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Available Types 

Shielded • Saddle Plate • Chassis Lock 

Bottom Mounted • Rubber Mounted 

Shielded Rubber Mounted 

As war-designed and tested improvements are 

freed for general use, Amphenol is proud to 

announce more and more new units to aid 
manufacturers of postwar electronics equipment. 

Amphenol Miniature Sockets are typical of this 
policy. They're new, represent advanced engineering, 

possess many exclusive features, plus the famous 
Amphenol built-in perfection and performance. 

Think of them where space is limited or 
easy portability is an advantage—for use with 

handy-talkie radios, miniature and portable sets, 
electronic controls and endless industrial applications 

in the coming era of electronics. 

How will they fit in with your products? 
Amphenol engineers are ready and glad to give 

you all technical data NOW . . . and any 
engineering assistance of help to you. 

Write for this free 

bulletin . . It tells 

the story of Amphenol 

Miniature Sockets 

HENOLIC CORPORATION 
Chicago 50, Illinois 

In Canada • Amphenol Limited • Toronto 
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W HEN insulation of the highest order is specified you can always 
depend on MYKROY to fill the bill," says Morton B. Kahn, 

President of Transmitter Equipment Manufacturing Company, design-
ers and builders of advanced Radar equipment, "and insulation re-

quirements for Radar set an all-time high for the industry." 
Mr. Kahn's opinion is shared by leading engineers and manufacturers 
everywhere who have also discovered that MYKROY is one of the best 
and most usable insulating materials ever developed for general and 
high frequency applications. 
Mykroy is a perfected Glass-Bonded Mica Ceramic made entirely of 
inorganic ingredients, hence it cannot char or turn to carbon even 
when exposed to continuous arcs or flashovers. Its electrical charac-
teristics are of the highest order and do not shift under any conditions 
short of actual destruction of the material itself. Furthermore it will 
not warp—holds its form permanently—molds to critical dimensions 
and is impervious to gas, oil and water. 
Although MYKROY is a new and superior type of insulation it costs 
no more than many standard dielectrics of lower electrical and me-
chanical properties. It will pay you, therefore, to investigate MYKROY 
now in planning your new products. Write for Bulletins 101-104. 

MADE EXCLUSIVELY BY 

70 CLIFTON BLVD, CLIFTON, N J 

CHICAGO 47; 1917 N. SpringfieId Are., Tel. Albany 4310 
EXPORT OFFICE: 89 Broad Street, New York 4, New York 

MYKROY IS SUPPLIED IN SHEETS AND RODS — MACHINED OR MOLDED TO SPECIFICATIONS 

•••••• •****** 

Temco UHF Radar transmitter 

— in which MYKROY plates and bars on 
condenser and inductance supports 

provides the highest degree of in-

sulation. 

High powerea Te•nco VriF Radar unit 
operates over wide frequency ronge 

utilizing forced air cooled tube. MYK-
ROY is used at all points requiring 

maximum insulations 

Tenco 350KW Rado• Pulse Modulator, 
all parts of wh ch ore completely im-
me•sed in oil, operates with a normal 
plate voltage o' appronimately 25000 
volts. MYKROY is used at all critical 

high voltage point: to assure maxi-
mum dependable insulation and par-

Ccularly because it is impervious to oil. 

* OCTOBER, 1945 1 



FOR THESE MARKS IN CHEMISTRY AND PHYSICS 

This recent graduate of the Formica war-expanded laboratories has passed 
the following tests and is qualified for employment in many old and new 
applications. 

It is made with melamine resins and glass fibre base and conforms to Navy 
Grade GMG. 

It withstands 440 degrees F for a short period, and 390 degrees continuously. 

Its arc resistance reaches a new level--by ASTM test D 495-42 it is rated at 
185 seconds. 

It is so strong it can take structural stresses when desirable. Test figures: Ten-
sile strength 25,000 P.S.I.; Compressive strength (flatwise) 90,000 P.S.I.; Modulus 
of Elasticity in bending 3,000,000 P.S.I.; Izod impact, 12 ft. lbs. per inch of notch. 

Here is a new combination of desirable properties not previously 
available in one material. Unlike various materials which possess 
some of these characteristics, FF-55 can be easily punched and 
machined. It is superior for rapid fabrication by production methods. 

THE FORMICA INSULATION COMPANY, 4670 SPRING GROVE AVENUE, CINCINNATI 32, OHIO 
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YOU CAN TAKE THE SAME GRIP 

,UT CAN YOU PITCH LIKE A CHAMP? 
There is more to throwing curves than 

holding a ball a certain way— 

And there is more to producing top-
performance transformers than assem-

bling coils, cores, etc. in an enclosing case. 

Correct use of engineering—years of 

experience—control of quality and man-
ufacture in everyday large scale produc-

tion—and the selection of the appropriate 
type and design for each particular re-

quirement—are all essential to success-

ful operation. 
The hundreds of thousands of trans-

formers regularly produced—are ample 

proof that leading manufacturers of equip-

ment in electronic, lighting, radio and 

similar fields prefer Jefferson Electric 

Transformers. Recommendations con-

cerning transformers made by the Jeffer-
son Electric engineering staff can save 

time for you—and insure the performance 
you desire. JEFFERSON ELECTRIC 

COMPANY, Bellwood (Suburb of Chi-

cago), Illinois. In Canada: Canadian 
Jefferson Electric Co. Ltd., 384 Pape St., 

Toronto, Ont. 

ELECTRONIC • RADIO • TELEVISION 

TRANSFORMERS 
rtA_ume * OCTOBER, 1945 5 



Ml of the big gun avy ship s on Ns 

and a majority of their smaller guns 
are directed by radars designed 
by Bell Telephone Laboratories 
and made by Western Electric. 

eft% 

What TEAMWORK 

used on 
Bomb - directing radars  
B-29s were designed by the Lab-
oratories and made by Western 

Electric. 

This team developed and produced 
low altitude radar bombsights 
widely used against the enemy's 

merchant shipping. 

Bell
Telephone Laboratories and Western Electric 

were "naturals" for the leading part they played in the 
radar program. For years they've worked as a team in 
developing and producing complex electronic equip-

ment. Here are some unadorned facts about what their 

teamwork made possible. 
Up to the end of the war, Western Electric had fur-

nished the Army, Navy and Air Forces with more than 
56,000 radars of 64 different types, valued at almost 

$900,000,000. 
In 1944 alone, Bell Laboratories worked on 81 dit-

ferent types of radar systems and Western Electric 
produced 22,000 radars of 44 different types — of 

which 20 were new in production that year. 
Western Electric was the largest producer of the) 

cavity magnetron and other essential vacuum tubes for 
radar. Number of tubes required for Western Electric 
radar systems varied from less than 100 to nearly 400 

per system. Complexity of radar manufacture is indicated by the 

fact that even a simple type may require 4,000 labor 
hours to manufacture and the larger types as much as 

40,000 labor hours. 

6 OCTOBER, 1945 * rRA—rno 



Fm the very beginning 'Wester, ground 

radars made by n in all in 
played an important role  

theatres of war. 

el for RADAR 
Bell Laboratories developed more 
than 100 different radar test sets. 

4, Western produced over 
In 194  
40,000 test sets of 68 types. 

T is working for he same team  YOU! 
4 The uniqu.e combination of brain power and manufacturing, 

facilities that made Bell Laboratories  

and Western Electric the 

, nation's largest source of radar, is now devoted to bring,ing -you 

the best in communications equipment for a world at peace. In 

peacetime off -shoots of radar—and in FM, AM and television 
broadcasting—in radio telephone equipment for every type of 

mobile service—this team can be counted on to lead the way. 

BELL 'TELEPHONE LABORATORIES 
World's largest organization devot excl 

ed usively to research 

and development in all phases of electrical communication. 

-I* e Wegrern Electric ., 
Manufacturing unit of the Bell System and nationi'ps larg-

L. est producer of communications and electronic equmt. 

en 

A school fo train military person-

riel to operate and he 

radar 
e Laborato 

was establis and men. 
h were given ed by th -

ries. Over 100 courses 
to some 4,000 officers  

Western Electric built up a Field 

Engineering specia Force of more than 
500 lists. They served with 

hes of the Armed Forces 
all bran  
on all fighting fronts. 
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THOUSANDS OF TESTIMONIALS 
Thousands of testimonials are in the files at Hallicrafters. They are from members 

of the armed services all over the world. They tell how Hallicrafters-built com-

munications equipment has performed dependably and brilliantly on all the 
battle fronts of the world. Many of these letters are signed by licensed amateurs 

who include their call letters with their signatures. A high percentage of the let-

ters conclude with sentiments like these—we quote: "If a rig can take it like the 

HT-9 took it in the Australian jungles, it's the rig for my shack after the war-. . . 

When I buy my communications equipment it will be Hallicrafters- . .- After 
we have won this war and I can get a ham ticket there will not be the slightest 

doubt as to the equipment I will use . . . it will be Hallicrafters-. . ."Meeting 

Hallicrafters gear in the service was like seeing someone from home . . . I used 
to have one of your receivers at W7FNIJ . . . hope to have more after the war-

. . ."being an old ham myself I know what went into the 299 . . ." Thus does the 
voice of the amateur come pouring into Hallicrafters headquarters, providing 
information, guidance and further inspiration to Hallicrafters engineers. Ama-

teurs will find in Hallicrafters peacetime output just the equipment they need — 

refined and developed in the fire of war and continuing to live up to the well 
earned reputation as "the radio man's radio." 

hallin-afters RADIO 
THE HALLICRAFTERS CO, MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A. 
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HOW Zetaqe BY GUARDIAN 

IN MACHINE CONTROL 

PREVENT JAMMING 

The Vonnegut 4 side moulder 
shown here is equipped with 
an individual motor on each of 
its four cutterheads and a fifth 
motor for the feed. The cutter-
head motors are usually oper-
ated from high frequency, the 
feed motor from the standard 
60 cycle shop circuit. To pre-
vent the feed from jamming 
stock into stalled cutterheads 
during an interruption of the 
high frequency circuit while 
the 60 cycle shop circuit is 
maintained, a Guardian Series 
30 relay is used to shut down 
the equipment. 

provide automatic SHUT-OFF .. . conserving materials 

Wherever two or more independent sources of power are utilized ro 
perform one operation, the failure of one power source presents a 
hazard to safety, materials and equipment. In such places Relays by 
Guardian are often employed to interrupt all other circuits when one 

circuit fails. 
The Vonnegut 4 sided moulder, built by the Vonnegut Moulder Cor-

poration of Indianapolis, uses a Guardian Series 30 relay in this appli-
cation. This is a quiet, dependable relay with a laminated field piece 
and armature, a large contact switch capacity, and a wide operating 
range. It is available for operation on any frequency between 20 and 

150 cycles. 
But whatever your relay application may be, it will pay you to write. 

If you describe your application when writing, Guardian engineers will 
make recommendations. 

GUARDIAN 

and equipment 

Series 30 A.C. Relay 
Also, iron clad and laminated 

solenoids, stepping relays, mag-
netic contactors, electric count-

ers, snap and blade switches. 

ELECTRIC 
1605-L W. WALNUT STREET CHICAGO 12, ILLINOIS 

A COMPLETE LINE OP RELAYS SERVING AMERICAN INDUSTRY 

R&IL'l≤) * OCTOBER, 1945 9 



«men 
SPEAKERS WITH 

FREE to the Armed 
Forces, Colleges, 
Techniccri Schools, 
Librarieo 

40110 

e...) MONOGRAPHS AVAILABLE 
I. Loud Speaker Frequency- Response Measure-

ments. 

2. Impedance Matching and Power Distribution. 
3. Frequenci Range in Music Reproductien. 
4. Effective Reproduction of Speech. 
5. Horn Type Loud Speok,rs. 

95-r. 
e Each 

iereke es (..,:sekif:epf a ;eel, ief0relfeíe  

JENSEN RADIO MANUFACTURING COMPANY • 6621 SOUTH LARAMIE AVENUE, CHICAGO 38, ILLINOIS 
IN CANADA—COPPER WIRE PRODUCTS, LTD., 137 RONCESVALLE5 AVENUE, TORONTO 

lo OCTOBER, 1945 * LliAD 1011 



THE Wel-BALLENTINE 

RECORD CHANGER MOTOR 

Has these four characteristics achieved by 
advanced design, skilled engineering 

and precision manufacturing. 

• Lowest Rumble • Highest Efficiency 
• Most Compact Design • Longest Life 

The Quiet Ba/lent/ne Changer Motor is 
recommended to record changer manu-

facturers seeking to provide the 
ultimate in performance. 

RUSSELL 

ELECTRIC CO. 
370 West Huron Street 

Chicago 10, Illinois 

7/ecieeclicreeeete"cd 

BALLENTINE 

RECORD 

CHANGER 
411-071OR 
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SILVAXIA ArEWS 
ELECTRONIC EQUIPMENT EDITION 

OCT. Published by SYLVANIA ELECTRIC PRODUCTS INC.. Emporium. Pa. 1945 

SYLVANIA CATHODE RAY 
TUBES NOW AVAILABLE 
Ready for New Television 

Sets To Be Produced 

Sylvania Electric announces the wel-
come news that cathode ray tubes are 
once more available for the man-
ufacturers of television sets. 

Constant research in this field, com-
bined with wide experience in large-

Sylrania Electric precision 
cathode ray tube now available 
to televisiOn set manufacturers, 

scale production to inert war require-
ments, has placed S h ania in a po-
sition to manufacture these tubes to 
a much higher standard than ever 
before. 

This is an impi.rtant factor to 
manufacturers of tele ision receiNers 
wht)se -plans" are rapid4 becoming 
realities. 

Check today with Sylvania Electric 
Products Inc.. Emporbon. Pa. 

MANY MANUFACTURERS TO USE 
ELECTRICALLY SUPERIOR TUBE 

Sylvania Lock-In Radio Tube 
Ideal For FM, Television, Radar 

With the increasing trend toward 
higher frequencies-as shown by re-
cent FCC decision assigning FM the 
band between 88 and 106 megacycles 
-set manufacturers will tend, more 
than ever, to use a tube ideally suited 

to the adoption of these very high 
frequencies. 

The Sylvania Lock-In is known to 
be electrically and mechanically su-
perior to any tube made. 

Electrically, it is more efficient be-
cause the element leads are brought 
directly down through the low-loss 

()lass header to become sturdy socket 

pins-reducing lead inductance-and 
interelement capacity. 

Mechanically, it is more rugged be-
cause support rods are stronger and 
thicker-there are fewer welded joints 
and no soldered joints-the lock-in 
lug is metal, not molded plastic-the 
elements are prevented from warping 
and weaving. 

Today, set manufacturers consider-
ing the many developments in the 
field of communications, are looking 
to the Sylvania Lock-In Tube as a 
perfect electronic unit-the tube built 
to handle ultra-high frequencies. 

The Sylvania Lock-1n Tube showing construction-electrical 
and mechanical -that makes it superior to any tube made. 

SYLVANIA ELECTRIC 
Emporium, Pa. 

MAKERS OF RADIO TUBES. CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES, ELECTRIC LIGHT BULBS 

I. 

12 OCTOBER, 1945 * LRA C21 



POWER 

HIGH VOLTAGE POWER SUPPLY 

This is the RA-38 power supply—another of the num-

erous valuable items in the group of government 

radio and electronic supplies offered for general 

distribution through the Hallicrafters Co., agents 

for RFC under Contract SIA-3-24. 

THESE VALUABLE ITEMS /46eadetide Vow 
or yen, soon. Write, wire or phone for further information 

• head phones • test equipment • component 

parts • marine transmitters and receivers • code 

practice equipment • Sound detecting equipment • 

vehicular operation police and command sets • radio 

beacons and airborne landing equipment. 

hallin-afters RADIO 

Output voltage continuously variable from 0 to 

15,000 volts. Can be easily adapted to deliver 

up to 6,000 volts at 1 ampere. Excellent power 

supply for laboratory work or can be used 

as power source for broadcast stations, in-

duction heating equipment, vacuum tube 

life tests and many other industrial 

applications. 

HALLICRAFTERS CO., AGENT OF RFC UNDER CONTRACT SIA-3-24 

MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT 

coeO Gki 1545 v•IC MAL'.1!.:RAFTEgS Cl. 

CLIP THIS COUPON NOW 

RFC DEPARTMENT 21C, HALLICRAFTERS 

5025 West 65th Street • Chicago 38, Illinois 

D Send further details and price on RA-38 Power Supply 

n Send listings of other available items 

Especially interested in  

NAME  

ADDRESS  

CITY 

1111 U1111111 I 

STATE  

17.1111111 • ir will III • I•I• 111•111111 



WORLD'S 
FASTEST PLANE 

eaei 
ANDREW COAXIAL 

CABLES! 

Lockheed's sensational 

new jet-propelled su-

per fighter, the P-80 

"Shooting Star," is 

the world's fastest and 

highest flying plane. 

)e . It is highly significant that AndreW 

coaxial cables were chosen for the vital 

radio and radar equipment installed in the 

P-80. They were selected because they are 

much more resistant than ordinary solid 

dielectric cables to the high temperature 

encountered in the tail of the plane. 

Andrew Co. is a pioneer manufacturer of 

antenna tuning and phasing equipment, in-

cluding a complete line of ceramic insulated 

coaxial cables and all necessary accessories. 

Write for catalog. 

ANDREW CO. 
363 EAST 75th STREET, CHICAGO 19, ILLINOIS 

TECHNICANA 

VOLTAGE MEASUREMENT 

* The actual d-c working voltage across 
a circuit element is determined from two 
voltmeter readings, one with a series 

Figure 1 

resistance equal to the voltmeter re-
sistance, as in Fig. 1. 
The actual voltage V across AB fol-

1 1 1 
lows formula — = — — —, in which 

V V2 Vi 
Vi is the first meter reading, and V, the 
meter reading with series resistance R.,. 
When taking repeated measurements 

V may be found easily by use of an 
alignment chart, Fig. 2. 
The chart is prepared as follows: Take 

arbitrary values for Vi and V, say 100 
volts and 400 volts. Compute V, from 

1 1 
the formula, so that — — = 

100 400 
1 1 
= 

V, 80 
off in terms of V,-axis units. Draw a 
vertical line Vi = 80 and divide the 

From this value V, is laid 

Figure 2 

diagonal line V, into equal parts by con-
structing additional vertical lines from 
Vi. 
Now if a straight-edge is placed 

through the Vi value, on the Vi axis, 
and V, value on the diagonal, it will 
project the correct voltage reading, V, 
on the vertical axis. 

[Continued on page 16] 
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Federate 
men know 
Illicroware 

'Pe 
Federal Telephone and Radio Corporation 

Newark 1, N. I. 

On a gusty March day in 1931 . 

across the English Channel from 

and powered by a mere half-watt 

. . when man's voice was beamed 
an antenna less than an inch long 

... Microwave was born. 

This was the inauguration of a new technique in the art of com-
munication . . . blazing the trail for modern, high fidelity television, 

FM transmission, pulse time modulation, plurality of currents on a 
common carrier, and certain other commercial applications for this 

technique. 

Many of the scientists now at work in Federal laboratories partici-
pated in that triumph and helped in its developeinent through the 

years. Now they are engaged in extending its application, opening 
vast and striking possibilities for the future of communications. 

Pioneer in the field of microwave. .. a contributor to radio progress 

for more than 35 years ... Federal stands for leadership in research, 
development and manufacture of equipment and components for 

every segment of the communications industry. 

* OCTOBER, 1945 15 



Communications 
WELL 
IN 

HAND 

• Transmitting 
equipment designed 
and manufactured 
by Wilcox Electric 
Company of Kansas 
City, Missouri. 

THE inclusion of Astatic's GDN Series Dynamic Micro-
phone in this modern airline dispatching office installa-
tion speaks for itself. Present-day communications 
systems demand the finest possible equipment. Astatic 
products measure up to these high standards of operating 
efficiency. 

• 

SHOWN in the installation pictured above is a Dynamic, 
semi-directional, all-purpose Microphone of the Astatic 
DN Series, mounted on Grip-to-Talk Desk Stand. This 
stand embodies a relay-operating ON-OFF Switch for 
remote control of transmitters and amplifiers, the switch 
itself being operated by a slight pressure of the fingers 
upon a convenient grip bar. 

Astatic Microphones. Phonograph Pickups 
and Cartridges are going forward daily in an ever-in-
creasing volume to manufacturers of radio, phonograph, 
communications and public address equipment, and to 
authorized Astatie jobber outlets. 

You'll HEAR MORE 
front Astatic 

CORPORATION 
CONNEAUT, OHIO 

IN CANADA CANADIAN ASIA LC LID, TORONTO, ONTARIO 

TECHNICANA 
[Continued from page 14] 

This method is suggested in an 
article entitled "Correcting for Volt-
meter Load" in the July, 1945, issue of 
Electronic Engineering. 

In a second method the series re-
sistance R„, is replaced by a variable 
resistance X. The V, is read when 
X = 0, and Vz is set at a fixed value 

V, 
equal to —, by adjusting X. 

2 

It is shown that 1. = I", • so that 
R. 

if the scale of X is calibrated in ternis 
of the meter resistance, V can be found 
by multiplying the V, reading by the 
factor on the scale of X. 

RESISTANCE-CAPACITY 
OSCILLATOR 

* Many types of circuits have been de-
signed to incorporate in one oscillator 
as many desirable features as possible. 
Those include operation over a wide 
frequency band, good stability, constant 
output, low harmonic distortion, and 
inexpensiveness. 

In the June. 1945, issue of Electronic 
Engineering, F. G. Clifford of the Brit-
ish Post Office Research Station de-
scribes a bridge-stabilized, resistance-
capacitance oscillator which incorporates 
an amplitude stabilizing desire of the 
thermal element type. 

The \Vien bridge network is of the 
form of Fig. 3. This network is fre-

Figure 3 

quency sensitive so that there is zero 

1 
phase shift when co, —   and 

N/C1C;RIR2 

optimum feedback is provided. 

The bridge circuit with feedback am-
plifier added is shown in Fig. 4. This 
circuit will oscillate at frequency co, if 
the attenuation of the bridge is less than 
the gain of the amplifier. As R4 is in-

Continued on page 18] 

16 OCTOBER, 1945 * RADIO 



THE COUNTERSIGN OF DEPENDABILITY IN ANY ELECTRONIC EQUIPMENT 

.00/11015 

Front view of the 250-

watt,118 mc. Motorola 

transmitter, now giv-

ing Miami police the 

clearest of coverage for 

a radius of 30 miles. 

vs Spa/-
IN FM POLICE SYSTEMS 

EIMAC TETRODE 4-125A 

Top honors to Galvin Manufacturing Corporation for 
building it, and a salute to the police and fire departments 
of Miami, Florida, for putting it to work in spite of the 
skeptics! It's the first two-way police radiotelephone 
system in the United States on frequencies above roo mc. 
Twenty-four hours a day, 12 patrol cars in Miami's busy 
area tune in on signals as solid as a dinner-table conversa-
tion from this Motorola 250 watt, 118 mc. FM transmitter. 
From the earliest experimental stages of FM broadcast-

ing, Eimac tubes have been lending a hand. Naturally, 
there are Eimac 4-125A tetrodes (pictured above) in the 
vital power output stage of Galvin's new Motorola success. 
Eimac 4-125A's were a logical choice for this transmitter 
because of their superlative high frequency performance 
capabilities and their low driving power requirements. 

FOLLOW THE LEADERS TO 
Ask for your copy of Electronic 
Telesis, the 64- page booklet 
giving the fundamentals of 
electronics. It tie hetp elec-
tronic engineers explain the 
subject to laymen. Available 
in English and Spanish. No 
obligation, of course. 

(11(1-McCULLOUGH, Inc., 1014 San Mateo Avenue, San Bruno, Calif. 

Plants located at: San Bruno, California and Sad Lake City, Utah 

Export Agents: (razor & Hansen, 301 Clay St., San Francisco 11, Calif., U. S. A. 

1 0 7 4 

ELECTRICAL CHARACTERISTICS - 4-125A TETRODE 

Filament: Thoriated Tungsten 

Voltage . . . . 5.0 volts 
Current . . 6.2 amperes 

Plate Dissipation 
(Maximum) 125 watts 

Direct InterelectrodeCapacitances(Average) 

Grid-Plate (Without shielding, 
base grounded) . . . . 0.03 44Ecl. 

Input 103 46fd. 
Output 30 ier¡Ed. 

Transconductance (is = 50 ma., Ea = 2500 v., Ec: = 400 v.). 2450 urrthos 



AREA OF 
DISTRIBUTION 
The new amzzing Altec 

Lansing multi-cellular Du-

plex Speaker provides up 

to 800% increased area 
of quality sound distribu-

tion. In the vertical plane, 

the Duplex devers a forty 

degree angle of distri-

bution, or eight times the 

area distribution at high 

frequencies as compared 

to single unit speakers of 

comparable size. Another 

reason why the DUPLEX is 

the SPEAKER that REVO-

LUTIONIZES the methods 
of sound REPRODUCTION. 

SEND FOR BULLETINS 

1210 TAFT BLDG.. HOLLYWOOD 28, CALIF. 

250 WEST 57 STREET, NEW YORK 19, N. '11-

IN CANADA' NORTHERN ELECTRIC CO. 

TECHNICANA 
!Continued from page 16j 

creased the attenuation increases until 
oscillation ceases. 
The author employs a phase-splittirg 

tube between the amplifier and the 
bridge. This is tube V3 in Fig. 5. Tube 
1/1 is the amplifier tube and 173 is a 
buffer. The non-linear-resistance ele-

Figure 4 

nient, L, is a special lamp having a posi-
tive resistance-current characteristic. 

In order to preserve constant attenu-
ation in the bridge at various frequen-
cies, the ratio of the impedances of R, 
and R3C3 must be constant. In particular 
the ratios RJR,. and Ci/C2 must be 

Figure 5 

RATIO DETECTORS FOR 

F-IVI RECEIVERS 

constant. Since R3 and R. do not control 
frequency, the frequency is controlled by 
Ci and C2, which are equal and ganged, 
or by R, and R3, in steps. 

If the ratio of the impedance of Ia., 
to the impedance of R2C2 is N, at fre-
quency w,, then R, = R3(N —1) . The 
author shows that the condition for 
maximum frequency stability is that 
N = 1.67 so that the optimum value for 

— is 0.67. 
R3 

The author operated between 25 cycles 
and 40 kc. The lower limit is imposed 
by the lamp. At below 25 cycles the lamp 
resistance will follow the frequency 
cycles sufficiently close to cause distor-
tion. In this range the output was 6 mv, 
within 1 db, and between 200 cycles 
and 15 kc the output was constant. 

Second and third harmonic contents 
were 0.2% maximum at 6 mw output 
between 70 cycles and 6 kc. 

At 1000 cycles a 20% change in sup-
ply voltage produced less than .05 db 
change in output and less than 0.2 cycles 
frequency change. 

The author believes that this oscil-
lator could be designed to operate up 
to 5 mc, and has suggested that this 
device, amplitude stabilization and 
phase-splitting tube, may be useful with 
other types of feedback mechanisms. 

* In a paper delivered before the New 
York Section of the Institute of Radio 
Engineers on Oct. 3, Stuart William 
Seeley, manager of the Industry Service 

Division of RCA Laboratories, described 
a new f-m detector designed to elimi-
nate the need for a limiter stage. 

In the conventional design of f-m 
receivers, a limiter stage is required 
because the usual type of f-m discrimi-
nator detects amplitude. as well as Ire-
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quency, variations in the incoming 
signal. Mr. Seeley described discrimi-
nator circuits in which a fixed d-c 
voltage or current, split into two sec-
tions, is applied to the discriminator in 
such manner that the ratio of its ampli-
tude is always equal to the ratio of the 
amplitudes of the two developed i-f 
voltages in the discriminator circuit. 
Such a circuit is stated to be immune 
to amplitude variations. 

Fundamental circuits for ratio de-
tection are illustrated in Figs. 6, 7, and 
8. In Fig. 6, E, plus E, equals the bat-
tery voltage and the meter indicates 
the d-c current flowing in the circuit. 
If the signals S, and S, are kept equal 
but increased in magnitude, the current 

Figure 6 

I will increase by an amount greater 
than the per cent increase in applied 
signal voltages. If the ratio of Si to S. 
equals 72, E, plus E2 will still equal the 
battery voltage, but E1/E, will equal 
S1/S,. This ratio will hold. 

Fig. 7 shows a practical radio de-
.4 tector circuit, in which the battery 

Figure 7 

shown in Fig. 6 is replaced by the re-
sistor R and a by-pass capacitor. The 
capacitors C,, C.2, and C; are used to 
secure normal de-emphasis. The time 
constant of the volume control plus Ci, 

[Continued on page 20] 
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TECIINICANA 
[Continued from page 19] 

C2, and C. should be not less than .002 
sec, without diode connection. No limiter 
stage is necessary and there is no 
threshold voltage. It requires but 10 to 
20 inv applied voltage. Although this 
circuit is in effect a voltage doubler 
for a-v-c voltages, the a-f output is less 
than that of a conventional discrimina-
tor. But it is stated that the loss in 
detection is not greater than that caused 
by the use of a limiter at threshold in 
comparison with full i-f gain. 

Fig. 8 shows another ratio detector 
circuit which is designed to minimize 

Figure 8 

i-f harmonics. Resistor R is four times 
the value of that shown in Fig. 7. 
Many variations of these fundamental 

circuits are possible. Design considera-
tions include closer primary and sec-
ondary coupling of discriminator than 
conventionally used, and a completely 
balanced condition in both halves of 
network. 

It is stated that discriminator linear-
ity is not as easily obtained with ratio 
detectors as with the usual detector, 
and varation of transformer coupling 
cannot he readily uu to secure linearity. 

NETWORK DESIGN 

* \\ lien it is desired to match a load 
impedance to a source impedance, a re-
active network may be employed. The 
matching of several circuits into a 
single load is also commonly employed 
in the broadcast industry. 
The converse, that of matching a 

single source into n lt ads. and in par-
ticular, designing to minimize fluctua-
tions in one outlet due to switching on 
and off the other outlets, is described 
in the July 1945 issue of the A.W.A. 
Technical Review, published by Amal-
gamated Wireless ( Australasia) Ltd. 

In addition, the attenuation must be 

[Continued on page 22] 
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TECHNICANA 
[Continued from rage 2U] 

a minimum in each circuit. The problem 
is stated in terms of a predetermined 
degree of isolation. 
The circuit of Fig. 9 illustrates the 

Figure 9 

case at hand. The isolating network 
consists of resistance RI, R., and R. 
The source E has an impedance of RO, 
and the load impedance is RI.. R' rep-
resents n-1 identical networks paral-
leled at the source. 
The author of the article, which is 

entitled "The Design of Isolating Pads" 
is J. K. Mackenzie. The per cent changes 
in output, from the normal condition, 
when the n —1 loads are all short-
circuited or open-circuited simultane-
ously, are calculated. There is a direct 
relation between the degree of isolation 
and the attenuation in the network. The 
least attenuation is shown to occur when 
= 0 and the pads take the form of 

7111 

Figure 10 

.111111. 

an inverted L section, with the load in 
parallel with the shunt arm .12.. 
The author also determines the con-

ditions necessary for the matching of 
[Continued on page 24] 
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Get a copy of the new RA-
D'ART AERIAL CATALOG 
from your Distributor— 
available now. 

TECIINICANA 
[continued from pa.ii. 22.1 

each load to its generator impedance. 
These conditions are stated in terms 
of a working parameter, the value of 
which depends on the resistance values 
assigned to the networks, and the num-
ber of networks employed. 
The fractional changes in output are 

slightly greater when all loads are open-
circuited, so that this condition is em-
ployed in the calculations. 
A transformer may also be employed 

between the source and the networks. 
With a suitably chosen turns ratio, 
lower attenuation can be obtained. In 
this case the value of R. = oo so that 
there is no shunt arm in the isolating 
pad. 

If a triode amplifier is introduced 
into the generator circuit to make up 
for the losses in the isolating pads. 
transformer coupling is again desired 
in order fo present an optimum load to 
the triode output. It is shown that when 
the optimum load is twice the plate 
impedance of the tube, the voltage at-
tenuation is never more than 1.7 db 

/21feed„ ALL LENGTHS—ALL STYLES 
PLEASURE AND POUCE TYPES 

Made from RADIART Quality materials 
throughout, these Aerials will meet every 
expectation for ease of installation — dur-
able construction — perfect insulation and 
rustproof finish. 
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If you have not already done so, send your 
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3571 W. 62nd STREET • CLEVELAND 2, OHIO 

tear, Ilovi0on Carradien Ogg., 
25 Warren Si.. N. York 7. N.Y. 455 Craig Sr.. W.. Munireal. Canada 

greater than the minimum. The genera-
tor as a whole can be matched to its 
load through a transmission line, using 
a transformer, with a voltage loss of 
no more than 3 db above the minimum 
attenuation. 
When a transformer is employed the 

values of E and Ro are obtained in terms 
of the equivalent circuit of Fig. 10. 

VOLUME EXPANSION 

* One of the problems in sound repro-
duction concerns the audio frequency 
range necessary to provide reasonably 
faithful duplication of the original. 

Reproduction of the original volume 
range presents an additional problem. 
The volume rauge of an orchestral 
performance may be as much as 70 db, 
for example, and if the peaks result in 
100% carrier modulation the low levels 
may be obscured in the background noise 
of the receiver. 

In broadcast work volume compres-
sion is ordinarily introduced by reduc-
ing the gain of the studio amplifier 
for loud passages, and increasing the 
amplification for softer tones. This may 
be accomplished manually by a studio 
operator. 

It is now the problem of reproducing 
the original performance by introducing 
volume expansion in the receiver to 
offset the volume compression at the 
broadcast station. 

This is discussed by J. G. White 
in an article entitled "Contrast Expan-
sion", appearing in the Sept. 1945 issue 
of Wireless World. 

It is claimed that volume expansion 
\yin result in a more pleasing reproduc-
tion, despite critics' claims that since 
the volume compression was introduced 

Figure 11 

manually, no system of expansion can 
automatically make the proper correc-
tions. 
The expansion system should intro-

duce minimum distortion ; the degree of 
expansion should be controllable by the 
listener as desired for various types of 
music, and the expansion should be 
independent of the volume level. 
The rate of volume increase, or de-

24 OCTOBER, 1945 * Elrjrift7111  



crease, must also be considered. Usually 
the expansion should operate with little 
delay, but not so rapidly as to cause 
flutter. 

Finally, because the background 
noise limits the volume reduction, the 
noise level should be reduced by the 
expander at the low end. 
Among existing types of volume ex-

pansion systems is the lamp-operated 
circuit, of Fig. 11. The resistance of the 

Figure 12 

lamp increases as the filament tempera-
ture rises, throwing a greater propor-
tion of the energy into the output. This 
system must be operated at a high vol-
ume level, requires pre-selected lamp,;, 
and in general operates over a narrow 
volume range. 
The popular variable gain amplifier 

stage permits the use of independent 
volume and expansion controls and ad-
justment of the rates of volume increase 
or decrease. It has the disadvantage of 
introducing harmonic distortion. 

In a third type of circuit the im-
pedance of one type of tube may he 
made to vary by changing the potentill 
of the control grid with respect to cath-
ode. The variable-impedance tube is 
thus made one arm of a potentiometer 
in the output to the next stage. 

This system may be used at a higher 
signal level than the variable gain 
system, and harmonic distortion will be 
less if the circuit constants are such 

Figure 13 

that the impedance of the controlling 
tube, reflected to the prior stage, is not 
so low as the introduce distortion. 

Variable negative feedback has been 
employed for volume expansion. The 
negative feedback varies inversely as 
the volume input. It has the advantage 
of reducing harmonic distortion to a 
minimum. 

Variable feedback may be employed 
with a lamp-operated, or with a tube 
expansion system. 

In one form of tube circuit, Fig. 12, 
the tube V2 has an impedance which 
varies with the signal amplitude. The 
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feedback voltage developed across R,, 
due to the current through V,, varies 
inversely with the applied signal. This 
circuit has a high output impedance. 
and high a-f attenuation will occur at 
low signal levels. This effect can be 
overcome by use of the circuit of Fig. 13. 
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PARALLEL TUBE 

High Fidelity Amplifier 

FRANK C. JONES 

A Comparison of Push-Pull and Parallel Tube Amplifiers With Practical 
Design Data For a Low Distortion Parallel Output Tube Amplifier 

T
HE EVER-CROWING DEMAND for a 
simple and economical high-fidelity 
audio amplifier for use in the home 

is responsible for the development of a 
parallel tube circuit by the writer, after 
considerable research was devoted to 
push-pull operation. The relative sim-
plicity of a two-stage parallel tube am-
plifier as compared to a three-stage 
push-pull system, including a phase in-
verter stage, became immediately ap-
parent. It was found that a reduction 
in amplitude, harmonic and cross-
modulation distortion could be obtained 
from the parallel tube system at rela-
tively large values of audio power out-
put. 
The myth of second harmonic distor-

tion cancellation can be literally ex-
ploded insofar as push-pull amplifiers 
with commercially available output 
transformers and "unmatched" tubes are 
concerned. A lower percentage of sec-
ond, third, fourth and fifth harmonic 
distortion was measured in parallel tube 
amplifiers with feedback than in similar 
push-pull circuits. Less hum and motor-
boating were likewise found in the two-
stage parallel system. 

Push-Pull vs. Parallel Tube 
Amplifiers 

Two tubes operated in push-pull, i.e. 
with the grids excited by equal voltages 
180° out of phase, and the outputs com-
bined in a conventional output trans-
former, have been accepted as an almost 
universally standard method of opera-

Fig. 1. A method of applying negative 
feedback across a single output tube 

tion in power audio amplifier circuits. 
The advantage of this form of opera-
tion is the high power output which is 
obtainable with relatively low distortion. 
This is an excellent method for modu-
lators, or for public-address systems, 
but it does not appear to be the best 
possible solution for high-fidelity am-
plifiers in which harmonic distortion, 
amplitude distortion, and, particularly, 
cross-modulation distortion are extreme-
ly important considerations. 
For a high-fidelity amplifier for FM 

reception, or for phonograph record 
reproduction in an ordinary living room, 
only a few watts of power will be re-
quired. The major problem is a reduc-
tion of all forms of distortion to a value 
lower than provided by any of the 
present-day systems. Class AB or B 
push-pull amplifiers always introduce 
greater distortion than a pure Class A 
amplifier. Probably 95 per cent of all 

push-pull amplifiers are biased to a 
point far above pure Class A operation. 
Push-pull circuits are supposedly a 
magical means for balancing-out the 
even order harmonics, but this method 
is of no help for the odd harmonics 
which are even more objectionable to 
the ear than are the even harmonics, 
in most cases. 
The cross-modulation effect is in-

creased when an amplifier is biased be-
yond the mid-point of its Class A char-
acteristic. Cross-modulation is produced 
when the non-linear operation of any 
part of an amplifier produces added beat 
notes, for example when a 1000-cycle 
and a 700-cycle note are present a new 
tone of 300 cycles and 1700 cycles is 
produced by cross-modulation—and this 
tone should not be present. These tones 
are audible down to values lower than 
2 per cent of the fundamentals, and are 
consequently far more serious than har-
monic distortion. 

If a push-pull amplifier is operated 
strictly Class A, the output is only twice 
that of a single tube. The same output 
can be obtained by operating the two 
power tubes in parallel. Actually, with 
output transformers listing for less than 
$15.00 to $20.00 more output can be 
obtained from parallel operation than 
from a push-pull Class A amplifier. If 
a single tube amplifier produces its 
lowest distortion at normal power output 
when working into a 5000 ohm load, 
it is evident that for pure Class A opera-
tion in parallel this load should be 2.500 
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ohms—and 20,000 ohms for push-pull. 
When 2,500 ohms is transformed down 
to a voice coil load of perhaps 4 ohms, 
the result will be an impedance ratio 
of 625 for parallel tubes and 5,000 for 
push-pull tubes. 
The impedance transfer of 5,000-to-1 

over the audio-frequency range is an 
extremely difficult accomplishment and 
requires a transformer with a large iron 
core and special windings. When at-
tempted with conventional high-class 
output transformers, the power loss 
usually amounts to 30 per cent to 5i) 
per cent. If half of the output power is 
lost by reason of poor impedance match, 
copper or iron losses, etc., the effective 
output will be reduced to that of a 
single tube with a perfect transformer. 
When the output tubes are operated 
in parallel it is possible to secure output 
transformer efficiencies ranging from 70 
to 90 per cent at moderate cost. The 
net result will be a parallel tube ampli-
fier which will deliver more "undis-
torted" power to the voice coil of a 
loud speaker than is possible from a 
push-pull amplifier. Many measurements 
with a harmonic analyzer have proved 
this assertion. The writer made com-
parisons with three types of push-pull 
amplifiers (biased for Class A), then 
converted these circuits for parallel op-
eration—and secured from 25 to 50 per 
cent more audio power into the voice 
coil load for a given maximum distortion 
of 2 or 3 per cent. 
Measurements for push-pull ampli-

fiers operated at Tube Handbook volt-
ages usually indicated far higher values 
of third and fifth harmonic distortion, 
and always more cross-modulation, than 
when the plate and grid bias voltages 
were set for pure Class A operation. 
In some instances the second harmonic 
was excessive, due to tube or trans-
former unbalance. It would appear that 
no justifiable reason can be given for 
the use of push-pull Class AB, AB,, 
AB,, or B amplifiers for high-fidelity 

Fig. 3. Circuit diagram of parallel tube amplifier with negative feedback 

Fig. 2. Negative feedback applied over 
two stages 

service in the home. A single 6L6 tube 
will deliver sufficient power for most 
practical purposes, and a pair of 6L6s 
in parallel will deliver ample peak 
power to handle symphonic reproduction 
in a large living room at values of 
sound level above normal requirements. 
Triode tubes such as 6A3s will not 
deliver sufficient power in parallel or 
push-pull pure Class A, since the plate 
dissipation will limit the applied plate 
voltage to aproximately 250 volts. At 
this voltage a pair of tubes will deliver 
approximately the sanie output as a 
single 6L6. Operation at higher plate 
voltage will result in higher than Class 
A grid bias in order to limit the plate 
dissipation. The net result is an increase 
in distortion, as shown by the harmonic 
analyzer tests. 

Feed-Back Amplifiers 

High undistorted output power can 
be obtained from beam power tetrodes 
if sufficient inverse feedback is applied. 
A loudspeaker load is not a constant 
load, having a tremendous peak at a 
low frequency and a gradually rising 
value at high frequencies. This means 
that there will be an excessive amount 
of false bass and high-frequency repro-
duction unless the amplifier has such a 
low internal plate resistance as compared 

to the load impedance that the load can 
change appreciably without effect. A 
triode such as a 6A3 has a low plate 
resistance and functions very well for 
this purpose, but the useful output is 
only about half that of a 6L6 at the 
same plate voltage. The 6L6 has a high 
plate resistance, but it can be reduced 
to a value comparable to a 6A3 triode 
by applying inverse feedback, particu-
larly when applied over a two-stage 
amplifier. The effective output impedance 
of a two-stage amplifier is: 

R, 
Ro   

1 — gA,P 
where R,= normal plate resistance of 

output tube 
= amplification factor of out-

put tube 
A, = amplification of first stage 
= feedback factor 

The inverse feedback reduces the 
overall amplification and distortion. The 
resultant amplification is: 

A 
_11 = 

1 — AP 
where A = overall amplification in the 

absence of feedback 
g = feedback factor 

Distortion with feedback = 
Distortion in absence of feedback 

— Ap 
For regenerative feedback, g is positive 
and increases the amplification, distor-
tion and effective output imedance. For 
inverse feedback, g is negative and the 
terni 1-4 is always greater than unity. 
There are many circuits for obtaining 

voltage feedback over one or more 
stages. For inverse feedback the voltage 
fed back must be 180° out of phase 
with the signal voltage at the point of 
feedback connection. In Fig. I, feed-
back is applied across the output tube 
and the feedback factor (3 is equal to the 
ratio of the parallel resistance of 122, R, 
and the 6SJ7 plate resistance, to this 
and the sum of the feedback resistor R,. 
if the latter is 800k and the total plate 
resistor load is 200k, then 

200k 
=   = .20 

200k 800k 

If the 6L6 has a normal gain of 12, 
the gain with feedback would be 

12 12 
=  = = 3.5 

1 — ( —.2 ) 12 1 4- 2.4 

If the 6SJ7 stage has an effective 
gain of 60 with an un-bypassed cathode 
resistor R.,. then the overall gain would 
be 60 x 3.5 = 210. 
The output resistance in this case 

Nvould be 
R, 1 

Ro 
1— #43 

— — RG. 
R„ 
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AMPLITUDE CHARACTERISTIC OF 
PARALLEL TUBE AMPLIFIER 

° SINE WAVE ° 
AF OSC. ° 

° A F 
AMPLIFIER 611 

/ A F V.T. V. 
DB 

o CALIBRATION o o o 

\ AF VOLTMETER REFERENCE LOAD LEVEL 
CONSTANT INPUT A 5 WATTS AT 1000 CPS 
TO A1APL FIER 

FIDELITY MEASURING SET UP 

Fig. 4. Fidelity measuring setup and amplitude characteristic of parallel tube ampli:ier 

1 
880 ohms 

1 
.2 x 5500 x 10' 

25000 

When the feedback is applied over 
two stages, as in Fig. 2. the output 
resistance and overall gain would be 
the same if R, was 333 ohms and R. was 
100,000, making g = .00333. The ad-
vantage of applying it over two stages 
is that the distortion in both amplifier 
stages is reduced. With the values 
shown in Fig. 2, g .006. 

720 
=   = 135 
1 .006 x 720 

25,000 X .5 
245 ohms 

1 137.5 x 60 x .006 

The negative current feedback across 
R. in Fig. 2 is practically zero since the 
load is connected directly from plate 
to cathode of the parallel tube amplifier. 
The amplification of the 6SJ7 stage is 
approximately halved by the un-bypassed 
cathode resistor R,. This resistor can-
not be by-passed since it would short-
circuit the inverse feedback voltage 
from R.. 

Fig. 3 shows another feedback system 
which permits practically full gain in 
the 6SJ7 stage. The overall gain from 
the grid of the 6SJ7 to the plate of 
the 6L6 can be made as high as 250 or 
300 for the same distortion values as 
those obtained in Fig. 2 at half the gain. 
This feature is sometimes needed in 
connection with high-quality equalized 
phonograph pickups when the generated 
voltage in the pickup unit is relatively 
low. 

Due to the pitase characteristics of 
the conventional output transformer over 
the range of from 30 to 15,000 cps, the 
feedback resistor R, should be shunted 
by a capacitor Ci of approximately .05 
p.f and the 6S J7 tube plate shunte il by 
C. to ground, the value of the latter 
being from .0003 to .001 p.f. A value 
of .0005 functions satisfactorily with 
most output transformers. These ca-
pacitors were tried in several different 
varieties of parallel tube feedback am-
plifiers while observing the wave-form 
on an oscilloscope when square-wave 
voltage was applied to the input. An 
oscilloscope is a necessity when building 
feedback amplifiers in order to deter-
mine the optimum constants for each 
particular layout of parts, or type of 
parts. 
The amplitude characteristics of the 

amplifier shown in Fig. 2 are illustrated 
by the curve "A" in Fig. 4. Applying 
the feedback across the output trans-
former together with the equalizing 
capacitors, improves the high-frequency 
response of the amplifier shown in Fig. 
3. The curve "B" of Fig. 4 was obtained 
front the amplifier circuit of Fig. 3. 
Harmonic analyzer measurements for 

these amplifiers indicated values of sec-
ond harmonic distortion of 2 per cent, 
and third harmonic of 1 per cent into 
a 1,500-ohm plate load with 8.5 watts 
output into the voice coil load resistance. 
Connecting two sine wave audio os-
cillators into the input, as shown in Fig. 
5, gave cross-modulation values of 2 
per cent at 4 watts output, 3 per cent 
at 6 watts, 7 to 8 per cent at 8.5 watts. 
and about 10 per cent at 10 watts output. 
The harmonic distortion with an r-m-s 
output of 10 watts of fundamental gave 
values of 2.5 per cent second harmonic 
and 5 per cent third harmonic. In gen-
eral, the cross-modulation effects, as 
proved by measurement, were from two 
to three times as high as the harmonic 
distortion. Very few loudspeakers are 
capable of handling more than 5 or 6 
watts into the voice coil without generat-
ing very high degrees of distortion. The 
given values of output were those meas-
ured into a 6 ohm resistor, and conse-
quently the actual tube output will be 
greater. 

One push-pull amplifier rated at 10 
watts output actually gave about 5 watts 
front the tubes with 5 per cent distor-
tion, and less than 2 watts into the voice 
coil at the same distortion values. The 
low-priced output transformer working 
out of high-impedance 6V6 tubes caused 
more power loss than was applied to the 
loudspeaker voice coil. 

Power supplies for the amplifiers 
shown in Figs. 2 and 3 should be ade-
quately filtered. A choke input filter 
with two sections of 15 to 20 henry 
chokes, and considerable filter capacitor 
capacity will satisfy these requirements. 
The hum voltage across the voice coil 
was measured at .001 volt for the am-
plifier of Fig. 3, with two chokes and a 
two-capacitor-filter of 20 and 40 pf. 
This hum voltage is far below normal 
for a push-pull audio amplifier system. 

One disadvantage of push-pull ampli-
fiers not mentioned previously is to find 
a phase inverter stage which is really 
low in harmonic and cross-modulation 
distortion. Either a phase inverter or 
push-pull input transformer is required 
for driving a push-pull amplifier. Most 
circuit engineers have ignored or over-
looked this problem ; a few simple meas-
urements will prove its seriousness. 

SINE WAVE 
AF OSC. 
No.1 

20 OB 

V 

SINE WAVE 
AF OSC. 
No.2 

20 DB 

AUDIO FRECI 
AMPLIFIER 

 o 

START NPUT TO EACH CO3 PAD 

HARMONIC 
WAVE 

ANAL IZER 

Fig. 5. Block diagram of method of measuring audio amplifier cross-modulation distortion 
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Microwave 

I
N ORDER TO GIVE a discussion of radio 
wave communication in general and 
of microwave transmission in par-

ticular, we shall incidentally need to 
establish certain conventions which are 
by no means new and repeat some defi-
nitions which are necessary to keep 
clearly in mind. \Ve shall also speak of 
the balance sheet method of computa-
tion which we shall use and which is 
a convenient way of establishing the 
feasibility of transmission over a pro-
jected link. This last refers to a way of 
setting up db gain and db loss in sepa-
rate columns. If all the factors are 
known, it is then obviously necessary 
that the db gain column equal or ex-
ceed the db loss column in order that 
transmission be successful. If one item 
in either column is unknown, then a 
symbolic addition with the sums of the 
two columns equated, will allow us to 
solve for a db gain or loss figure which 
must be bettered by the unknown factor, 
if the arrangement is to be a success. 
The complete list of items which may 

enter into a transmission is shown in 
the following blank balance sheet. Gen-
erally speaking, it is not always neces-
sary to include all these items and it is 
sometimes desirable to combine some of 
them. The word available is in all cases 
used to mean the power delivered to a 
matched load. When perfect matching is 
not used, additional losses are incurred. 

BALANCE 
GAIN 

I) Oscillator Rower - --db 

(9) Trans Antenno Gen- - - db 

(7) Rec. Antenna Gun-- - db 

(8) Perfect Rec. Sensitivity--db 

TOTAL GAIN 

SHEET 
LOSS 

(2) Trono, Cable Loss db 

(3) Isotrotot Trans. Antenna- db 

(5) Propagation Lost db 

(6) Isotropic Rec. Antenna - - db 

(9) Receiver Noise Figs,. - - - cl 

(10)Receiver Cable Lou- - - -db 

TOTAL LOSS 

The meanings of these items are as 
follows: 

I. Oscillator Power. The power avail-
able from the transmitter oscilla-
tor as compared to one watt. 

2. Transmitter Cable Loss. The pow-
er available from the transmission 
line to the antenna as compared to 
the power available from the oscil-
lator. 

3. Isotropic Transmitting Antenna. 
The power passing through one 
square meter one meter away from 
an isotropic antenna as compared 
to that available into the antenna. 

Transmission 

JAY E. BROWDER and V. J. YOUNG 

Sperry Gyroscope Company, Inc. 

4. Transmitting Antenna Gain. The 
power in one square meter at one 
meter as compared to what would 
be had in an isotropic antenna. This 
is equivalent to the usual definition. 

5. Propagation Loss. The field 
strength at the receiving antenna 
as compared to that one meter 
from the transmitting antenna. 

6. Isotropic Receiving Antenna. Pow-
er available from receiving antenna 
as compared to that passing 
through one square meter in the 
neighborhood of the antenna. 

7. Receiving Antenna Gain. Power 
available from antenna as com-
pared to that from an isotropic an-
tenna under the same condition. 
This is equivalent to the usual 
definition. 

8. Perfect Receiver Sensitivity. The 
sensitivity of a perfect receiver 
measured in db below one watt. 

9. Receiver Noise Figure. The sensi-
tivity of the receiver compared to 
a perfect receiver. 

10. Receiver Cable Loss. The power 
available into the receiver antenna 
connection as compared to that 
available from the receiving an-
tenna. 

The Perfect Receiver 

Any radio receiver can be made only 
so sensitive. A certain definite amount 
of signal strength must be inserted into 
the receiver antenna connection in order 
that reception be successful, and no mat-
ter how much gain the receiver is ca-
pable of nor how well the receiver is 
constructed, no signal weaker than that 
can be successfully used to obtain in-
telligence from a radio transmission. So 
far as the radio art in general is con-
cerned, this is of course an unfortunate 
situation inasmuch as it imposes a defi-
nite range limit beyond which no par-
ticular radio transmitter can be heard. 
For propagation calculations, however, 
it has its advantages since it allows us 
to put down as receiver sensitivity a 
certain definite number of db below one 

R 

Fig. 1. Equivalent circuit for noise genera-
tion in the resistive component of the input 

impendence of a radio receiver 

watt on the credit side of the ledger 
and place a number on the debit side 
ot denate the amount by which a given 
receiver misses the ideal. 
The threshold sensitivity of a good 

receiver is determined by the thermal 
noise in the resistive component of the 
input impedance of the receiver. This 
may mean the input impedance of the 
antenna, the first mixer, or what is more 
likely, of the first i-f stage of a micro-
wave receiver. At lower frequencies it 
is the first r-f stage which usually is the 
place where the noise contribution is 
most important. Since, as will be seen 
presently, the exact value of that re-
sistance does not need to be known in 
calculating the performance of an ideal 
receiver, it is not necessary here for 
us to locate its position. We only have 
to recognize that it exists. To build an 
ideal receiver is quite another matter 
and the struggle to use proper compo-
nents in a proper arrangement so as 
to come as close to the ideal as possible 
is continually being aided by further 
research. The number of db by which a 
practical receiver misses the performance 
of an ideal receiver is called the noise 
figure. Modern microwave receivers 
have noise figures down to as little as 
6 db, but even a 10 db receiver is con-
sidered to be a good one. 
The crux of the situation, so far as 

thermal noise is concerned, is that ary 
resistance contains electrons which in 
the presence, or even in the absence, of 
a current have random motions in ad-
dition to any systematic movement oc-
casioned by the desired signal. These 
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Power Requirements 

A comprehensive discussion of the factors involved in deter-
mining the power needed from a microwave transmitter to 
assure successful operation under specified conditions. A 
simple balance sheet method of calculating required trans-

mitter power is presented 

random motions cause the resistor to 
act like a source of power and furnish 
noise signals to the receiver in addition 
to the desired signal. Such noise is 
well known to anyone who has operated 
sensitive receivers. Even with the an-
tenna disconnected, noise can be heard 
in the earphones or loudspeaker if the 
volume control is turned up sufficiently. 
A very weak signal can be made to 
yield intelligence only if it bears a 
definite relation in strength as com-
pared to the strength of the unavoid-
able noise. In exceptional cases it may 
be possible for a signal to yield in-
formation even when its amplitude is 
less than that of the accompanying noise 
but generally speaking, it is demanded 
that the ratio of signal to noise be at 
least unity. For the sake of definite-
ness, we shall take that as our criterion 
of acceptable reception. 
The difference between a body which 

is hot and one which is cold is the 
amount of molecular, atomic, and sub-
atomic motion which is going on inside 
the body. This sheet of paper which is 
seemingly quite stationary is neverthe-
less made up of many atomic particles 
which are in constant vibration or ro-
tation. If the paper is made colder the 
motion is reduced, and only if we could 
make the paper very cold indeed 
(-273° Centigrade) would the motion 
cease entirely. At higher temperatures 
the motion increases in amplitude and 
in the case of tungsten, the electrons 
even get to moving so fast at suffi-
ciently high temperatures that they 
leave the metal entirely and act as 
they do in tungsten filament vacuum 
tubes. Even at room temperature the 
charge in a resistor moves about in 
a perfectly random way with sufficient 
amplitude so that a voltage of com-
pletely arbitrary wave form appears 
across the ends of the resistor. This 
voltage is of course very small in terms 
of volts, but it is nevertheless finite 
and it is large enough so that it does 
place an end limitation on the per-
formance of a radio receiver. 

Fortunately, by virtue of many care-

ful measurements which physicists 
have made during the last hundred 
years or so, we can write down an 
expression for this noise voltage of a 
resistor with good accuracy. The equa-
tion giving the value is 

e2 = 4 kRTed 
where e is the voltage, k is a constant 
called Boltzmann's constant after the 
man who made early measurements of 
the phenomenon, R is the resistance, T 
is the temperature in degrees Kelvin, 
and Lf is the bandwidth over which 
the noise component is to be evaluated. 
In more detail if e is to be in volts, k is 
equal to 1.374 X 10 joules per degree 
Kelvin. R is expressed in ohms and T 
is the approximate temperature of the 
resistor measured, according to a tem-
perature scale which uses degrees of 
the same size as those of the Centi-
grade scale but whose zero is coinci-
dent with an absolute zero temperature 
as measured on the Centigrade scale. 
The symbol Af is a little bit more 

complicated to explain but just as easy 
to use. In practice it is normally the 
bandwidth of the i-f amplifier expressed 
in cycles. The idea is that, since the 
wave form of the noise voltage gen-
erated in a resistor is perfectly random. 
it contains all frequencies in equal 
amounts. If an actual plot of the volt-
age across a resistor could be made 
against time and then the jagged curve 

Fig. 2. Power in watts, and in db below 
one watt, needed at an ideal receiver to 

produce unity signal-to-noise ratio 

which results duplicated by adding up 
very small amounts of sine waves of 
many frequencies, it would be found 
that sine waves of all frequencies would 
be needed. This is no more than an 
explanation of random motion. Since 
the resistor charge moves about in a 
way which is not systemized, a voltage 
peak may appear at any point in time 
and consequently a voltage wave of 
any frequency may be needed to simu-
late that peak. Stating it all more 
simply, noise contains components of 
all frequencies, and to find the amount 
which lies in a given bandwidth as 
specified by the band pass width of the 
receiver, it is necessary to multiply by 
the width of that pass band, which is 
here symbolized by Af. 

In Fig. 1 is shown an equivalent 
circuit for the noise generation of a 
resistor. A voltage source e is imag-
ined to be impedanceless and capable 
of generating the noise voltage in 
series with a resistor R. Across the 
combination, a connection to the out-
side world is made and specifically to 
the input to the receiver. It is there 
that the desired signal first appears 
from the antenna and also that noise 
from the necessary input resistance is 
present. The job is to find the power 
which is available from that resistor 
and hence know the power which must 
be obtained from space in order to even 
theoretically obtain unity signal to 
noise ratio. 
Maximum power will obviously be 

delivered from the circuit of Fig. 1 if 
a matched load is used. A matched load 
is of course approximately needed not 
to get maximum noise but to get maxi-
mum useful signal which also must pass 
through the receiver input impedance. 
-In the present case matching is ob-
tained by connecting another resistance, 
R, across the terminals of Fig. 1. Now, 
in this circumstance, the generator im-
presses only half its voltage across the 
external resistor. The voltage there is 
E/2R and the power into the external 
load is given by 

e2 
Power = — watts 

4R 
Substituting for e, its value obtained in 
terms of Boltzmann's constant yields 

Noise power = N = KTàf watts 
Thus the minimum number of watts 
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which must be available to the receiver 
in order to produce an acceptable sig-
nal (unity signal to noise ratio) even 
in a perfect receiver is 
E. = 1.374 >< 10'X 291 >< af watts 

This assumes the resistor to be at 
normal room temperature (18°C = 
64°F). A plot of this against various 
bandwidths is shown in Fig. 2. 

DB Noise Figures and 
Practical Receivers 

It is generally most convenient to 
use db in calculating the various fac-
tors which enter into propagation 
problems. At the receiver and at the 
transmitter we make the final and first 
computation with respect to a power 
of one watt. Elsewhere we simply cal-
culate db gain or loss in comparison 
with a standard or ideal arrangement. 
Thus, using the usual equation for de-
fining db, namely, 

db = 10 log a/b 
we will, in the calculation of perform-
ance of an ideal receiver use one watt 
as a reference standard and the actual 
watts needed as the other quantity. In 
calculating gain of an antenna, we will 
compare actual signal strength to that 
which would come from an isotropic 
antenna. The advantage of using db 
for such calculations and doing them 
in this way is that the units drop out 
because of the ratio and the values ob-
tained are more closely proportional 
to the real discrepancies of operation 
which accompany them. 

In the case of the ideal receiver 
working with a 250 kc bandwidth, for 
example, our above equation for power 
shows that just about exactly 10' 
watts are needed. Converting to db, 
this means that with an ideal receiver 
ance of an ideal receiver, use one watt 
are receivable. The second curve in 
Fig. 2 gives the threshold sensitivity 
of a receiver in ternis of db below one 
watt. As a separate entry we may give 

a db comparison of the signal needed 
for an actual receiver to that needed 
for an ideal receiver. A combination 
of the two db figures will of course 
give the actual sensitivity in db below 
one watt, but for the flexibility of 
computation it is generally more con-
venient to keep the two entries sepa-
rate. 
The methods of measuring noise fig-

ures of actual receivers is not easy al-
though, as in most electrical measure-
ments, the difficulties are primarily 
those of setting up proper equipment. 
What is wanted is to find the ratio of 
the signal to noise at the input as 
compared to that at the ouput. If, as 
is usually the case, the noise introduced 
in the antenna itself may be neglected. 
the problem is simply one of connect-
ing a signal generator to the receiver 
input and under known conditions of 
signal-to-noise input, measure the same 

thing at the receiver output. Pesults 
may have to be extrapolated to small 
signal values, or better yet, inserted into 
the receiver through calibrated attenu-
ators which supply the receiver with 
very weak but accurately known micro-
wave signals. As we have said before. 
the best obtainable microwave receivers 
are, generally speaking, those with a 
noise figure of 6 to 10 db. 

Receiving Antenna Cross Section 

Now an isotropic point receiving an-
tenna is effectively able to make avail-
able to its connecting transmission line 
all the energy which passes by at a 
distance closer than the fraction of a 
wave length which is represented by 
one radian. That is, if a very small 
non-directional antenna is mounted at 
a point in space and radio waves from 
a remote transmitter pass through the 
neighborhood of the antenna, some of 
the space born energy is absorbed by 
the antenna. That which passes closest 
to the antenna is absorbed most effi-
ciently and that which is further and 
further away is less and less well ab-
sorbed. The total absorption of a point 
isotropic receiving antenna is sufficient 
so that an amount of energy equiva-
lent to all that which passes within 
k/27: (one radian) of the antenna is 
available from the antenna. To calcu-
late the energy involved, we may as-
sume the antenna acts as if it had a 
capture cross section of area equivalent 
to that of a circle 1/2z cm ill radius. 
The cross sectional area of a poiot iso-
tropic receiving antenna is therefore 

X' 

4. 

If TV watts are passing through one 
square meter of area near the receiving 

Fig. 4. Free space attenuation from power into isotropic radiator to power available from 
receiving antenna 

32 OCTOBER, 1945 * RADi o] 



Trans Power  X db 

Perfect Rey Senseivety_150 db 

:intenna. there will, therefore. I' 
f watts available front the 

receiving a iii . 1111, 1111/ it.11 \\II 

I 11 • 

ilh lifs> 10 lug 
ll'X2(47r) 

TliiS is the factor which, in the baiance 
sheet, we call isotropic receiving an-
tenna loss. 

Fig. 3 shows this loss as a functilin 
of frequency or wave length. It sin mid 
lie borne in mind, however, that the 
hiwer frequencies shliwn are not sa 
superior to the high frequencies as 
this graph alone might lead one to 
think. The reason is that much greater 
antenna gains are possible in the true 
microwave region than can ever be 
realizeil at longer wave lengths. 

Fig. .1 is a plot of three of our 1)al-
ii Sheet items taken together. When 
values are taken front it, a single 

• entry in the balance sheet will cover 
what we have called Isotropic •I'rans-
mitting Antenna factor, Propagation 
Loss. ;aid Isotropic Receiving Antenna 
factor. It must be strongly emphasized 
that Fig. 1 can only be used for free 
space calculations. 
Example. c«ompuiation of minimum 
transmission power needed for 100 mile 
free space transmission at 5000 suc 
.with a 251) ke bandwidth using an 
isotropic radiator and an isotropic re-
ceiving antenna feeding a 10 db re-
ceiver. 

BALANCE SHEET 

GAIN LOSS 

Roomer Noise Figure ---10.0 rib 

Isotropic Receiving Ant _ 35 5 db 

Propagation Lost- -- —1040 db 
Notroprc Trans. Ant _ 11 0 db 

TO TAL 150+X db TOTAL 160.5db 
150 + X =160.5 rib 

X 10 5 Ob 
Transmitter power (minimum) .10.5 db above I watt 

.11.2 watts 

Here we have no antelma gain so 
those items do not cm ni  into the com-
putation. .\lso. \ve have assumed that 
there are no cable losses and have left 
them out and renamed ,)scillator pimer 
as transmitter power \illicit means ive 
have computed the energy it is neces-
sary 11i actually deliver to the trans-
mitting antenna. 

•Hte item called Isotropic Receiving 
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Fig. 5. Free space values of the propagation 
loss factor 
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Antenna Loss may be taken directly 
from Fig. 3 but the entry for isotropic 
transmitting antenna loss needs further 
explanation. It is a quantity which is 
always the same and serves to svparate 

the problems of the antenna front those 
i if tin ipagatii 

As defined, the isotropic transmitting 
antenna loss is the db difference be-

tween On' pu over in`erted inn , an 
tropic transmitting antenna and that 
which passes thri ugh a situare meter 
cif area located olle meter away. If II' 
is the pm over intm m the antenna, then one 
meter away that energy will be spread 
over a spherical area of -1í . square 
meters. The energy passing through 
any square meter of that spherical sur-
face will be the same as that going 
through every other unit area so 
117( 4r.f watts is the amount in the 
square meter area \vhich we reituire. 
Calculating the ill> loss ni Ow usual 
way gives 1 I ilk 
The propagation loss item of the 

balance sheet is usually the its iS1 1111'11 

Cult 1111C tn eVa111111C hut in this par-
ticular example it is very simple because 
free space operation is specified. Each 
watt of power emerging froto the trans-
mitting- antenna spreads out in all di-
rections and at a 100 mile range the 
energy is distributed over the surface 
of an expanding spherical wave with 
a density that is equivalent to covering 
each unit area of the surface of a 100 
mile radius sphere with the same frac 
tino of the original transmitted energy. 
The propagation loss is a db loss which 
compares the energy in a meter area 
;t1 ,,ne meter away from the transmit 

ting antenna to that in a meter area 
lot) miles distant. For free space it is 
-.11. ,wn in Fig. 5. Thus. if II• is the 
iiatts of power from die It'illts111111e1*. 
the energy density at 100 miles will It:. 

where .1 is the area of the 
spherical surface at that distance. Ill 

the case of a 100 mile range 
A = 4trr' = 41r x 256 X 10' 

= 32 x 101" rneturs' 
The power density at If HI mil es is 
therefore 11 ./( 32 x 10') o tits per 
square meter. The power density at one 
meter is 11 ./(47.) watts per square 
meter as ive piiinted out before. The 
propagation loss in db is therefore 

10 log (32 101") 1 (470 = 104 (il) 

Antenna Gain 

:\ntenna gain is encountered when-
ever an antenna having directional 
properties is used. With a half wave 
dipole antenna, for example, the gain 
in a directiiin perpendicular to the 
;intenna length is 1.5. In db this means 
that a dipole has a gain of about 1.S. 
If such an antenna radiates a given 
Iminber of watts. the resulting field 
strengths iii the direction of optimum 
power transinissiim will he half again 
greater than when the dipole is re-
placed with ;I pOint isotropic radiator. 
In general, the term antenna gain means 
gain in the direction of maximum radi-
ation. although the term may of course 
4 used to tell of the relative strength 
or sensitivity of an antenna in a direc-
tion other than that. f iood practice 
calls for specific mention of direction 
when antenna gain is used for radia-
tion directed in a manner other than 
toward the maximum pattern contour, 

Ii radar applications particularly and 
in fixed communication links as well 
as to a certain extent ill mobile com-
munication, high gain antennas can lie 
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very valuable and in general can only 
be realized at trite microwave Ire 
quencie.. In radar. the problem to 
direct a beam M I accurately that when 
a reflection signal is obtained the di-
rection of the target will be accurately 
known. In other words, the angular 
resolving power of a radar set depends 
upon concentrating essentially all the 
transmitter energy into a very small 
solid angle. The use of conical beams 
whose angle of divergence is less than 
a degree is not unusual. 

In communication applications, the 
argument for high gain depends upon 
the number of db that are realized to 
benefit the system. A little manipulation 
of balance sheets N-s-ith various antenna 
gains will show what a large reduction 
of transmitter pi aver can be accom-
plished by increasing antenna gain. Iii 
general, the maximum sharpness of the 
beam which can be obtained depends 
entirely tipi ni the antenna size as meas-
ured in wave lengths. This is true re-
ganlless of whether the antenna uses 
a parabola or some other kind of beam 
shaping surface. Only at microwave 
frequencies are the wave lengths short 
enough so that the antennas are of 
reasonable size. For example, a 2 de-
gree beam at 6000 Inc requires only 
about a 6 foot parabolic reflector. To 
get the same beam ‘vidth at 300 me 
would require the reflector to be 120 
feet in diameter. 

With parabolic reflector antennas 
very high gains may be easily obtained. 
Fig. 6 shows the gain which is obtain-
able with dishes of various practical 
sizes at three different microwave fre-
quencies. Fig. 7 shows at gain as 

functiim of reflector size ah inc where 
the size is measured in ternis of wave 
lengths. In those units the gain is 
independent of frequency although the 

Fig. 8. Antenna gain when only vertical directivity is used 

DIREC I PA'TUc MO 14LE v 8,632,40 
WAVE LF.NGTFC. 

/ REFLECTION PATH 

jo. / 100 MILES+ 0.1969 Ft•4682,241A 

100 MI. 

50001.0 

(DIRECT PATH. 100 MILES 2482,240 
WAVE LENGTHS 

I ' REFLECTION PATH. 100 Mi. 
+ 0.09845 F T.. 2482.240.5 A 

 1C) (I. 1 1 

5000 NG 

Fig. 9. Antenna positions for transmission 
under conditions of maximum interference 
and reinforcement from ground reflection 

w; tve length is it. !loth figures are 
based on the relation 
parabott .,.. Antenna (•tatit 

Where .-1 is the aperture area of the 
reflector and k is the free space wave 
length of the radiation. 

As an aid to transmission and as 
a method of obtaining- ilepundable trans-

mission over a fixed link while still 
using low power in the transmitter, 
high gain antennas are very valuable. 
Vor mobile operation they are of very 
much le., use -hice horizontal gain 
spoils the all ziround looking- prop-
erties of the array, and the amount of 
vertical gain that can be managed with-
out causing reception to be too sensi-
tivelv dependent on tilt i, practically 
limiied it) about 6 db. Fu1.S shows the 
gain of such a communication antenna 
as a function of elevation beamwidth, 
in fixed installations, too, antenna gain 
is generally somewhat limited by the 

BASED ON GAIN= 10 log 

stability with which die support will 
allow alignment to be maintained and 
besides, it i. always limited by the 
antenna bulk which will In' ftaerated. 
The parabolic antenna gains which 

are given here, assume that the feed 
is very small in comparison with the 
size of the reflector. This is only strictly 
true with very large reflectors and is 
not at all true with wave lengths longer 
than those that are plotted. The effect 
of finite size in the feed is to lower the 
gain below the values that are given. 
Example. Computation of minimum 
transmitter power needed for 100 mile 
free space transmission at 5000 mc with 
a 250 kc band width using a dipole 
transmitting antenna and a dipole re-
ceiivng feeding a 10 db re-
ceiver. 

BALANCE SHEET 
GAIN Lose 

TTTTT . Power _ _ _ _ _ X db Rec. Noise Figure 10.0 db 
Perfect Rec._ _ _ _150.0 db Isotropic Rec.Alitenno 35.5 di> 
Trons. AM. Goin_ _ __i.9 db Propogotion LOSS- _ _ _104.0 db 
Rec. Ant GoM_ _ _ _ 1.8 db Isotropic irons. Ant _ _ _ _11.0 db 

TOTAL 1536 +0e TOTAL 160.5 db 
1516 + X .160.5 db 

1. 6.9db 
Tronsnutler pow« (Minimum)• 6.90b above 1 vo11 

• 4.9 netts 

Example. Same as in previous exalts /11 
except wills a 12 db transmitting an-

na and a 6 db receiving antenna. 

BALANCE SHEET 
GAIN LOSS 

Trans.Poner X db Rec Noose Fogure 

Perfect Rec.__ __I600 db Rec Insert Loss 
 10 0 db 

 6.0 db 
lions Ant Gain- _ _12.0 db Distance Loss -150.5 db 

Net Ant Gain_ --.6,0 db 

TOTAL 166.0 + Ad. 707At. 16,5.5db 

168.0 + X • 160.5 
X • -7.5 OD 

Transmitter power (minimum) • 7.5db below 1watt ' 
• 0.17 watts 

Reflection Interference 

So far we have Halle no mention at 
all of what is perhaps the most trouble-
some factor of all those which go into 
cletermining the feasibility of a given 
communication link. \\Te have avoided 
;ill reference to the effects of reflection 
by carefully specifying in each example 
that the calculation is made for free 
:pace. In actual transulission cases 
energy proceeds in« illy transmitter 
icI the receiver not only by the direct 
route but also via reflection front the 
earth. At the receiver these separate 
energies may reinforce each other and 
cause a further gain entry to be made 
in the balance sheet or, what is unfor-
tunately also possible, the energies may 
interfere so that a serious loss is en-
countered. It is beyond the scope of 
the present article to give detailed cov-
erage computations. In general, these 
reflection losses need to be checked up 
experimentally. The essential point here 
is that no matter how this loss or gain 
i. evaluated, it plays a very iniportant 

Continued on pagc 641 
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Graphical Determination of 
the Horizon 

W. H. ANDERSON 

This practical method of determining the optical horizon when topographic 

irregularities are present is a valuable aid in solving certain v-h-f problems 

T
HE ,..,,,,,„ „„ ., ,I.,.„,. m \.,,,.\,. eth_ ( , C.,„„,„t,„g the optical horizon 
:try all based on the assumption that 

the earth is a perfectly '.1111 ri  sphere. 
While the results so obtained will he 
usetul in a general sense, it is obvious 
that they cannot be relied upon Olen 
examining any particular case, due to 
the fact that the topographic irregulari-
ties cannot be taken into account. Re-
cast. of the relatively insignificant height 
I if SUCh ”bit'llS as compared to the 
radius of the earth. it is extremely diç-
ticult to set up any figrinulae that will 
adequately express the path between ttny 
hug pitints, at least so that its solution 
will permit seeing at a glance v011.111(9-
an optical path exists or not. 

Recourse must therefore be made ti, 
graphical means of solution. The first 
step in this direction is to obtain front 
the t leglogicztl Survey, I )ept. id In-
terior, Wa shington. I). l'. (in ( 'anada, 
the Surveyor t amend. l)ept. of \lines 
and Resgturces. I. )ttawa, tint.) a char t, 
which shows the various maps avail-
able of the general district in question. 
\laps with a scale of not less than one 
or two miles to the inch with a contour 
interval of 25-50 feet will be required 
for the rgiute being surveyed. .\11 8 or 
16 mile to the inch map rti the area it. 
also handy fig- laying iiut the 1i mite. 
etc., after which the path may be marked 
gin the itne gir two mile to the inch 
maps by reference to landmarks on the 
larger map. 

Preparation of Profile 

l'he second step will be to employ 
the information on the maps ill tilt. 
preparation of a suitable profile of the 
path. Ninv merely reproducing the earth 
to scale will not suffice as the difficulty 
mentioned above will be encountert-d, 
namely for any reasonable scale on tile 
circuniference. the height gif objects 
above the earth heCnine• minute that 
accurate calculations cannot be made. 
Since only a small arc of the earth's 

PEAK ( Height marked is maximum) 

CLOSED--
VALLEY 

Fig. 1. Contours of hills and valley 

sin-filee is tindtl* Ciinsideration, arbitrar-
ily decreasing the radius of this arc, 
while retaining its scale and length 
would appear to have the effect of in-
creasing the scale of elevations above 
the earth. It will be sligiwn in the ap-
pendix following this paper that. pro-
viding the angle subtended by the arc 
is small (i.e. less than 10 °) dividing 
the radius by "x" expands the scale 
above the surface by the factor "x." 

Accordingly, the base diagram ut-tv 
be drawn by following these steps: 

I. Itiltiply the number of miles per 
inch that is the desired scale for the 
earth's surface by 63.3611 ( Employing 
5 or 8 miles per inch or fractions there-
of will simplify later steps.) 

Fig. 2. Profile of direct path from Oswego, N.Y., to Auburn, N.Y. 

2. Divide this quantity into 250,000,-
000. I The radius of the earth in inches.: 

3. If a suitable vertical (elevation) 
scale is x feet per inch. 

Figure found in step 1 
Find 

12x 
4. Divide figure found in step 2 by 

figure found in step 3—this will be 
radius of circle in inches. 
One convenient set of dimensigins has 

a 5 mile to the inch scale on the circum-
ference. 500 feet per inch vertical scale 
and an arc radius of 15 inches. 

After drawing the arc it should be 
laid off in fairly small intervals. An 
emir will of course he introduced by 
measuring \\ id) iii r trdinary scale and 
thereby actually measuring the chord 
rather than the :ire. hut if the units are 
an inch gir less, this discrepancy will he 
negligible. The vertical scale should 
also be carefully laid on' at frequent 
intervals fro- convenience in plotting. 
Then the line on the map should be 
marked off in similar intervals to those 
on the arc. 

Plotting of Profile 

\\ itli the arc considered as sea-level. 
dot, should he placed on the drawing to 
repatsent the various height, of laud 
encountered on the path being examined. 

•\HY `hart Pullk" Iliay Iahi betwet'll 
the pligtting points should then lw noted. 

()21 

RADIO * OCTOBER, 1945 35 



P
O
W
E
R
 
O
U
T
P
U
T
 
IN

 
M
I
L
L
I
W
A
T
T
S
 

20 

160 

120 

80 

40 

o 

RL. 

12,00011 

00011 

— I 

POWER OUTPuT 
TYPE IL84 

vs 8IAS RESISTANCE 

90 Volt 

20,0000." -......z: 

l 
12000n 
16,00011 

Ebb . 67.5 Vol s 
20,0000 

I 
12,00011 
TO — Ebb. 45 Volts —20,00011 

I 

00 1000 1200 1400 1600 

SELF-BIAS RESISTANCE IN OHMS 

1800 

Fig. 1. Effect on power output of changes in load and bias 
resistances 

Fig. 2. Effect of bias resistance on cathode current 
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Audio Section Design Data for 
Practical information for the designer of battery-operated portables 

I
:\ eine.r.‘m.F. uFATIvEks battery coin 

only may be obtained either by use 

ut" a maximum supply of 45 volts in-

k , ii,,• id' a ()II ,,r (i7 , 2 volt supply al 

Ii \', to drop ill «ervice belo‘v the 

1Nual end-of-life voltage. By making. 

use of tubes optimized tor low voltage 

conditions it is possible to design units 

having high efficiency over a longer 

In-rating range of battery voltage. 

Types 1 1.114, 1 1.1)5. 1 1.( .6 and 1 1.('5 

have been designed for this service. 

This article \\ill con ,ider only the 

design of the audio section using a Type 

1 1.1)5 resistance coupled t11 drive Type 

I 1 .1 ht. 

Values Chosen 

Since the iiptinunn values of load and 

bias resistors differ for the three rated 

operating- conditions. till since it is 

not: practical to change these values 

when in service, compromise values 

must be selected to give satisfactory 

operathin over the desired voltage range. 

ig. / shows the effect on power output 

of changes in load and bias resistances. 

•Che data shinvil are with the 111aN111111111 

signal which gives 1 0', total distortion. 

The values selectol for best avent' 

performance, oinsidering the plate cur-

rent drain, are 1 500 ohms for biasing., 

Representative resistance-coupled amplifier 
stage. Function of components designated 
by symbols is tabulated on opposite page 

and 12,1100 tu' 16.0011 °Inns 

shown by the curves the value of load 

resistance become. less inmortant at the 

lower voltage hut the lower values of 

bias resistance cause a disproportionate 

increase in current drain for a small 

additional pinver imtput. Il'. sliiiwn ill 

Fig. 2. \•alues iii iiutput pi mer shinvit 

include that hist in the imtput trans-

former. Os the test circuit used a choke 

having. 100 ohms resistaiwe ‘vhich ap-

priiached ideal conditiu ins. 

l'ilanient voltage \Vat: maintained at 

1.4 volts so another variable would not 

be introduced. 

I. 3 sho‘v s a signal run for a 

typical detectlir-amplitier circuit coil 

tun signal at du.. drivor grid. 

Thu sllii\vit is tints tilt- total 

(list antion in Ihe audio system. Pie 

small difference between the outputs 

with 12.000 ohms and 16.000 ohms load 

is clearly shown. Siinilarly Fi!/. •1 shows 

variation of pinver output. current drain 

and maximum input signal for 1 5'; 

11i , 11III tI \Vial V;11111 ., f plair V, )11,11;.;,-1' 

(lull 'HP dinvn iii 15. 

These 'lata show that Type 11.1)5 

provides a linv distortion driver tube 

for any audio system requiring a gain 

of 60 to lilt) times. 

Table Data 

111e table fulltnving Fig, J s included 

si, that ilesign engineers may have the 

necessary information for using Type 

1 1.1)5 as a driver for irther power out-

put tubes where the limitations of bat-

tery supply do not require the use of 

•I'ype 1 1.114. 

The Table of resistance-coupled am pli fier 
dojo he opposite pa!le is co prr 
by SvIvaina Heel ri‘• l' rod m•I s . 
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Fig. 4. Power output vs. signal voltage for Type 1LB4 driven 
by Type 1LD5 
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Fig. 3. Signal run for a typical detector-amplifier circuit 
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Battery Operated Receivers 
ENGINEERING DEPT. 

Sylvania Electric Products, I nc. 

RESISTANCE COUPLED AMPLIFIER DATA (Zero Bias Operation) 

Ebb =45 murs 

1.0 

5.6 

Ebb =67.5 VOLTS 

1.5 

Ebb =.9a yours 

Rb 0.27 0.47 0.27 0.47 1.0 0.47 1.0 

Rc, 1.5 2.7 1.5 2.7 5.6 2.7 

2.2 

0.056 

31.0 

0.012 

5.6 

4.7 

0.059 

31.0 

0 012 

22.8 

(0.0 

0.059 

31.0 

0.012 

22.8 

Ref 0.47 3.0 4.7 1.0 4.7 10.0 2.2 4.7 IIU. 0.47 1.0 4.7 1.0 4.7 10.0 2.2 4.7 30.0 0.47 1.0 4.7 

0.189 

1.0 

0.114 

36.4 

4.7 

0.114 

36.4 

30.0 

0.114 

36.4 

0.023 

27.9 

lb 11) 0.056 0.066 0.066 0.043 0.043 0.043 0.023 0.023 0.023 0.125 0.125 9.125 0.077 0.077 0.077 0.04 0.04 0.04 0.189 0.189 

Rb 27.2 27.2 27.2 24.8 24.8 24.8 22.0 22.0 22.0 13.7 33.7 33.7 31.3 31.3 31.3 27.5 27.5 27.5 39.0 39.0 39.0 

lc, 0.0142 0.0142 0.0142 0.009 0.009 0.009 0.0048 0.0048 9.0048 0.0259 

28.6 

0.02590.0259 

28.6 28.6 

0.0159 0.0159 0.0159 0.0082 0.00820.0082 0.0385 0.0385 0.0385 0. 023 0.023 

EC: 23.7 

0.05 

23.7 23.7 20.7 20.7 20.7 18.1 18.1 18.1 24.5 24.5 24.5 21.6 21.6 21.6 32.2 32.2 32.2 27.9 27. 5 22.8 

&nu 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.1 0.1 0.1 0.1 0.1 

6.65 

66.5 

0.1 

8.45 

94.5 

0.1 

9.75 

87.5 

0.1 

8.55 

85.5 

0.1 

10.4 

104.0 

0.? 

10.8 

108.0 

Eon( 1.46 1.75 2.10 2.0 2.54 2.62 2.47 2.97 3.24 

64 8 

.4.05 

40.5 

4.82 

48.2 

5.50 

55.0 

5.45 

54.5 

6.8 

68.0 

7.05 
_ 
70.5 

6.8.5 

68.5 

8.4 

84.0 

8.9 

89.0 

4.9 

49.0 

5.7 6.75 

Gain 29.2 35.0 42.0 40.0 50.13 52.4 49.5 59.4 57.0 67.5 

% [halo don 2.2 1.9 '1.5 2.4 2.0 1.7 3.1 2.2 2.1 2.3 1.8 1.6 3.1 2,3 2.2 4.0 3.2 2.8 1.1 0.9 0.7 2.0 1.2 • 1.2 

0.22 

17.5 

79.6 

4.7 

2.4 1.7 1.7 

&dolt/ 0.11 0.11 0.12 0.09 0.1 0.1 0.07 0.08 0.08 0.17 

6.50 

04.2 

4.7 

0.18 

8.35 

46.3 

0.20 0.14 0.16 0.17. 0.11 0.13 0.13 0.24 0.27 0.28 
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SYMBOLS USED 

Symbol Function Unit 
Rb Plate Load Resistor Megolinis 
Rc2 Screen Dropping Resistor Megolims 
Rd f Grid Resistor of following tube... Nlegohms 
Ebb Plate Supply Voltage Volts 
Eb Plate Voltage at plate  Volts 
Eel Grid to Neg. Filament Voltage Volts 
Ec2 Screen Grid Voltage Volts 

Symbol Function Unit 
Esig.. Input Signal R-M-S Volts 
Eout ....Output to following grid R-M-S Volts 
lb Plate Current Ma. 
Ic2 Screen Grid Current Ma. 
Cc Coupling Condenser mfd. 
Cc2 Screen By-Pass Condenser infd. 

Values of capacity are not specified since these are dependent mostly on frequency characteristics required in each individual case. 

1.6 x 106 
For low frequency limit = f1 Cc, -   

f1 Rc2 

1.6 x 106 
mfd. and Cc   mfd. 

fi Rcf 

Some text books show a more complicated method for calculating these by-pass condensers, but this method is quite rapid and 
gives conservative values. The loss due to incomplete by-passing will be less than 1%. The size condenser may be halved where 
economy is essential unless stages are cascaded and highest quality is required. 
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These analyses of new patents in the radio and electronic fields describe the features of 

each idea and, where possible, show how they represent improvements over previous methods 

Antenna 

* The combining of V or diamond 
shaped antenna arrays to produce the 
advantages of the directivity normally 
associated with such antennas while yet 
retaining moderately broad-band char-
acteristics are claimed by Clarence W. 
Hansell in a patent issued July 3, 1945. 
It is well known that an antenna in the 
shape of a V which is fed from a bal-
anced line produces a directional pattern 
that allows signals sent or received in 
a given direction to be greatly en-
hanced. Maximum signal strength is ob-
tained along a line which bisects the 
angle of the V. The balancee transmis-
sion line to the antenna is connected so 
that one wire is fastened to each side of 
the V. This causes the antenna currents 
in the two antenna wires to be just 180 
degrees out of phase. 

Simple V antennas have optimum 
operation characteristics only when the 
angle of the V and the length of the 
wires bear a particular relation to the 
wave length of the signal to be trans-
mitted or received. For example, if it is 
decided to use wires three times as long 
as a wave length of the desired signal, 
the angle of the V should be 60 degrees. 
After such an antenna is built, if it is 

desired to receive other wave lengths, 
poor results will be obtained unless they 
happen to be harmonics of the original 
frequency. 
The present invention removes some 

of this need for design to a single fre-
quency by using a pair of V antennas 
arranged in planes at right angles to 
each other and with their bisectors co-
incident. The two V's are phased 90 de-
grees apart so that the incidence of a 
wrong frequency will at any given time 
cause compensating effects in the two 
V's and thus allow good operation un-
der conditions that would be intolerable 
with a single V. The patent is assigned 
to RCA and is number 2,379.706. 

Automatic Control for 
Locked Oscillator 

* in a patent issued June 12, 1945, Wil-
liam A. McCool shows a circuit in 
which a multivibrator is supplied with 
a d-c plate voltage derived from a lock-
ing signal. An a-c part of the locking 
frequency voltage is also applied to the 
multivibrator in the usual way and 
causes the multivibrator frequency to 
synchronize with a desired submultiple 
of the locking frequency. 
One object of the invention is to pro-

vide a method of frequency division 

Patent No. 2.379,706 

Patent No. 2,377,894 

which is more stable against incidental 
changes of locking frequency amplitude 
than has been known before. The idea 
is, for example, that if a crystal con-
trolled frequency of 10,000 is available 
and it is desired to obtain 1000 cycles 
from it, a multivibrator arranged to os-
cillate at about 1000 cycles is connected 
in such a way that its cycle changes 
precisely every tenth cycle of the 10,000 
cycle locking source. Such a method of 
frequency division has long been com-
mon practice and it is well known that 
in general the multivibrator frequency 
will depend upon the amplitude of the 
locking signal. If the locking signal in-
creases, the multivibrator will start syn-
chronizing with the 9th instead of the 
10th cycle of the locking frequency. If 
the locking voltage is lowered the 11th 
subharinonic will begin to appear. 

The present invention depends upon 
the fact that the harmonic number 
chosen by the multivibrator also is de-
pendent upon the plate voltage of the 
multivibrator. By deriving that plate 
voltage directly from the locking signal 
the plate voltage is made to change 
whenever the locking voltage changes. 
The two effects compete in their influ-
ence on the subharmonic chosen and re-
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sult in increased stability against lock-
ing voltage change. 

In the accompanying figure is shown 
a diode circuit capable of producing the 
multivibrator plate voltage from the 
locking frequency voltage. Its operation 
is essentially self-explanatory. A po-
tentiometer allows one to choose a given 
fraction of the locking voltage to be 
used for synchronization and a diode 
causes rectification to produce a d-c 
plate voltage. The patent which is unas-
signed is number 2,377,894. 

• High Frequency 
Oscillator System 

*In high-frequency induction heating 
equipment used for industrial purposes 
or for diathermy treatments, it is often 
convenient to operate directly with al-
ternating current and dispense with the 
usual rectifying and filtering system. 
When this is done, difficulty with grid 
current during the reverse half of the 
cycle may be encountered. In a patent 
issued June 5, 1945, Edwin E. Spitzer 
describes an invention which alleviates 
this difficulty. 
The practice of operating a radio-fre-

quency oscillator with raw alternating 
current normally involves the use of 
two vacuum tubes which are connected 
in parallel so far as the radio-frequency 
oscillator circuit is concerned but which 
at the sanie time are connected like a 
full-wave rectifier arrangement so that 
one tube or the other is always receiv-
ing a positive anode voltage. During 
one-half of the cycle, one oscillator tube 
refuses to pass current because its plate 
is negative. At that time, that tube is 
entirely inactive so far as the oscillator 
circuit is concerned but the other tube 
is operating in the normal fashion by 
virtue of the positive voltage on its 
anode. During the next half cycle, the 
second tube acts as a part of the oscilla-
tor and the first tube becomes inactive. 
The tubes alternate in their function in 

Patent No. 2,377,500 

this way, but since the primary limita-
tion on their ability to generate radio 
frequency is determined by their aver-
age power dissipation, the rest periods 
do not indicate loss in efficiency and it 
is still possible to arrange the circuit 
so that the power generation is approxi-
mately as much as could be obtained 
with two tubes operating continuously 
from a direct current power source. 
During the period in which a tube is 

inactive, the anode is negative with re-
spect to the cathode but it may often 
happen with the normal connection that 
the grid becomes positive. Grid current 
and unwanted heating effects then fol-
low and frequently become cumulative 
because the grids get hot enough to 
start emitting electrons themselves. The 
present invention involves the applica-
tion of an alternating current compo-
nent to the normal grid bias so that the 
grid is carried to a strong negative volt-
age curing the inactive portion of the 
cycle. Several ways of doing this are 
shown in the patent and one is indicated 
in the accompanying sketch. The patent 
is assigned to RCA and is number 
2,377,456. 
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Patent No. 2,377,456 

Voltage Regulator 

* A safety circuit to be used in con-
junction with a series regulated power 
supply is covered in a patent issued to 
Lambert L. Johnson, on June 15, 1945. 
The problem arises because the series 
rheostat tube which controls the output 
voltage of such a power supply is re-
quired to carry a large current and is 
logically of the directly heated cathode 
type while the pentode control type is 
necessarily of the indirectly heated sort. 
Because of this the rheostat tube is 
ordinarily without control when the 
supply is first turned on. The directly 
heated cathodes of the rectifier and rheo-
stat tubes start to operate immediately 
but the operation of the control tube 
is delayed while that tube heats up. 
During this delay the rheostat tube 
presents little or no resistance and the 
load voltage may easily build up to a 
point that is harmful to components in 
the load circuits. The present invention 
removes this difficulty by adding a 
safety tube and circuit which keeps the 
grid of the rheostat tube at a reasonable 
level during the heating period, but 
which has no influence on the circuit 
operation after that period has passed. 

Reference to the accompanying cir-
cuit will aid in the explanation of the 
operation. Because the heaters of the 
control tube and of the safety tube are 
connected in series with a shunt re-
sistor across the safety tube heater, it 
is certain that the safety tube will not 
reach an operable temperature before 
the control tube does. Until the heating 
is accomplished both of these tubes rep-. 
resent essentially open circuits between 
their plates and cathodes and the only 
connection to the grid of the rheostat 
tube is through a high resistance to 
ground. This connection is sufficient to 
keep the resistance of 'the rheostat tube 
high and prevent excessive current into 
a load that is used with the power sup-
ply. When the heating is complete, the 
safety tube no longer presents an open 
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circuit, and the high resistance in its 
cathode connection becomes a part of 
a potential divider which causes a rela-
tively high voltage to appear at the 
grid of the rheostat tube. The control 
tube then proceeds to control this volt-
age in the usual way and consequently 
regulates the output of the power sup-

The patent, No. 2,377,500, is assigned 
to RCA. 

Frequency-Measuring System 

* Harold O. Peterson received a patent 
on July 31, 1945 for a system of pro-
ducing any radio frequency up to 30 
megacycles with the accuracy that can 
be obtained from a carefully ground 
and mounted quartz crystal. This may 
be presumed to mean an accuracy of 
better than one part in 10 million. The 
method used is a straightforward one 
inasmuch as all frequencies are made 
to be dependent on one or two accurate 
crystal oscillators at one megacycle and 
at 10 kilocycles with filters, converters, 
and multipliers used to combine the 
harmonics in various ways. Also, a 
considerable amount of novelty is in-
volved in the systematic way the ar-
rangement is made. It is clear that much 
persistence and ingenuity were neces-
sary to procure and arrange all of the 
many tuned circuits that are required. 

It is not strictly true that the present 

invention has only one set of terminals 
from which the proper setting of simple 
decade switches will make any desired 
frequency emerge. It is, however, nearly 
true. In one arrangement using a 10 kc 
crystal, any frequency up to 200 kc is 
available in this way. In another scheme 
involving more complexity than the 
first arrangement, three additional out-
put connections are provided and, in 
accord with decade switch positions, 
these respectively are capable of pro-
ducing any frequency from 1 to 10, 
from 10 to 20, or from 20 to 30 mega-
cycles. 

In the accompanying block diagram 
an attempt is made to show the general 
scheme of the patent in a simplified 
form. What is shown is a system ca-
pable of producing any frequency from 
F/10 to 100F in steps of F/10 where 
F is the frequency of the crystal stand-
ard chosen. Thus if a standard of 100 
kc is chosen, any frequency such as 10 
kc, 20 kc, 30 kc, etc., up to 100 kc can 
be obtained at will by turning three 
decade switches to proper positions. 
Study of the drawing, moreover, will 
indicate that the method is capable of 
extension to any frequency at which 
simple filters and other components can 
be made to operate. 

First, the standard frequency source 
is connected to frequency multipliers 
and dividers so that stable frequencies 
of FRO and 10F are obtained in addi-
tion to the standard, F. Oscillators op-

erating at each of these frequencies are 
then connected to harmonic generators. 
There oscillations at each of the fre-
quencies are maintained but with a 
distorted wave form so that a signal is 
produced in each one that contains not 
only a fundamental frequency but, also 
all multiples of that frequency up to a 
factor of 10. The outputs of the har-
monic generators are each connected in 
parallel to nine tuned circuits which are 
capable individually of responding with 
reasonable amplitude to only a particu-
lar one of the 10 harmonics. The con-
nections are actually made through 
vacuum tubes to which plate current is 
allowed to flow only when the corre-
sponding decade switch picks that fre-
quency. Thus, by setting three decade 
switches, particular harmonics of fre-
quencies F/10, F, and 10F are chosen. 
\Vail the aid of band-pass filters and 
converters, these are added and a final 
frequency obtained that is the sum of 
any chosen harmonics of F/10. F, and 
10F. 
The patent, No. 2,380,868, is as-

signed to RCA. 

Instrument Landing 
Guide System 

* In order to produce a radio beam path 
inclined to the surface of the earth so 
that an airplane can successfully fly 
down the path to land at an airport, it 
is generally considered most advantage-
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ous to radiate two distinctive signals 
that predominate respectively when the 
airplane is too high or too low and have 
equal strength when the correct glide 
path is obtained. In a patent issued July 
3, 1945, Armig G. Kandoian shows a 
method of obtaining such a distribution 
of radio energy. He uses a modulation 
frequency such as 150 cycles per second 
to represent the "high" signal and 90 
cycles per second to indicate a "low" 
position. Both modulations are applied 
to the same carrier frequency. 
The unmodulated output of a trans-

mitter is divided into two equal parts 
and 90 cycle amplitude modulation is 
applied to one-half while 150 cycle 
modulation is imparted to the other. 
This results in two signals which are 
respectively made up of a carrier hav-
ing plus and minus 150 cycle side-bands 
and a çarrier with plus and minus 90 
cycle side-bands. These two signals are 
combined in a double bridge which is so 
arranged that three signals are obtained 
that may be respectively applied to three 
loop antennas. Two of them are made 
up of si(le-bands alone and the third con-
tains a carrier as well as a single set 
of side-band information. All side-bands 
are either in phase or 180 degrees out 
of phase. In the accompanying sketch 
the side-bands which are in phase with 
each other are marked with the same 
sign (either + or —) and those of op-
posite phase are shown with opposite 
signs. 
The loops are mounted horizontally 

at various heights above the ground and 
are so located and dimensioned that they 
produce antenna patterns approximately 
like the ones shown. Above the glide 
path the +90 cycles from the center 
radiator approximately cancels the —90 
cycles of the upper antenna so as to 
leave a preponderance of 150 cycle sig-
nal. Below the glide path, it is the 150 
cycle signal which cancels between the 
two lower antennas and the 90 cycle 
signal is left to tell the airplane that it 
is flying too low. The patent is assigned 
to Federal Telephone and Radio Com-
pany, and is number 2.32).442. 

Patent No. 2,375,527 

Wave Length Modulation 

*The problem of obtaining crystal 
control of a frequency-modulated trans-
mitter is one which has been partially 
solved in a number of ways. The solu-
tion offered by Murray G. Crosby in a 
patent issued May 8, 1945 is a direct 
one in that it offers a method of influ-
encing the crystal oscillation frequency. 
The contradictory requirements of pro-
ducing a crystal oscillator which is very 
stable as to center frequency but which 
still may be easily varied in the neigh-
borhood of that point in accord with in-
telligence applied through modulation 
is overcome by the use of three elec-
trodes in the crystal holder. 
The circuit and general arrangement 

may be visualized by looking at the 
accompanying schematic. If either of 
the two vacuum tubes is removed from 
its socket, it will be recognized that 
which remains is a crystal controlled 
oscillator of a usual type which makes 
use of the common crystal electrode 
and one-half of the split electrode. It 
will also be noticed that these two crys-
tal electrodes have a small variable con-
denser connected across them. As is well 
known, the frequency of oscillation may 
be adjusted within limits by changing 
the capacity loading on the crystal. 
To adjust the circuit for use the two 

oscillators are adjusted separately, each 
with the other out of operation. so that 
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Patent No. 2,379,442 

one is above the desired center fre-
quency and the other below by the same 
amount. When both are run simultane-
ously and at the same level, the crystal 
is forced to choose a frequency midway 
between the values desired by the oscil-
lators individually. When intelligence in 
the form of a voltage wave is aplied to 
the third grids of the tubes in the way 
shown, one or the other of the oscil-
lators is made to reduce its level at 
various times because of the grid's abil-
ity to reduce the current flow. Any 
change in the relative plate current of 
the two tubes also changes the relative 
influence that the oscillators have on the 
crystal frequency. This means that the 
desired change oí frequency with modu-
lation voltage is obtained. The patent 
is assigned to RCA and is number 
2,375,527. 

Modulator 

* On June 26, 1945, Robert C. Shaw 
was granted a patent on' a high-fidelity 
system of amplitude modulation which 
makes use of changing attenuation in 

Patent No. 2,379,042 

a feedback loop to produce the neces-
sary change in level. A steady con-
tinuous wave carrier is fed through an 
amplifier which is supplied with a, feed-
back loop. The modulation signal is ar-
ranged to vary the attenuation in that 
loop and hence change the overall gain 
of the amplifier system in accord with 
the modulation. The principle involved 
is more completely explained by re-
viewing some of the theory of feed-
back circuits and by referring to the 
accompanying diagram. 
The block marked with the Greek 

letter p. is the amplifier which alone 
has an amplification factor of p.. By 
definition this means that E3 = &LEI. 
Similarly the block marked g is an at-
tenuator which reduces the strength of 
the feedback voltage so E3 = etE2. Both 
p. and g may be complex numbers to 
account for phase shift as well as change 
in signal magnitude. Now Ei = E. 

[Continued on page 58] 
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RADIO DESIGN WORKSIIEET 

No. 41 — SUPER-REGENERATION; RADIO NETWORK PROBLEM 

SUPER-REGENERATION 

PER-REGENERATION was described 
by its inventor, Major E. H. Arm-
strong, in a paper before the Insti-

tute of Radio Engineers on June 7, 
1922. This paper, which is a classic, 
was published in the August, 1922 issue 
,)f the Proceedings of the I.R.E. 

Super-regeneration is a special type 
of regenerative amplification resulting 
when the effective resistance of a tuned 
circuit is varied from positive to nega-
tive at a frequency rate relatively low 
with respect to the resonant frequency 
of the circuit but the average value of 
the circuit resistance remains positive. 

Before launching into the subject it 
is important to consider a few funda-
mentals of tuned circuits. Consider first 
the parallel resonant circuit of Fig. 1. 
This circuit presents to the tube a high 
resistance at resonance equal approxi-
mately to the product of the inductive 
reactance of the coil and the Q of the 
circuit. Parallel resonance as used here 
may be defined as that frequency at 
which the inductive and capacitive re-

, actances are numerically equal. Parallel 
resonance is sometimes defined as the 
frequency of maximum current flow in 
the circuit and sometimes as the fre-

- quency at which tinte impedance Z 
looking into the circuit is a pure resist-
ance. While all three of these definitions 
yield different frequencies, these fre-
quencies differ by less than 1% when 
the Q of the circuit is in the range 
normally used in radio circuits. 

The voltage across a parallel resonant 
circuit is shown in Fig. 2 as a function 
of frequency. The bandwidth of the 

Figure 1 

circuit or, as it is sometimes called, the 
pass band may conveniently be taken 
as the frequency band 3 db down front 
resonance or at the frequencies at which 
the voltage is 70% of maximum. 

If a resistor and capacitor is con-
nected by a switch to a source of volt-
age the capacitor will charge exponen-
tially, and if the voltage is then re-
moved and the resistor connected across 
the charged capacitor terminals, it will 
discharge similarly. 

This is illustrated in Fig. 3. The 
curve shows the effect of charging the 
capacitor by closing the switch A. with 
switch B open, and the shape of the 
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Fig. 2 

discharge curve secured by closing 
switch B. with switch A open. 

If the battery in Fig. 3 were replaced 
with a generator of alternating current 
and an inductance introduced in the 
circuit in series with C sufficient to 
resonate the circuit at the frequency of 
the generator then it could be shown 
that a transient is formed which builds 
up and decays in similar manner. 

Fig. 4 shows a regenerative circuit. 
As the voltage fed back into the tuned 
circuit is increased, it has the effect 
of reducing the resistance of the tuned 
circuit. When the feedback is sufficient 
to reduce the tuned circuit resistance 
is zero, critical regeneration has been 
attained. Any increase in regeneration 
beyond this point will cause the circuit 
to oscillate. For extremely weak signals 
an enormous increase in amplification 
may be achieved but with larger signals 
correspondingly less amplification can 
be obtained, even at critical regenera-
tion. 

If means is provided for varying 
the amount of regeneration periodi-
cally, either by varying the plate or 

CHARGE DISCHARGE 

TIME 

Figure 3 

grid bias or by other means so that 
the circuit of Fig. 4 varies beyond criti-
cal coupling on positive half cycles of 
the variation and to less than critical 
coupling on the negative half cycles 
so that over one full cycle of the bias 
variation the average effective resist-
ance of the tuned circuit is positive, 
then the circuit of Fig. 4 becomes 
super-regenerative. The bias variation 
is generally called the quench frequency. 
As a rule it is about 1/10th the fre-
quency to be received. 
When this occurs, a transient train 

of oscillations builds up during the 
positive half cycle of the quench fre-
quency and decays in similar manner 
over the quench frequency negative half 
cycle. The growth and decay curves 
may be represented as in Fig. 3. This 
is illustrated in Fig. 5 where A is 1 
cycle of the quench frequency and the 
dotted curve is the rate of build up and 
decay of the wave train of the transient 
oscillation. It is this succession of oscil-
lations of the tuned circuit that carries 
the intelligence of the signal and is 
responsible for the function of the 
super-regenerative circuit. Actually the 
oscillations usually build up to a maxi-
mum determined by the damping or 
hunting of the tube and circuit and 
continues for an appreciable period be-
fore decay starts, as illustrated in Fig. 
6. [Continued on next page! 
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In general, there is for every super-
regenerative circuit a particular quench 
frequency which will give maximum 
sensitivity.. If the quench frequency is 
increased, a value is finally reached at 
which the oscillation does not have time 
to reach maximum build up before decay 
starts. Conversely, the lower the quench 
frequency the longer the oscillation will 
continue at its maximum amplitude be-
fore decay starts. The optimum quench 
frequency depends also on the Q of 
the circuit. There are other considera-
tions involved, of course, in choice of 
quench frequency such as: 

1. It should be well above the audible 
range, not only so the quench frequency 
will not appear in the receiver output 
along with the signal but to prevent 
the audio amplifier from being over-
loaded by quench voltage. 

2. The higher the quench frequency 
the simpler is the by-passing. 

3. If the quench frequency is too 
high, its harmonics may fall within the 
tuning range of the receiver, causing 
interference. 

Just as super-regeneration increases 
the sensitivity of a receiver, it also 
greatly increases the selectivity. 
When no signals are being received 

by a super-regenerative receiver this 
receiver produces a continuous noise 
clue to the super-regenerative action on 
circuit noise such as shot effect, ther-
mal agitation, etc. When a strong sig-
nal (whether modulated or not) ap-
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Fig. 6 

pears, this characteristic noise practi-
cally disappears. As a matter of fact, 
a strong undesired carrier on an ad-
jacent frequency sometimes renders a 
weak desired signal inaudible. Since 
circuit noise is a random phenomenon, 
the oscillations built up by noise will 
sometimes be in phase and sometimes 
out of phase with that caused by a 
strong signal, with the result that the 
noise voltage tends to balance out over 
a given time interval of sufficient dura-
tion to produce a few audio cycles. 

Fig. 7 illustrates schematically a 
common type of super-regenerative re-

ceiver. The super-regenerative detector 
is supplied plate voltage by the quench-
ing oscillator superimposed on the 
common supply. The frequency of the 
super-regenerative detector might be 
30 mc up and that of the quenching 
oscillator 25 to 50 inc. 

Another common type of super-re-
generative circuit is the self-quenching 
type illustrated in Fig. 8. In this cir-
cuit the grid leak resistor-capacitor 
combination is properly chosen so that 
interrupted oscillations are produced. 
The rate of interruption is the quench 
frequency. In this circuit the quench 
frequency will not be constant but will, 
by the nature of the circuit, be a func-
tion of the strength of the incoming 
signal. This is partly due to the fact 
that a strong signal will cause the 
build-up time to be advanced over the 

Figure 7 

oscillations caused by a weak signal or 
those caused by circuit noise. This 
causes the quench frequency to in-
crease, since the oscillations caused by 
the strong signal will reach a maximum 
more quickly than those caused by a 
weak signal or circuit noise. 

Super-regenerative receivers may be 
designed to operate at any radio fre-
quency but have found their chief use-
fulness at ultra-high frequencies. At 
such frequencies, this type of circuit 
provides a simple means of obtaining 
high sensitivity, whereas a relatively 
involved circuit might often be required 
for the conventional tuned radio fre-
quency or double detector receiver. In 
a forthcoming data sheet some of the 
details of operation and design of super-
regenerative receivers will be discussed 
at length. 

'17  

Audio Amplifier 

Figure 8 

Vector 

RADIO NETWORK PROBLEM 

Fig. 9 shows an equalizer circuit 
which is often used in audio and radio 
frequency work. It consists of a resistor 

Fig. 9 

anc capacitor in series, to which is 
applied an alternating current voltage. 
Let the applied voltage be: 

e = E sin (wt fp) 
The differential equation of the circuit 
of Fig. 9 is: 

e = RI g/c 
where g is the charge on capacitor C 

E sin (cut + ck) = RI + fIdt/c 
Differentiating to eliminate ildt yields: 

dl 
cuE cos (cut + ft)) = — R --

C dt 
The solution of equation (1) will have 
the form : 

I = A sin (cut ± ± 
dl 

= wA cos (cot ± 0) ± pas.' 
dt 

Substitute equation (2) in equation (1) 
to obtain: 

A 
wE cos (aet+o) = — sin (cdt+0) +— €°' 

Rto.-1 cos (cut + 0) -I- Rfias2 

c..>2C2 

Diagram of Circuit 

Equate exponential and trigonometric 
terms to zero 

1 
f3e"(— + Ra) = 

Multiply by : 

Pet # 0 

= -  

RC 

1/ R2 + 
.2C2 

V R2 + 
1 

w 2C2 

1/fteC 
E cos (cut +) =   

  VR2-1- 1/0.p2C2 
A N/R2 -1-1w2C2 sin (cot + 0) 

 AN./122-1-1/6,C2 cos (w(-1-0) 
VR2+1/co2C2 

AVR' 1/w2C2 cos (wt ± 9 —8) 
E cos (cut ± as) 

A = 
Ve +1/w2C2 cos (wt ± 0 — 

\\ hence 

I 
\ 1- 1 /w2C2 

sin (cdt+0) ps-unc 
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This Month 
G.E. ELECTRONICS PLANT 

A university of industry will begin to 
rise shortly on 155 acres of ground outside 
Syracuse, N. Y., as the General Electric 
Company begins the construction of its 
new $10,000,000 electronics headquarters 
plant. 

Laid out and landscaped like a college 
campus, thé new plant will be known offi-
cially as General Electric's "Electronics 
Park." Every modern facility for safe and 
efficient manufacturing operations also will 
be available. Floor area involved will he 
in excess of one million square feet. Build-
ings to be constructed include reception. 
administration, laboratory, transmitter, re-
ceiver, specialty, restaurant, service, boiler 
house and a substation. 
The new plant will house the main 

manufacturing units of the G.E. Electronics 
Department. Other manufacturing units of 
the department will continue operating at 
Buffalo, Utica and Schenectady. N. Y.; at 
Wabash, Indiana; at Owensboro and 
Bowling Green, Ky.: and Tell City, Indi-
ana. 

Electronics has a bright future, Dr. 
W. R. G. Baker. G.E. vice president, ex-
plains, because it is a branch of science 
like chemistry. As chemistry is not lim-
ited to plastics or synthetic rubber, neither 
is electronics limited to radio, communica-
tions or radar. It will contribute to nu-
merous fields and in some cases create new 
industries, like television, for example. 

FCC ACTIONS 

A proposed plan whereby all interested 
parties would be given an opportunity to 
apply for licenses of broadcast stations 
which arc offered for sale was announced 
recently by the Federal Communications 
nmunission. 
Under this plan, the Commission would 

grant the transfer of license to the appli-
cant best qualified to operate the station in 
the public interest. 
The Commission's plan was included in 

an opinion issued with respect to its ap-
proval on August 2 of the sale of the 
Crosley Corporation radio interests to Avi-
ation Corporation of America. 
Under this plan. the Commission and the 

seller would publish the ternis and the 
conditions of the proposed sale, and the 
name of the prospective buyer who has 
met the seller's price. Other persons de-
siring to apply for the station would be 
invited to do so on the same terms and 
conditions. The Commission would consider 
all applications on their merits, with a view 
to granting the transfer on the basis of 
public interest. A public hearing will be 
held on this proposal. 
To strengthen its transfer procedure 

further, the Commission will recommend 
that Congress consider the desirability of 
adopting a yardstick for measuring the 
appropriate value of a station so that the 
Commission's field of choice will not be 

Plan of new G-E electronics plant at Syracuse, N Y. 

unreasonably restricted by permitting sales 
of stations at artificially high prices. 

Congress will also be asked to consider 
the advisability of further defining the 
qualifications of licensees and particilarly 
to determine as to what extent holding 
companies, investment banking groups, 
large industrial cnoires, large manufactur-
ing companies and other businesses should 
be permitted to control radio statio-is. 
"A basic infirmity of the Communications 

Act, which this case serves to highlight, is 
the fact that under the Act, as it has been 
administered up to this time, a man retiring 
from the radio business has, for all prac-
tical purposes the power to select his 
successor," the Commission statement 
pointed out. 
"Under the interpretation which has pre-

vailed, his selection is final except in the 
very rare cases where he elects to sell to 
a party who is found not to be qualified. 
This is obviously a deficient procedure 
because a person retiring from the broad-
cast business is. in selecting a purchaser. 
likely to be influenced by many considera-
tions which are quite unrelated to the 
question which should be paramount — 
namely, who is best qualified to continue 
to operate the station in the public in-
terest." 

". . . The pmcedure which has prevailed 
in transfer cases is in sharp contrast to 
that prescribed by Congress for the con-
sideration of applications for new stations 
although the standards prescribed by the 
Act are identical. In the case of licensing 
new stations the procedure followed insures 
that everyone who is interested in apply-
ing for a particular broadcast frequency 

shall have the opportunity to do so. This 
usually results in a competitive situation 
where the Commission has a choice be-
tween applicants." 

Approval of the transfer of the Crosley 
Corporation on August 2 was voted by a 
majority of the Commission consisting of 
Commissioners Paul A. Porter, Chairman; 
E. K. Jett, Charles R. Denny and William 
H. Wills. Commissioners Paul A. Walker, 
Ray C. Wakefield .and Clifford J. Durr 
dissented. 
With respect to its approval of the 

transfer of Crosley's station WLW to The 
Aviation Corporation, the Commission ma-
jority said that it had "no alternative but 
to grant :he application unless the uniform 
precedents of 17 years of radio regulation 
are to be ignored and a complete reversal 
of administrative policy is to be adopted." 
The majority took the view that adminis-
trative agencies such as the Commission 
"have an obligation to adhere to uniform 
policies, and when developments dictate 
change. adopt after appropriate notice a 
rule of general application so as to avoid 
the color of discrimination in a particular 
case". Moreover, the majority pointed out 
that to deny the WLW transfer on the 
ground that Avco has substantial business 
interests in other fields would create a 
chaotic situation in the broadcast industry 
since doubt would be cast upon the status of 
scores of present radio licensees who, like 
Avco. has extensive non-broadcast inter-
ests. 
The majority further found that Avco 

meets the citizenship requirements of the 
Comnmnications Act, is financially quali-
fied and is technically qualified. While the 
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Receiving and transmitting 1203 rrc Multi-channel link antenna installation atop the 
Intemational Telephone and Telegraph Corporation building, New York City, for the 
Pulse Time Modulation System developed by the Corporation's associate, Federal 

Telephone and Radio Corporation 

parties to the transfer did not segregate 
the price paid for the radio properties from 
the price paid for the Crosley manufactur-
ing properties, the Commission said that 
there was no evidence of trafficking in 
licerses and the record showed that the 
price paid would not adversely affect Ay-
co's financial responsibility or the station's 
program structure. 
A dissenting opinion issued by Com-

missioners Walker and Durr objected to 
the transfer on the grounds that Aviation 
Corporation is a large holding company 
of a type which has been traditionally a 
matter of concern because of their use as 
an instrumentality for gaining control over 
large segments of the economy of the 
country without corresponding responsi-
bility; that Aviation Corporation has failed 
to give the Commission a valuation on the 
broadcast properties, has not demonstrated 
even minimum qualifications by acquiring 
a knowledge of the duties and responsi-
bilities of a licensee and that the Commis-
sion should not be bound by its precedents 
when such precedents conflict with public 
interest and statutory responsibilities. 

Commissioners Walker and Durr agreed 
that the procedure recommended by the 
majority for future transfer cases will 
remedy some of the deficiencies in the 
Commission's present procedure They ob-
jected that the proposal to limit competi-
tion to those who are willing and able to 
meet the contract terms and conditions of 
the highest bidder seems "without warrant 
in the Act". Such competition, their opinion 
asserted, should not be in terms of ability 
to nay the highest price but in terms of 
public service to be rendered. In view of 
the decision to adopt a new transfer pro-

cedure and to submit certain questions to 
Congress, action on all "questionable appli-
cations" should be deferred until Congress 
and the Commission have acted, the opin-
ion declared. 
Commissioner Ray C. Wakefield's se;)a-

rate dissenting opinion opposed the trans-
fer primarily on the ground that the 
transferee, on the basis of the record, is 
less qualified than the transferor. and hence 
the Commission could not properly make 
the finding required by Section 310Cbt of 
the Communications Act that the public 
interest would be served by the transfer. 
Commissioner Wakefield stated that the 
same public interest which is inherent in 
the privilege of using a portion of the 
public domain free of charge requires that 
a transferor select a successor who will 
possess not only the bare qualifications to 
assume the duties incumbent upon licensees 
as required by the Act, hut also the quali-
fications which will assure at least a com-
parable standard of service. 
Commissioner Wakefield cited prece-

dents in which the Commission had here-
tofore denied transfer applications where 
it appeared that the public interest would 
be better served by leaving control in ex-
isting hands. He noted that according to 
the evidence adduced at the hearing, ANC() 
was not originally interested in the pur-
chase of radio stations, considering the 
purchase of the properties involved in this 
case as "a package of equities", and that 
those assuming control were unacquainted 
with the needs of the commnnity to be 
served, the bare essentials of the program 
structure, and the nature of their public 
and legal responsibilities as broadcasters. 
He stated that the burden of overall Iran-

agement, as distinguished from mere day-
to-day operations, should not be shifted to 
paid employees, and that to look to em-
ployees rather than to those in control for 
qualifications would render moot the sta-
tutory requirement of Section 310(b). He 
noted that there was adequate time in this 
case to find a fully qualified transferee. 
Commissioner Wakefield's clissent noted 

that there was an absence of full informa-
tion with reference to such fundamental 
issues as the price being paid by the traps-
feree, the future program and financial 
policies of the transferee, and generally. 
Commissioner Wakefield stated that on 

the basis of the record here, the Commis-
sion's authority appears clear without fur-
ther legislation; and that some "such pro-
cedure as that proposed by the majority 
to be instituted hereafter should have been 
instituted in the present case". The dissent 
concludes: "I agree with the majority view 
that this case illustrates the deficiencies 
of the Communications Act with respect 
to the broader phases of some of the issues 
raised herein. The Commission should for-
mulate specific proposals for submission to 
Congress". 
Commissioners Walker and Durr, in ad-

dition to the grounds for denial set forth 
in their own dissenting opinion, expressed 
agreement with the grounds for denial set 
forth by Commissioner Wakefield, 

FM LICENSES 
The FCC has received inquiries from 

men now in the military service regarding 
the possibility of filing applications for FM 
facilities at this time with engineering data 
to be submitted at a later date upon their 
discharge from the service. 

In a public notice of September 4, 1945, 
the Commission announced that it proposes 
to make "conditional grants" of FM appli-
cations, affording the applicants a period 
of ninety clays in which to file engineering 
details of the proposed operation. It is 
believed that this procedure will facilitate 
the filing of applications by service men. 
and will enable them to qualify for FM 
licenses. 
The Commission recognizes the difficul-

ties confronting military personnel in com-
pleting their applications for broadcast fa-
cilities, and, accordingly, consideration will 
be given to requests by applicants in the 
armed services for reasonable extensions of 
time to submit engineering data. 

Since it is not possible to reserve FM 
channels for future assignment, service 
men planning to enter the broadcast busi-
ness are urged to submit their applications 
promptly. 

IRE WINTER MEETING 

The Institute of Radio Engineers will 
hold its annual Winter Technical Meeting 
at the Astor Hotel in New York, January 
23 to 26, 1946. it was announced today by 
Edward J. Content, Chairman of the 
Meeting Committee. 
"Because this is to be the first postwar 

meeting to be held by the Institute of 
Radio Engineers, it promises to be one of 
the most significant the Institute has ever 
held." Mr. Content declared. 
With the end of the war, restrictions on 

information of a technical nature have 
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been relaxed so that many papers on radar 
and other devices formerly of a confi-
dential nature will be read. In addition to 
the many features that have always char-
acterized the Institute of Radio Engineers' 
meetings, Mr. Content announced an un-
precedented number of electronics and 
radio companies—approximately 150—will 
have commercial exhibits in which will 
be displayed their first postwar civilian 
products. 

Mr. Content also announced the appoint-
ment of the various committees who will 
serve with him in handling all details of 
the meeting. The general committeemen 
are: Austin Bailey, Howard Frazier, Wil-
liam B. Lodge, Stuart I.. Bailey. George 
NV. Bailey and Miss Elizabeth Lehmann. 

Sub-committee chairmen in charge of 
the various activities are: Frank Marx. 
Arrangements; C. M. (Buck) Lewis. Ban-
quet; II. F. (Hank) Scarr, Exhibits; 
Raymond F. Guy. Finance; Will Whit-
more. Publicity; E. Harrison. Paters: 
Dorman D. Israel, Printed Program: Har-
old P. Westman. Registration; Don H. 
Miller. Special Features; George B. Hoad-
ley. Sections Committee Activities; Wil-
liam H. Crew, Technical Committees 
Activities; Philip F. Siling, Hospitality; 
Helen M. Stote, Women's Activities. and 
George T. Royden, Standing Committees 
Activities. 

PERSONAL MENTION 

Paul H. Thomsen 

* Paul H. Thomsen has been appointed 
chief engineer in charge of special elec-
tronics at the Los Angeles plants of the 
Hoffman Radio Corp., according to an-
nouncement from Walter S. Harmon, vice 
president of engineering. 
He had been four years with the Air 

Track Mfg. Corp., College Park, Md.. as 
vice president in charge of engineering and 
six years with the Jenkins Television 
Corp. in New York and Washington, D. C. 
He was also a consultant for the Na-

• tional Radio Institute, Washington. D. C.. 
for seven years. 

Captain Finch 

• * Captain W. G. II. Finch, USNR, has re-
turned to inactive duty at his own request 
and will assume the presidency of Finch 
Telecommunications. Inc., Passaic and 
Clifton, N. J., developers and manufactur-
ers of facsimile communications equipment. 
In addition to his work with Finch Tele-
communications, Captain Finch also ex-
pects to resume construction of FM Station 
WG1-117, New York, within the next few 
months. 

Captain Finch is well known to industry. 
especially in the field of facsimile, where 
he personally' holds over 100 patents. He 
was formerly Assistant Chief Engineer 
for the Federal Communications Commis-
:ion in Washington, D. C. 

Reporting for active duty as a Lieuten-
ant Commander on December 1, 1941. six 
(lays before Pearl Harbor, he was assigned 
as head of the Countermeasures Section 
in the Bureau of Ships. As head of tli 
section. Ile was responsible for large-scale 
research and development of a highly clas-
sified nature in the field of electronics, and 

Capt. W. G. H. Finch 

is credited w j tu many basic and imi.ortant 
equipments and systems now in extensive 
use. 

Captain Finch was a member of both 
the Joint and the Combined Countermeas-
ures Committees of the Joint and Combined 
Chiefs of Staff from the beginning of their 
organization. 

In 1942, 1943 and just before DE Day 
in 1944, Captain Finch served tours of 
duty for the Navy in the European Theatre, 
his last trir, resulting from a special re-
,!nest for hi: presence in England to as-
sist in DE Day preparations. 

with the antenna installation for the PTM Mu!-
the Federal Telephone and Radio Corporation 

Tower at the Telegraph Hill Field Station 
tiplex Radio Relay System developed by 

Hugh S. Knowles 

* Mr. Hugh S. Knowles, vice-president 
and chief engineer of the Jensen Radio 
Manufacturing Company, of Chicago, was 
recently honored by his election as presi-
dent of the Acoustical Society of America. 
This society ciimprises educators, research 
and development iiorkers in all fields of 
acoustics including recording and repro-
duction of sound, electroacoustic devices, 
architectural acoustics, speech and hearing, 
noise abatement and vibration control, mu-
sical instruments, sonar and ultrasonics. 
Mr. Knowles has been further recognized 
by the Fellowship Award of the Institute 
of Radio Engineers for "Outstanding Con-
tribution to .Neoustics," and the chairman-
ship of Committee on National Defense, 
Electroacoustics Standards of the I. R. E.. 
and Sound Equipment Standards of the 
R. M. A. Ile bas also represented the 
I. R. E. and R. NI. A. on various electro-
acoustical ci immittees of the American 
Standards Association, and served as chair-
man of the Chicago Section of the I. R. E. 
He appears as associate editor of the John 
Wiley Engineering Handbook Series. and 
of Henney's Radio Engineering Handbook, 
3rd edition. published by McGraw-Hill 
Book Co. 
Mr. Knowles began his service with the 

Jensen company in 1931 as chief engineer 

[Continued on page 571 
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New Products 

This tiny 6AK5 pentode, manufactured by 
the Western Electric Company, is only 11/2 
inches high and 3,4 inch in diameter. It 
played a vital role in high-frequency mili-
tary equipment and promises an even big-
ger role in the FM and television equipment 

of tomo-row 

BOBBIN COIL FORM 

CIOSer tole rances, stno,ger construction 
and much increased efficiency with ultimate 
lower cost, are among the advantages em-
bodied in the new ,lie-formed Bobbin Coil 
Form for si,eaker field coils now made 
available by Preci,ion Paper Tube Com-
pany, 2023 West Charleston Street, Chi-
cago 47, Illinois. 
The new coil fi iritt C0111CS ill 'S01111)1(21 e 

strong one-piece assembly, ready to go 
on mandrel of cud winding machine. 

This construction, more dependable in 
every way. ›,hpersedes the ad practice 
which flanges were serrated and 
coil base glued to the flanges. By Preci-
sion process the entire coil base is now 
shaped by die in one piece from the spirally 
wound, heat-treated dielectric mat,:iriais 
used in Precision bobbins and tubes. With 
this construclion the coil tits iii 're' 
closely and securely, insuring far better 
functioning. 

Precision Paper Tube Company is pre-
pared to make these new coil forms 
shapes, measurements and other special 
specifications to meet any requirement with 
prompt delivery in any quantity. Full de-
tails may be had by addressing the manu-
facturer. 

NEW V-T VOLTMETER 
AND AMPLIFIER 

This new product of the Reiner Elec-
tomics Co., Inc., offers many advantages 
for laboratory work, in industry, universi-
ties and like institutions. It is especially 
suitable for measuring amplifier gain, net-
work response, output level at audio and 

frequencies, and has proven invalu-
able in the televiskin and broadcasting field. 

Its 25 iuiiliv, lits a.c. on the lowest range. 
and 1000 volts eat the highest range, as well 
as its 10 cps to 700 megacycles frequency 
range. and the 7 micro-microfarads input 
capacity gives this unit a sensitivity, volt-
age range, and capactiy matched ,inly by 
very few of the high priced units. In 
additi, in. it permits comprehensive current 
and resistance measurements. 
To make production testing time saving, 

and the operation simple, the following 
features llave been incorporated into the 
unit: single linear scale for all voltage 
;Old current scales—single zero adjustments 
for all a-c and ranges—voltage regu-

lated supply—stable operation—accuracy 
of full scale values—large overvoltage 

capacity—fuse located irn panel of meter. 
The mink] 451 is manufactured with 

the following ranges: .I(' lo/is: 0-.025-1-
.25 f with amplifier -2.5-10-25-100-250-1000 
—DC I "As :0-2.5-10-25-100-250-1000—DC 
urrent: 0-2.5-1( 1-25-100-250-1000—Ohms: 
1 ohm to 1000 megoluns—AC requency 
Range :10 to 5000 cps (with amplifier) 50 
cps to 700 megacycles. DC Volt, ohm and 
current accuracy on full scale. AC volt. 
accuracy 2' r , 50 cps to 50 megacycles. AC 
frequency entire range 5(/c accuracy. The 
weight of the unit is 20 lbs., the size is 
103/1" x 9" x 8". 
For further in write Reiner 

Electronics C, ), Inc.. 152 West 2t5h Street. 
New York 1, N. Y. 

COMMUNICATIONS RECEIVER 

Development of a radio receiver which in 
mechanical design is a "revolutionary de-
parture" from existing types of construc-
tion was announced by the National Radio 
Company which has a $15,000,000 contract 
to supply the receivers to the Navy. 
The receiver, which reaches into the 

ultra-high frequencies, represents months 
of work by National engineers, in collab-

oration with the Navy Research Labora-
tory, to simplify construction design and 
thus facilitate maintenance problems. 
The set is mounted on a drawer-slide. 

which does away with the necessity of 
removing the receiver from the cabinet. 
With the receiver pulled init on lids 
drawer-slide, the set can be tilted in three 
different positions so that all components 
can be reached easily. 

Another new feature is that the front ot 
the receiver is equipped with lin-k-handles. 
which eliminate the necessity of using 
screws h e fasten the front panel Cie 
cabinet. With a twist of the wrist. the panel 
can he detached and tilted into the required 
position for inspection or repairs. For rea-
sons of security, no other details were dis-
closed, although it was said that the new 
mechanical features could be readily 
adapted tii commercial models, including 
wall-llush home sets. 
The new-type receivers will 1,c installed 

hy the Navy aboard fleet units and at 
shore stations. 

POWER FACTOR CORRECTION 
CAPACITORS 

\ lu tersified line of oil-impregnated. 
ill-li led capacitors, embodying the electri-
cal and mechanical design features which 
have been finind best suited to requirements 
if fluilrescent lamp service, is annininced 
by the Tohe Deutsclunann Corporation of 
Canton. \lass. 

l'ontained in hermetically sealed metal 
cases, these capacitors are impregnated and 
filled with pure mineral oil, the character-

[Continurd on pofh- 50] 
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SPRAGUE ELECTRIC COMPANY, Resistor Division, North Adams, Mass. 

ONE STANDARD TYPE 

NEW type end seal for extra 

humidity protection. 

WOUND WITH 

CERAMIC 

INSULATED 

WIRE 

1000 C. 

HEAT-PROOF! 

NEW glazed ceramic shell to with-

stand thermal shock, humidity and cor-

rosive conditions. 

..in ANY climate! 
No more "special orders" to obtain suitable resistors to with-

stand the extreme thermal and humidity conditions to which 

your product may. be subjected in many parts of the world! 

STANDARD Sprague Koolohm Wire-Wound Resistors now 

incorporate these extra protection features — and this means 

that you can count on STANDARD Sprague Koolohms for 

maximum dependability in ANY climate, ANYwhere on 

the face of the globe. Write for new 

catalog of Sprague Koolohm wire-

wound types for every requirement. 

TRADEMARK REGISTERED U.S. FAT. OFF. 

WIRE-WOUND RESISTORS 
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NEW PRODUCTS 
[Continued from page 481 

istics of which render the units particu-
larly applicable to use where a wide range 
of operating temperatures may be encoun-
tered; operating temperatures range from 
minus 67° to plus 185°F. Oil-tight terminals 
are insulated with sturdy phenolic bush-
ings and provided with tinned copper 
soldering lugs. 

Available sizes include capacitances from 
2.0 to 5.25 ¡lid and working voltages from 
165 a-c to 440 a-c. The standard capaci-
tance tolerance of Tobe capacitors for 
fluorescent lamp service is minus zero plus 
20 per cent. 

ir 

Detailed data are available on request 
to Tobe Deutschmann Corporation, Capac-
itor Division, Canton, Mass. 

CONSTANT SPEED D-C MOTOR 

Small enough to be held in the palm of 
the hand, a new Constant Speed d-c Mo-
tor has been developed by the Amglo Cor-
poration of Chicago to supply a-c motor 
performance to the d-c market. The new 
motor is especially adaptable to synchro-
nous operation formerly possible only 
through the use of alternating current. 

It is simple in design and ruggedly con-
structed for land, aircraft, or marine use. 
According to test under actual working 
conditions, the Amglo Constant Speed D.C. 
Motor maintains a constant set speed re-

Ingenious New 

Technical Methods 
To Help You With Your Reconversion 

Problems 

- - •Ao, 

"Die-Less Duplicating" Eliminates 

Time Loss and Die Expense! 

The DI-ACRO Bender is a precision unit, designed 
to form and duplicate an unlimited variety of 
parts and pieces—eliminating, in many cases, the 
need for special dies. Tubing can be accurately 
formed with the Dl-AGRO Bender to a center line 
radius as small as 2 1/2 times the outside diameter of 
the tube without distortion. Shapes and outlines, 
impossible to obtain with regular production dies, 
are easily formed with the Dl-AGRO Bender. These 
include round, half-round, hexagon, and square 
rod, tubing, angle, channel, moulding, strip, stock 
and bus bar. 
Stops may be set and material guides mounted for 
production work in excess of 1000 operations 
per hour. The Bender is compact and portable, 
ideal for temporary or permanent work. There are 
no extra parts to purchase, as the Dl-AGRO Bender 
has been built to cover a wide working range, with 
simple conversions. 

Peacetime production for industry, forecasts the re-
turn of Wrigley's Spearmint Gum—that favorite 
"help on the job," for workers everywhere. But 
Wrigley's Spearmint will be back only when con-
ditions permit its manufacture in quality and 
quantity to meet your needs. Until that day, we ask 
you to remember the famous Wrigley's Spearmint 
Wrapper shown at right, as your guarantee of the 
finest chewing gum that can be made. 

You can get complete information from 
O'Ne ManufacturingCo., Minneapolis 15, Minn. 

Typical Shapes Formed by the 
DI-ACRO Bender 

Remember this wrapper 
Z-86 

gardless of wide variations in voltage. It 
is self-starting and builds up full speed 
almost instantly. Current consumption is 
extremely low (from .6 to 1 watt), and 
shaft speeds may be geared from 1 revolu-
tion every 24 hours up to 600 r.p.m. It 
provides the same "time keeping" accuracy 
with direct current that A.C. motors give 
with alternating current. 

Description and complete literature cov-
ering this new Constant Speed D.C. Motor 
can be received by writing direct to the 
Amglo Corporation, 4234 Lincoln Ave.. 
Chicago. 

CRYSTAL CATALOG 

Of interest to amateur radio engineers 
and to "hams" is the new comprehensive 
catalog just released by Crystal Research 
Laboratories of Hartford. Conn. 

This catalog shows interesting views of 
plant personnel at work in crystal pro-
duction. One entire page is devoted to the 
facsimile of a movie film depicting the 
consecutive production steps from the ram, 
quartz to the finished crystal. The entire 
catalog is clear and concise and various 
types of crystals are fully illustrated and 
described both as to operation and use. 

Crystalab points out, however, that many 
other types and varieties of crystals can 
be produced by them in addition to those 
described herein. They specialize in mak-
ing close tolerance crystals to order in any 
quantity. Those interested in securing a 
free copy are asked to write Crystal Re-
search Laboratories, Inc, 29 Allyn Street, 
Hartford 3, Conn. 

NEW FM MAST KIT 

Plymold Corporation of Lawrence, Mas-
sachusetts, announces the development of 
a new mast for use with FM and tele-
vision radio receivers. 

The mast is made from Plytube and has 
unique fittings for attachment atop a roof 
or side of a building. In conjunction with 
the mast, they have developed a complete 
antenna system. The mast, antenna system, 
and all fittings are offered as a kit. 

Production on the entire unit has al-
ready started and deliveries are promised 
to be reasonably prompt. 

SUPER-SENSITIVE IONIZATION 
GAUGE 

In their search for greater precision, 
greater accuracy and more uniform pro-
duction of all their high vacuum electronic 
tubes, the Research Laboratories of Na-
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RACON's ... the leading 
speaker line...for all types 
of sound installation! 

Most of the best f ndustrial p. a. installations in use are RACON speak-
er equipped. They are the finest speakers made and there is a type 
for every conceivable application. 

For Marine p. a. installations, too, RACON leads. Approved by the U. 
S. Coast Guard, RACON speakers are used aboard Army and Navy 
vessels. Only RACON can supply, when needed, patented Weather-
proof, Stormproof Acoustic Material which is impervious to any 
weather condition and prevents resonant effects. 

Most manufacturing plants will soon order sound installations. Specify 
RACON Speakers! 

Left: MARINE HORN 
Speaker, approved by the 
U. S. Coast Guard. Sev-
eral sizes available, Storm-
proofed, of the re-entrant 
type, suitable for indoor 
or outdoor use — may be 
used as both speaker and 
microphone. 
Right: RE-ENTRANT 
TRUMPET; available in 
3 V' 2' 4½' and 6' sizes. 
Compact. Delivers highly 
concentrated sound with 
great efficiency over long 
distances. 

RACON ELECTRIC CO. 52 EAST 19th ST. NEW YORK, N. Y. 
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tional Union Radio Corporation of Newark, 
New Jersey, have developed a new high 
vacuum Ionization Gauge. 

This new gauge is capable of recording 
pressures well below one billionth of an 
atmosphere. A new accuracy is possible in 
attaining uniform high vacuum, heretofore 
impossible with conventional gauges. Eco-
nomical design and simplicity contribute 
significantly to its low cost. 
Wherever high vacuum processes are 

involved in product manufacture the NU 
Ionization Gauge will be found to be an 
interesting improvement over most gauges 
now in common use. 

Detailed information available on request 
to National Union Radio Corp., Dept. SE.. 
15 Washington St., Newark 2. New Jersey. 

NEW SOUND EQUIPMENT 
CATALOGS 

Concord Radio Corporation, of Chicago 
and Atlanta, have just published two new 
folders presenting complete listings of 
"available now" sound equipment units and 
sound accessories. Featuring illustrations 
and detailed descriptions of the complete 
Concord line of Amplifiers, Intercommu-
nication Systems, Recording Equipment, 
and Accessories, these folders are up-to-
the-minute catalogs of available equipment 
covering every requirement. 

In Amplifiers and Boosters, the presen-
tation covers models ranging in output 
ratings of 17 watts to 75 watts A.C.—in-
eludes 6-volt units with and without built-
in phonograph. Intercommunication Sys-

Our Hat Is Off... 
Our hat is off to those radio men, both military and civilian, 

who contributed so much to the successful completion of the 

war. Too, our hat is off to those radio servicemen and job-

bers who were patient and understanding of the shortage of 

Rider Books caused by wartime restrictions, now removed. 

Our hat is off (and our coat too), ready to tackle the peace-

time radio problems in the civilian field. In the light of our 

wartime experiences we have planned a five year program 

which is right now developing in our own laboratories. From 

this research will result many innovations — and one of the 

most ambitious publishing programs we ever scheduled. It 

will bring to the student, the amateur, the serviceman, yes 

even the radio engineer the very information each must have. 

if he is to understand, and work in radio and the new fields 

of television and microwaves that will be commonplace in 

coming years. This is not a program of the future, 

it is functioning today. Next month will witness the 

publishing of the first of these new Rider Books. 

Announcements will carry complete details. 

Yes, our hat is off—and it's great to be back! 

JOHN F. RIDER PUBLISHER, INC., 404 FOURTH AVE., NEW YORK 16, N.Y. 
"PetUidh..44 Cd‘ aaclia Technical 80041 g xeleanxeht " 

tents covering all requirements are also 
listed—master and substation combinations 
for every purpose from 2 to 100 stations— 
and including push button control, universal 
operation. "busy signal" and "call waiting 
light" features. 
The presentation of recording equipment 

lists professional-type units for microphone 
recording, radio recording, transcription 
and public address. 
A separate listing offers a complete line 

of sound accessories covering microphones, 
speakers, and all essential needs. Copies 
of these important listings may be had 
without cost or obligation, by writing to 
either of the Concord Radio Corporation's 
offices-901 W. Jackson Boulevard, Chi-
cago 7, Ill. Or 265 Peachtree St., Atlanta 
3, Ga. 

NEW OSCILLATOR 

Type 291 is a portable, battery operated 
oscillator especially and primarily designed 
for checking HF aircraft radio receivers. 
As such, all features and equipment not 
relating to checking aircraft receivers have 
been omitted, resulting in a specialized, 
good quality checking oscillator at an ex-
ceptionally low cost. This new instrument 

has a frequency range from 49 to 154 
megacycles with modulation frequencies of 
70, 90, 400, 1300, and 3000 cycles. It con-
tains an easily extended, collapsible an-
tenna and two coaxial terminals for low 
and high level outputs. 
For further information. write Andrew 

Co., Chicago 19, Ill., manufacturers of 
coaxial transmission lines and accessories, 
radio broadcast equipment and antenna 
tuning units. 

IMPROVED STEEL WORK BENCH 

Streamlined design, sturdier construction, 
and numerous available extras are the fea-
tures of the improved Equipto 12-gauge 
steel work bench announced by Equipto 
Division of Aurora Equipment Co., Aurora, 
Illinois. It may be furnished without back 
and side railings for use as a packing 
bench. 

All four flanges of the bench are formed 
into a boxed edge for utmost rigidity. A 
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THES 

STANDARDIZED gasiteucteteet TYPES 

Electrical and physical characteristics guaran-
.teed to meet currently high standards. These 
tube types will always be readily available. 

TUBE 
TYPES 

H K-24 

14 TRIODES 

PLATE 
DISSIPATION 

25 watts 
(Grid lead to base) 

HK-24G 25 watts 
(Cod lead through envelope) 

HK-54 50 watts 

HK-254 100 watts 

HK-354C 150 watts (Law Mu) 

HK-354E 150 watts (High Mu) 

TUBE PLATE 
TYPES DISSIPATION 

HK-454L 250 watts (Lew Mu) 

HK-454H 250 watts (High Mu) 

HK-654 300 watts 

HK-854L 450 watts (low Mu) 

HK-854H 450 watts (High Mu) 

HK-1054L 750 watts 

HK -1554 1000 watts 

HK-3054 1500 watts 

1 PENTODE 

HK-257B Plate Dissipation, 75 watts (Beam pentode) 

4 RECTIFIERS 

HK-253 Inverse Peak Volts, 15,000 HK-953D Inverse Peak Volts, 75,000 

HK-953B Inverse Peak Volts, 30.000 HK-953E Inverse Peak Volts, 150,000 

VG-2 

3 IONIZATION GAUGES 

VG-24G VG-54 

TUBE TYPES ARE 

W AVAILABLE! 
Gammatron tubes, famed for the 

past 18 years for their ability to 
stand up under heavy overloads, 

and for their efficiency even at 

very high frequencies, are again 
available for civilian use! Look 

for the "HK" before the type 
number—your assurance of the 

best in tantalum-element tubes. 

REPLACEMENT geeseetatneut TYPES 

The following Gammatrons are being made 
available primarily for replacement use. De-

signers of new equipment are asked to con-

skier recommended standardized types. 

REPLACEMENT 
TUBE TYPE DESCRIPTION 

HK-354 Triode, grid lead tc 

base pin, ratings 

same as HK-354C 

HK-354D 

HK-354F 

HK-257A 

HK-153 

HK-545 

HK-2054A 

HK-2054B 

Triode, Medium, Mu 

Triode, High Mu 

Beam Pentode 

High Vacuum Rectifier, 

inverse peak volts, 5000 

Triode. Same as HK-54 

except fil. current is 

3.35 instead of 5 amps. 

Triode 

Triode 

RECOMMENDED 
STANDARDIZED 

TUBE TYPE 

HK-354C 

HK-454L 

HK-454H 

HK-354C or E 
H K-454L or H 

HK-354E 

HK-257B 

HK-253 

H K-54 

Nv> 
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Can You "Measure Up 
to a good paying radio electronics job with 

a secure peacetime future? 

"Post-War" is NOW! Don't be caught unprepared! Add CREI home 

study training to your present experience and step ahead of competition 

What' , ahead hir you in the field of Radio Elec-
tronics E. ()ne thing is certain. Now that peace is 
here, Radio-Electronics will surge forth as one of 
America's foremost industries, offering promising 
careers for radiomen with modern technical training. 

NOW is the time to take the time to prepare 
yourself for the important, career jobs in radio-
electronics engineering. You will find the knowledge 
gained from your CREI course useful almost from 
the beginning. Student C. Whitehead writes: "Your 
course has been of great value to me in that the 
knowledge I have gained has enabled me to meet 
technical situations satisfactorily and has given me 
the confidence to accept greater responsibility." 

In our proved home-study course, you learn not 
only how . .. but why! Easy-to-read-and-understand 
lessons are provided you well in advance, and each 
student has his personal instructor who corrects, 
criticizes and offers suggestions on each lesson 
examination. This is the successful CREI method 
of training for which more than 10,000 professional 
radiomen have enrolled since 1927. 
Your ability to solve tough problems on paper 

and then follow up with the necessary mechanical 
operation, is a true indication that you have the 
confidence born of knowledge . confidence in your 
ability to get and hold an important job with a 
secure, promising future. Investigate now the CREI 
home-study course best suited to your needs, and 
prepare for security and happiness in the New 
World of Electronics! Write for all the facts today. 

WRITE FOR 
FREE 36-PAGE 
BOOKLET 

"Your Opportu-
nity in the New 

World of 
Electronics" 

If you have had 
professional or am-
ateur radio expe-
rience and want to 
make more money, 
let its prove to you 
we have something 
cou need to qualify 
for a better radio 
lob. Tb help us in-
telligently answer 
rour inquiry — 
PLEASE STATE 
BRIEFLY YOUR 
BACKGROUND OF 
EXPERIENCE, ED-
:JCAT:ON AND 
PRESENT POSI-
TION. 

CAPITOL RADIO ENGINEERING INSTITUTE 
Plume Study Course: in Practical Radio.F.lectron.cs 

Engineering for Professional Self-Improvement 

Dept. RA-10, 3224 - 16th Street, N.W., Washington 10, D. C. 
Contractors to U. S. Navy—U. S. Coast Guard—Canadian Broadcasting Corp. 

Producers of Well-trained Technical Radiomen for Tadustry. 

Member: NATIONAL COUNCIL OF TECHNICAL SCHOOLS 

second 12-gauge steel plate may be tack 
welded onto top for vise reinforcement. 
The bench is highly suitable for both work 
bench use and for supporting light ma-
chine tools. The four feet have holes to 
permit fastening to floor if desired. It is 
available in 42 inch and 6 foot lengths, 34 
inches high and 28 inches deep on short 
deliveries and without priority. 

It can be furnished as a plain work 
bench with 12-gauge steel top and with 
bottom tray. back and side railings. drawer 

with padlock attachment, adjustable 3-
compartment tray for drawer. Benches 
may be used side by side and back to back 
forming larger working surfaces in a mini-
mum of floor space. 

TUBE TESTER 

.\ttcw Tube Tester with a flexible test 
circuit provides for "tube value" test, short 
and open element test—plus a Transcon-
ductance Comparison check for matching 
tubes. 

Three-position lever switching makes 
this one of the speediest and most flexible 
of all tube testers—provides simplicity in 
operation and still gives individual control 
for each tube element. 
The long scale instrument carries the 

Triplett Red-Dot Lifetime Guarantee 
against defects in workmanship or mate-
rials. The multi-color scale makes it easy 
to quickly determine the condition of all 
tubes. 

Instructions and test chart have simpli-
fied arrangement for quick reference and 
large easily read printing. 
Write for circular to The Triplett Elec-

trical Instrument Co., Bluffton. Ohio. 

ELECTRO-VOICE CATALOG 

A new Electro-Voice catalog, with a 
s'mplified Reference Level Conversion 
Chart, which marks the first attempt in 
the history of the industry to standardize 
microphone ratings, has been published by 
the Electro-Voice Corporation, 1239 South 
Bend Avenue, South Bend 24, Indiana. 

Basic operating principles of micro-
phones are explained in the new Electro-
Voice Catalog, offering a guide to the 
proper selection of types for specific appli-
cations. New types of special purpose 
microphones developed for voice and sound 
transmission, featured ill the catalog, make 
it a valuable hanadbook for sound men. 

Poly-directional, dynamic, velocity and 
carbon microphones in various Electro-
Voice models are completely described 
from applications to specifications. Dia-
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grams, givIng mechanical dimensions and 
photographs on every page illustrate each 
model. 

Copies are available by writing on busi-
ness stationery to the Electro-Voice Cor-
poration, 1239 South Bend Ave., South 
Bend 24, Indiana. 

HIGH-VACUUM RECTIFIER 

A new, high-vacuum, half-wave rectifier 
tube which has been put into production 
and is presently ready for distribution, is 
announced by Taylor Tubes, Inc., 2312 
Wabansia Avenue, Chicago, Ill. The tube 
bears the number TR-40M and is 97, 
inches high with a maximum diameter of 
3 13/32 inches. It is equipped with a 4-pin 
jumbo (50-watt) base and the glass is 
Nonex. The filament is thoriated tungsten 
assuring long life and trouble-free service. 
Plate lead is at the top, and filament leads 
are brought out to pins Nos. 2 & 4. 

Electrical characteristics: Filament powei 
—5.0 volts at 10.5 amperes; Peak forward 
volts-25,000; Peak inverse volts-60,000; 
Average plate current—.25 amperes. 

Special design features insure complete 
safety against voltage breakdowns. 

E-L CAR RADIO VIBRATORS 

A drastic stock simplification plan 
through which 95% of the existing demand 
for auto radio vibrators may be met by 
four vibrator models has been announced 
by Walter Peek, vice president in charge 
of sales, Electronic Laboratories, Indianap-
olis. Use of the new E-L Auto Radio 
Vibrator Replacement line will enable 
radio distributors, dealers and servicemen 
to reduce their inventories of vibrator 
types as much as 92%, Mr. Peek said. 

Recent surveys indicate that there will 
be more than 8,000,000 car radios in need 
of repair by the time replacement parts 
become available. 
A program to promote the E-L Auto 

Radio Vibrator Replacement plan through 
advertising, publicity and related activities 
has already been initiated by Electronics 
Laboratories. 

HIGH TEMPERATURE 
CAPACITORS 

Plasticon Type AS. silicone imprag-
nated plastic film dielectric capacitors, 
capable of continuous operation at 256 F, 
have been offered to radio and industrial 
users by Condenser Products Co., Chicago, 
Illinois. 

Since paper capacitors have proven un-
satisfactory at temperatures in excess of 
205° F, this new capacitor fills a long-felt 
need of designers of high temperature 
equipment. 

CATHODE RAY TUBES 
FOR INDUSTRIAL USE 

A simple solution to the problem of 
installing and accurately positioning elec-
tronic equipment interconnecting cables has 
been devised by engineers of the Tool 
Division of The Glenn L. Martin Com-
pany, Baltimore, Md. 
The new procedure is particularly valu-

AWARD . . . . JUNE 23, 1944 

FIRST RENEWAL 
WITH STAR... DEC. 16, 1944 WIN STAR ... MAY 26, 1945 

SECOND RENEWAL 

TO YOUR SPECIFICATION 

Insuline is equipped to make anything from 

a lug to a huge transmitting cabinet accord-

ing to your specifications. All materials — 

steel, aluminum, brass, copper, etc.,— are 

on hand; and the folloming facilities for 

producing the complete job, from begin-

ning to end, are available: 

A complete tool and die shop; automatic 

and hand-screw machines; engraving, coil. e winding, milling, and grinding machines; 
power shears; power brakes; punch presses; 

automatic welding machines; spray 

booths; baking ovens; plating tanks, etc., 

plus an entire floor devoted to machine 

and hand assembly. 

In addition, our competent engineering 

staff and a modern experimental labora-

tory are always available to help you with 

your production problems. 
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AMERICAN CONDENSER CO. 
4410 No. Ravenswood Ave. • Chicago 40, III. 

Cinaudagraph Speakers are 
known the world over for tone, 

stamina, engineering perfection 
and design. Consider the use of 
Alinco5,newest miracle metal that 
gives 4 times the performance 
without weight or size increase, 
add this to scores ofother Cinau-
dagraph Speaker achievements 
and you have the reasons why 
Cinaudagraph Speakers are "The 
Finest Speakers in all the World." 

able for facilitating critical cable assem-
blies and installations, since a large ma-
jority of electronic equipment troubles are 
traceable directly to cable failure. 

Solution to the problem is obtained by 
merely painting two indicating marks on 
each cable which locate the cable with 
respect to the nearest structural clamp, 
thereby determining the location of the 
connector in the plane; and also establish 
the orientation of the right angle con-
nectors, which eliminates twisting and pos-
sible breaking of wires when the cable is 
later connected to the equipment. 

The indicating marks are applied to the 
cables prior to the installation of any wires 
by means of a special jig. One of the most 
important features is that wire flow is 
established once and for all at the assembly 
point. With this method, the operator al-
ways knows definitely which way the wires 
are to flow, even before the plug is at-
tached. 

Prior to the adaptation of the indicating 
system, the operator did not have this 
information and as a result many wires 
were kinked or otherwise damaged within 
the cable. 

COLD CATHODE BALLAST WITH 
ATTACHABLE JUNCTION BOX 
To fit their Cold Cathode Ballasts, Jef-

ferson Electric Company, Bellwood, Illi-
nois, has developed a junction box which 
can be easily attached with the bolts used 
for mounting the standard ballast. 

The box is made in two pieces, and is 
shown, separately and attached, in the 
accompanying illustration. One piece is 
designed to slide over guides on one end 
of the ballast case while the other forms 

the cover which is secured by one screw. 
Suitable knock-outs are provided in sides, 
ends and bottom. Thus the standard bal-
lasts requiring no junction box as in the 
case of fixture installation, also serve where 
boxes are required. 
These devices are listed as standard by 

Underwriters' Laboratories. 

SELENIUM RECTIFIERS 
As an addition to their array of indus-

trial electrical equipment, Radio Receptor 
Company, Inc., 251 West 19th Street, New 
York City, announces a line of selenium 
rectifiers which meet every requisite for 
a modern a-c to d-c conversion unit. 

This new line embraces a wide range 
of units—from 25 mils up to capacities 
of hundreds of amperes—thus offering an 
efficient unit for every industrial applica-
tion, for all combinations of voltage and 
current outputs and for various types of 
circuits. To name only a few specific' ap-
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plications, selenium rectifiers arc used ex-
tensively for battery charging, relay cir-
cuits, welding, electroplating. magnetic 
devices, telephony and railway signaling. 

Selenium rectifiers, as compared with 
other types of dry-disc converters, have the 
advantage of enabling efficient operation at 
higher ambient temperatures. of being 
less susceptible to moisture, more stable, 
and displaying improved aging character-
istics. Units that have been in service for 
more than a decade give evidence that 
type rectifier will serve at least fully 
as long as other circuit components. 

Inquiries relative to the inure unusual 

applications of these units, together with 
complete information on their intvnded usus. 
are invited. 

THIS MONTH 
( outiinicd from page 471 

and was elected in 1940 to the position of 
vice-president in charge of product re-
search and development. He is inventor of 
many of the Jensen engineering innova-

Hugh S. Knowles 

tions and heads a derartment of capable 
development and design engineers with that 
firm. Mr. Knowles is also an independent 
consultant in the electronic and acoustic 
fields. 

Raymond K. McClintock 

* Raymond K. McClintock. a Sylvania 
Electric engineer since 1936 has been ap-

Doughnut Coils for electronic and telephone purposes. 

High Permeability Cores are hydrogen annealed and 

heat treated uy a special process developed by DX engi-

neers. Send us your "specs" today—ample production 

'facilities for immediate delivery. 

MEASUREMENTS CORPORATION 

*the head of a iood receiver' 
GENERAL OFFICES 1200 N. CLAREMONT AVE., CHICAGO 22, ILL., U.S A. 

STANDARD SIGNAL GENERATOR Model 80 

SPEC FICATIONS: 

CARRIER FREQUENCY RANGE: 2 to 400 megacycles. 

OUTPUT: 0. 1 to 100,000 microvolts. 50 ohms output impedance. 

MODULATION: A M 0 to 30% at 400 cr 1000 cycles internal. 
Jack for external audio modulation. 
Video modulation jack for connection of external pulse generator. 

POWER SUPPLY: 117 volts, 50-60 cycles. 

V/idth 12", Height 103/4 ", Depth 9V2". 

WEIGhir: Approximately 35 lbs. PRICE—$.465.00 f.o.b. Boonton. 

Suitab.e connection cables and matching pads can be supplied on order. 

BOONTON NEW JERSEY 
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delivers 
RADIO AND ELECTRONIC 

EQUIPMENT 

Tr i, 
v. tn Government regulations elim-
inated, HARVEY can now fill your 
needs for radio, electronic, test and 
laboratory equipment more quickly 
and efficiently from the finest and 
largest stocks in our history. 

HARVEY carries the lines of lead-
ing American radio anti electronic 
manufacturers. Their long-promised 
postwar products will be on our 
shelves the very moment they are 
released. 

Our experienced staff is ready to 
serve you. 

Veaff 
Heavy Duty Desk Panel 

Cabinets 

VA" high 19" long x 141/4 " deep 

Ideal for small transformers, public 
address amplifiers, oscillators, test 
equipment, etc. 

These cabinc':s are rigidly col-
structed of 1/1&" cold rolled steel, 
with all joints electrically welded. 
Louvres provide ample ventilation 
though sides and back. Top door 
is mounted with piano type hinges, 
and locks with flush mounted snap 
catches. Two sturdy handles are 
mounted on each side and semi-
recessed. Black ripple finish. Suit-
able for standard 83/4" x 19" relay 
rack panel or any size chassis up 
to 13" s 17". Price. $4.95. 

Telephone Orders to LO 3-1800 

103 WEST 43rd ST., NEW YORK 18 

pointed engineering consultant for the Com-
pany's International Division with head-
quarters in New York City. He will 
represent the Radio and Lighting Divisions 
and ‘vork directly with sales managers in 

Raymond K. hIcC intock 

Mexic,i and South Ameriza, as well as 
those in Europe and Asia when normal 
trade is resumed. 

INVENTIONS 
IContinued from page 421 

E, = E3, so substituting the 
values of E, and E3 in ternis of g and :J. 
we obtain 

E2 

Et := - 13E2 

Solving this for E, gives 

(— ge) 
E2 = E,   = Et 

— — P (l— g) 
According to the invention, the cir-
cuits are so constructed that is 
very large in comparison with unity. 
Under this condition the last factor of 
the above expression is substantially 
equal to unity and the output E, may be 
written as proportional to the recipro-
cal of g. Furthermore, if E, is held con-
stant the output depends upon nothing 
else, since the expression then becomes 
simply 

1 
E2 = - El 

The patent. No. 2,379,042, is as-
signed to Bell Telephone Laboratories. 

Balanced Frequency Modulation 
System 

* .‘11 invention which consists of a new 
way to cause a frequency modulating 
phonograph pickup to yield more effi-
ciently the proper audio signals from 
that modulation is described in a letter 
of patent issued to Alexis 13admaieff on 
March 13. 1945. The advantages of 
having a phonograph pickup consist of 
an inductance or a capacitance whose 
value is changed in accord with needle 

EITHER a "0. e. " 

AT HARTFORD 

Inside threads...outside threads 

... knurls ... in fact, any of the 

machining jobs you expect of 

HARTFORD in metal you may 

also expect of HARTFORD in 

plastic. The only difference in 

using either material are those 

imposed by the characteristics of 

the material itself. Vast precision 

secondary operation equipment 

for producing complete mechan-

ical assemblies, component parts 

and sub-assemblies. 

PLASTICS 
From Rod & Tubing 

Centerless Ground • Machined 

Borizing • Slotted • Milled • Knurled 

Drilled • Threaded • Tapped 

Metal Inserts 

THE HARTFORD MACHINE 

SCREW COMPANY 
Designer of Methods since 1876 

SCREW MACHINE PRODUCTS 
1/64" to 5" Dia All Metals 

HARTFORD, CONNECTICUT 
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movements caused by a record, had been 
previously disclosed. Such a variable 
reactance is made to vary the fre-
quency of an oscillator in accord with 
the audio tones recorded in either lateral 
or vertically cut records. The resulting 
frequency modulation is converted to 
audio by means of a frequency dis-
criminator. 
As is common practice in FM radio. 

the frequency modulated signals are 
made to pass through a tuned stage 
which has its peak tuned to one side 
of the FM band. The stage consequently 
discriminates in frequency by supply-
ing amplification in proportion to the 
instantaneous frequency of the signal. 
As the result of using such a system. 
greater freedom in the mechanical de--
sign of the pickup is obtained and it 
becomes possible to use lighter con-
struction and lower inertia so as to 
reduce record wear and scratch noise 
arising from that wear. 
The present invention makes use of 

this principle but the pickup is so ar-
ranged that when it increases the fre-
quency of the co-operating oscillator, it 
also decreases the resonance frequency 
of the resonant curve which furnishes 
frequency discrimination. When the os-
cillator swings to a lower frequency. 
the discriminator resonance is increased 
in frequency. 
Two main advantages of the present 

invention are claimed: because of the 
dual swing of oscillator and discrimina-
tor, double amplitude of the audio volt-
age from the discriminator is obtained. 
This reduces the required audio gain 
by a corresponding amount. Also the 
use of a dual function pickup system 
allows the advantage of even harmonic 
elimination, which is comomnly found 
in push-pull circuits. 
The accompanying figure shows a 

schematic diagram of one form of the 
invention. An LC oscillator operates 
with a fixed inductance and a capaci-
tance which is varied by motion of the 
pickup needle. For example, if the 
arrow represents the phonograph needle 
and it is actuated by a lateral motion. 
then every time a movement to the left 
occurs, the oscillator capacitance will 
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BOSTON, MASS. • NEWARK, NEW JERSEY 

ORIGINATORS AND PEACETIME MARKETERS OF THE 
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CELEBRATED 

DOUBLE SENSITIVITY D.C. VOLT RANGES 

0-1.25-5-25-125-500-2500 Volts, at 20,000 
ohms per volt for greater accuracy on 
Television and other high resistance D.C. 
circuits. 

0-2.5-10-50-250-100-5000 Volts, at 10,000 
ohms per volt. 

A.C. VOLT RANGES 

0-2.5-10-50-250-1000-5000 Volts, at 10,000 
ohms per volt. 

OHM—MEGOHMS 
0-400 ohms (60 ohms center scale) 
0-50,000 ohms (300 ohms center scale) 
0-10 Megohms (60,000 ohms center scale) 

Here's that New 

TRIPLETT 625-N 
• 

Long Scale, Wide Range 

Volt-Ohm-Milliammeter 
DIRECT READING OUTPUT LEVEL DECIBEL 
RANGES 
--30 to +3, +15, +29, +43, +55, +69 DB 

TEMPERATURE COMPENSATED CIRCUIT FOR 
ALL CURRENT RANGES D.C. MICROAMPERES 

0-50 Microamperes, at 250 M.V. 

D.C. MILLIAMPERES 

0-1.10.100-1000 Milliamperes, at 250 M.V 

D.C. AMPERES 

0-10 Amperes, at 250 M.V. 

OUTPUT READINGS 
Condenser in series with A.C. Volts for output 

readings. 

ATTRACTIVE COMPACT CASE 

Size: 21/2" x 51/2". A readily portable, com-
pletely insulated, black, molded case, with 
strap handle. A suitable black, leather 
carrying case (No. 629) also available, with 
strap handle. 

LONG 5" SCALE ARC 

For greater reading accuracy on the Triplett 
RED •DOT lifetime Guaranteed meter. 

SIMPLIFIED SWITCHING CIRCUIT 

Greater ease in changing ranges. 

Write for descriptive folder giving full technical details. 

Triplett ELECTRICAL INSTRUMENT CO., Bluffton, Ohio 
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Immediate 
Delivery 
Money Back 
Guarantee 
on this 

all-purpose 

Multitester 
Handles AC and DC Volt-
meter, DC Milliammeter. 
High and Low range Ohm-
eter. Size 5%x8x3%. 3" 
meter with sturdy D'Arons-
val movement. Write for priority information. 

EVERYTHING IN TEST EQUIPMENT 
We have it or can get it. Preferred delivery, quick 
service on all makes, all types. Hundreds of new 
items on order. Buy from Leo, W9GFQ. 

See Leo for WRL Radio Kits 
priority required 

Phono Amplifier Kits 
Complete Wit Ii tubes, 
instructions to cn 
No. 1059... 4' "•••'" 

PLACE YOUR ORDER 
NOW! 

Leo is making delivery 
now on 

HALLICRAFTERS 
For preferred delivery, 
easy terms, and liberal 
trade in allowance write 
Leo W9GFQ. 

EXCLUSIVE 
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44 Page FREE Parts Flyer... 
Packed with hard-te -et 
items. Immediate delivery 
to radio repairmen. Usual 
priorit ies. Experimenters 
write Leo. W9OFO. on how 
to get radio repair parts. 
Tube and Circuit 
Reference Book  10c 
Handy Tube-Base 
Calculator  25c 
Giant Radio Reference 
Map, Size 31x/11 ft 15c 

MAIL TODAY 
Wholesale Radio Laboratories 
711 West Broadway B-10 
Council Bluffs, Iowa 
D Please rush Multitester No. 300, $18.75 is en-

closed, or Enclosed is $ , Balance C.O.D. 

D Here's 10c, Send "Tubes and Circuits" Book. 
13 I want a Tube-Base calculator. 25e enclosed. 

D Ship me your radio map. 15e enclosed. 
D Send me your free flyer of hard-to-get radio parts. 

Code Oscillator Kits 
Complete with lobe. 
Size 3"x6". ftà. 
No. 66-200 l'-`• • "P 

DUAL FIL. TRANSE. 
Fully Shielded 

110 V. Tap-
ped Primary. 
Secondary, 5 
volt @ 3 

amp. and 6.3 V.C.T. 
@ 4 amp. 

— No. 9-551 $2.25 

Name  

Address 

Tow  State  
1 am D an amateur; El experimenter; o sen ice man. 

QUICK SERVICE 
Your order will receive my own 
personal attention. You'll get 
"same day" delivery service 
from the heart of the na-
tion . . . on anything in 
radio. 

Peue VielZ;l1 

be increased and its frequency lowered. 
Conversely, motion to the right causes 
a rise in the frequency. Moreover, be-
cause the needle also actuates a second 
condenser which is part of the resonant 
circuit of the discriminator, the reso-
nant frequency of that circuit is also 

OSCILLATOR 
DISCRIMINATOR 

Patent No. 2,371,373 

changed. Because a given mechanical 
moti(05 has all opposite effect on the 
two resonant circuits, the changes in the 
discriminator are just 180 degrees out 
of phase with those controlling- the 
oscillator, and this gives the desired 
effect. 

The patent, No. 2,371,373, is assigned 
to 1:(«A. 

00hi eeletee",5,ifeler,(47 

insfflommw-

Super-Regenerative Radio Receiver 

* In a patent issued on July 3, 1945 to 
;ci rge E. Banks of Chelmsford, Eng-

land, a super-regenerative receiver 
which operates at u-h-f or microwave 
frequencies and requires only a single 
vacuum tube is described. :\s in all 
super-regenerative devices, an arrange-
ment which of its own accord would 
like to break into oscillation at the 
frequency which it is desired to receive, 
is provided. Also, a quenching oscil-
lation is made to occur with a consid-
erably lower frequency which is never-
theless still well above the audible 
spectrum. As oscillation in the high-
frequency part of the device starts to 
build up, the peak values of the quench-
ing frequency periodically destroy the 
attempt, so that real high-frequency 
oscillation is never realized. In fact, in 
the complete absence of an input signal, 
oscillation is not reached by a large 
margin. In accord with the instantane-
ous depth of the amplitude modulation 
present on the input carrier wave, how-
ever, the build-up toward oscillation is 
aided by a greater or lesser amount of 
signal at a frequency very near the 
desired oscillation frequency. Thus, 
during each quenching cycle, oscillation 
is more or less closely reached in accord 
with the carrier modulation. This causes 

100 KC FREQUENCY 
STANDARD CRYSTAL 
... Designed to withstand severe 
shock and vibration. A crystal 
so precisely finished that it has 
less than 15 cycles drift from 
-50C to +85C*. (If oscillator or 
circuit is furnished, an accuracy 
of 3-5 cycles can be obtained) 
A special solder bead sup-

ports a tensile load of 9,000 
lbs. per square inch. Crystalab 
engineered to meet the most rig-
id operating requirements. 
*Also available in frequencies from 
80.86 to 200 KC. 

Write Dept. R.N. for comprehensive 
catalogue -Selectronic Crystals.' and 
facilities booklet "Crystalab Solves 
a Problem'' 

INCORPORATED 
LABORATORIES AND MAIN OFFICE: 13 AL:Yel STREET. HARTFORD 3, CO MN 

New York Office. 15 E. Ugh Slreel. New York It. N Y Phone M U 5 2952 
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a corresponding level of d.c. in the ear-
phones or other audio circuit con-
nected to the device. 

In the accompanying figure is shown 
one embodiment of the present inven-
tion. Neglecting for the moment the 
control electrode C and the accompany-
ing circuits F, it may be understood that 
what is left is a velocity modulation 
oscillator. Electrons leaving the cathode 
K pass through the gap G, and because 
of their time of flight pass through gap 
G, at a time later which almost exactly 
corresponds to one cycle of the desired 
frequency. If there is even a trace of 
energy in the resonator R coupled to 
the volume A, this situation may give 
rise to oscillation. It will, in fact, if 
R and A considered together are tuned 
so as to resonate at the desired fre-
quency. The electromagnetic field of 
the resonator causes periodic accelera-
tion or deceleration of electrons passing 
through G,, and because of the resulting 
variation in electron velocity, the elec-
tron beam reaches G, in bunches and is 

Patent No. 2,379,673 

therefore able to give up energy to the 
oscillating field of the resonator. 

In the present invention, this velocity 
modulation oscillation is interrupted by 
the application of a quenching voltage 
which occurs by virtue of oscillation in 
circuit F, which is connected to the 
control electrode C and other electrodes 
in the tube, just as if a common triode 
was involved. The rapidity with which 
an approach to velocity modulation os-
cillation gets under way is reflected in 
the anode current which passes through 
earphones or some other audio device. 

The patent, No. 2,379,673, is as-
signed to the Marconi Wireless Tele-
graph Co. 

Device for Maintaining a 
Fixed Bias 

*Orville I. Thompson received a pat-
ent on May 15, 1945, which covers a 
system for utilizing alternating current 
voltage already available for the heater 
of a vacuum tube so that a steady source 
of bias voltage for the grid of the tube 
is also supplied. It is claimed that the 
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• Now that V-J Day has corne crid 
gone, those heavy-duty metal-can 
electrolytics are once again be-
coming available for civilian use. 
Once again the Aerovox electro-
lytic line is providing that outstand-
ing choice of types for the better 
sobs you are out to do, in this post-
war radio and electronic world. 

For your very best maintenance 
work where equipment must be 
kept going day in and day out; 
for those power packs that have 
to keep delivering properly filtered 
voltages hour after hour; for those 
radio sets that "must stay put"— 
you can depend on these Aerovox 
metal-cam heavy-duty electrolytics. 

•Ask Our Jobber... 
Ask him about the Aerovox heavy-duty elec-
trolytics that are now starting to come through 
for civilian use. Ask about the other types in 
the outstanding choice of Aerovox capacitors. 
Ask for a catalog—or write us direct. 

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

INDIVIDUALLY TESTED 

In Canada AEROVOX CANADA LTD . HAMILTON, ONT 
Export 13 E 40 ST NEW YORK 16 N Y Cable ARLAB' 

system is more economical in cost, 
manufacture, and service than are bias 
batteries or a bias voltage obtained from 
a separate rectifier. Since the bias volt-
age obtained by the method of the in-
vention is independent of signal level, 
it is said that the scheme is often su-

Patent No. 2,375,877 

perior to self-bias methods which are 
necessarily dependent on cathode cur-
rent. 
As can be seen in the schematic, the 

vacuum tube which is used must con-
tain one or more auxiliary diode plates 
as well as the main cathode, grid, and 
plate assembly. In conjunction with the 
cathode and diode plates the heater volt-
age is rectified and filtered by a con-
denser connected between ground and 
what would normally be the ground end 
of the grid-leak resistor. The patent is 
assigned to DeForest's Training, Inc.. 
and is number 2.375,877. 

HORIZON 
¡Continued form paw .1.5 

particularly if they lie in the central 
portion of the route. Joining these dots 
will then provide the required profile. 

Possibly the only rather ambiguous 
point as regards the interpretation of 
contour lines on maps may arise in a 
case such as Fig. 1. Here it is only 
necessary to remember that the con-
vention is to designate the heights of 
peaks rather than the depths of valleys. 
Accordingly, any unmarked nest (..f 
contours may be assumed to represent a 
valley. 

Fig. 2 is a profile of the direct route 
from Oswego, N. V., to Auburn, N. Y.. 
prepared according to the above method. 
Obviously, extreme antenna heights 
would be required at both ends to pro-
vide an optical path. This also illustrates 
the rather paradoxical situation where-
by less bending would be required for 
a signal to travel from Auburn to Os-
wego than in the opposite direction. 

However, should a reliable signal 

JOB AHEAD 
...and were equal to it! 

Each day we are shipping 
more for civilian use. 

oefic 
WIRESt17 •1 
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cornish 
WIRE COMPANY, INC 
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We make 
precision parts 
We invite inquiries from principals or 

agents requiring large quantities of high 
precision parts for the radio, optical and 
similar industries. 

Our huge factory produces for the 

entire world. In our screw machine de-
partment, (for example) we have hun-
dreds of automatic precision machines of 
the latest types capable of making prac-
tically anything in metal up to two-inch 
diameter. 

A many-generation's old engineering 
department is highly competent to trans-
late blueprints into p:irts on a low-cost 
basis. Skilled workmen, whose entire 
working lives have been spent on preci-
sion parts. are experts in mass produc-
tion. 

Please submit blueprints or sketches of 
parts required with quantities needed 
and in what period of time. 

S. RODMAN SONS 
580 Fifth Avenue. New York 19, N. Y. 
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MAKING 

YOUR WISHES 

COME TRUE . . . 

One wish has been fulfilled.Won by 

3 F2 years of deadly struggle. With 
God's help, we have prevailed. 

Now we have a chance to make 

another wish come true. For most 

of us, the outlook is a bright one. 
If we will simply use the brains, the 
will, the energy, the enterprise . . . 
the materials and resources . . . with 
which we won our war, we can't fail 

to win the peace and to make this 

the richest, happiest land the world 

has known. 

Your wishes have been wrapped in 
that bright outlook. Your wish for a 

cottage by a lake. For your boy's 
college education. For a trip you 
long to take. For a "cushion" against 
emergencies and unforeseen needs. 

You can make those wishes come 

true by buying bonds today . . . buy-
ing them regularly . . . and holding 
on to them in spite of all temptation. 

There's no safer, surer investment 

in the world. You can count on get-
ting back $4 for every $3 you put in 
—as surely as you can count on 
being a day older tomorrow. 

So why not be patriotic and smart 

at the same time? 

FULFILL YOUR WISH-BUY EXTRA BONDS 

IN THE GREAT VICTORY LOAN! 

RADIO 

Tiers an official U. S. Treasury advertisement—prepared under auspices of Treasury Department and War Advertising Council 
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Here is a 
Permanent 
Position 

FOR AN 
EXPERIENCED 
COMMUNICATIONS 
MAN 

You may be interested in this 
permanent position with a long estab-
lished, progressive Radio school. To 
qualify, you should be a college grad-
uate with engineering and operating 
experience in Radio communications. 
Experience teaching Radio subjects 
will be an advantage—and experience 
in writing instruction manuals clear-
ly, interestingly is essential. Get in 
touch with us now. Let's see if we 
Can come to a mutual understanding 
so you can start with us the day 
you are available. Tell us all about 
yourself — your education and expe-
rience—your salary requirements. 
We will hold your letter in strict 
confidence. Write Box 1615. 

Great Time Saver 

Burstein-Applebee of Kansas 
City offers you this great con-
venience FREE. Easy to work. 
Solves many problems in a ¡iffy. 
FREE to Radio men, electronic 
engineers and others in the 
business. Attach coupon to 
your letterhead. 

MAIL COUPON NOW Él 

BURSTEIN•APPLEBEE CO. 
1012 McGEE ST. 
KANSAS CITY 6, MO. 

Send me FREE Color Code and Ohms Law Cal-
culator along with latest catalog. 

I am  
STATE CONNECTJON IN INDUSTRY 

NAME  

ADDRESS  

; TOWN STATE 
 1 

IH 
— = JK 
DE 

path be established over this route, the 
proportions of the actual height of the 
optical path above a station compared 
to its actual sea level altitude reveals 
the factor by which the earth's radius 
may be increased in order to account 
for refraction. 

Fig. 3. Geometrical construction for proof 

in appendix 

Appendix 

From Fig. 3: arc BE = arc BH 
0 AC 

therefore — (radians) = —  

7 AB 
AE + ED AG + GF 

 = sec -y 
AC AB 
AC + ED AB + GI; 

or   
AC . AB 

Cross-multiplying—ABA C + ABED 
ED AC 0 

ABAC + ACG I.' Hence — = — = — 
GF AB -y 

K.I AC 0 
Similarly — = — —  (1) 

IH AB 
Af +JK 

sec e = or AC sec 0 = AC + K 
AC 

1K = AC sec O — AC 
AE + DE 

sec -y =  AC sec.), = AC + DE 
AC 

DE = AC sec — AC 
1 — cos O 

JK sec O — 1 cos 0 
Therefore — =  

DE sec -y — 1 

but 

1 — cos 

cos O 

Accordingly 

1 — cos (/) 

sin 95 

= tan IA o tan = o V2 

(provided O is small) 
JK le 0 02 

DE 7 1/2 7 

whence DE =JK 

1 — cos 7 

cos -y 

tan q5 

From (1) IH = Kf— 
0 

702 0 
— 

0 .1K 72 

MICROWAVE 
[Continued form page 34] 

part in the determination of the item 
which we have called propagation loss. 
We will now illustrate by two ex-

amples which are not entirely correct 
since they omit refraction (bending of 
the energy path due to variation in air 
density) and the curvature of the earth. 
In Fig. 9, the two cases we wish to 
discuss are illustrated. In Fig. 9A, the 
antenna heights and separations are so 
chosen that maximum reinforcement 
between the two signals are obtained 

while in Fig. 98 the most interference 
is found. 

In Fig. 9A it will be noted that a 
half-wave difference in path length is 
obtained. This in conjunction with the 
180° phase change at reflection causes 
the energy traveling over the two paths 
to reach the receiving antenna in phase. 
Now, in general, energy will be lost 
in reflection so the reflected beam will 
not be as strong as the one transmitted 
directly. In calculations over shorter 
ranges this must be taken into account 
and even some difference in reflection. 
depending upon polarization, will be 
found. In the present case, however, 
only a negligible reflection loss occurs. 
The reflection loss is very small at low 

Help Wanted! 
TECHNICAL 
EDITORS!! 

We are increasing our staff — 
need a technical editor and as-
sistant technical editors having 
practical knowledge of radio 
servicing. 

Must be able to write sim-
ply on servicing methods, 
test equipment applica-
tions, special circuit prob-
lems, trouble shooting, in-
stallation and servicing of 
FM and television receivers 
and antennas, bench short 
cuts and miscellaneous sub-
jects incidental to the radio 
service field. 

Excellent remuneration. Give 
details, experience, etc., so an 
interview can be arranged. 
Write to: 

EDITOR, 

RADIO SERVICE DEALER. 
342 Nlailison Avenue, 
New York 17, N. Y. 
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ENGINEERED 
TO THE 

APPLICATION 

CERAMI C 
CAPACITORS 

ELECTRICAL 
REACTANCE 
CORPORATION 1 

FRANKLINVILLE, N. Y. 

angles of reflection such as we have 
here and increases at larger angles. All 
this assumes a perfectly flat surface 
such as calm sea water. The reflection 
gain in Fig. SA is therefore 6 db. 

It may not be entirely clear that the 
reflection gain, in the case just men-
tioned, is 6 db rather than 3 db. A 3 db 
gain, corresponding to a doubling of 
the energy at the receiver, would mean 
that the equal powers over the two paths 
add directly. This is not the case. In-
stead, it is the strengths of the electric 
fields and of the magnetic fields which 
add. At the receiving antenna both the 
electric field and the magnetic field are 
doubled in strength and their product, 
which is a measure of the energy, is 
consequently increased by a factor of 
4, or raised by 6 db. The fact that the 
energy flowing over two paths is 4 
times that which comes over one is not 
in disagreement with the conservation 
of energy. The flow over both paths is 
doubled by the additional loading which 
the constructive interference provides. 
The impedance of space is a constant 
376.6 ohms) and doubling the voltage 
multiplies the power by a factor of 4 
because power in a resistor is given by 
Ii2/R. 

In Fig. 9B, a whole wave length path 
difference is incurred and, in connec-
tion with the phase shift reflection, this 
causes almost total interference between 
the energies reaching the receiving an-
tenna over the two paths. The electric 
and magnetic fields cancel each other 
so there is no field strength at all in 
the neighborhood of the receiving an-
tenna. The reflection factor in this case 
would be considered as loss and for all 
practical purposes would be infinite. 

Our statement concerning the 180° 
phase shift at reflection from the sur-
face of the earth must also be qualified 
in order to be entirely correct. Not only 
does it suppose a smooth earth surface 
which is not actually present but also 
according to theory it is not true even 
then unless horizontal polarization is 
used or unless only glancing angles of 
reflection are incurred. In the present 
example we have been very careful to 
see that only extremely small angles 
are encountered. 
To draw up a balance sheet for the 

cases of Fig. 9, about the best we can 
do is establish minimum transmitter 
power for the optimum case of Fig. 9A 
and say that for other antenna heights 
more power will be needed. Specifically, 
we may add that at the heights shown 
in Fig. 9B, communication will be vir-
tually impossible no matter what the 
transmitter power. 
Example. Computation of minimum 
transmitter power needed for 100 mile 
transmission over a link of flat earth 
that is like the one in Figure 9A. Iso-
tropic antennas are used in conjunction 
ioith a 10 db receiver. 

BALANCE SHEET 
GAIN LOSS 

Trans Power X db Receiver Noise Figure _ 10.0 db 

Perfect Roo _ _150 Odb beloveloott Isotropic Receiving Ant._ _ 35.5 db 

Propogolion Loss_ ____ 98.0db 
Isotropic Trans. Ant — —11.0db 

TOTAL 1500+ X db TOTAL 154.5db 

150.0 +X • 154A 
X. 4.5 db 

Tr....wt., 80, entotastail • 46de tam. hoot 
• 2 e00111 

Line of Sight Transmission 

I;ecause tile earth is not dal. but has 
a definite curvature, direct beam trans-
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mission can be accomplished over only 
a certain distance. That distance is in-
creased when either or both antennas 
are raised off the ground. For example, 
to obtain 100 mile line of sight trans-
mission it is necessary that one or the 
other of the antennas he elevated 5000 
feet or that they both be up some 1600 
feet. 

Refraction and Super Refraction 

"file numbers just given tor 100 mile 
line of sight transmission are not 
enough to allow a straight line to be 
drawn from transmitter to receiver 
without passing through the interven-
ing bulge in the earth. They are rather 
effective line of sight heights which 
take refraction into account. As a 
radio signal leaves the transmitter and 
goes to higher and higher altitudes, the 
reduced air density has the effect of 
bending the beam back toward the earth. 
This makes it possible to transmit over 
greater line of sight distances than 
would naively be expected. It is com-
mon practice to take this effect into 
account by assuming that the earth's 
radius is 1/3 larger than it is and then 
treat the problem as if refraction were 
not present. 

Occasionally transmissions over much 
greater distances than would be ex-
pected are observed. These are due to 
air strata which give much stronger 
bending than would be expected from 
normal refraction. Such phenomena are 
known as super-refraction. Obviously 
such transmission is not dependable and 
is therefore rarely of any use. 

MASCOT 
Pits the pocket. Quickly solves any 
problem in multiplication, division, 
proportion. Gives the square, the 
square root, logarithm and recipro-
cals of all numbers. Trig scales give 
sines and tangents of numbers. Pine 
black graduations on white celluloid. 
Complete with instructions. Price 
in fabricoid case $1.00, in leather case $1.25. Money 
back if not satisfied. Special offer to agents and dealers. 

[
MONITOR SLIDE RULE- 6" DIA. 

Made in white Vinylite. Same scales as 
Mascot Slide Rule. Complete with in-
structions. Without ease. $2.95. Leather-
ette case 75e additional. 

TAVELLA SALES CO.. 25-RN West Bway., New York 7. 

SLIDE 
RULE 

Gov't receiving and sending set, signal corps 
buzzer phone $1.95, signal corps portable 
spark coil with meter $3.95, wet battery box 
with hinge, clasp and Handles $1.00. 

NO CATALOGUE, NO C.O.D. 

N. Y. SALVAGE CO. 
144 Chambers St., N. Y. 

•7ed Vecerevy 
World's La•d•st fillanufactur•r of 
Wir•I•oo T•I•graphIc Appar•trs 

coo  CC .131111,1111111 

MdElroy Manufacturing Corp. 
82 Smiths, A  • lestes MassacIosetts 
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Geon polyvinyl raw materials have a wide variety 

of applications in the electrical industry 

CHOWN here are some of the important uses— 
spectacular and prosaic—to which GEON has 

been put in the electrical field where its outstanding 
electrical properties have established it as a superior 
insulating material. Made into wire insulation, GEON's 
applications range from slip-on "spaghetti" for fine 
radio wire to large conduit or sheathless insulation for 
buri?.d power cable. 

In the form of tape GEON serves as wire insulation, 
wrappings for plating racks, and in many other ways,. 
Or GEON can be molded into solid forms such as 
plugs and connectors. 

In no one of these services, however, 
can full advantage be taken of all the 
properties of GEON. That's because the 
list of more than 30 separate proper-
ties includes, in addition to excellent 

electrical properties, resistance to air, ozone, aging, 
sunlight, heat, cold, flame, acids, alkalies, water, wear 
and abrasion, and many other normally destructive 
factors. Products made from GEON may be flexible or 
rigid, and can be brilliantly colored in the entire 
NEMA range. 

Used as wire insulation GEON's electrical properties 
permit a thinner-than-usual coating. That means more 
conductors per conduit as well as reduced weight for 
easy handling. The smoothness of wire insulation made 

from GEON simplifies and speeds instal-
lation. For more complete information 
consult your supplier of wire and other 
electrical materials. Or write Department 
WW10, B. F. Goodrich Chemical Com-
pany, Rose Building, Cleveland 15, Ohio. 

B. I'. Goodrich Chemical Company A DIVISION OF 

THE R. F. GOODRICH COMPANY 
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jlathematical Viola/Romig 
MAKES C.T.C. CRYSTALS CRYSTALS YOU CAN COUNT ON 

A new C.T.C. development . a precise mathematical method of 
predetermining exact crystal dimensions ... the most important 
new contribution to the manufacture of quality crystals ... Math-
ematical dimensioning achieves greater accuracy. It provides the. 
utmost assurance of consistent performance . . . guarantees fre-
quency stability, high activity, long life in every C.T.C. Crystal ... 
Learn the facts about "mathematical dimensioning" and why it 
assures better, lasting performance. Write for C.T.C. Crystal Bul-

letin No. 015. It contains the complete story. 

CAMBRIDGE THERMIONIC CORPORATION 

454 CONCORD AVENUE, CAMBRIDGE 38, MASS. 

A representative selection of C.TC "mathematically dimensioned" Crystals 
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The Reader's Digest, in its Aug., 
1941 issue, ran an article saying 

that investigators on its staff found 

that ervice-dealers radio s  cheated 

the public on 64 out of severa 100 repair 

'lobs. After citing l exam 
ples, the article ended with a 

warning that radio 

owners should 

"beware" of the repair man. 
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RAYTHEON 
HAS THE ANSWER! 
watch for announcement 

to be made soon 

No intelligent radio service-dealer will deny the 
fact that the reputation of his industry has suf-
fered in recent years. 

Unethical servicemen who have taken advan-
tage of manpower and parts shortages have done 
great damage to public opinion. They have caused 
so much adverse publicity in national magazines 
and influential newspapers that dealer-licensing, 
federal regulation and even finger-printing are 
being suggested for the public's protection. 

Raytheon began many months ago to remedy 
this situation, and now has the answer in a strong 
merchandising program to be announced soon. 

It will be revolutionary in every respect, en-
abling the public to tell which service-dealers 
deserve complete trust and confidence. 

Dealers who can qualify will immediately have 
a tremendous competitive advantage. Watch for 
our announcement! 
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RADIO RECEIVING TUBE DIVISION 
NEWTON, MASS. • LOS ANGELES • NEW YORK • CHICAGO • ATLANTA 

City License 
Law Urged For 
Radio Repair Men 

N. y. 
'''enD —UARy• TR IBUNE 

eq• 1945 

Magistrate Jarnes A. Blanchfiel d declared 
yesterday in Flatbush Court that he would 
ask the City Council for a law requiring 

EALERS BE LICEN 
bonded in order to do business. 
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• MEET YOUR NAVY•• 
AMERICAN EIROAOCASTING CO 

Eve, Mane, NIghl 
Ce01110 Coo” 
III Stafion. All Four Divisions Hove 

Been Awarded Army-Navy 
"E'' With Stars leMIkt4tt= 

DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES AND EQUIPMENT FOR THE NEW ERA OF ELECTRONICS 


