 
receiver input circuit will be dis-
cussed below. 

Grounded-Grid Amplifier 

The grounded-grid amplifier is 
shown in Fig. 4. The input re-
sistance R, of the grounded grid 
tube is R, = (R„ + R,,)/ ( p.+1). The 

input resistance R, of the grounded-
grid amplifier as a whole is R, in 
parallel with R2. Then e.2 
N R.(R3/R. + R3) 2. The thermal 
voltage across R„ is -N/N R„. To 
refer this voltage to the cathode, it 
is necessary to multiply it by A„, 
the voltage gain from control grid 
to plate, and divide by Akp, the 
voltage gain from cathode to plate. 

Ri. • ( 1 
R0 , R 

(r:7,. • 911(..._.  

Performing these operations, evalu-
ating the noise voltage from R. and 
R8 in parallel, and substituting in 
(1), 

2 2 

F = 1 f Re • 311 ( 4 ) faIRi . . ( 10) 
RI Ra ti • I RI 

It will be noted that if p.> > 1, 
the same noise figures will be ob-
tained for the grounded cathode 
and grounded - grid amplifiers. 
Therefore, in a practical case ( 5) 
and ( 6) can be used for calculating 
R. and F„,„ respectively. 

Cathode Coupled Amplifier 

The cathode coupled amplifier is 
shown in Fig. 5. It is assumed that 
the tubes are identical and that RK, 
the coupling resistance, is much 
greater than (R, + RL)/ ( p. + 1), 
the input resistance of the second 
tube, so that it can be neglected as 
a noise source. As before, e.2 = 
N R. (Ri/R. + R, ) 2; e,' = N (R.R1 
R. + 11,) + N Re, -I- N R„ and: 

F Ra i2l ai ( 1 

RI Ra RI 

For minimum noise figure, 

R. = R1/V1 +(Ri/2R.,) (12) 
and: 

r I • • 2 Re4 1 • . . . ( 13) 
1. Ri RI 2 Reg 1. Ri 

2 Reg 

It can be seen that the equivalent 
noise resistance of tube 1 is effec-
tively doubled by tube 2. 

Wallman Circuit 

The Wallman low noise amplifier 
is shown in Fig. 6. It will be 
noted that it consists of a grounded 
cathode amplifier driving a ground-
ed grid amplifier. Thus, it is the 
cascade circuit used in DC ampli-
fiers. 
The input resistance R, of V, is 

R, = ( R, + RL) ( p. + 1). The voltage 
gain Ako from cathode to plate of V, 

is A.,. = [( 1.1. + 1)RL/R, + Rd. The 
voltage gain A„,, from control grid 
to plate of V, is A„,,, = p.RL/R, + RL 
+  ( 1 + p.)R,,, assuming identical 
tubes. The voltage gain A„, from 
control grid to plate of V, is: 

÷ I(RP 'RL)  
Asia .—R„Ft, uR , Rp • Ri 

• I 

The over-all gain A of the amplifier is: 

p AL 
A • A 9pi . 52  R 

RD. j-P 

To refer the noise voltage of It,„ 
of V, to the control grid of V„ it is 
necessary to multiply it by Ago and 
divide by A. Then e,' = N R„ + 
N Re„/ ( p. + 1) 2. Since the noise 
power from the second tube is di-
vided by ( p. + 1) 2, it is usually in-
significant and hence, the excellent 
performance of the Wellman cir-
cuit. 

(Please turn to next page) 

Figs. 4-6 (Left to Right) Diagrams used to develop noise figure equations for the grounded grid, cathode coupled, and Wallman low noise amp. 
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NOISE FIGURES 
(Continued) 

Evaluating e.2 as before and sub-
stituting in ( 1), 

F Ra I 1...lm.(1 
(14) 

R + 1)2 111 1 

Since, in a practical case, p. > > I, 
(5) and ( 6) can be used for calcu-
lating R. and F„,„ respectively. 

Circuit Comparison 

Examination of Equations 6, 10, 
13, and 14 shows that the circuits 
can be divided into two classes. The 
first includes the single-ended and 
push-pull grounded cathode ampli-
fier, the cathode follower, the 
grounded-grid amplifier, and the 
Wallman circuit, which all have es-
sentially the same noise figure with 
modern, high-p. tubes. The second 
includes the cathode-coupled am-
plifier, which is definitely inferior. 

Considering the first class, there 
is, therefore, little choice between 
the different circuits so far as noise 
is concerned. However, the single-
ended and push-pull grounded 
cathode amplifiers need neutraliza-
tion if they are used with triode 
tubes, which is desirable because of 
the low R., of the triode tube. The 
push-pull circuit is easy to neutral-
ize and is definitely superior to the 
single-ended circuit from that 
standpoint when used over a wide 
tuning range. It should also cause 
less loading on the input circuit be-
cause the effects of cathode-lead in-
ductance are balanced out when 
using common-cathode tubes such 
as the 6J6. 
The cathode follower provides no 

voltage gain, so the noise generated 
in the next stage is important. It is 
possible to realize some gain if a 

*Also applies to push-pull grounded-Cathode, 
2 Cathode, Cathode follower, Grounded- grid, 

and Waltman circuits using the some tube type 

step-up transformer is used as an 
interstage coupling element, but the 
gain is small when working into a 
finite load impedance. Because of 
the low gain of the cathode follower 
it may not always be possible to 
ignore the thermal noise in its load 
impedance. 
The grounded-grid amplifier usu-

ally does not require neutralization. 
However, its input resistance is 
very low, which may be undesir-
able if high input circuit selectivity 
is required and may also cause a 
loss in signal through mismatch. If 
the selectivity is improved by tap-
ping the cathode across a small 
portion of the tuned circuit, R, may 
be lowered sufficiently to increase 
the noise figure. 
The Wallman circuit has the 

great advantage that it can be used 
with triode tubes without neutrali-
zation. However it requires an ad-
ditional tuned circuit which is 
placed between the cathode of V, 
and ground to provide a high im-
pedance at that point. It is the de-
generation resulting from the cath-
ode of V, seeing the plate resistance 
of V, that makes the noise from 
V, negligible. 

Considering the second class, the 
cathode-coupled circuit, like the 
Wallman circuit, has the advantage 
that it is stable with triode tubes. 
However, the noise figure is poor 
because the cathode of V, sees a 
low impedance ( the cathode imped-
ance of Vi) and therefore the de-
generation in V, is small, making 
the noise from this tube significant. 
At the higher frequencies it is nec-
essary to tune out the capacitive 
reactance appearing between cath-
odes and ground. 
The choice of the best circuit for 

a given application will depend 
largely upon whether a pentode or 

Fig. 7: Best circuit for minimum noise is de-
termined from a given application. Curves 
shown compare effectiveness of 6AK5 pen-
tode and 616 triode for the circuits discussed 

10K 100K 

a triode tube is to be used. With 
the pentode the customary single 
ended grounded cathode circuit 
would be employed, since neutrali-
zation would not be necessary. With 
the triode the other circuits con-
sidered become more useful. The 
choice will also depend upon the 
value of Ri, which is a function of 
the capacity and bandwidth of the 
first tuned circuit. To facilitate 
comparison, Fig. 7 was plotted for 
a typical pentode, the 6AK5 (R., = 
1900, G„, = 5000), and a triode, the 
6J6 (R„ = 470, G. = 5300). It 
shows the relation between F.,„ and 
R, for the circuits under discussion 
and for each tube type where ap-
plicable. 

It will be noted that the 6AK5 
pentode gives the poorest noise fig-
ure, followed by the 6J6 cathode-
coupled triode. The best noise figure 
as indicated by the third curve is 
provided by the 6J6 triode used 
in any one of the circuits included 
in the first class above. If R, can 
be made high enough, that is, if a 
high Q-tuned circuit can be used 
and if the input loading by the tube 
is small, the pentode is entirely 
satisfactory. These conditions are 
usually met at frequencies below 
15 MC or so. Referring to Fig. 7, 
the 1/2 6J6 grounded-cathode tri-
ode is only about 1 DB better than 
the 6AK5 pentode when R, = 30,000 
ohms. This 1 DB would, to consider 
a practical application, increase the 
range of a radar set by only 6% or 
a communications circuit by 12% 
and is hardly worthwhile in view 
of the greater circuit complication 
necessary. At higher , frequencies, 
however, when lower values of R, 
are obtained either as a result of 
unavoidable circuit losses or inten-
tional broad banding, the triode 
comes into its own. Thus, when R, 
= 1000 ohms, the difference men-
tioned above increases to 4 DB, 
which is well worthwhile. 
The particular circuit used with 

the triode tube will depend upon 
the amount of circuit complication 
to be tolerated. The cathode-coupled 
amplifier is the easiest to use be-
cause it is highly stable. An RF 
choke can be used as the coupling 
element between cathode and 
ground and at the higher frequen-
cies it can be made to resonate in 
the middle of the range desired. 
The grounded-grid circuit is also 

stable if care is taken to secure a 
good RF ground for the grid. It will 
be evident from the following, how-
ever, that under some conditions 
the stage gain is so small that noise 

(Continued on page 57) 
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WASHINGTON 
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Latest Radio and Communications News Developments Summarized by Tele-Tech's Washington 

COY COUNTERS TV-SET OBSOLESCENCE—Sup-

port of the vast preponderance of the technical thinking 
in the radio-television industry that the present video 
sets will not become obsolete for many years and that 
nobody buying a TV receiver today is a "fraud" victim 
because suitable, low-priced converters can be pro-
vided, was given recently by FCC Chairman Wayne 
Coy, one of the ablest men ever to guide the helm of 
the Federal Communications Commission. Chairman 
Coy stated that he wished to assure present purchasers 
of television sets that, "wherever a television signal is 
available from a VHF transmitter, their set will render 
them fine service for many years and can be converted 
to render fine service for them if ultra-high frequencies 
are utilized for the present system". 

FEARS UNFOUNDED—Shortly after Chairman 
Coy's statement, RCA Victor Executive Vice President 
J. G. Wilson stressed obsolescence fears are "unfounded" 
and "not based on scientific or economic facts". In an-
other quarter, the Radio Manufacturers Association has 
created a committee of leading industry executives to 
formulate a comprehensive public relations information 
program on accurate television data. Lifting of the 
television "freeze" by the FCC is anticipated by May 
or June and action on the more than 300 pending video 
station applications will constitute the piece de resist-
ance and main task of the FCC during the summer 
months. 

RADIO PREPAREDNESS FOR NATIONAL DE-
FENSE—Three leading authorities of the government— 
FCC Chairman Wayne Coy, Maj. Gen S. B. Akin, Chief 
Signal Officer; and Leighton H. Peebles, Assistant Di-
rector of Production of the National Security Resources 
Board—and Brig. Gen David Sarnoff, RCA Board 
Chairman and retiring president of the Armed Forces 
Communications Association, all gave recent authorita-
tive statements regarding the role of electronics, radio 
and television in the mobilization blueprint of the 
United States. Chairman Coy pointed out that standard 
broadcasting (AM) has more than doubled since World 
War II and television in the next six or seven years 
will have 800 to 1000 stations with 125 video transmitters 
in operation or under construction. 

TV AS WARTIME AID—Television, Mr. Coy be-
lieves, possesses a "unique power" for instruction in 
civilian defense and in rallying the home front, while 
Gen. Sarnoff brought out television's importance in 
naval, army and air operations so that victory in any 
future war could go to the side that "sees farthest 
sooner", emphasizing the roles of video and radar. Gen. 

Akin depicted how integrated communications, wire and 

radio, combined in a single apparatus of smallest pos-
sible size is being produced by US manufacturers. Mr. 
Peebles estimated that 20 percent of the cost of all mili-
tary production will be devoted to electronics-radio 

equipments, but he also advocated strongly standardiza-
tion to the fullest degree, a goal of Western Electric vice 
president Fred Lack, the new AFCA president, in the 

manufacturers' planning. 

MOBILE RADIO GROWTH PAINTED BY CHAIR-
MAN COY—Present 200,000 mobile radio units in 
vehicles and other portable stations, already authorized 
by the FCC, will grow to more than a half million 

(500,000 in 5 years)—this is the prediction of FCC 
Chairman Coy. Police blazed the trail since World War 
II with 4000 land stations and 50,000 mobile units com-
pared to prewar 1600 land stations and 15,000 mobile 
units; 100 cities have radio systems for fire departments; 
railroads are using radio for main line operations and 
especially time-consuming job of switching yard freight 
classification; inter-city bus lines and trucklines moving 
rapidly towards coast-to-coast radiocommunications 
systems; 32,000 taxicabs are radio-equipped; power, gas 
and water utilities, including REA cooperatives, now 
operate more than 26,000 radio-equipped trucks; and 
petroleum industry employs walkie-talkies, radio-
equipped trucks and even radio-equipped airplanes to 
patrol pipelines and to maintain communications 
with oil and gas drilling crews in deserts, mountains and 
even in Gulf of Mexico and off-shore California waters. 

WAR ASSETS ADMINISTRATION ENDS ELEC-
TRONIC-RADIO DISPOSAL—The War Assets Admin-
istration has now gone out of business in the disposal of 
the armed services' surplus of electronics and radio 
equipment in this country, except for the paper work 
of processing the documents, completion of the final 
audit reports covering the agents' and distributors' 
activities and settlement of all agency contracts. Out 
of the total surplus electronics-radio acquisitions by 
the WAA of $816,307,000 at original cost, the War Assets 
Administration made outright sales of equipment and 
parts valued originally at $584,310,000 through its agents 
and distributors and only received $63,672,000 cash pay-
ment. Approximately $300 million worth of the surplus 
was distributed by the WAA to state governments, 
counties, cities, universities and schools without charge, 

or was scrapped as obsolete. 

National Press Building ROLAND C. DAVIES 
Washington, D. C. Washington Editor 
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-11511's NEWSCAST 
Bell TV Network Progratn 
In 1949 the Bell System will double 

the number of miles of television net-
work channels now available and will 
bring its network service to thirteen 
additional cities, according to the Long 
Lines Department of the American 
Telephone & Telegraph Company. By 
the end of this year there will be some 
8,200 miles of television channels in 
operation, spread over a Bell System 
inter-city network which will then 
extend 2,850 miles and link 27 cities. 
By summer, under present plans, the 

fourteen cities already on the Bell 
System's television network will be 
joined by Providence, R. I., and Wil-
mington, Del. By Fall it is expected 
that the following cities will be linked: 
Lancaster and Erie, Pa., and Roches-
ter, N. Y., and Dayton, Columbus, and 
Cincinnati, Ohio. Toward the end of 
the year, it is planned to equip the 
existing coaxial route between New 
York City and Albany, N. Y. for tele-
vision transmission and to extend it, 
by radio relay, to Syracuse, which 
would permit Bell System service to 
Schenectady, Utica and Rome as well. 

Citizens Radio Rules Adopted 
Rules for the licensing of Citizens 

Radio Service Stations on a regular 
basis have been adopted as final by the 
FCC and will become effective June 1, 
1949. 
The prelude to the Citizens Radio 

ELECTRONTYPE DESIGNER 

J. T. McNaney, inventor of the Charactron, 
is shown examining one of the experimental 
tubes. The tube is the chief component of 
Electrontype, a new method of high speed 
communication (see TELE-TECH, March, '49, 
p. 47). Inset is closeup view of Charactron 
used for numerical displays. McNaney con-
ducted experiments at the Consolidated 
Vultee Aircraft Corp., San Diego, Calif. 

Service date. from May 1945, when the 
Commission's allocations report estab-
lished a band for the operation of "citi-
zens stations." In accordance with this 
allocation, technical regulations for 
citizens stations came into effect De-
cember 1, 1947, and were designated as 
Part 19 of the Commission's rules. To 
supplement these technical require-
ments, proposed regulations dealing 
with the licensing and administration 
of citizens stations were issued by the 
Commission August 12, 1948 as pro-
posed rules. In finalizing these pro-
cedural requirements, the Commission 
is recognizing Citizens Radio as a full-
fledged service. 

Generally, any citizen of the United 
States who is 18 years of age or older 
will be eligible for a station license. 
Licenses will be valid for a period of 5 
years and the station license is normal-
ly the only authorization that will be 
required for operation of a citizens 
station. 

Hedges Succeeds Kobak to 
Head Radio Pioneers 
William S. Hedges, vice-president in 

charge of planning and development 
of National Broadcasting Co., has been 
elected president of the Radio Pioneers 
Club, New York City, succeeding Ed-
gar Kobak, president of the Mutual 
Broadcasting System. 
Other officers named are Frank E. 

Mullen, president of Good Will Sta-
tions, Inc., Detroit, first vice-presi-
dent; Arthur Church, president of 
KMBC, Kansas City, Mo., second vice-
president; Paul W. Morency, general 
manager of WTIC, Hartford, Conn., 
vice-president and secretary; Orestes 
H. Caldwell, editor of Tele-Tech, vice-
president and treasurer; Edgar Bill, 
president of WMBD, Peoria, vice-presi-
dent, and J. R. Poppele, vice-president 
of WOR, vice-president. 

TBA Names New Committees 
Keeping pace with the immense 

growth of the television industry dur-
ing the past year, the Television 
Broadcasters Association, Inc., 500 
Fifth Ave., New York, N. Y.. has em-
barked on a program of expanded ac-
tivity, which, it is expected, will in-
crease the services and staff on a 
considerable basis before the end of 
1949. 
Committee chairmen named by J. R. 

Poppele, president, for 1949 include: 
F. J. Bingley, engineering; Lawrence 
W. Lowman, program; G. Emerson 
Markham, commercial operations; Dr. 
Allen B. Du Mont, membership; O. B. 
Hanson, television station operations 
and standards; Mr. Lowman, finance; 
Paul Raibourn, publicity and promo-
tion; Dean Kenneth Bartlett of Syra-
cuse University, educational commit-
tee and Ernest A. Marx, chairman of 
the affiliates division. 

TESTING TRANSMITTER SITE 

A helium- filled balloon carrying a pulse 
transmitter and antenna is raised by RCA 
engineers who are studying TV transmission 
characteristics of site in the Philadelphia 
area. Receiving unit is mounted in a 
truck and is powered by a motor generator 

Coming Events 

May 2-4—International Scientific Ra-
dio Union and IRE, Joint Meeting, 
East Bldg. Lecture Room, National 
Bureau of Standards, Washington, 
D. C. 

May 5-7—Acoustical Society of Amer-
ica, 20th Anniversary Meeting, Hotel 
Statler, New York City. 

May 16 - 19 — RMA and Radio Parts 
Show, Hotel Stevens, Chicago, Ill 
RMA 25th Anniversary. 

May 26-27—Society of the Plastics In-
dustry, Annual Meeting, Edgewater 
Beach Hotel, Chicago. 

June 3-4—IRE, Dayton Section, Con-
ference on Airborne Electronics, 
Biltmore Hotel, Dayton, Ohio. 

June 20 - 25 — American Institute of 
Electrical Engineers, Summer Gen-
eral Meeting, Swampscott, Mass. 

August 23-26— American Institute of 
Electrical Engineers, Pacific General 
Meeting, Fairmont Hotel, San Fran-
cisco. 

August 29 - September 1 — Associated 
Police Communication Officers, Na-
tional Conference, Hotel New York-
er, New York City. 

September 26-28—National Electronics 
Conference, Edgewater Beach Hotel, 
Chicago. 
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What happens when you hear? What happens inside 
your ear when sound waves come in from a telephone 
conversation? 

Bell Telephone Laboratories scientists have developed 
special apparatus to help answer these questions, for the 
telephone system is designed to meet the ear's requirements 
for good listening. 

In the test pictured above, the young lady sits before 
loudspeakers in a soundproofed room with a small hollow 
tube, reaching just inside the ear canal. Sounds differing 
slightly in frequency and intensity come from a loud-
speaker . The subject seeks to tell one from another, record-
ing her judgment electrically by pressing a switch. 

Exploring and inventing, devising and perfeciing, for con-
tinued improvements and economies in telephone service. 

Meanwhile, the same sound waves pass down the hollow 
tube to a condenser microphone, and a record is made of 
the exact sound intensities she identified. Results help 
reveal the sound levels you can hear clearly and without 
strain—the sounds your telephone must be designed to carry. 

Scientists at Bell Telephone Laboratories make hun-
dreds of tests in this manner. It's just one part of the work 
which goes on year after year at the Laboratories to help 
keep Bell System telephone service the finest on earth. 

BELL TELEPHONE LABORATORIES 
Ç21-2'/ 
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New Lab & Test Equipment 
Voltage Regulator 

A rated output of 0 to 250 VA is supPli411 
by the new Stahlline voltage regulator, a unit 
wIi ch is completely electronic. Catalogued as 

Ii.1W.11 ,1,2. Illy regulator measurts apio xi -
ii. x II... X 10 1,..".-in and is fitted 

with rarrying handles. It is rated at 95 to 
135 volt input and its output is adjustable be-
tween 11 11 and 1211 volts. The load power factor 
range is 0.5 lagging to 0.9 leading; waveform 
distortion is elaimed never 10 exceed 31"..— 
Superior Electric Bristol, Conn. 

Regulated Power Supply 
lirsigtmd for use in laboratories, broadcast 

stationn Or other applications requiring it 
closely regulated source of ripple- free DC. 

model E- 4X regulated power supply may be 
mounted in it standard relay rack or installed 
in a cabinet for bench applications. Ripple 
is less than . 05 volts peak to peak with tan 
input between 1115 and 125 volts. 60 cycle, 
750 watts. There is less than a . 15'5 varia-
tion in output from no load to full load.— 
Chatham Electronics Corp.. 415 Washington 
St.. Newark, N. J. 

Field Strength Meter 

Measurement ttf actual picture signal 
strength is one of the operations performed by 
model FSM-1 field strength meter, a compact 

portable television service instrument de-
signed to facilitate anti improve television in-
stallations. It also MeasUres tosses or gain of 
various antenna and lead-in combinations and 
is useful for checking receiver re- radiation. 
Model FSM-I consists of a compact high-gain 
receiver with a calibrated meter to indicate 
signal level; each unit is individually cali-
brated. Power supply for operation from 120 
volts, 60 cycles is .self contained.—Transvision, 
Inc., New Rochelle. N. Y. 

Slide-Hire Resistance Boxes 
A useful substitute for more elaborate 

and expensive instruments. the 110 slide- wire 
resistance boxes are a practical combination 

of accuracy, wide resistance range and size. 
Components are one precision non- inductive 
decade resistor unit and one eontinuously ad-
justable :411de-wire resistor. the range of which 
provides continuous adjustment of resistance 
between the steps of the resistor. The fine -
fleas of adjuntment made possible through the 
tase of the slide- wire resistor is obtainable 
only with the more elaborate 4-dial decade 
resistance boxes. and the direct reading re-
sistance range in useful over a ratio of 1000 
to 1.—Technology Instrumenl Corp., 1058 Main 
St., Waltham 54, Mass. 

TV Signal Generator 

Model TVG-I is a complete 
self-contained te. ,-; I iiii,tit that requires 
only the addition of a cathode ray oscillo-

graph for visual alignmt nt If television or 
FM radios. It provides a complete range of 
frequencies for the alignment of RF, oscilla-
tor. IF and trap circuits. Sweep frequencies 
are from 2 to 216 MC in 3 convenient rangiis. 
:ill on fundamentals. Sweep width is adjus:-
able front 100 KC to 12 MC bandwidth, anlple 
width for the alignment of badly detailed 
rireu'in.--Ineknon Electrical Instrument Co.. 
18 South Patterson Blvd., Dayton 1, Ohio. 

Logarithmic Wen Met o r 
Th, Kay-1,al , Logai,n e. ,1, range loga-

!Minnie attenuator whose output is 
the logarithm of its input for a 

range of 511 lilt. Frequency response is flat 
from DC to 5e11 Kt' and only minor trrms 
are found up to When a 1,„,gat,, n 
in plugged into a vacuum- tube voltmeter. os-
iiiii0tiCope or recorder, theme devices read linr. 
:tidy in L/II. It is adaptable to many applica-
tions in electronic computers through 
the prineiple of multiplicationn and division 
by logarithms. It is also applicable where 
iluta having a great dynannie range must be 
recorded on a single sensitivity range If an 
instrument. Essentially. the Logaten is a net-
work of non-linear circuit elements adjusted 
to give an output voltage which is accurately 
proportional to the logarithm of input volt-
age. Both input and output impedances are 
10,000 ohms.—Kalbfell Laboratories. Inc.. 1076 
Morena Blvd., San Diego 10, Calif. 

Microwave Power Meter 
liesignoti to automatically indicate pow 

developed in a standard barreter. the -hp-
4:11m microwave power meter is aelf-balancing 

and may be usd orct any frequency, depend-
ing on the associated barreter and mount. 
Power level is read directly on a 4- in, square 
meter face. No calculation or knob twisting 
is necessary once range selection and zero 
sets are made. The indicating meter is cali-
1.1.1ted in DBM in addition to the linear mull -

t ea fibril t ion.—Hewlett-Packard ('o., 395 
Page Mill Rd., Palo Alto. Calif. 

RF Power and SWR Meter 
No correction factor over the entire fre-

quency range of 50 to 500 MC is required for 
a new series of wide frequency range instru-

meats for measuring RF power and standing 
wave ratio on 51.5 ohm eoaxial transmisnion 
line. A single meter reads incident power, re-

flected power, net power to load. anti SW It 
of the load. Known as tho 1111400 secics 
Micromaich. these units may lie used Willi 
1% or 74, in. air line, and with R(1-17/1" and 
RU-S/i' coaxial cable. Full scale power rang - s 
,,r 400, 12 1.n. and 4000 Watts are available.— 
M. ('. Jones Electronics Co.. 96 N. Main St.. 
Bristol. Conn. 

Microwave Dielectronaeter 
Dielectric rilrsiant and hiss of a wide va-

riety of materials at nominal frequencies cf 
mi • ran now be measur.-.1 

by a recently-developed mierowave dieleetro-
meter. The instrument consists of a slottiM 
wave guide, precision traveling probe. Ino11.1-
lated klystron oscillators. probe output am-
plifier. and :associated power supplies. The 
sample to lie measured is inserted :ahead of 
a short-circuiting plug and the effect tf this 
arrangement on the standing-wave pattern in 
the guide provides data for ealeuhtUng the 
dielectric constant and loss iif the material.— 
Central Research Laboratories, Inc., Red 
Wing, Minn. 

s. 
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Question 
h an unexpected answer: 

Q. 

o. voice...out./ man•olos 1.11..711. 

Can a reasonable gain be realiza from a telephone repeater 
installed on a wire line over which a cafrier system is 
operating without using a special balance network? 

k
Yes—if a Kellogg Voice Frequency 
Telephone Repeater is used. The 
Kellogg Repeater with the standard 
No. 1 balance network will com-
pensate for the low-pass line filter 

in the carrier terminal. 

This is possible because of the skill-
fully engineered and manufactured 
No. 204-2 Filter Unit, which con-

-7,-- sists of two sharp cut-off, straight-
,- walled, 300-2700 CPS band-pass 

filters. 

By limiting the band of frequencies to be passed and amplified, 
the No. 204-2 Filter allows maintaining a high degree of balance 
with a relatively simple network. It thus permits maximum re-
peater gain on circuits upon which a carrier system is superim-
posed and on heavily-loaded cable lines. The No. 204-2 Filter 
also produces a quiet circuit. Its use greatly attenuates any noise 
voltages outside of the pass-band, eliminates carrier leak and 
cross-talk and 60-cy. hum induced by adjacent power lines. 

Stable balance is easily obtained with maximum case in the 
Kellogg Repeater with continuously variable potentiometers and 
a series of small capacity steps. An ordinary screwdriver quickly 
makes all adjustments, with no need for strapping. Gain adjust-
ments are accurately calibrated in 1-db steps so gain is always 
known without necessity for measurement. 

SEND FOR OUR REPEATER BOOKLET TODAY! 

fir E lliagg SWITCHBOARD AND SUPPLY COMPANY 

•030 50, ,H Cr(10.0 •. tr,v1 • CHICAGO 

REPEATER 

"Unit" construction facilitates adaptation 
to various circuit reqiurements, while a 
variety of line units may be obtained for 
different circuit or signalling functions. 
Kellogg Repeaters are available for opera-
tion from 24V or 48V battery or from a 
105-125V 60-cy. AC power source. 

Kellogg Switchboard and Supply Company 

6650 So. Cicero Avenue 

I Chicago 38, Illinois 

Please send Repeater Booklet to: 

NAME  

ADDRESS  

' CITY STATE  
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TV SL Communication Components 
Ion Trap 
A new double magnet ion trap ( model 7078) 

will compensate for shadowing on all sizes 
of television picture tubes having magnetic 

deflection. Its field can be rotated 60 ° in either 
direction. The length of the trap, which can 
be furnished in any field strength up to 70 
gausses, it not over 1 1/16 in.—Heppner Mtg. 
Co., 4808 N. Drake Ave., Chicago 25, ill. 

TV Projection Reel 
Housed in a 6 x 7- in, metal container with 

window front, a new TV projection reel per-
mits the continuous projection of any 16-mm. 
film from 3 to 17.0 ft. long when spliced into 

a continuous loop. In television, this unit 
serves as a vehicle for convenient and rapid 
handling of short commercials, engineering 
test ofies, prygrum insert shots, and titles 
with moving backgrounds. There is no re-
winding. The whole unit can be mounted on 
the television projector so that it folds back 
out of the way when not in use.—Televislon 
Associates. Inc., 225 N. Michigan Ave., Chicago 

Ili(' 1'011110M' 

n.i.oni.is it r‘,ponse over the entire spec-
. rum is achieved by the 21B Altec micro-

,.me, a new com, unpr, .lently small 

in size and weighing less than % ounce. The 
only moving element in the microphone is an 
extremely small diaphragm no larger than 
the human eardrum, yet the sound output 
from this tiny apparatus is somewhat greater 
than from conventional large microphones. 
Even though the microphone is omnidirec-
tional and "blast proof", more net acoustic 
gain before encountering feedback is claimed. 
—Aitee Lansing Corp., 161 Sixth Ave., New 
York 13, N. Y. 

Microwave Equipment 
Wide-band microwave equipment, model 

RTR-1A, was developed specifically for use 
stations. The system is comprised 

of a transmitter ( illustr.), receiv, 2 dipole 
antennas with parabolic reflectors and RG171.7 
coax antenna lines. The equipment includes 
a directly frequency-modulated CW cavity 
magnetron oscillator, a wide-band video am-
plifier anti modulator, and associated regulated 
power supply.—Raytheon Mfg. Co., Waltham 
54, Mass. 

TV Stabilizing Amplifier 
A stabilizing amplifier ( Type TV- 16-A) for 

amplifying and improving television picture 
signals has been designed for use in studios 

:and at transmitters as a picture line ampli-
fier, tir as an amplifier for remote line anti 
radio relay links. It will remove low- fre-
quency interference from the signal. stretch 
:Ind clip supersync. and restore DC to im-
prove low- frequency response. A signal as 
small as 0.2 volt, peak to peak, can be raised 
to a standard picture line signal of 2 volts. 
The unit is mounted on an aluminum relay 
rack chassis, 7- in, wide, which fits into a 
standard 19- in, relay rack.—General Electric 
Co., Syracuse, N. Y. 

Mobile Radio 
()iteration of two-way radio un channels be-

tw,,n stations now on the air without "spill-
over" into the adjacent channels is made 

possible by the highly selective circuits which 
are part of the new RCA Carfone. The com-
plete transmitter-receiver is contained in a 
single metal-shielded unit only slightly larger 
than a shoebox. Frequency range is between 
152 and 174 MC. An automatic modula-
tion control circuit locks the voice input level 
at a constant amplitude.—RCA Victor Div., 
Radio Corporation of America, Camden, N. J. 

Portable 2-Hay Radio 
Embodying a complete crystal -,, nt mud 

FM transmitter and superheterodyne reeetv,r 
in a single compact housing, the " Hand:e-

(fr>. 441 

Talkie" is precision engineered to give de-
pendable 2-way communications from 1 to 1,, 
miles between units to ranges in excess of 6,1 
miles when used in aircraft. Less than 1 ttvolt 
at the receiver will produce 0 DB noise quiet-
ing. Audio output of the 11-tube receiver ;s 
4 milliwatts. rtF power output from the S-
tube transmitter is 500 milliwatts. The power 
supply consists of 3 miniature 67 ,jt-volt bat-
teries and 4 to 6 standard type Ti flashlight 
cells.—Motorola, loc.. 4545 Augusta Blvd-
Chicago 51, Ill. 

FM Relay Link 
A new FM relay unit has been developed 

for use in the 920 to 960 MC band. It has 
been designated model 707 and is suitable for 
a single FM program channel or for multiple 
voice frequencies up to 5 channels when 
hooked up to supplementary terminal equip-
ment. The unit contains a 5 watt transmitter 
with the Serrasoid modulator, a crystal-con-
trolled receiver, and parabolic type trans-
mitting and receiving antennas. All tubes and 
circuits are readily accessible from the front 
and the rear of standattl type ir I a unbinets. 
—Radio Engineering Laboratories. Inc., 35-51 
36th St., Long Island (' itY, N. Y. 

FM Antenna 
A power gain of 1.6 and a power handlint: 

capacity of 10 KW are featured characteris-
ties of the Multi-V FM broadcast antenna, a 

two bay component which may be top or side 
mounted. The non-symmetrical arrangement 
of the radiators and its light weight ( 70 
pounds) make the side model ideal for mount-
ing un existing towers which are incapable 
of supporting heavy top mounted arrays. In 
addition, the top mOUnted version ( illtistr.), 
with its 20 ft. mounting mast, may be readily 
adapted to mounting on rooftops of down-
town office buildings. Each element is esson-
tinily an unbalanced folded dipole formed in 
the shape of a V. This configuration results 
in an omnidirectional horizontal pattern. Ele-
ments are fed in phase by a single transmis-
sion line through a full wave phasing length, 
and are matched to the feed line by means 
of a quarter wave matching section. Voltage 
standing wave ratio varies from a maximum 
of 1.4 at ss MC to less than 1.2 from 93 to 
108 MC.--Andrew Corp., 363 East 75th St., 
Chicago 19. ill. 
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Developed by MACHLETT 

Mt. 5661 
...gives demonstrably 
superior performance 
in 889RA sockets* 

Government, communications, and industrial users 
of "889RA-type" tubes are now rapidly switching to 

the Machlett-developed 5667*. 
If you are not already familiar with the unique qual-

ities of this new tube, here is an opportunity to learn 

exactly why and how the ML-5667 (completely inter-
changeable with the 889RA) is convincingly supe-

rior by any standard of comparison. 

GET ALL THE FACTS ABOUT THESE FEATURES: 

Special anode construction and processing. 

Completely new and ruggedized structure. 

High R.F. conducting kovar seals. 

Cleaner internal parts and surfaces. 

Machlett high-voltage exhaust. 

New filament design. 

* Adopted by Military Services, U. S. Government 
Agencies, and other large users as the standard 
replacement for 889RA, the 5667 is now their pre-
ferred tube type for 889RA sockets. 

Use this coupon to send for 
your copy of "The ML-5667 
Story." Mail directly to Mach-
leu or your nearest Graybar 
office. 

Use of the ML-5666 to replace 889A, 
carries the added advantage of the 
Machlett automatic-seal water jacket. 

Machlett Laboratories, Inc., Springdale, Conn. 

Please send me "The ML-5667 Story" comparing the 
electrical and mechanical characteristics of the ML-5667 

and the 889RA. 

Name  

Company  

Address  

City 

OVER 50 YEARS OF ELECTRON TUBE EXPERIENCE 
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New Parts for Design Engineers 
Dual lariable Resistor 

ant controls ore combined 
.. • io • fts in the Midgetrol Dual. 

a new dual variable resistor for television and 

• 

id her applications. Its 15/16 in. diameter 
inattes it possible to move several key tele-
vision adjustments from the rear of the chas-
sis to the front. Four Midg.etrol Duals can 
the work of eight single controls now requirol 
to make adjustments on the average television 
receiver. The new units are fully insulated 
for high voltage, have special low-drift re-
sistance element to meet temperature-humid-
ity drift problem; and incorporate two-point 
shaft suspension which permits use of shorter 
bushing, provides more stable resistance 

t. less danger of damage in assembly, 

life.—P. R. Mallory & Co., 3029 E. 
tt:e.biogton St.. Indianapolis 6. Intl. 

RI: Plug 
A new if-an:pensive plug is being manufac-

tured for applications where : 0 1,i1111 poly-

ethylene ribbon type RP transmission line is 
used. Designated No. 37412, it fits into the 
standard Millen No. 33102 ( crystal) socket 
with a pin spacing of 1;3 in. and a diameter 

.1195 in.—James Millen Mfg. Co., 150 Ex-
change St., Malden 48, Mass. 

Television Transformers 
A complete line of television transformers 

designed to fit the circuits of leading TV re-
ceiver manufacturers are now itvailithlo. In-

eluded in the line are television power trans-
formers, vertical blocking oscillator trans-
formers, vertical scanning output transform-
ers, and a horizontal scanning output trans-
former. Manufacturer will supply upon re-
quest a complete listing of transformers with 
4lescriptions, dimensions and replacement 
guide.—Chicago Transformer I/iv., Essex Vire 
Corp., 3501 Addison St., Chicago 18, III. 

Multichannel Switch 
A new mullteltannei !, 1% I been dev,d-

oped with a synchronous motor which assures 
'oilman' sampling rates and allows the con-

slant use of an AC line voltage source whose 
frequency is automatically synchronized with 
the sampling operation. The 4- pole model 
(illustr.) is 2 x 3 x 4 in. and has 311 contacts 
per pole. The wiper is of the shorting type 
for flexibility. Standard models have sampling 
rates of 720, 360, 240, or 90 RPM. These units 
facilitate investigation of a large number of 
separate quantities or of a single quantity 
under a number of different eonditions. In 
addition to telemetering appliestions. they 
may lie used for display of characteristic 
curves and multichannel volenge comp:iris en. 
—The Applied Science Corp. of Princeton. 
P. 0. Box 44, Princeton. N. J. 

Miniature Capacitors 
›ixi. : Mil 10,V illdUelallee. 

the new Diseap ley- pass condensers are noiv 
ava1labl.• to T\• ', nil olanufauturers who 

find d ' 1,s...id, to 1.111k lac, or 
«if tubular anit larger iliac types. Ti,,' 10111) giaf 
Discap, measuring only in diameter is 
rated at 4110 volts :Ind tested at 1000 volts. The 
5000 ttaf 1)iscap. measuring only ià in. in 
diameter. carries a service rating of 600 volts 
and passes fi 1200 voit test. An oxelusivii ior-
pregnalion process does away with leakage 
1.1.•I.I. III> Radio Materials ('orp., 1108 Bel-
 t ‘‘ e.. Chicago 13. 

Projection 73 Lens 
A corrective lens for use with the 5TP4 pro-

jection tube is incorporated in the barrel of 
n"ll le 1.9 Orifif cliff', ielei Isl.!, lens, cap-

able of projecting picture sizes from sevei•al 
inches to 7 x 9 ft. The corrective lens can 
easily be removed for use with fiat- face type 
tubes. Entire assembly is 7 in. long; ilia-
meter is 41z. in.---Spellman Television (7o.. Inc.. 
130 West 24th St.. New York 11, N. Y. 

Ceramic ('oil Form 
A miniature ceramic coil form w.th ioljust-

able powdered iron slug has been developed 
for .sub- miniature component a mil iea t ions in 

r,› 

compact equipment. The coil form stands less 
than %-in. high when mounted: form disto-
rter is 3/16 in. Terminals are ring type 1 ad-
justable), and the form can accommodate 
solenoid or pie type windings. The ceramic 
body is grade L-5 (JAN -I-10). silicone im-
pregnated. Depending on the type iif winding 
used, inductance changes of approximately 
2:1 can be expected.—CambrIdge Thermionie 
Corp.. 445 Concord Ave.. Cambridge 38, Mass. 

Impedance ‘Iatching Links 
Alatching of standard tank coils a wide 

variety of impedances is now possible with 
It & W plug-in links, available in 3, and 

10 turns. ,, r1 present swinging link as-
semblies, it is only necessary to ', place the 
swinging link arm with a new fine. into which 
the link coils are plugged. This is ac-
complished easily by removing the pin that 
forms the arm hinge and inserting the new 
:inn. -Barker 8: Inc., 237 Fair-
field Ave.. Upper Darby. l'a, 

RF Inductors 

Available in 10. 20 and 30 ampere ratings, 
a new line of heavy duty RF inductors have 
been designed for livoniiefant transiiii 

cv 

phasing and tuning. equipment. RV healing 
equipment and heavy current filter i•ircuits. 
These inductors are variable by means of 
tapping flips which may be either of the 
shorting or non-shorting type. Nominal in-
ductances of 19, 39, anti 65 microhenries are 
available in 10 ampere inductors: 20 ampere 
inductors :err rated at 36, 53, and 76 micro-
henries, while the 30 :impere series are rated 
at 35. 49 and 71 microhenries.—Andrew ('orp., 
363 East 75th St.. Chicago 19. III. 

4• 
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IN A RADIO SET 

keeottat 
eare roe 

Sylvania's four tiny new 

tubes hold the answer 

The miniature radio set shown here is an 
example of what can be done through the use 
of Sylvania's new subminiature tubes. 

These specially designed and engineered 
T-3 subminiatures are battery-type receiving 
tubes perfect for very small radios or 
amplifiers. Short tube leads provided in 
conventional pin arrangement permit these 
tubes to be plugged into appropriate sub-
miniature sockets. They can be operated 
over a wide range of battery voltages. Low 
current requirements result in battery 
economy 

Send for complete ratings and characteristics. 
Sylvania Electric Products Inc., Advertising 
Dept., R-1205,500 Fif th Ave., New York 18,N N.Y. 

Type 1T6 

(diode 

pentode) 

Type 1E8 Type lAC5 Type lAD5 

(converter) (output (RF pentode) 
pentode) 

Four new Syl-

vania subminia 

tures shown in 
place in tiny ra-

dio set. Note size 

in relation to 

pencil. 

SYLVANIAv ELECTRIC 
RADIO TUBES: CATHODE RAY TUBES: ELECTRONIC DEVICES FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES, SIGN TUBING; LIGHT BULBS; PHOTOLAMPS 
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New Headset from TELEX.. 

/111 PIESSIIIE 
HE 1111 

• 

Here's a really new headset: TELEX TWINSET! Sweaty, tiresome 

"ear-cups" are gone forever! Signal may be piped directly into 

the ear so that nothing touches the ear at all! Matched in-phase 

magnetic receivers banish listening fatigue—listen for hours 

in complete comfort with this high-fidelity, 1.6 ounce headset. 

An all purpose headset, the unique TELEX TWINSET, is de-

signed for your hearing comfort and exacting headset demands. 

Obtainable from your favorite parts jobber, or, write Dept. 10, 

Telex Inc., Telex Park, Minneapolis, Minnesota. 

SPECIFICATIONS: 

Sensitivity- 101 decibels above 
.000204 dynes per sq. cm. for 10 
microwatts input 
impedances—l000 ohms and 64 
ohms 
Construction—Weight: 1.6 oz. 

Tenite plastic and bright 
nickel construction, with head-
band of Z-Nickel steel wire en-
cased in plastic. Single 5- foot 
cord plugs into either receiver. 
Sealed, rustproof diaphragms. 

Special Cord with built in miniature Volume Contr I also available 

TELEX, Telex Park, Minneapolis, Minnesota 
Manufacturers of Telex Monoset • Telex Pillow Speaker • Telex Precision Hearing Aids 

LETTERS . . e 

Electrets 

Editors, Tele-Tech: 

Since electret research opens rela-
tively new scientific problems, the 
undersigned as author of the electret 
article appearing on page 36 of the 
March, 1949, issue of Tele-Tech, be-
lieves the following facts should be 
emphasized. 
As stated in Footnote 4, the numeri-

cal data in the article are experi-
mental. Since electrets are in a de-
velopmental stage these data should 
not be considered as optimum design 
figures. 
The U. S. Patents mentioned in 

Footnote 3 of the article illustrate the 
scope of the electret microphone prob-
lem, but the patents are not neces-
sarily valid. 
Confusion in reading the article 

will be avoided if the caption of Fig. 
3 is changed to: "Equipment ar-
ranged as a capacitor. Work done 
against electret surfaces induces 
charges on condenser plates." 
32 S. Munn Ave. E. D. Padgett 
East Orange, N. J. 

TV Camera Errata 

Editors, Tele-Tech: 

It might be well to publish the fol-
lowing corrections to the diagrams in 
the article "New Design for Medium 
Definition TV Camera System" which 
appeared in September, 1948 Tele-
Tech. 
In Figure 3: 

1. Connect 6SL7 pulse amplifier plates to +225 
v. through 0.25 megohm. 

2. First video peaking coil should be in micro-
henries 

3. Coupling Condenser to 65J7 plate is 0.01 mfd. 
In Figure 5: 

4. The common B+ connection should be made 
to +225 v. 

Cooper Union J. B. Sherman, 
New York City Associate Professor 

Black Phosphors for TV Screens? 

Editors, Tele-Tech: 

Your recent editorial comment "Are 
Screens too Bright" prompts us to toss 
in an observation of our own. 
Early last year we had a patent 

search made of the state of the art 
with respect to the use of black or 
dark phosphors for use in cathode-
ray-tube screens, and obtained infor-
mation to the effect that two apparent-
ly valid schemes had patent coverage 
relating to the subject. One of these 
was of German origin, and the other 
by DuMont. 
You may wish to ponder upon the 

significance of this idea, inasmuch as 
the development of a dark screen ma-
terial should greatly eliminate the 
need for the gadgets currently offered 
for correction of CRT inherent faults. 
There seems to be little reason why 

intensive research to produce such a 
phosphor might not be highly produc-
tive. An inert dye or other material 
might well be developed which would 
not interfere with the fluorescent 
properties of the phosphor appre-
ciably, and yet give to the TV screen 

(Continued on page 54) 
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For wide-band oscillographs 

requiring extremely high writing 

rates and high vertical-deflection 

sensitivity. Electrostatic deflection and focus. 

1 Another Du Mont "First"— the new 
Du Mont Type 5XP-! A multiple-intensi-

fier design, it features deflection sensi-

tivity never before achieved by a 

cathode-ray tube in either the low- or 
high-voltage category. Specifically: 

At Eb2 of 2000 volts and Eb3 of 4000 

volts, only 24 to 36 d-c volts/in, of de-

flection are required! This is approxi-

mately three times the sensitivity of a 
low-voltage tube such as Type 5LP-A. 

This superlative performance of the 

vertical plate system is due to the de-
sign of the plates and to a slight increase 

in overall tube length—only Ye" longer 

than Type 5LP-A. 

Also featured are the high ratios of Eb3 

10 Eb2 voltages— up to 10:1, and high 

overall accelerating potential — up to 

25,500 d-c volts. 

Because the usable vertical deflection 
is a function of the ratio Eb3/Eb2, the 
full-screen deflection available at ratio 

1:1 is reduced to 2.5" at 2:1, 1.75" at 5:1, 

Capacitance from D3 to D4 held to 1.7 ppf by 

virtue of this new deflection-plate design, de-

spite longer length and closer spacing required 

for high sensitivity. 

I> Write for detailed literature on the Type 5XP- tube and how it 

ALLLN S DU MONT LAUOHATORIES. INC. 

can be 

and 1.25" at 10:1 ratios, respectively. 

Another feature is the shielding be-

tween deflection plates D1-D2 and D3-11t 
to prevent interaction between plate 

pairs. And for general shielding of the 

tube, Du Mont mu-metal shield Type 

2502 is available. 

A choice of phosphors is available, such 
as the Pl, P2, P4, P5, P7 and Pll screens. 
The flat face makes for ease of visual 

measurement and photography. 

As with all Du Mont tubes, Type 5XP-

is available as a separate unit or in com-

bination with a Du Mont oscillograph. 
Several Du Mont oscillographs already 

in use, notably Types 280, 256-D, 250-H 

and 248-A, are readily adaptable to this 

latest tube. 

used in your Du Mont oscillograph. 

ALLEN B. DU MONT LABORATORIES, 

CABLE ADDRESS: ALBEEDU, NEW 
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. . and we're referring to electrical prod-

ucts, of course — you are certainly in the 

majority among thoughtful purchasing 

agents and specification writers. Yes — 

most men whose job is to buy products for 

maximum engineering results invariably 

specify MACALLEN MICA — not just 

plain mica. They know that MACALLEN 

means dependability, uniformity, and as-

surance that their products will not fail 

to perform as designed, so far as 

insulation quality is concerned. The 

MACALLEN MICA habit grows on many 

firms who grow big because of common-

sense in buying. 

it CAN be done ... 

Don't limit your mica 

specifications to forms 
you know about. Spec-
ify the shape, thick-
ness and size that will 
do the job — MAC-

ALLEN will probably 
have it, or can process 

it for you. 

MACALLEN MICA 

ALL FORMS, ALL QUANTITIES — ALL DEPENDABLE 

when you think of MICA think of MACALLEN 

THE MACALLEN COMPANY • 16 MACALLEN ST., BOSTON 21, MASS. 

CHICAGO. 565 W. WASHINGTON BLVD. • CLEVELAND, 1231 SUPERIOR AVE. 

(Continued from page 52) 
as well as other CR tubes a dark back-
ground in the absence of electron il-
lumination. The increase in contrast 
in daylight or other room light would 
be great enough to offset a reasonable 
decrease in phosphor efficiency. The 
main objective of course would be to 
produce a CRT with a completely dark 
face in the absence of electron bom-
bardment, thus reducing halation 
from interface reflection and the re-
flection from ambient light. 
Tulsa, Okla. 
Radio Station KV00 

L. W. Stinson, Engineer 

Safety Council Films 
A new series of six sound slide films, 

entitled "Human Factors in Safety," 
has been released by the National 
Safety Council, 20 N. Wacker Drive, 
Chicago 6, to aid management's fore-
man training program. The 35 mm., 
33-1/3 rpm films comprise a visual 
training course for foremen that deals 
with production and job attitudes, as 
well as safety. 
Cartoon technique is used in two 

of the films, and action shots of work-
ers on the job add realism to the plant 
scenes. Narration is by professional 
radio announcers. 
The six films are entitled, "The 

Secret of Supervision," "Teaching 
Safety on the Job," "People Are All 
Alike," "Everybody's Different," 
"Teamwork for Safety" and "Safety 
Case Histories." 

Barium Titanates 
(Continued from page 30) 

pressure gage. The most commonly 
used piezoelectric materials in this 
service are polycrystalline barium 
titanate, quartz (X cut), rochelle 
salt (45°X and 45°Y cuts), ADP 
(45°Z cut) and tourmaline (Z cut). 
Their unidirectional compressional 

characteristics and also their 
sources have been listed in Fig. 23. 

When such a mechanical-to-elec-
trical transducer is utilized, it may 
be represented in simplest form by 
a current generator feeding into a 
parallel combination of transducer 
capacitance and electrical load, 

or by its equivalent series form 
Fig. 24. Here the open circuit volt-
age is V = in which Q is 
the charge generated by the me-
chanical stresses and C...1 is the 
transducer capacitance (that meas-
ured between the electrical termi-
nals). The charge per unit stress is 

given in column 6, the unit capaci-
tance is given in column 8, and the 

open circuit voltage is given in col-
umn 9 of the table of Fig. 23. 
The data in columns 8 and 9 have 

been plotted on the graph of Fig. 
25, as a function of thickness for 
these various materials together 
with a family of curves showing the 
fundamental compressional resonant 

(Continued on page 56) 
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from crystal set to television 

SIS711?* AVE. 

LENZ has served the radio industry! 
When the radio industry first appeared on 

the American scene 25 years or more ago, the 

Lenz Electric Manufacturing Co. was ready 

with the facilities required for the production 

of needed wires. 

These facilities have grown with the industry, 

all through the days of the crystal set, right 

down to the present boom in Television equip-

ment, Lenz Wires and Cables, have been used 

in the production of millions of electronic units 

TELE -TECH • May, 1949 

of all kinds and their component parts. 

Lenz will continue to be a leading source 

for properly engineered underwriters approved 

Plastic and Textile Hook-Up, Wires, Cables, 

Shielded Lead- Ins, and Harnesses for all types 

of electronic equipment, A.M., F.M., Television 

and Communications. Consult Lenz, now as al-

ways your source for engineered wires and 

cables designed for the job. 

LENZ ELECTRIC 
MANUFACTURING CO. 

1751 N. Western Ave. Chicago 47, Illinois 
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Choice of 626 Tubular Resistor Values 

N STOCK 
Hundreds of other Stock Types, sizes and values! 

IRD LEONARD PRODUCES 

The sign of a 
Ward Leonard 
Authorized 
Industrial 
Distributor 

theVariety!.. the Range! .. the Quantity! 
Ready to Meet Your Needs Quickly! 

More Ward Leonard wire-wound resistors 

have been produced and used over more years 

than any other make. And records show that 

quite often a stock unit as the perfect answer to 

many an industrial need ... for application, for 

peformance, for economy, for quick delivery. For 

example: there are 626 Vitrohm tubular stock 

values in fixed and adjustable types ... and 
many others ... promptly available! It pays to 

check into them .. . for your requirements. 

Contact your local Ward Leonard 
Authorized Industrial Distributor. 
Send now for handy 

Stock-Unit Catalog D-130 
Radio and Electronic Distributor Division 

WARD LEONARD ELECTRIC CO. 
53-T West Jackson Blvd, Chicago 4, U. S. A. 

WARD LEONARD 
RESISTORS • RHEOSTATS • RELAYS • CONTROL DEVICES 

WHERE BASIC DESIGNS ARE RESULT-ENGINEERED FOR YOU 

(Continued from page 54) 

frequencies as a function of thick-
ness. These three groups of curves 
make it possible to start with any 
one of the four parameters ( i.e., 
resonant frequency, thickness, out-
put capacitance, or unit sensitivity) 
and determine the other three. 
For example, if a slab of barium 

titanate having a thickness reso-
nance at 800 KC is needed the other 
characteristics are determined as 
follows. The intersection of the 800 
KC line with the barium titanate 
resonant frequency line shows the 
thickness to be 0.265 cm. The inter-
section of this with the barium 
titanate sensitivity curve shows the 
piece to have a sensitivity of 1.9 x 
10' volts/dynes/cm'. The capaci-
tance, as determined from the third 
family of curves is 4 x 10' p.p.f./cm". 

When one studies these curves, 
several interesting points present 
themselves. First, both rochelle 
salts and ADP 45°Z cut are the 
most sensitive of all the materials 
listed, barium titanate being next in 
line. However, the rochelle salts 
have weaknesses as well. The 45°Y 
cut rochelle salts and ADP 45°Z 
cut have unit capacitances of less 
than 1% that of barium titanate. 
For example, a crystal of 45°Y cut 
rochelle salt .1 cm in cross section 
has a capacitance of 9 p.if., while 
a piece of barium titanate of iden-
tical size has a capacitance of 1000. 
The problem of loading a source of 
such high internal impedance may 
be troublesome in view of the fact 
that cable and stray capacitances 
often are several hundred 

The 45°X cut rochelle salt is 
much better from the standpoint 
of output capacitance, a crystal of 
size identical to the above having a 
capacitance of about 170 !Lg. 
However, at normal temperatures 
this material is quite temperature 
sensitive and hence is not entirely 
reliable, particularly in the case of 
a calibrated measuring device. Ba-
rium titanate, on the other hand, 
normally has a Curie temperature 
in the neighborhood of 120°C, and 
below 100°C this material is not 
temperature dependent. 

However in using pressure gages 
the operating frequency should not 
be so high that spurious resonances 
are set up along the larger dimen-
sions of the piezoelectric element. 
Furthermore, because equal pres-
sure upon all faces ( i.e., hydrostatic 
pressure) reduces the sensitivity by 
a factor of approximately 20, care 
should be taken to isolate the edges 
of the element from the medium in 
which the pressure is measured. 

4. 

• 

TELE • TECH • May, 1949 



Such gages can, of course, be used 
to measure explosion pressures as 
well as rms values of alternating 
pressures. Our company has been 
in limited production of pressure 
gages for approximately two years. 

Part II/ will appear in the June 
issue. 
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Noise Figures 
(Continued from page 42) 

for the next stage is important. As-
sume that R, = R, = 5000 ohms and 
that the 6J4, a tube designed for 
this application, is used. The input 
impedance of the cathode circuit is 
(R. + R,)/(p.-1-1) = 180 ohms. For 
a minimum noise figure, taking 
R., = 200 ohms, R. = 980 ohms. 
The antenna which then has a 
source impedance of 980 ohms sees 
a load of slightly less than 180 ohms. 
The voltage gain from cathode to 
plate is (p. + 1 )RL/R, RL = 28 
(ratio). The net gain from antenna 
to plate is then only 4.4. If it is 
possible to increase RL, the ground-
ed-grid circuit becomes more useful 
because a higher value of RL in-
creases both the input impedance 
and the voltage gain. 
The grounded cathode and Wall-

man circuits require additional cir-
cuit components when used with 
triode tubes as mentioned above. 
However, they appear to be capable 
of giving the best possible perform-
ance under difficult conditions. 

Expressions have been derived 
for the noise figures of certain am-
plifiers that are useful as receiver 
input circuits. The conditions for 
minimum noise figure have been 
obtained. It has been shown that 
the ordinary pentode amplifier is 
satisfactory for low frequency, nar-
row band applications, and that the 
triode amplifier used with special 
circuits is desirable for high fre-
quency, wide band use. 
The writer wishes to thank Mr. 

R. E. Burgess of the National Phys-
ical Laboratory, Teddington, Mid-
dlesex, England, for his very help-
ful suggestions made during the 
preparation of this paper. 

"This Phenolite Part is the 
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A material with very high insulation resistance under all atmospheric con-
ditions— with good mechanical strength and ready machinability. Phenolite, 
laminated plastic, with all these qualities, plus— was the perfect answer. 

In your development of efficient, economical 

products, it pays to investigate 

ENOLITE, 
Laminat.ed PLASTIC 
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FIBRE 

About one-half the weight of aluminum, 
possesses an unusual combination of proper-
ties—a good electrical insulator, great me-
chanical strength, high resistance to moisture; 
ready machinability. Sheets, Rods, Tubes, 
Special Shapes. 

A tough, horn-like material with high dielec-
tric and mechanical strength. Excellent 
machinability and forming qualities, great 
resistance to wear and abrasion, long life, 
light weight. Sheets, Rods, Tubes, Special 
Shapes. 
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TELEVISION STUDIO LIGHTING 
(Continued from page 25) 

actually ultraviolet radiation is in-
visible to the eye and blue is seen 
as a low brightness color. When 
tungsten filament lamps are used, 
excessive response will be obtained 
not only in the red, ( Fig. 2) due to 
the abundance of red light radi-
ated by the lamp, but also in the 
blue due to the high sensitivity of 
the camera tube to even moderate 
amounts of blue light. This camera 
tube characteristic results in the 

appearance of both blues and reds 
on the viewing screen as light 
shades of grey, when actually the 
eye sees them as very dark colors 
and the yellow-greens as the 
brightest colors. Fluorescent lamps, 
particularly the 4500° and 3500° 
white lamps (Figs. 3 and 4) used 
in studios, result in a camera tube 
response to the reds and oranges 
which closely approximates that of 
the average eye because these lamps 

THE LOCK- CAP ASSEMBLY 

an Exclusive 
LITTELFUSE Feature 

Provides increased protection by actually 

bonding together the glass tube ( D), 
the fuse element ( C), and the caps ( B) to 

form, in effect, a single unit. 

The formed ends of the glass tube ( D) 

are bound to the caps with a measured 

mass of solder ( A) providing a 

permanent twist- proof bond. No cements 

are used! This patented Littelfuse 

construction assures added resistance to 

vibration and to temperature and 

climatic changes, the most common 

causes of failure in glass-enclosed fuses. 

II 
Amy 

Ar 
ar ar 

,re 
Jr. Try to twist cap of Littelfuse Lock-
», Cap Assembly with gas pliers— 

./ glass tube may shatter, but cap 

remains firmly attached. 

 o 

LITTELFUSE INCORPORATED 
4783N Ravenswood Ave., Chicago 40, Illinois 

emit much less red light than fila-
ment lamps. Like all fluorescent 
lamps, however, they emit more 
ultraviolet and blue light than is 
needed for good color rendering. 
Such characteristics are easily cor-
rected by the same methods pho-
tographers employ. All that is 
needed is a filter at the camera lens 
to suppress the undesired colors. 
To eliminate the ultraviolet and 

to correct excessive response at the 
blue end of the spectrum with all 
light sources, a filter such as the 
Wratten #7 or #8 should be used, 
while a Corning #9788 filter is ef-
fective for reducing excessive re-
sponse to reds. They may be used 
singly or in combination. Since, by 
their name, filters are subtractive in 
their operation, these two used in 
combination reduce the output 
signal by about 60%, making it 
desirable to use studio lighting 
levels of about 200 to 300 foot-
candles. If economics dictate that 
only one filter can be employed, the 
red corrector, the 9788, should be 
selected. This passes 75% of the 
available energy and causes a 
marked improvement in the ap-
pearance of skin tones, hair, and 
lips and by reducing the frequent 
"5 o'clock shadow". With this filter 
only, it should be remembered that 
blues will appear as light shades of 
gray and in an attempt to control 
the brightness ratio, blue and ultra-
violet reflecting materials should be 
used with caution. 

Absence of Infra-Red 

In addition to good tonal render-
ing of greens, yellows and reds, 
fluorescent lamps produce less 
sensation of heat to the actors than 
do tungsten lamps of comparable 
wattage. This is due to the absence 
of short-wave infrared radiation 
which predominates in the output 
from an incandescent filament lamp. 
Such short-wave infrared can be 
removed by the air-conditioning 
system only after it has been ab-
sorbed by some object and re-
radiated as long-wave infrared. 
The high luminous efficiency and 

the greater response of the camera 
tube to fluorescent light results in 
a fourfold gain in camera tube re-
sponse over filament lamps of equal 
wattage. Thus it is desirable to em-
ploy as many fluorescent lamps as 
possible when designing a studio 
lighting installation. The slimline 
types of fluorescent sources are long 
and slender, and when they are 
used in trough reflectors the light 
may be controlled as desired in a 
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direction perpendicular to the lamp 
axis while spread broadly in a di-
rection parallel to the lamp axis. 
These lamps should, therefore, be 
mounted horizontally so that a 
maximum amount of available light 
is directed into the set. 
The low source brightness results 

in minimum glare, but makes it 
necessary to employ banks of lamps 
to obtain desired lighting levels. A 
six-lamp bank of fluorescent lamps 
consuming 300 watts will produce a 
maximum amount of light which is 
twice as effective as that from a 
150-watt R40 reflector spot lamp. 
Of course, the fluorescent bank 
larger in size. However, it will 
illuminate a larger area and pro-
vide a shadowless type of light-
ing that is extremely desirable for 
basic flood illumination — building 
up the signal-to-noise ratio. Fluo-
rescent lamps are also useful in 
scenery lighting where the units 
can be suspended above and slight-
ly in front of the flats so that they 
will be flooded evenly with light. 
The instant-start characteristic of 
the slimline types is an added ad-
vantage because the lamps may be 
turned on and off as required. 

Filament Light Sources 

Filament light sources also fill a 
basic need in studio lighting. The 
small source size combined with 
high brightness makes it possible to 
control the light precisely as de-
sired. As a result, the lamps are 
preferred as modeling and back-
lights, giving the effect of lights, 
giving the effect of depth, and a 
more two-dimensional picture on 
the viewing tube. In fixtures of 
proper design they may also be 
used for floodlighting, and occupy 
less space than a fluorescent bank, 
although the light does not quite 
equal the shadow-free result pro-
vided by banks of fluorescent lamps. 
The installation of light sources • 

requires careful consideration of 
the present and foreseeable future 
programming. Continuous studio 
presentations require more lighting 
equipment than programs that al-
ternate with films or remote pick-
ups. Shows that include a number 
of small sets have to be carefully 
lighted so that spill light from an 
adjoining set does not destroy the 
desired mood. In any type of pre-
sentation, lighting close to the set 
limits the motion of the actors and, 
if mounted high, provides too much 
top light. Floodlights should be 
mounted just high enough to allow 

(Please turn to next page) 
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11-1 
WtBSTER ELECTRIC 

l'eallieride TONE ARMS 
That Meet the Requirements of 

331/3, 45 and 78 RPM Records 

____ /Nato% 
‘evurile' 

lit-re is a new lightweight arm for playing 
33%, 45 and 78 RPM records. Cartridge 
rotates 180° to present the proper needle for 
standard or long-playing records, and locks 
in position. Tracking pressure is 7 grains 
in either position. 
The illustration shows method of turning 
cart ridge. 

SPECIFICATIONS 
APPLICATION: 33'/3, 45 
and 78 RPM record 
players 

NEEDLE Replaceable os-
mium-tipped. Single set-
screw releases both needles 

TRACKING PRESSURE: 7 
grams on both needles 

ARM CONSTRUCTION: 
Aluminum die-cast. Spring 
counterbalanced for 7 
grams pressure 

CARTRIDGE CONSTRUC-
TION: Stamped aluminum 
half shells with front bracket 
extending through front of 
pick-up arm to permit ro-
tating the cartridge 

TERMINALS: Pin type, 
grounded or ungrounded 

OUTPUT: 1 volt, 1000 cps 

The Model T1C7 is a high-voltage, low-
cost tone arm developed especially for sin-
le-play record players. It is streamlined 

in design and attractively finished. The 
rigid steel construction eliminates torque 
and resonance problems. 

SPECIFICATIONS 
APPLICATION: 78 RPM 

record players 
TRACKING PRESSURE: 11/4  

pg, minimum 
OUTPUT: 3 volts, 1000 cps 
ARM CONSTRUCTION: 
Stamped steel housing. Tin-
nerman Fastening 

COLOR: Antique copper 
tone 

NEEDLE: Any standard type 
LEAD WIRES: Plastic-cov-
ered-20 in. 

This new tone arm of stamped aluminum, 
with an over-all length of 5W, is ideally 
suited for use on player units designed for 
playing the new 7" records, either 33% or 
45 RPM. It incorporates the model A-1 
miniature cartridge exerting a tracking 
pressure of only 7 grams without use of 
spring CÓL111 terbalatice. 

SPECIFICATIONS 
APPLICATIONS: 7" record-

ings ( 33'/3 or 45 RPM) 
ARM CONSTRUCTION: 
Stamped aluminum 

COLOR: Optional 
CARTRIDGE CONSTRUC-
TION: Bakelite half shells 

TERMINALS: Pin type 
NEEDLES: Replaceable, os-

mium- or sapphire-tipped. 
LEADS: Optional 
TRACKING PRESSURE: 7 

grams 
OUTPUT: 1 volt, 1000 cps. 

WEBSTER 
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RACINE WISCONSIN 

EAtaoligned 
Export Dept. 13 E. 40th Street, New York ( 16), N. Y. Coble Address "ARLAB" New York ory 

"Where Quality is a Responsibility and Fair Dealing an Obligation" 
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1°11 eitS°R of OVER 1000 S11ES 

Ins1de eters 
Per%m troop, 

.592" to 19•°" 
Convenient. Helpful. lists 
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All Sizes in 

Square and Rectangular Tubes 

Leading manufacturers rely on the quality 
and exactness of PARAMOUNT paper 
tubes for coil forms and other uses. Here 
you have the advantage of long, specialized 
experience in producing the exact shapes 
and sizes for a great many applications. 
Hi- Dielectric, Hi-Strength. Kraft, Fish 
Paper, Red Rope, or any combination. 
Wound on automatic machines. Toler-
ances plus or minus .002". Made to your 
specifications or engineered for YOU. 

• 

PARAMOUNT PAPER TUBE CORP. ; 
617 LAFAYETTE st, FORT WAYNE 2, IND. 

• Manufacturer., o.1 Paper Tubing for the I It< 

A DOUBLE NEEDLE 
PICKUP CARTRIDGE 
WITH TOP QUALITY PERFORM-
ANCE CHARACTERISTICS - - • pi__ a THE MOST CONVENIENT 
We NEEDLE REPLACEMENT 

ARRANGEMENT THAT HAS BEEN 
DEVISED 

THE ASIATIC LQD TURNOVER 
TYPE CRYSTAL CARTRIDGE 

A. gentle pry with penknife or screw-driver, and ONE needle cornes out 
of the Astatic LQD Double-Needle Car-
tridge when replacement is necessary . . . without disturbing the 
other needle, without removing cartridge from tone arm, without 
so much as the turn of a screw or use of other tools. Gentle pres-
sure with the tip of a knife blade snaps the new needle into place. 
Astatic type "Q" Needle, with three mil tip-radius. and "Q-33," 
with one mil tip-radius, are employed . . . established types which 
have been on the market for some time and are readily available. The rela-
tively high vertical and lateral compliance of this needle design affords 
appreciable reduction in needle talk, contributing greatly to the new cartridge's 
high standard of reproduction. 

Listening tests by prospective users have prompted such comments as: 
"Unquestionably the best we've heard." You are urged to make your own com-
parisons, note the excellent frequency response particularly at low frequencies, 
judge for yourself the performance qualities and convenient utility of the Astatic 
LQD Double-Needle Cartridge. Available with or without needle guards. 
Write for additional details. 

v-

Needle 

Needle 

THE ASTATIC CORPORATION, Conneaut, Ohio 
In t nnrulii: Cannilinti Torontn. ( Int. 

 S Asiatic* Crystal Devices manolortored 2  
(- tender Brush Development Co. patents 

TV Studio Lighting 
(Continued from preceding page) 

free passage of the operating staff 
and equipment. Modeling lights may 
be mounted slightly higher, while of 
course backlights should be high 
and to the rear of the subject, to 
provide a rim of light as seen from 
the camera positions. The point to 
be remembered is that the camera 
"sees" vertical surfaces and these 
areas must therefore be illuminated. 
Lighting equipment mounted high 
overhead builds up the horizontal 
surface footcandles primarily, and 
the vertical surface illumination 
only incidentally. The emphasis in 
most cases should be reversed. 

Control From Single Location 

For maximum operating economy 
and efficiency, all lights should be 
remotely controlled from a single 
location, preferably from the control 
room where the lighting man has a 
view of the pictures on all cameras. 
Besides power switches, controls 
should be provided to direct the 
lights toward any desired area of 
the studio. Elevation controls are 
needed and, ideally, the mounting 
height of the flood and modeling 

MEASURE ALL 

3.e 
* FLUTTER 

* wow 

* DRIFT 

New, Sensitive 

FLUTTER METER 
First Aid for the sound engineer, — the 

ACA Flutter Meter! Accurate, sensitive in-
strument designed for rapid visual indication 
of flutter, wow, and drift content of discs 
(all speeds), sound film mechanisms, film 
recorders, and magnetic wire and tape re-
corders. 

Three distinct and simultaneous readings 
may be made of flutter, wow, and drift. 
Large, sensitive 4" meter has three scales: 
0.3%, 1.0%, and 3.0%, calibrated for flutter, 
wow, and drift readings. Accuracy within 
2% of full scale value, independent of wave-
form, amplitude variation, hum, noise, etc. 

Flutter Meter complies with tentative 
standards set by Society of Motion Picture 
Engineers. Recommended for schools, labs, 
broadcast stations, recording equipment 
manufacturers, and studios. 

WRITE FOR COMPLETE DESCRIPTION: 

AMPLIFIER CORP. OF AMERICA 
398-26 Broadway, New York 13, N. Y. 
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fixtures should be adjustable in 
order to insure the proper source 
location for each type of program. 
Such an adjustment makes cleaning 
and relamping of the fixture easy 
and reduces the need of the step 
ladder, which is now a prominent 
piece of studio equipment. 
The control position may quite 

properly include dimmers on the 
filament lamps ( fluorescent lamps 
are not usually dimmed) to facili-
tate the creation of the desired 
mood. It must be remembered that 
as the voltage is decreased on a 
filament lamp, the color quality as 
well as the quantity of light changes. 
The shift in color occurs towards 
the red and emphasizes the im-
portance of the red-correcting filter 
previously described. 

Thus, the procurement of a good 
lighting system and the availability 
of personnel skilled in its operation 
is essential if the full value of the 
television equipment is to be real-
ized. It should also be remembered 
that proper camera adjustment is 
necessary to gain the benefits of 
any lighting system, and that good 
lighting is a necessary tool in 
achieving the full dramatic possi-
bilities of television. 

MOBILE PICKUP FOR BROADCAST REMOTES 25 YEARS AGO: 

The 50-watt broadcast transmitter carried on the first car was assigned call-letters WGMU 
and operated on 63 meters. It was used as a remote pickup for the old Grebe station WAHG, 
in Richmond Hill, L. I., N. Y. Also designed by Ralph R. Batcher, author of the nostalgic 
article on preceding pages, was the receiving installation on Batcher's own car, second in 
the line, which used as antenna a four-turn loop surrounding the car. 

WCFM Owned hy Listener 

Owned and operated by 40,000 resi-
dents of Washington, D. C., WCFM is 
the first frequency-modulated, listener-
owned station in the United States and 
it may become the key station in a 
proposed nationwide network having 
similar progressive characteristics and 
structure. The new station which was 
conceived under the auspices of the 
Cooperative Broadcasting Association 

maintains complete commercial fa-
cilities. 
WCFM operates at 99.5 MC and its 

transmitter site is a five and one-half 
acre plot on a hilltop, 485 ft. above 
average terrain and 800 ft. above sea 
level, at West Falls Church, Va. Wash-
ington and the area within an 80 mile 
radius are served by WCFM's 3-KW 
transmitter and high-gain 8-element 
square loop antenna, manufactured by 
Federal Telephone 8r Radio Corp., Clif-
ton, N. J. 

NEW: HIGH VOLTAGE—HIGH FREQUENCY 

NILOPOITYST 

30,000 VOLT TELEVISION VACUUM TUBE VOLT-
METER-OHMMETER ( INCLUDING A 

HIGH-FREQUENCY PROBE) 
The KILOVOLTYST has an improved bridge 
amplifier circuit meter individually calibrated for 
Oie wilh set of test leads, DC leads, R.F. probe 
and batteries. High voltage test leads provided. 
FEATURES! 
1—Resisaance multiplier block is completely shock-

proof and will safely withstand 50,000 Volts. 
2—Resistance block has a potential difference of 

only 5,000 Volts between decks; insulation be-
tween decks will safely stand 20,000 Volts. 

3—Hi-Voltage Jacks designed for maximum safety. 
4—New and improved high frequency signal trac-

ing probe. 
5-7 inch meter. tilted for easy reading, permits 

standing away from Instrument while making 
high voltage tests. 

6—Indirect illumination of meter dial. 
7—Meter recessed in cabinet to provide full pro-

tection from accidental damage. 
8—Cabinet designed to conserve bench space. 
Is supplied in individual copper-colored steel case 
—12" long x 6" deep x 9" high. Shipping weight 
—15 lbs. complete. 110-120 Volts-50-60 cycles. 

LIST PRICE $150.00 INCLUDING PROBE 

FOR VISUAL DYNAMIC SIGNAL TRACING 

VACUUM TOE POITMETER-011MMETER 
Enables laboratory engineers and radio service technicians to measure 
every voltage required in the design laboratory and radio servicing. 

EDIPROBE — THE PENCIL THIN R.F. PROBE 

The VTVM is sup-

plied in individual 

black steel cases, 

9 5/16" high. 6" 

wide. 43/4 " deep. 

Shipping 

weight 10.,a 

bs. complete. 

110-120 Volts, 

50-60 cycles. 

LIST PRICE $52.50 

FEATURES of the VTVM 
1. D.C. Ranges: 0 to 2-10-30-100-300 and 1,000 

volts. All ranges have a constant input re-
sIstanie of 11,000,000 obras. Accuracy 391 , . 

2. A.C. Ranges: 0 to 10-30-100-300 and 1,000 
volts. Sensitivity: 1,000 ohms per volt. Ac-
curacy -. 

3. Ohmmeter Ranges: 0-1,000 ohms, 0-10.000 
ohms, 0-100,000 ohms. 0-1 meghom, 0-10 
meghoms, and 0-1,000 meghoms. 

4. R. F. Voltage Ranges: 0 3-10 30-50. 50 Volts 
to be measured on 100 Volt range ( using the 
Ediprobe.) 

5. Improved bridge amplifier circuit. Bridge 
Amplifier (1.rcuit Meter individually cali-
brated for use with set of test leads, D.C. 
probe and batteries. 

FEATURES: 

1. Smallest R.F. probe made, 
.-"* . 2" diameter a 41/2 " long, 

low loss latoitex. 

2. Standard phone plug will fit Into D.C. Jack of 
VTVM. 

3. Frequency range 60 Cycles to over 100 Mega-
cycles. 

4. R.F. Voltage ranges 0 3-10-30-50, 50 Volts to be 
measured on 100 Volt range. 

5. Effective circuit loading: 3 mmf. and 1 meghom. 

6. Can be used as an output meter. 

7. Can be used for measuring decibels. 

O. Tests condensers for open circuit. 

LIST PRICE $7.00 

COILS • COILS • COILS 
MADE TO YOUR SPECIFICATIONS 

WE MANUFACTURE HIGHEST QUALITY 

COILS AT COMPETITIVE PRICES FOR 

THE TRADE EXCIIISIVELY. OUR CONS 

ARE USED BY THE COUNTRY'S FORE-

MOST RADIO AND TELEVISION MANU-

FACTURERS. TAKE ADVANTAGE OF OUR 

LABORATORY AND ENGINEERING FA-

CILITIES — SEND US YOUR PRINTS OR 

COILS FOR QUOTATIONS AND SAMPLES. 

EIECTRONIC DESIGNS, INC., IRVINGTON, NEW MORN 
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UHF ege ERfrict 
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LAVOIE LABORATORIES offer you • unique 
service in that we specialize in the development, 

design and production of U.H.F. equipment. 

Our Engineering Department as well as our 
shops and shop methods, are geared to UHF. 
production, assuring CORRECT design, PRECI-

SION work and LOW UNIT cost. 

We are prepared to collaborate on every pima 
of U.H.F. work—in the confidential development 
of new ideas or the re- design of old products. 

A few, typical, completely- developed LAVOIE 

products are listed at the right. 

If you will addres• us on your letterhead, wa 
shall be glad to send you • resume of LAVOIE 
U. H. F. facilities. 

tAC 
31SC. 

SO 
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3 

cWievieZal,orateried, 
RADIO [NCI CCCCC AND NANURACTORCOS 

MORGANVILLE. N. J. 

TRA NSMITTERS 

RECEIVERS 

TEST EQUIPMENT 

OSCILLOSCOPES 

ELECrROMYOGftsplis 

PULSE GENERATORS 

RADAR RECEIVERS 

UHF RADIO SETS 

SIGNAL GENERATORS 

IVIIvEsETERS 

NARAIONIC GENERATORS 
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NEWARK CATALOG 
20,000 Items including everything in STAND-
ARD BRAND equipment! 148 pages packed 
with pictures, charts, and vital information! 

KITS! SETS! PARTS! ACCESSORIES! 
No matter how tiny the part, how tremendous the 
System it's listed in this mammoth catalog... 
the one easy, satisfactory way to always get top. 
performing, top- value equipment! The most com-
plete essential reference book for pros, hams, 
hobbyists, novices, oldtimers...anyone, everyone 
interested in TV, radio and sound equipment! 

24-NR. MAIL SERVICE • ONE YEAR TO PAY 

3 GREAT STORES! Uptown at 115 West 45th Street 
and Downtown at 212 Fulton Street in NEW YORK 
323 Welt Madison Street in the heart of CHICAGO 
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MAIL COIPOM TODAY 

I Dept- U. Please send FREE Newark Catalog to: 
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Newark Electric Co. 

242 W. 55th St., NYC 

L,CITY  STATE  

ELECTRON TUBE 
MACHINERY OF 
ALL TYPES 

STANDARD 
AND SPECIAL 
DESIGN 

We specialize in Equipment and 
Methods for the Manufacture of 

¡
RADIO TUBE-S 
CATHODE RAY TUBES 
FLUORESCENT LAMPS 
INCANDESCENT LAMPS 
NEON TUBES 
¡PHOTO CELLS 
IX- RAY TUBES 
,GLASS PRODUCTS 

Production or 
Laboratory Basis 

Manufacturers contemplating 
New Plants or Plant Changes 
are invited to consult with us 

KAHLE 
ENGINEERING COMPANY 

1313 SEVENTH STREET 
NORTH BERGEN, NEW JERSEY, U. S. A. 

N ideo Recording 

(Continued from page 33) 

sufficient metering to permit re-
peatable tube operating Conditions. 
A measure of actual tube brightness 
in the same spectral region as the 
film sensitivity would be most use-
ful. In practice, however, a reading 
of the average beam current and 
anode potential seems adequate. 
Contrast can be indicated by a video 
waveform monitor; however, a 
measure of the actual maximum 
and minimum brightness would be 
more desirable. This might be done 
by using a phototube, the output of 
which is amplified and presented 
either as a peak to peak voltage 
reading or as an oscilloscope trace.' 
Considerable work remains to be 
done in correlating cathode ray tube 
operating conditions to the photo-
graphic results obtained. This is 
perhaps the most fertile field for 
improving the overall quality of 
video recording. The possibility of 
improving tone value reproduction 
by using non-linear or so called 
gamma correcting amplifiers in the 
monitor also needs investigation. 
With flat face tubes, focus modula-
tion might be useful to give maxi-
mum electronic focus over the en-
tire picture. 
The basic systems of video re-

cording may be classified as either 
single system or double system re-
cording. Single system recording 
means that both picture and sound 
are recorded simultaneously on the 
same strip of film. Double system 
recording means that the picture 
and sound are recorded on separate 
film strips which are later printed 
on a single filin strip to yield a 
composite print. Single system re-
cording halves the film required 
and also reduces the amount of 
processing to be done. Cutting and 
editing the original film is very 
much complicated in single system 
work because the sound associated 
with a given picture frame is of 
necessity recorded some distance 
away from that frame. In 16-mm. 
film the standard procedure is for 
the sound to be 26 frames ahead of 
the picture. Another great handicap 
of single system recording is the 
compromise between picture and 
sound requirements which is neces-
sary in choosing processing condi-
tions. Double system recording is 
almost universal practice in the 
motion picture industry. The sepa-
rate operations permit selection of 
film and processing to give optimum 
quality of picture and sound and 
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also the original picture and sound 
negative can be readily cut and 
edited. 
Video recording may also be 

classified as a negative-positive 
system or as a direct positive sys-
tem. The negative-positive system 
utilizes a normal positive image on 
the monitor tube and the film ex-
posed in the camera is developed 
to a negative image. Sound should 
be recorded as a negative also, 
either single or double system. The 
picture and sound negatives are 
printed on a suitable film to yield 
a composite positive print for pro-
jection. This method is desirable 
when a large number of prints is 
required. In general, the negative-
positive double system process will 
yield the best quality product. The 
direct positive system utilizes a 
negative image on the monitor tube 
and the film exposed in the camera 
is developed to a positive image. 
The sound may be recorded as a 
direct positive also for single sys-
tem work, or as a negative in double 
system work. 

Part II will appear in the June 
issue. 

SMPE Will Vote on 
Adding TV to Name 

Because of the close and fast grow-
ing relationships between motion pic-
ture and television engineering, mem-
bers of the Society of Motion Picture 
Engineers have been asked to consider 
changing their name to the Society of 
Motion Picture and Television Engi-
neers. This announcement was made 
by Earl I. Sponable, president of 
SMPE, at the 65th semiannual conven-
tion in the Hotel Statler, New York 
City, last month, and the question will 
be discussed at the next semiannual 
convention, Oct. 10-14, in the Holly-
wood-Roosevelt Hotel, Hollywood, Cal. 
Two days of the five-day N. Y. con-

vention were devoted to presentation 
of papers covering the various techni-
cal and business phases in making mo-
tion pictures for television. From a 
technical standpoint, current television 
broadcast operations favor the use of 
16-mm recording and projection equip-
ment which heretofor has largely been 
confined to amateur applications. 
Here however, cost considerations have 
precluded the achievement of commer-
cial quality in the final product. 

Dr. Allan B. Dumont, as guest 
speaker at the opening luncheon, dis-
cussed the relation of Motion Pictures 
to television. He pointed out that large 
screen theater television could be used 
to supplement theater fare in the near 
future because television systems will 
be developed to produce theatre pro-
gramming the equal of the finest 
35-mm movies. In discussing tele-
vision and films further, Dr. Dumont 
also mentioned that present day high 
rental costs and comparative quality 
of films available made "live" pro-
grams cheaper than film for television 
networks. 

Incorporating completely new design fea-
tures — such as continuously variable 
resolution and variable scanning rates— 
the SB-8 and SA-8 enable highly detailed 
analysis of signals extremely close in 
frequency, yet offer all the time saving 
advantages of wide scan Panoramic dis-
plays. 

Three types of instruments, available in 
both models, having maximum scanning 
widths of 200 KC, 1 MC and 10 MC, 
can respectively resolve signals sepa-
rated by as little as 200 cps, 750 cps and 
15 KC. 

Special applications include monitoring 
narrow blocks of CW and AM signals 
. . . analyzing AM and FM side bands 
produced by low audio frequencies . . . 
checking interference caused by splatter, 
spurious modulation, parasitics etc. . . . 
testing diathermy and industrial RF units 
. . . or wherever maximum signal resolu-
tion is a must. 

Another new feature — long persistence 
displays on a 5" C-R tube — facilitates 
rapid investigation of pulsed RF signals 
with low p.r.f's. 
• • 

KENYON 

Announcing... 

PANALYZOR 
MODEL SB-8 

PANADAPTOR 

For 

MODEL SA-8 

Use Wherever Maximum 

Signal Resolution 

Is A "Must" 

• 

Write now for complete information, 
price and delivery. 

ANOIIAMI 
RADIO 

10 So Second Are. 
Mount Yemen. N Y. 

CORP 
Cable Address 

PANORAMIC, NEW YORK 
Extl.tve Conodian R,p,esenIo,.e Conod.on Marcum Lid 

Fits Your 

Production To A "T" 
Ku n vo n "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! 

Ki nvon 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. 
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INSTANTANEOUS AUDIENCE MEASUREMENT 
(Continued from page 39) 

Fig. 6: Diagram showing the connections of equipment items used in relaying 

pulse count information from system's receiving point to graphical recorder 

of ELECTRO -MAGNETIC CONTROL 

SERIES 220 RELAY 

This small relay is capable of 
handling 20 amps at 220 v., the 
leader in its size and price field 
for inexpensive, compact, heavy 
current control. A very widely 
used small relay for industrial 
control such as welding machines, 
x-ray, motor starters, etc. 

Write—tell ut your control problem. 
Get specific recommendations. 

GUARDIAN 

SERIES "R" STEPPER 

Used for cycle control requiring continuous 
sequence repetitive operations; to remotely 
select and control multiple circuits; can be 
furnished to rotate continuously, reset 
automatically or to pulse both clockwise 
and counter clockwise on the some unit 
with up to 100 contacts on a disc. 

When the UHF pulses arrive at 
the system pick-up point, they are 
passed through a clipper and lim-
iter to regulate their amplitude and 
shape before they enter the binary 
counter ( Fig. 6). The counter is 
re-set every 2.5-min. by a synchro-
nously driven cam-switch to permit 
the pulse count from the succeeding 
information time segment to be 
taken. Another set of contacts on 
the same cam-switch operates the 
audio gate and prevents the passage 
of code pulses to the telephone line 
during the re-set Interval. 

Since the received pulses have a 
duration of approximately 2 1.1.sec. 
and arrive in random sequence dur-
ing the 2.5-sec. interval, it is obvi-
ous that the probability of á false 
count, due to overlapping of the 
pulses themselves, or the inter-
mingling of sequential pulse trains, 
is extremely small. Further, it is 
apparent that a much larger audi-
ence could be measured within the 
limits of the capabilities of the 
binary counter and its associated 
circuits. 
By means of a 1000 cycle audio 

oscillator and an audio gate the 
count is converted into coded pulses 
which can then be transmitted by 
telephone line to the IAMS record-

Safer, Enduring Support! PLUS • . . 
. . . exclusive advantages — no shorts! no corrosion! 
no tearing! Safer, lighter, structurally stable. C.P.C. 
742 Clamps — new, permanent support for wiring, tubing. 
WPB approved for lead-ins. Write, wire or phone for 
samples, prices and CIRCULAR 459 today. Sizes 's" 
cable dia. to 3". 

Complete stock SARAN TUBING and Fittings ''8" to 3/4" 
SARAN PIPE ' z" to 4" — SARAN Pipe FITTINGS ' a" to 2". 

ELECTRIC COMMERCIAL PLASTICS CO. 
1607-F W. WALNUT STREET CHICAGO 12, ILLINOIS MERCHANDISE MART • CHICAGO 54 

COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY 
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No. 2 142 

ing center. There they are filtered to 
remove the line noise, and passed 
through an amplifier to counteract 
attenuation introduced by the line. 
Again, synchronous motors and a 
commutator are employed to dis-
tribute the amplifier output to a 
bank of relays in correct sequence. 
The relays, in turn, serve to vary 
the resistance elements in the arms 
of a bridge circuit. The changes in 
voltage thus produced are intro-
duced into a balance amplifier 
whose output determines the move-
ments of the balance motor. The 
latter, in re-positioning the moving 
contact on the slide wire bridge to 
balance, moves the graphical re-
cording pen in accordance with the 
intelligence imposed on the relay 
bridge. A permanent record of the 
pulse group counted is placed on 
the graph in this manner. 
As was the case in the coder unit, 

a cam switch driven by the 24 RPM 
synchronous motor re-sets the relay 
bank every 2.5-sec. to prepare the 
bridge to receive the next informa-
tion segment count. Resistance tol-
erances in this section are held to 
an extremely narrow range since 
they directly affect the overall ac-
curacy of the graphical record. In 
the present model the recording 

instrument is so arranged that in-
formation from all three main sub-
divisions is plotted on the same 
graph. 

Since the frequencies employed 
by the system are in the vicinity of 
500 MC, its response area is subject 
to roughly the same limitations as 
those which apply to FM and TV 
broadcasting. The average sized 
metropolitan district can be covered 
easily while reporting from outly-
ing suburban and rural sets can be 
facilitated by the use of corner re-
flectors, careful placing of the UHF 
dipole, and other familiar methods. 
A peak power output in excess of 
1 KW can also be obtained from the 
lighthouse tube although this hard-
ly appears necessary. Insofar as the 
interrogation pulse is concerned, its 
coverage is limited only by the 
strength of the AM signal into 
which it is mixed. Even in locations 
where man-made electrical inter-
ference is very high, it has been 
found that the transceiver is capable 
of normal operation. 
Audience measurement carried 

out by means of a network of JAMS 
installations, with each sub-unit 
controlled by the master interroga-
tion pulse of a powerful clear 
channel AM station, could conceiv-

letelteaded % Waal« 

BETTER CONNECTIONS 

JONES BARRIER 
TERMINAL STRIPS 
Leakage path is increased— direct shorts from frayed 

terminal wires prevented by bakelite barriers placed 

between terminals. Binder screws and terminals brass, 

nickel- plated. Insulation, black molded bakelite. Finest 

construction. Add much to equipment's effect. 

Jones Means Proven Quality 

é 

N. 2 142 No. 2 142 Y 

•-,fre 

Illustrated: Screw Terminals— Screw and Solder Terminals — 

Screw Terminal above Panel with Solder Terminal below. Every 

type of connection. 

Six series neet every requirement: No. 140, 5-40 screws; 

No. 141, 6-32 screws; No. 142, 8 32 screws; No. 150, 10-32 

screws; No. 151, 12-32 screws; No. 152, 1/4-28 screws. 

Catalog No. 16 lists complete line of Barrier Strips, and other 

Jones Electrical Connecting Devices. Send for your copy. 

HOWARD B. JONES DIVISION 
Cinch Mfg. Corp. 

2460 W. GEORGE ST. • CHICAGO 18, ILL. 
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ably survey the entire area being 
serviced. Applied to the coverage 
of an entire broadcasting network it 
could become an awe-inspiring eco-
nomic and sociological force. A hint 
of this was implied in one of the 
models demonstrated before the 
New York Section of the IRE by 
Dr. Goldmark and Messrs. J. Chris-
tenson, A. Bark, J. Wilner and 
A. Goldberg, where a "vote" switch 
was incorporated to permit the lis-
tener to vote "yes" or "no" in an-
swer to questions broadcast verbal-
ly. It will be interesting to see the 
final form assumed by IAMS after 
it has come into general usage since 
it shows every indication of becom-
ing a potent force in the industry. 

Measurement Corp. Re-elects 

At the annual stockholders' meeting 
of Measurements Corporation, Boon-
ton, N. J., the following officers were 
reelected: John M. van Beuren, Con-
vent, N. J., chairman of the board; 
Harry W. Houck, Mt. Lakes, N. J., 
president; Jerry B. Minter, Boonton, 
N. J., vice-president; Robert Meyer, 
Tenafly, N. J., secretary-treasurer and 
Nelson C. Doland, Sr. of Boonton, 
N. J., assistant secretary. 
Measurements Corporation, founded 

in 1939, produces precision radio and 
television test instruments. 

3 WAYS TO 

MAKE BETTER COILS — 

Which Type DO YOU Need? 

Regardless of which PRECISION 
BOBBIN you choose, it will be the 
lightest, strongest, most efficient base 
for your coils. PRECISION BOB-
BINS are made that way. 

First, the cores are spirally wound and 
heat treated under compression for 
greater strength and less weight. Then, 
the tube ends are swaged, locking the 
vulcanized fibre flanges in place. Finally, 
the entire Bobbin is impregnated to form 
a seal between the tube and the flange 
giving it much better electrical charac-
teristics. 

LET US MAKE UP A SAMPLE FOR YOU. 

PRECISION BOBBINS 

are available in cut; 
round, square. rec-
hineular dielectric 
Kraft, Fish Paper, 
Cellulose Acetate or 
combinations. Write 

Today. 

Also mfrs, of dielectric paper tubes. 

PRECISION PAPER TUBE CO. 
2057 W. CHARLESTON ST., 

Plant No. 2 
79 Chapel St., 

CHICAGO 47, ILL 

Hartford, Conn. 
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THE "LEADERSHIP" PLAN 
(Continued from page 23) 

proportion to the size of his techni-
cal staff. In the former case, the 
engineering staffs of the companies 
could not be increased because 
there were not sufficient engineers. 
In the latter case, if the work 
processed through the plant was re-
duced in proportion to the size of 
the engineering staff, it would not 
have produced the materials in suf-
ficient quantities to meet military 
needs. 

Hazeltine solved this problem in 
a particular way. However, the im-
portant lesson to be learned from 
this examination was that on an in-
dustry-wide scale the United States 
government was completely unpre-
pared for transition from civilian to 
military production, occasioned by 
incorrect design, development and 
planning, and no serious steps had 
been taken to educate manufactur-
ers in the type of equipment re-
quired for military use. 

Hazeltine developed what has 
been termed a unique method of 
supplying services, facilities and 
equipment to the United States 
Government during the war. 

Hazeltine was formed as a pub-
licly-held engineering and patent 

holding organization early in 1924. 
Its patents include some hundreds 
of inventions in the radio and elec-
tronics field. Its engineering facili-
ties include several laboratories in 
New York, Chicago and Los An-
geles, maintained for the purpose of 
creating new electronic inventions 
and to assist its licensees in the 
home radio receiving set field 
(which represent a majority of the 
industry) in their current design, 
development and production prob-
lems. As a result of these two ac-
tivities together, it has become 
thoroughly acquainted with the 
management and technical person-
nel of the entire radio industry, as 
well as being thoroughly informed 
on manufacturing and factory fa-
cilities. 
When the National Emergency 

occurred, Hazeltine felt that there 
were two methods whereby it could 
contribute. One was by construct-
ing new plants and facilities, and 
the other was to utilize already 
existing but unused facilities of the 
electronics industry. The latter plan 
finally was adopted and made effec-
tive, by Hazeltine serving the Gov-
ernment as a prime contractor, 

Proportional Unit— Two proportional and 
one standard AGASTAT combination. 

PROPORTIONAL AGASTAT —Provides time delay pro-
portional to any power failure time up to 15 minutes. 

Custom built to specification. 

Complete data on request. 

AG'A A'G'A A'G'A AG 'A A'G'A 

HUI 
AIRPORT STIPLSONFIE MARI ME 

LIGHTING AGALOY 
LIGHTING "ERECTOR SNAIL TU INC 

•GAST•T 

AMERICAN GAS ACCUMULATOR COMPANY 
1029 Newark Avenue • Elizabeth 3, New Jersey 

undertaking to design and develop 
electronics equipment, provide com-
plete production drawings, compile 
the necessary instruction material, 
handle some or all of the material 
procurement, but to sub-contract 
out to other manufacturers, either 
in whole or in part, equipments that 
were required in very large quan-
tities. This procedure was followed: 
At a conference between Hazel-

tine and the Services the approxi-
mate equipment needs were dis-
cussed and reviewed. Hazeltine then 
would receive a Letter of Intent or 
other authorization that would per-
mit it to carry forward the neces-
sary preliminary examinations. In 
due course, so-called breadboard 
models exemplifying the practica-
bility of the equipment would be 
completed and a further conference 
between Hazeltine and the Services 
would be held. 
As a result of this conference, 

the technical performance of the 
equipment could be sufficiently well 
specified to establish its characteris-
tics. At this time it would be rea-
sonably well known what quantities 
of equipment would be required, 
together with flow rates and deliv-
ery dates. On this information it 
then was possible to establish the 
number and quality of sub-contrac-

For Quality Pictures - 
ZETKA 

121/2" and 15" Tubes 

For rich contrast, freedom from ion stain, long life and 
dependability there is no better tube. Limited quantity 
available now. Write or phone immediately as short-
ages are likely to recur. 

ZETKA TELEVISION TUBES, INC. 
131 Getty Ave., Clifton, N. J. 

Phone PAssaic 2-9095 

Circulars 
on Request 

,,Zekieeref 

Standard Signal Generators 

Pulse Generators 

FM Signal Generators 

Square Wave Generators 

Vacuum Tube Voltmeters 

UHF Field Strength Meters 

Television and FM Test 

Equipment 

Standards Are Only As Reliable As The Reputation Of Their Maker 

CORPORATION 
BOONTON NEW JERSEY 

66 TELE - TECH • May, 1949 



tors that would be needed to par-
ticipate in the final manufacture. 
The necessary manufacturers were 
contacted by both the procuring 
Services and Hazeltine and, if found 
satisfactory, were designated as 
Hazeltine subcontractors. 

At this point, engineers, drafts-
men and tool designers were as-
signed by each sub-contractor to 
report to the Hazeltine plant. This 
skilled personnel then worked in 
close harmony with the Hazeltine 
engineering and designing staff to 
complete work on so-called type 
test models of the equipment. This 
provided additional skilled man 
power, permitted education of engi-
neers from each sub-contractor's 
plant, and permitted designers to 
lay out the equipment in a manner 
most easily produced by the con-
tractors selected. 

Moreover, the practice insured 
that similar types of equipment pro-
duced by several manufacturers 
were identical and their parts inter-
changeable. Prior to the completion 
of type test models, plans for pro-
duction of the equipment were be-
ing carried forward by the staffs of 
the various sub-contractors involved 
so that by the time type test models 
were approved, the sub-contractors 
had procured some or all of their 

The DI-ACRO Rod l'arter further in-
creases the applications of " DIE-LESS 
DUPLICATING" as a cost-cutting, 
time-saving production technique so 
well established by DI-ACRO Preci-
sion Benders, Brakes and Shears. 

Do you require precision 7—DI-ACRO 
Rod Parter holds tolerance to 
.001' on duplicated cuts. The ends are 
square, and roundness is maintained. 

Do you wont speed?— The Rod Parter 
exceeds output of other methods with 
equal accuracy, on rods and bare up to 

Torrington Roller bearings in-
corporated in an exclusive multiple 
leverage arrangement provide remark-
able ease of operation. 
GET " DIE- LESS DUPLICATING" CATALOG! 
Shows parts produced without die expense by DI-AC ILO 
Benders, Brakes, Shears, Rod Pa rters, Notchers, Punches. 

Pr d " DIE-ACK-RO" 

TV PROJECTION UNIT 

Slight modifications of the Protelgram optical unit 
in projection television receivers can result in pic-
tures 3-ft. high and 4-ft. wide when projected on 
conventional home movie screens. Only change 
necessary on a standard unit (one which produces 
a 200 sq. in. picture in units with built-in screens) 
is a conversion of the positioning and optical 
characteristics of the corrector lens. The design 
and the operating potentials of the TV receiver 
remain unchanged. Any chassis which drives the 
Protelgram unit in its present form will operate 
satisfactorily after the corrector lens is installed. 
When the modified receiver is placed 51/2 ft. away 
from a screen, a 24 by 32-in, picture results. 
Moving the receiver to a distance 8 ft. away from 
the screen will produce a picture with dimensions 
of 3 by 4 ft. Protelgram units are manufactured by 
North American Philips Co., Inc., 100 East 42nd St., 
New York 17, N. Y. 

materials and had readied the plants 
for immediate production. 
At this time also, the engineers 

working with Hazeltine were re-
turned to the respective sub-con-

at High Speed se  
c) e  

"PARTS OFF" MANY 
MATERIALS 

All hot and cold 
rolled rods 

Stainless steel 
Chrome Molybdenum 
Copper Brass 
Aluminum Bi-metals 
Many types of plastics 
Fibre Rubber Wood 

Itel:AER  
p-xe 

lie w oe' 348 eth Avenue, LAKE CITY, MINN. 

tractors' plants, and some of the 
Hazeltine engineers were moved to 
the sub-contractors' plants, remain-
ing there throughout the production 
as technical advisors, inspectors, etc. 
The actual contact between the 

procuring Services and the manu-
facturer was only through the me-
dium of Hazeltine. All changes and 
change orders were processed 
through Hazeltine, thus eliminating 
confusion where several companies 
were producing the same item. In 
this way it was possible to select a 
number of companies, depending 
upon the flow of equipment re-
quired, and have the combined 
striking force of an operation much 
larger than that of any single com-
pany, with the flexibility of a rela-
tively small company. 
Some equipments required at the 

rate of several thousand per week 
were produced by several large 
companies, while other equipments 
required at a much lower rate were 
produced by other companies much 
smaller in size. 
When the needs of the Services 

were such as to require quantities 
of equipments in excess of the orig-
inal estimate, it was found practi-
cable in many instances to place 
these orders directly with the for-

(Please turn to next page) 

'HUNTING for a material 
to make your product 

better? 

THE NEW 

SYNTHANE 

7.71) CATALOG 

MAY PROVIDE THE ANSWER 

Planning with plastics is easier when you have the 

Synthane technical plastics catalog. If you're inter-
ested in new ideas and suggestions that may improve your 
product or process you won't want to miss it. 

Pertinent information on grades, sizes, properties 
applications and forms of Synthane is included. As a 
semi-permanent reference book you'll want it in your 
office library. 

Mail the coupon today for your free copy. 

TECHNICAL 
PLASTICS 

SHEETS • RODS • TUBES 

FABRICATED PARTS 

---------
SYNTHANE CORPORATION •Átl. 

-------------------

12 River Road, Oak!., Penna. 

Please send are a copy of the complete 

S'YNtlril AN Ssyantmheane catalog . 
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RCA, Commercial Engineering 
Section 49AW, Harrison, 
Send me the RCA publications checked 
below. Enclosed is $ to cover cost 
of books for which there is a charge. 

Name  

Title or Occupation  

Address  

City Zone State  

D Quick-Reference Chart, Miniature Tubes (Free). 
(A) 

HEt-3 Tube Handbook MO in U. S. d possessions). 
(B) 

D RC- I5 Receiving Tube Manual (35 cents). (C) 
D Receiving Tubes for AM, FM, and Television 

Broadcast (10 cents). (D) 
D Rodiotron Designers Handbook ($1.25). ( E) 
D Quick Selection Guide, Non-Receiving Types 
(Free). (F) 

D Power and Gas Tubes for Radio and Industry 
(10 cents). (G) 

fl Phototubes, Cathode-Roy and Special Types 
(10 cents). (H) 

D RCA Preferred Types' List (Free). (I) 
D Headliners for Hams (Free). (J) 

Also available from your RCA Tube Distributor 

TUNE MEN 

RADIO CORPORATION of AMERICA 
HARRISON. N. J. 

The "Leadership" Plan 
(Continued from preceding page) 

mer sub-contractors as prime con-
tracts, thus releasing Hazeltine to 
continue development work on new 
or more complex equipment. This 
general practice of sub-contracting 
differed from that which formerly 
had been standard in the following 
respects: 

1. Provision was made for com-
pletely educating the engineering 
staff of each sub-contractor, long 
prior to manufacture in the plant. 

2. The basic design was set up so 
that it reasonably met the manu-
facturing facilities at hand, thus 
eliminating innumerable technical 
differences between the prime and 
sub-contractor, and assuring a 
prompt start of the activity. 

3. It provided but a single contact 
between the producing Services 
and the manufacturer, thus sim-
plifying for the Services the ques-
tion of dealing with many manu-
facturers. 

4. By processing many equipments 
through a single prime contractor 
it greatly simplified the spare 
parts problem and tended to pro-
vide a degree of standardization 
difficult to obtain otherwise. 

In World War II the Hazeltine 
leader type operation permitted 
large numbers of electronic manu-
facturers to make an essential con-
tribution to the war effort in a 
minor fraction of the time that 
would have been required if each 
company had been individually in-
structed in the processes of learning 
how to design, develop and manu-
facture military equipment. 

It permitted a slow build-up of 
the highly skilled personnel re-
quired for this type of work while 
the company was contributing im-
portantly to the war effort. This 
staff build-up was accomplished 
without dislocation to other firms 
or industries. 

In due course as experience was 
acquired and team work and organ-
izations were perfected, such com-
panies themselves would begin to 
function as prime contractors and 
to assimilate their fair share of the 
research, development and pilot 
production loads. Thus, through the 
intelligent application of current 
needs, an industry was educated 
while at the same time doing an 
outstanding job of research and 
production. 
Moreover, that form of operation 

relieved the Services of the neces-
sity for increasing the size of the 
Government groups, which other-
wise would have been necessary to 
effect coordination and supervision 
of many individual manufacturers. 

CONTINUOUSLY VARIABLE 

FREQUENCY SOURCE 
20 cps to 200.000 cps 

JACKSON 

Audio Frequency Oscillator 

Accuracy — 1 cycle or 2% 
*Minimum Harmonic Distortion 
*Resistance Capacity Tuned 
* 1/2 Watt Output 
*Less than 1 DB Deviation 
*Excellent Stability 

Used by leading Laboratories, Research 
Engineers, Colleges and Broadcast stations. 

$135.00 complete 

Full details on request. 

Jackson Electrical Instrument Ce. 
Dayton 1, Ohio 

%ell BETTER ELECTRONIC EQUIPMENT 

441( 0-

ALL 
P. A. 
NEEDS 
Par-Metal 

Equipment 
is preferred by 
Service Men, 
Amateurs, and 
Manufacturers 
because they're 
adaptable, easy-
to-assemble, eco- , 
nomical. Beautifully 
designed, ruggedly 
constructed by spe-
cialists. Famous for 
quality and economy. 

Write for Catalog. 

rese 

M&s, 

wed STANDARD Z 

SI 

' 

READY-
TO- USE 
CABINETS 

CHASSIS 

PANELS 

RACKS 

L 
PAR- META L 
PRODUCTS CORPORATION 
32.62- 419fh ST., LONG ISLAND CITY 3, N Y 

Export Dept.: Rocke International Ccrp 
13 East 40 Street, New York 16 
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Classified Section 

SEE C.E.C. FOR YOUR NEEDS 

MAGNETRONS 
Tube Frq. Range Pk. Pwr. Out. Price 
2331 2820-2860 mc. 265 KW. $25.00 
2521-.5 9345-9405 inc. 50 KW. $25.00 
2522 3267-3333 inc. 265 KW. $25.00 
2326 2992-3019 mc. 275 KW. $25.00 
2527 2965-2992 mc. 275 KW. $25.00 
2332 2780-2820 mc. 285 KW. $25.00 
:2537 945.00 
2538 Pkg. 3249-3263 mc. 5 KW. $35.00 
2,139 Pkg. 3267-3333 mc. 87 KW. $35.00 
2340 9305-9325 mc. 10 KW. $65.00 
2349 9000-9160 mc. 58 KW. 585.00 
:2555 Pkg. 5315-5405 nu:. 50 KW. 630.00 
2561 3000-3100 mc. 35 KW. $65.00 
2562 2914-3010 mc. 35 KW. $65.00 
3531 24.000 mc. 50 KW. $55.00 
5,130 $39.50 
718.51i, A $20.00 
71001 $25.00 
72ORY 2800 mc. 1000 KW. 850.00 
720CY $50.00 

9345-9405 mc. 50 KW. $25.00 
730-.5 9345-9405 mc. 50 KW. $25.00 
728- AY, BY, ('Y, DY, EY, FY, GY ir $50.00 
700-A. B. C, D ,/, $50.00 
706- NY, BY. DY, El'. FY, GY 'o $50.00 
Klystrons: 723A B 912.50: 707B W Cavity $20.90 

417A 920.00 2 K41 $65.00 

MAGNETRON MAGNETS 
Gauss Pole DIam. Spacing 
1850 . in. ,, in. 
2500 1,. in. 1 11 16 in. 
1500 In in. li, in 
1300 1-'s In. I 5 16 in. 

Price 
$12.50 
$12.50 
$12.50 
$12.50 

TUNABLE PKGD. "CW" MAGNETRONS 
OK 61 2975-3200 mc. t4K 62 3150-3375 mc. 
(11( 60 2800-3025 mc. OK 59 2675-2900 mc. 
New Guaranteed  Each $65.00 

COAXIAL CABLE CONNECTORS 
113-22R ( 11G103U 50c 83-22P UG102U) 
83-1R ( S0239) 35c 83-1SP PL259) 
83-111P (cover) 15c 83-1AP I M3591 
UG29 $1.05 l'(121 
1'686 I' 95r 1(1202 

UNIVERSAL OUTPUT TRANSFORMERS 
Amer. Silcor, Pri; 20.000 16.000 5.000 4.000 
ohms, inflec; 500 .15 7.5 5 3.75 1.25 ohms 
30db flat to 17,000 cv   .$1.75 

Write for Flyer of Other Merchandise 

50e 
35, 
35e 
Fkie 
75e 

COMMUNICATIONS EQUIPMENT CO. 
131 Liberty St., New York City 7, N. Y 

Dept. TO Diqby 9-4124 

The continued expansion of the 

NATIONAL UNION RESEARCH DIVISION 
has created many fine positions for men interested in 

VACUUM TUBE RESEARCH 

Our laboratories are devoted entirely to research and develop-

ment work on vacuum tubes. These include cathode ray, micro-
wave, receiving, radial beam, subminiature, and various special 

tube types. We are in a position to offer an interesting job, a 

stable future, and ideal working conditions to men who are 

qualified. Men with vacuum tube or similar experience and with 

degrees in Physics or Engineering are needed at the present 

time. Recent graduates without experience but with degrees in 

Physics or Electrical Engineering, as well as tube or circuit tech-

nicians, are invited to apply. 

Before you decide on your future connection, be sure to look 

into the opportunities National Union has to offer. 

Send resume to: Divisional Personnel Manager 
National Union Research Division 
350 Scotland Road 
Orange, New Jersey 

ELECTRONIC 

CONTROL 
HANDBOOK 

By Ralph R. Butcher and William E. Moulic 

Here are all the essential data necessary to deter-

mine the worth of an electronic control device; a de-

pendable guide toward your taking advantage of 

the cost-cutting, production-speeding, quality-con-

trol possibilities of electronic devices. Gives you 

facts to intelligently balance the advantages of elec-

tronics against mechanical and other methods of 

control. Easily understood without advanced knowl-

edge of electronics. Section 1, Basic Elements of 

Control; Section II, Conversion Elements; Section III, 

Electronic Modification Circuits; Section IV, Activation 

Elements; Section V, Control Applications. 

350 Pages • Hundreds of Illustrations • $4.50 

Bound in limp leatherette cover, opens conveniently flat. 

6x9 inches. 

Caldwell-Clements, Inc. 

480 Lexington Ave., New York, N. Y. 

Electronic Engineering Handbook 
By Ralph R. Botcher, E.E. and William Moulic 

ALL 
That the Name 
IMPLIES 
A handbook -a helping handbook 
you will want at your fingertips on 
those frequent occasions when the 
right answer can save you hours 
of effort. 

For radio- electronic specialists this Caldwell-
Clements book provides a convenient, authentic 
source of formulas and principles, as well os the 
latest in electronic applications. Free from in. 
volved mathematical explanations. Section I 
covers Vacuum Tube Fundamentals; Section II, 
Electronic Circuit Fundamentals; Section III, Elec-
tronic Applications; Section IV, Vacuum Tube 
Data. 

456 Pages • 560 Mustrations • $4.50 

Bound in limp leatherette. opens conveniently flat. 6 o 9 in. 

Once You 
Get This 

Book in 

Your Hands 
You II Always 

Have It 

at Your 

Fingertips 

CALDWELL-CLEMENTS, INC. 

480q) Lexington Ave. New York 17, N. Y. 

Send book. If not satisfied, will return 
days. Otherwise will remit payment. 

"I] ELECTRONIC ENGINEERING HANDBOOK 

Name 

Address 

City and State 

Company Name 

within five 

$4.50 
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STABILIZED CRYSTALS 
TO MEET EVERY NEED 

Whatever your crystal needs, 
James Knights Co. is equipped 
to satisfy them quickly and eco-
nomically. 
To effect greater savings for you 

on short runs, a special produc-
tion system has been established. 
We are also equipped to quickly 

build "Stabilized" crystals to your 
exact specifications. In addition, 
James Knights Co. fabricates a 
complete line of "Stabilized" crys-
tals to meet every ordinary need 
—precision built by the most mod-
ern methods and equipment. 
For quality—speed—economy, 

contact the James Knights Co. 
You'll be glad you did! 

New James Knights Catalog 
On Request 

A university physicist wonted a 2" super-
sonic X- cut crystal. The James Knights 
Company made it promptly and has since 
delivered many other special crystals for 
the some university. 

7e JAMES KNIGHTS e. 
SANDWICH, ILLINOIS 

BOOKS 

Waveforms 

idited by Britton Chance, F. C. Williams, Vernon 
Hughes, E. F. MacNichol and David Sayre 
Vol. 19 of the MIT Radiation Lab Series, pub-
lished 1949 by McGraw-Hill Book Co., New 
York, N. Y. 859 page$, price $10.00 

This volume describes the generation 
and use of precisely controlled voltages 
ana currents as to time and amplitude. 
New methods of wave shaping by 
linear circuit elements and negative 
feedback amplifiers and the properties 
of vacuum tubes as nonlinear circuit 
elements are included and various 
types of multivibrators, blocking oscil-
lators, and other basic circuits are dis-
cussed with special emphasis upon 
wave shape and stability. Other chap-
ters are on linear and nonlinear circuit 
elements in modulation, demodulation. 

Microwave Antenna Theory and 
Design 

Edited by Samuel Silver ( Univ. of Calif.). Vol. 
12 of the Radiation Laboratory (MIT) series 
— Published by McGraw Hill Book Co. for 
the Natl. Defense Research Comm. 623 pages, 
(6 X 9), price $8.00. 

A comprehensive survey of theory 
and design techniques of microwave 
antennas and a full discussion of 
antenna measurement methods are 
presented. This starts with a survey 
of electromagnetic and optical theory, 
followed by chapters discussing vari-
ous types of antenna feeds and the 
complete antenna systems used Mr 
producing all principal types of micro-
wave beams. The aberrations and 
special features of microwave optical 
systems are discussed in relation to 
rapid scan antennas. 

WARE NAMED DIVISION HEAD 

7-,eeeioteàfi-

= THE THORDARSON ----
"24" 

-- Replacement Line =  

Better Quality Transformers 
At Standard Replacement Prices 

Everyone appreciates quality! It means satis-
fied customers—profitable repeat business. 
THORDARSON'S new "24" line of re-
placement power and output transformers 
meets—or exceeds—RMA standards. These 
high quality replacement transformers are 
exact replacements for all popular transform-
ers used in the industry . . yet they cost 
you no more than "run-of-the-mill" re-
placements! 
Enjoy the best—it costs no more! 

"24" Output Replacements 
Specific duty transformers available in four 

models. 2,000 to 25,000 pri. imp. with 5 watts 
output. 
Two models universal output replacements. 

four or eight watts output. pri. IMP. 4.000 
to 14,000. sec. imp. . 1 to 29 ohms. 

New Universal Line To V. C. 
With 70 v. Output Taps 

10 watts with secondary taps from !!‘ to 
10 watts. 

ATTENTION SOUND SPECIALISTS, 
Write for your Free Copy of the "THOR-
DARSON REPLACEMENT AND TRANS-
FORMER GUIDE FOR PRESENT-DAY 
AMPLIFIERS, TUNERS AND COMMUNICA-
TIONS RECEIVERS". 

ol Quality Electrical Equipment Since 1895 
500 West Huron Street, Chicago 10, Illinois 

153.10E:5., 

oremost technical journal of radio, 

television and tele-communications. 

. . . Greatest number of television and 

tele-communications editorial pages. 

. . . Authoritative treatment of cur-

rent engineering trends, problems and 

developments. . . . Largest engineer. 

audience in design, manufacture, 

operation and maintenance of tele-

vision and tele-communications ( 15,504 

total circulation monthly C.C.A.). 

Paul Ware has been named head of the 
Electronic Parts Division of Allen B. DuMont 

Laboratories, Inc., Clifton, N. J. He is shown CALDWELL CLEMENTS INC. 
with the DuMont Inputuner, a device that  
incorporates a method of inductance tuning 
which he developed while associated with 
P. R. Mallory & Co.. Indianapolis, Ind. 

480 LEXINGTON AVENUE 

NEW YORK 17, N. Y. 
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AMPERITE 
Studio Microphones 

at P.A. Prices 

Ideal for 
BROADCASTING 
RECORDING 
PUBLIC ADDRESS 
"The ultimate in micro-
phone quality," says 
Evan Rushing, sound 
engineer of the Hotel 
New Yorker. 
• Shout right into the 
new Amperite Micro-
phone—or stand 2 feet 
"ay—reproduction is 
always perfect. 
• Not affected by 
any climatic conditions. 
• Guaranteed to with-
stand severe "knocking 
around." 

el)1 

Sp
ecial Write for Special Introductory Offer, 

Offer: and 4-poge illustrated folder 

rote 

Models 
RBLG-200 ohms 
RBHG—Hi-imp. 

List $42.00 

"Kontok" Mikes 
Model SKH, list $ 12.00 
Model KKH, list $ 18.00 

AMPERITE empany I„. 

561 BROADWAY • NEW YORK 12 N Y 

Canada Atlas Radio Corp., Ltd., 560 King St W, Toronto 

FOR EVERYTHING IN 

•— 

ELECTRONICS 

Biggest stock of Rodio Parts & Equip-
ment in New York — speedy and 
courteous attention to your orders — 
alert salesmen who talk your 
language. 

SOUND 

Highest quality, sensibly priced 
sound equipment for all require-
ments. Ask for our big free 
Sound Catalog! 

HAM GEAR 

Rodio amateurs' head-
quarters for all well-
known lines of ham 
equipment. 

TV 

Television components, 
test equipment, tubes, 
antennas, accessories. 

A HURRY 

Phone, wire, 
write, drop 
in! Terminal 
has it! 

IF ILO,' et; 

tk.0 a cs s.cs Ike ..reit,i'k tear 

85 CORTLANDT ST., NEW YORK 7 N Y 
Phone WOrth 4-3 3 1 1 Cable TERMRADIO 
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cannot guarantee against the possibility of an oc-
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FOR ECONOMY,. 
LABOR... 
ENGINEERING... 
SPACE... 

ACTUAL 
/ SIZE 

( $e) 

GERMANIUM 
DIODES 

EASILY INSTALLED, General Electric Diodes 
are space-saving . . . provide outstand-

ing advantages over other rectifiers in many 
applications. 

These advantages can be quickly trans-
lated into dollars saved in production and 
improved equipment operation. The features 
listed below are only a few of the reasons 
for the rapid increase in the use of G-E 
Germanium Diodes. 

• Welded Contact — The welding of 
the platinum whisker to the germa-
nium pellet improves electrical sta-
bility. Neither mechanical shock nor 
vibration affect it. Operation may be 
conducted at higher than ordinary 
temperatures since no filler, such as 
wax, is required to hold the point 
in place. 

• Plastic Shell—More economical than 
previous metal type and yet it retains 
mechanical ruggedness. 

Use of plastic gives a lower lead-to-
lead capacitance, permitting its use 
in circuits of very high frequency. 

• Small Size—Requires no more space 
in circuit than an ordinary 14 watt 
resistor. 

• No Heater Connections—Eliminates 
hum sometimes associated with vac-
uum type rectifiers. 

• Easy Installation — Insulated shell 
and only two leads to connect. 

• Quick Recovery—Returns to normal 
quickly after sudden applications of 
excessive voltage when not accom-
panied by excessive current, provid-
ing the source of high voltage is 
removed at once. 

• Low Shunt Capacitance 

Five types of G-E Germanium Diodes are 
available to meet practically all require-
ments. For complete information write: 
General Electric Company, Electronics Park, 
Syracuse, Neu, York. 

105-G3 
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STYLE "AA" 

STYLE " A" 

TRANSMITTING,/ 
PARTS SHOW VISITORS: 
Be sure to visit our tremendous show 

rooms at 320 N. LaSalle St. Thousands 

of electronic components conveniently dis-

played. 

e„410111001111111101ka l I 

STYLE "B" 

STYLE "C" 

STYLE " D" 

CONDENSERS 
SPECIAL LOW PRICES FOR IMMEDIATE SALE AND DELIVERY 
We have literally hundreds of thousands of these top quality standard type 
transmitting mica condensers in stock for immediate delivery at a fraction of 
their original cost. Every condenser is brand new and carries the name of a 
fine nationally known manufacturer. 

Despite the unusually low prices, these mica condensers, like all Wells Com-
ponents, are fully guaranteed. Be sure to order sufficient quantities for your 
requirements. 

Cap. INt kg. Mfr. Price 
Mid. Volts Leg. Each 

STYLE "AA" CONDENSERS 

.02 3000 2 $4.50 

.04 1000 2, 7 3.50 

STYLE "A" CONDENSERS 

25mnifd 10000 8 $1.65 

STYLE "B" CONDENSERS 

.00003 2000 2 $0.70 

.000047 3000 1 .80 

.00005 3000 2, 9 .75 

.00007 1140 6 .70 

.00009 3000 2, 7, 9 .75 

.000091 3000 7 .80 

.0001 3000 2, 7, 9 .80 

.000107 3500 1 .85 

.00011 3000 8 .95 

.00137 3000 2 .95 

.00175 1500 8 1.00 

.0002 1430 6 1.00 

.0002 3000 7, 8 1.00 

.0002 5000 1, 8 1.05 

.00025 5000 7 1.10 

.0001 3000 2, 7 .95 

.0004 5000 2, 7, 8 1.10 

.000-1 6000 1 1.55 

.0005 2000 7 .95 

.0005 3000 1.00 

.00051 3000 :3/ 1.00 

.00055 3000 7 1.10 

.0006 2500 7 1.05 

.0006 5000 8 1.15 

.000625 3000 7 1.05 

.0007 3000 7 1.05 

.00075 2500 2 1.05 

.00075 5000 8, 9 1.15 

.0008 3000 7 1.00 

.0008 5000 2.8 1.15 

.001 4500 2, 9 1.25 

.001 5000 7, 8 1.30 

.0011 5000 2, 7 1.35 

.00125 2000 7 1.10 

.0011 5000 2 1.35 

.0015 3000 7 1.10 

.0021 3000 8 1.15 

.0025 2000 1. 2. 7 1.10 

.00275 2000 1, 7 1.10 

.003 2000 7 1.20 

.004 3000 2, 8 1.50 

.005 2000 2 1.40 

.005 5000 6. 8 1.70 

.006 2500 7 1.30 

.006 3500 8 1.45 

.0068 3000 8 1.40 

.008 3000 7, 8 1.45 

.01 2000 1, 2. 3 1.55 

.01 1000 7 1.35 

.02 600 7 1.30 

Cap Wrkg. Mfr. Price 
Mfd. Volts Leg. Each 

.02 2000 2, 8 1.60 

.024 1500 3 1.60 

.033 1500 3, 7 1.60 

.056 1000 3. 7 1.70 

.06 1000 8 1.70 

.1 1000 8 1.75 

STYLE "C" CONDENSERS 
.000005 2500 2 $0.40 
.00005 600 7, 8 .30 
.0001 600 2, 7 .25 
.0001 1200 7 .35 
.0001 2500 4, 7, 8 .40 
.0002 600 2. 7. 9 .25 
.0002 2500 7 .40 
.00024 2500 7, 8 .45 
.00025 2500 2 .45 
.0003 2500 7 .45 
.00039 2500 7 .50 
.0004 2500 2, 7, 9 .45 
.0005 600 1, 7 .35 
.0005 1200 2, 7 .40 
.0005 2500 1, 2 .45 
.001 1200 2, 7, 8 .40 
.001 2500 6, 7 .55 
.001 3750 7 .85 
.0011 600 2 .35 
.002 600 7 .35 
.002 1200 2 .15 
.002 2500 1, 2, 8 .55 
.002 3500 8 .80 
.0022 2500 7 .60 
.003 600 8 .40 
.0035 2500 7, 9 .60 
.0039 2500 2 .60 
.004 2500 2, 7 .60 
.0015 600 8 .40 
.0046 500 9 .45 
.0047 2500 8 .65 
.005 600 2 .35 
.005 1200 7, 8 .45 
.005 2500 7, 8 .60 
.0051 1200 7 .15 
.0051 2500 7, 8 .65 
.0056 2500 8 .65 
.006 600 7, 9 .40 
.006 2500 7 .65 
.0068 1200 7 .60 
.007 600 8 .35 
.0075 1200 2 .55 
.009 600 9 .50 
.01 600 2, 7, 8 .40 
.01 1200 3. 7. 8 .45 
.01 2500 7, 8 .60 
.0115 600 8 .40 
.013 1200 3 .55 
.015 1200 7 .55 
.015 2000 8 .60 
.015 2500 7, 8 .60 

Cap. Wrkg. Mr, Price 
Mid. Volts Leg. Each 

.0175 1200 2 .55 

.02 600 7 .35 

.02 1200 7 .45 

.022 1200 7 .45 

.025 600 8 .35 

.03 600 6 .35 

.03 1200 2, 8 .50 

.033 600 7 .35 

.033 1200 8 .50 

.D4 600 7, 8 .35 

.073 250 8 .40 

STYLE "D" CONDENSERS 
.00004 600 7 $0.20 
.00005 1200 1, 7, 9 .25 
.00005 2500 2, 8, 9 .30 
.0001 600 9 .20 
.0001 1200 7, 8 .25 
.00015 2500 2, 6 .35 
.00024 2500 6 .35 
.00025 1200 6, 8 .25 
.00025 2500 6, 8 .35 
.0005 1200 7 .30 
.00051 2500 1 .35 
.0007 600 2 .25 
.001 600 2, 8 .25 
.001 1200 6, 8, 9 .35 
.001 2500 6. 8 .40 
.0011 2500 8 .10 
.002 600 1,2. 9 .25 
.002 1000 8 .30 
.002 1200 6, 7, 8 .35 
.002 1250 1 .35 
.002 P500 8 .40 
.0022 1200 8, 7 .30 
.0022 2500 8 .40 
.0025 600 2 .25 
.0025 1200 1 .30 
.0027 600 1 .25 
.003 600 2 .25 
.003 1200 6, 7, 8 .30 
.0033 1200 6 .30 
.004 1100 8 .35 
.004 1200 7. 8 .35 
.004 2500 9 .45 
.0044 600 8 .25 
.0047 2500 6.8 .40 
.005 600 2, 6, 7 .25 
.006 600 1, 2 .25 
.01 600 2, 7. 8 .30 
.01 1200 6, 7, 8 .40 
.01 1250 1, 6, 9 .40 
.01 2500 2. 8 .50 
.02 600 2, 6, 8 .25 
.022 600 7 .25 
.025 1200 7 .35 
.027 600 7 .23 
.03 600 2, 8 .25 
.05 600 7 .30 

Manufacturers' Legend 

1 - Aerovox; 2 - Cornell Dubilier; 3 - Faradon; 4 - General Electric; 5 - Illinois; 6 - Mico-Mold; 7 - Sangamo; 
8 - Solar; 9 - Sprague 

This is only a partial listing. Write or wire for information on types not shown and for receiving set micas 
and silver micas. 

We advise distributors to order immediately from Manufacturers and Distributors: Write for /WELLS  this ad. Our standard jobber arrangement applies. our complete Mica Condenser Listing 
No. 103,4. 

se LES, INC. 320 N. LA SALLE ST., DEPT. T, CHICAGO 10, ILL. 
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If you manufacture 
Electronic \Equipment... 

ee\  

cast it c‘ s 

you'll want this NEW bulletin 

on glass bushings 
General Electric is now offering to other manufacturers the cast glass 
bushings it has used so successfully on many types of electrical equip-
ment. 
These bushings are cast of a stable, low-expansion glass. Metal 

hardware is a special nickel-alloy steel, fused to the glass in casting. 
Bushings can be attached directly to the apparatus without gaskets 
by soldering, welding or brazing. 
The resulting joint between bushing and equipment is permanent, 

vacuum-tight, and of high mechanical strength. It is especially de-
sirable for equipment subject to vibration, shock, attack by fungus 
growth or severe changes in temperature. It eliminates moisture prob-
lems and often permits more compact, light-weight design of equip-

ment. 
Our new bulletin, GEA-5093, contains a complete listing of standard 

designs now available giving withstand voltages, current ratings and 
physical dimensions. A copy of this bulletin is yours for the asking 
Just write Apparatus Department, General Electric Company, 
Schenectady 5, New York. 

GENERAL 

Glass bushings are currently avail-
able to meet dry, 60- cycle, flashover 
values of from 10 to 50 kv, and in 
current ratings of 25 and 50 amperes 
(large sizes up to 800 amperes). 
They may be single or multi-con-
ductor and can be provided with a 
top flange to permit mounting tube 
sockets directly on the bushings. 
Diameters range from 11/4  to 33/8 
inches and weight from 21/2  oz. to 
4 lb. 

ELECTRIC 
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• the economy ciefhoriated-tungsten filaments 
and improved cooling in high-power tubes 

Here is unparalleled tube value... 

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

Five tubes with proved features of 
previous similar types. Two—the 5 762 
and 5786—have efficient newly de-
signed radiators that permit the use 
of less expensive blowers. 

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

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

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

RCA Application Engineers are 
ready to consult with you on the ap-
plication of these improved tubes and 
accessories to your specific designs. 
For complete technical information 
covering the types in which you are 
interested, write RCA, Commercial 
Engineering, Section 57ER, Harri-
son, New Jersey. 

THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA 

TUBE DEPARTMENT 

RADIO CORPORATION of AMERICA 




