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• Three "PLUS" Features of the Type "P" 

Mallory Motor Starting Capacitor 

BETTER than the standard cardboard insulated aluminum can 
capacitor? You bet! Better in at least three different ways: 

1. The moisture-proof plastic case eliminates all insulation difficulties. 

2. The plastic end cap improves appearance—makes it unnecessary to 
use padding to prevent rattling. 

3. The handy new mounting bracket speeds up installation—rules out 

the need of insulating tubes, metal end caps, grommets and other 

extra parts. Two screws mount this capacitor to the motor frame— 
quickly and permanently! 

Available in all popular ratings, Mallory Type P Motor Starting Capacitors 
are interchangeable with standard aluminum capacitors in old style 

mountings. We will be glad to send you further information—and our 
engineers, as always, are ready to help with special problems. 

PP.R.MALLORY8C0..Inc. 

A L L 0 RY CAPACITORS 

LiElideLYTIC, FILM and PAPER) 

send for It Today! 

We 
., tttttttt 'OM 

E•erything you want to know about 

Mallory AC C.apacit. ra Pictures, draw-
ing... electrical characteriatica. 

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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FM SYSTEM CHARACTERISTICS AND COMPARISONS 
Point-to- Point Communication Services 

Ability to reject to a substantial degree many forms of interference. 

Transmitter tubes operate at full load at all times, approximately doubling the 
service area covered with a given power. 

Low level power requirements in audio modulation circuits, permit lower 
battery drain in portable and mobile installations, less snace rind maintenance. 

Greater signal-to-noise ratio permits louder signals at receiver in noisy locations. 

No interference from other transmitters operating at same wavelengths if they 
deliver less than half the signal pickup from desired station. 

Somewhat higher receiver cost, 

Broadcast Services 

Ability to reject to a substantial degree many forms of interference. 

2. Less economical of frequency spectrum than AM. 

3. Somewhat higher receiver cost. 

4. Inter-station howls, caused by carrier heterodyning, eliminated. 

No limitation in fidelity of reception, beyond that due to receiving set ccpability. 

CORRECTING 

NETWORK 

BALANCED 

MODULATOR 

A 

90u PHASE 

SHIFTER 

AUDIO 

FREQUENCY 

MULT. 2 

MIXER 

ARMSTRONG 

CRYSTAL 

OSC. 

MIXER 

CARRIER 

AMPLIFIER 

R. F. 
POWFR 

AMPLIFIER 

FREQUENCY 

MULT. 

CRYSTAL 

The carrier, controlled by a crystal is amplified through two channels, one 
shifted 90° and phase modulated, and then recombined with unshifted car-
rier. Resulting indirect FM is expanded through multiplier stages and amplified, 

AUDIO 

INPUT 

UIVIIJEN 

CRYSTAL 

REACTANCE 
TUBE 

MODULATOR 

NAM 
SHIFTER 

PHASE 

SHIFTER 

• FM 

OSCILLATOR 
MULTIPLIER 

BALAIXGEU 

MODULATOR  

BALANCED 

MODULATOR 

1(101 

POWER 

AMPLIFIER 

UIVIUEN 

240 

ANT. 

0 2 PHASE MOTOR 

RCA 
Uses simplified reactance tube modulator system, with o crystal controlled foolproof frequency 
stabiliser Electronic controlled motor drive turns tuning correction capacitor until center fre-
quency is stoutly synchronised. Power stages feature grounded grid amplifier circuits 

AUDIO 

AMPLIFIER 

CRYSTAL 

OSC 

PIE RACC I — 

PHASE 

MODULATOR 

MULTIPLIER 

( n + 1) 

(n + I) F 

MULTIPLIER 

( ) 

AUDIO 

LOW PASS 

FILTER 

MODULATOR 

MASTER OSC 

PHASE 

DISCRIMINATOR 

CRYSTAL FPÉO DIV. 

OSC — 8 

An all-electronic f requency stabilizer which 
compares the relative phase of a subrnultiple 
of the modulated oscillator frequency with 
that of n crystal. Th, resulting signal which 
represents a frequency shift it ggiklied rg g 

eff•st • ai ',Jim, tube 

1111111% The modulated carrier frequency from Mix 
'......... master oscillator and o fiend frequency 
littee...... l tern a crystn1 rantrnlled c wet two .r 

ri;•d iii. -,--• Th4 chft.,4a44 Fi•g•iiiaf 
.1_411 1111qn it ille....i.•• wultiplifd earl twhplIfif LI, 

nFfri?--

F±n7 
CONVERTER 

POWER 

AMPLIFIER 

DRIVER 

MULTIPLIER 

ANT. 

the phaseaaadulaied signal Is passed through two multipliers, one of which has o multiplying factor 

..s.<1....s„..„. 
ant. digit bight. elm. die oilier. When me outputs ar• miiëd ?Ai nii§inal modulated frequency re-
app•ars .Isnt .. ill, • plin.. .1.-elutiun agpoonled ay the multiplication ratio. Was used by Collins. 

.....'''',...„.....„......_.......___ 

CRYSTAL 

OSC 

Ig2 2,74 v,..7 

BUFFER 

AMPLIFIER 

RE I 

BALANCED 

MODULATOR 

AUDIO 

AMPLIF IER 

CONTROL 

çRYSTAL 

DUAL 
IN P UT 

TRANS 

\:•-\\\\\\\\\ \\\ \\\\\\\\\\ 

t\.\„ 
REQUENCY MODULATION 

SYSTEMS 
On this chart are shown basic principles, characteristics 

and features of the F M system which has so greatly 

increased in use, following extensive research work and 

developments, notably by E. H. Armstrong and associates. 
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a rigid steel plate is the 

foundation of a GOOD RHEOSTAT 
The first Ward Leonard Rheostats were built with a steel 

plate foundation. Its rig .dity protected the insulating 

enamels, proved an excerlent dissipater of heat and gave 

a substantial foundation for contacts, terminals and con-

trol members. Many of those early Rheostats are in 

active service today. 

While the present day Word Leonard Plate Type Rheostats 

have been modernized, made even smoother in action and 

Visit our booth No. 100 at the 

RADIO PARTS AND ELECTRONIC EQUIPMENT SHOW 

STEVENS HOTEL, CHICAGO, MAY 13 to 16 

WARD LEONARD ELECTRIC 

offer many more steps of control in smaller diameters, 

they are still built on a rig:d steel plate foundation. 

With the wide range of types and sizes of Ward Leonard 

Rheostats you will find the one to meet your requirements— 

from the smallest electronic to the largest industrial ap-

plication. Send for Rheostat Bulletins today. 

WARD LEONARD 
RELAYS • RESISTORS• RHEOSTATS 

Electric control devces since / 892 

COMPANY 
61 SOUTH STREET, MOUNT VERNON, N.Y. • OFFICES IN PRINCIPAL CITIES 
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CML 1100 

COMMUNICATION MEASUREMENTS LABORATORY 

CML 1110 

CML 1420 

CML 1200 

Each of the CMi.. 

units shown has been designed to 

perform a vitally needed service for manu-

facturers in the electronic industry. As a result, they 

are to be found in a host of plants—in laboratory and 

on the production line—contributing importantly to 

the efficiency of electronics. 

ROTOBRIDGE.. Mass Production Tester 

CML 1100 Power Supply Units 

.CML 1420 Electronic Generator 

CML 1200 Stroboscope 

CML 1500 Megohm Meter 

Write for Bulletins 

Today 

120 GREENWICH STREET, NEW YORK 6, N. Y. 
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For FM and TV 

Meets Rigid FM-TV Standards 

A new coaxial cable, especially designed for FM 
and TV use, is now a reality at the Andrew Co. 
Scheduled for mid-June delivery to the first orders 
received, these new cables, in 4 sizes, introduce 
the following important engineering features: 
1. Characteristic impedance of 51.5 ohms. (The 
regular Andrew cables for AM applications have 
a nominal impedance of 70 ohms.) 
2. Connectors and associated fittings have been 
engineered with special care to avoid reflections 
and discontinuities. Being completely solderless, these fittings simplify 
installation and eliminate problems of flux corrosion and pressure leaks. 
3. Insulators are spaced 12 inches apart in the 3 large size cables, and 
6 inches in the 7/8-inch cable. 
4. Improved low loss insulation material is used, having a dielectric con-
stant of 6.0 and a maximum loss factor of .004 at 100 mc. 
5. Close tolerances have been established on conductor and insulator 
dimensions, in order to maintain a constant characteristic impedance. 

6. Inner and outer conductors are made of copper 
having a minimum conductivity of 95% IACS at 
2.5 ° centigrade. 
Your order now is the best assurance of early 
delivery on this new coaxial cable for your FM 
or TV installation. 
Write or wire the Andrew Co., 363 East 75th 
Street, Chicago 19, Illinois, for complete infor-
mation or engineering advice on your particu-
lar application. 
ATTENUATION CURVE 
Attenuation is calculated 
to provide for conduc-
tor and insulator loss, 
including a 10% derat-
ing factor to allow for 
resistance of fittings 
and for deterioration 
with time. 
• The new 51.5 ohm 
air insulated coaxial 

31/2 " 

COAXIAL 

CABLE 

61/2  " 

COAXIAL 

CABLE 

• 

• .1,,J.10.10.11,1111 1,1141,   

......  
  

1 I 
• EREOLkNCY IN MEGACYCLES 

o.  
160 .0 

cable for FM and TV 
comes in 4 sizes, priced tentatively as follows: 
42c per ft.; 15/8", 90c per ft.; 31/8", $ 2.15 per ft.; 
61/4 -, $5.20 per ft. Andrew Co. also manufactures 
a complete line of accessories for coaxial cables. 

ANDR' 

ANDREW CO. 
363 EAST 75th STREET 

CHICAGO 19, ILLINOIS 

THE COVER 

The REL model 518A-DL, 1000 w 

frequency modulated broadcast 
transmitter illustrated on the cover, 
permits operation on any selected 
frequency between 88 and 108 mc. 
Modulation is obtained by the phase 
shift principle, and the carrier fre-
quency is stabilized in a dual-
channel as developed by Maj. Arm-
strong. 

The distinguishing feature of this 

method as compared to others is 
that the modulation of the fre-

quency of the transmitter is accom-
plished without in any way affect-

ing the frequency of the controlling 
oscillator. This is done basically by 
varying the amplitude of one of two 

currents that are phased at 90 deg. 
The resultant is consequently mod-
ulated both in frequency and phase. 
In order that the ultimate fre-
quency deviation of the carrier shall 
be independent of the audio modu-

lating frequency the program is 
passed through a corrector net-

work, the response of which is in-
versely proportional to frequency. 

Urequetieg stabling 

Two 200 kc crystal controlled fre-
quency modulated currents whose 

deviations are instantaneously in 
opposite directions are obtained 
from a balanced modulator. The 
two are multiplied in frequency 81 

fold in two separate channels. One 
of these is heterodyned to another 
frequency about 2 mc removed. This 
resultant and the output of the 
other multiplier channel are then 

beat together and their difference 
recovered. At this point all depend-
ence of the output frequency of the 
transmitter on the original 200 kc 
oscillator is removed and its place 
is taken by the crystal oscillator at 
about 2 mc located in the modu-
lator panel. The remaining fre-
quency multiplication in the modu-
lator is 48 fold and occurs in multi-
plier and output panels. The ulti-
mate frequency stability of the 
transmitter, as the result of this 
arrangement is as though the car-
rier had not been frequency modu-
lated and is therefore directly com-
parable to that of an AM transmit-

ter at the same final frequency. 

The power requirmients of the 
REL unit is 3750 v-amperes for 1000 

w output. Overall response is with-
in 1 db from 50 to 15000 cycles at 
25'; , 50% and 100% modulation. 
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industrial tubes 
are quickly available out of 
local stock to meet your needs 
for spot service! 41 

N" you can obtain G-E elec-
tronic tubes, from smallest to 

largest—thyratrons, ignitrons, pho-
totubes; high-frequency heating 
types, and others—out of distributor 
or dealer stocks right in your area! 

A phone-call will bring G-E tubes 
to your factory door as fast as local 
delivery can get them there. No 
more machine shutdowns due to 
delays in securing replacements for 
old tubes that have given out! No 
more worry over whether new tubes 
shipped to you from a distant point 
will arrive in good condition! 

Your G-E tube distributor or 

dealer is ready to supply you, at a 
moment's notice, with 100-percent 
operable new tubes out of freshly 
checked stocks-on-hand—tubes, 
moreover, covered by G. E.'s iron-
clad performance warranty, which 
further guards your investment. 

Contacting your nearby G-E tube 
supply source is insurance against 
unexpected time and production 
losses in your plant. It is a vital 
safety step you will be wise to take 
... at once! Phone your G-E dis-
tributor or dealer today. Electronics 
Department, General Electric Com-
pany, Schenectady 5, N. Y. 

GENERAL 
FIRS1 AND 

The small thyratron at left, Type GL-502-
A, has these anode ratings: peak voltage 
1,300 v—peak current 500 ma—avg cur-
rent 100 ma.... The large ignitron, Type 
FG-258-A, used primarily in welding con-
trol, has a kva demand of 2,400 with cor-
responding avg anode current 192 amp— 
max avg anode current of 355 an with 
corresponding kva demand 800. 

Distributors and 

dealers everywhere, bac (ea up 

by additional G-E tube stocks 

ii centrallr located key ci.ies 

ELECTRIC 
GREATEST NAME IN ELECTRONICS   
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More Efficient Production mu Better Finished Product 

One of the latest Amphenol developments is a loop 

antenna wire insulated with low-loss Copolene. 

The production advantages and the electrical 

superiorities of this wire are many, and the cost 

compares favorably with that of conventional wire 
commonly used for the purpose. 

The Copolene dielectric acts as a flux during 

soldering operations — no stripping is necessary. 

It remains flexible and is easily wound on coil-

Basket -Weave 
Type 

winding equipment. Best of all, it can be heat-treated 

for self-supporting coils and the finished coils may 

be heat-sealed to mounting boards — no cementing 

or stitching required. Copolene insulation is non-

hygroscopic — saves labor and cost of impregnation 

with lacquer or waxes. 

Radio set manufacturers and coil winders have found 

it profitable to take advantage of this new wire. 

Write today for complete information. 

Other Special Properties of Amphenol 
Loop Antenna Wire: 

Physical —Impervious to oil, solvents, 
moisture, sunlight • Remains flexible 
down to —70°F. • # 24 solid wire. 
covered with Copolene in wall thick-
nesses of .005", .010", .015" and .020" 
• Other wire sizes and dielectric wall 
sizes in production or available on 
special order. 

Electrical—Lower distributed capacity 
• Higher Q than cotton or paper cov-
ered wire • Every foot spark tested • 
Copolene has a power factor of .00035 
to .00045 and a dielectric constant of 
2.29. 

AMERICAN PHENOLIC CORPORATION 
Chicago 50, Illinois 

In Canada • Amphenol Limited • Toronto 

• 

COAXIAL CABLES AND CONNECTORS • INDUSTRIAL CONNECTORS. FITTINGS AND CONDUIT • ANTENNAS • RADIO COMPONENTS • PLASTICS FOR ELECTRONICS 
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WOR all products to be made by drawing, stamping 
1 and similar sheet metal operations, Revere sheet 

and strip of copper or brass offer maximum ease of 
fabrication. Not only are these metals naturally ductile, 

but they benefit further from the metallurgical skill 
which Revere has gained in 145 years of experience. 

In composition, mechanical properties, grain size, 
dimensions and finish, you will find Revere metals 
highly uniform. They enable you to set up economical 
production methods and adhere to them. They can help 
you produce better products at faster production rates, 
with less scrap and fewer rejects. 
Revere copper, brass and bronze lend themselves 

readily to the widest variety of finishing operations— 
polishing, lacquering, electro-plating. With these 

superior materials it is easy to make radio shields 
and similar products beautiful as well as serviceable. 

That is why wise buyers place their orders with 

Revere for such mill products as— Copper and Copper 
Alloys: Sheet and Plate, Rolls and Strip, Rod and Bar, 
Tube and Pipe, Extruded Shapes, Forgings— Alumi-
num Alloys: Tubing, Extruded Shapes, Forgings — 

Magnesium Alloys: Sheet and Plate, Rod and Bar, 
Tubing, Extruded Shapes, Forgings — Steel: Electric 

Welded Steel Tube. We solicit your orders for these 
materials. 

RES/ERE 
COPPER AND BRASS INCORPORATED 

Founded by Paul Revere in 1801 

230 Park Avenue, New York 17, New York 
Mills: Baltimore, Md.; Chicago, W.; Detroit, Mido.; 

New Bedford, Mass.: Rome, N. Y. 

Sales Offices in principal cities, distributors everywhere 

1.,./5'ten to Exploring the Unknou n on the Mutual Network every Sunday evening, 9 to * 30 p.m., EST. 

/ \\\ 
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Another 

4C36 

Li 

"Arewis 
at Los Ga"os" 

DUAL GRID LEAD 
TRANSMITTING TUBE 

in the 125 watt class. 
At Your Dealers Everywhert. 

List Price $ 14.00 

(  Filament 5.0 volts 7.5 amps 

Amp,ification Facto: . . 29 

Max. Plate Dissipation 125 watts 

Max. Plate Voltage 

Max. Frequency . 

R-F Power Output 

A-F Power Output 

(2 tubes class B) 

4000 volts 

. 60 mcs. 

480 watts 

500 watts 

. . . Standard 50 watt 

Lewis, 

Big 

djj 
Brother to the 3C28 

From design to final seal-
ing and inspection, crafts-
manship of the highest 
calibre is a distinctive fea-
ture of every Lewis tube. 

The 4C36 is a new and versatile triode in the 125 

watt dissipation group. Separate grid terminals for 

neutralization and excitation, by removing common 

inductance, materially reduce driving power at the 
4C36 upper frequency limit of 60 mcs., also affording 

better symmetry in push-pull amplifier design. 

Ample emission from the 37.5 watt filament, absence 

of internal insulators, ability to operate at plate vol-

tages up to 4000 volts and the amplification factor 

of 29 make the 4C36 truly a general purpose triode. 

Subsidiary of Aireon 
MANUFACTURING CORPORATION 

e ge trx, Ft 0 INI 14 
LOS GATOS • CALIFORNIA 

8 
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An example of Cinaudagraph Speaker 
Engineering— the fifteen- inch electro-
dynamic . speaker of Aireon's Elec-
tronic Phonograph, most perfect of 
commercial music machines. 

Air 
Cinaudagraph 

Speaker 
for every 

electroaccoustica I application 

Aireon Cinaudagraph Speakers, Inc. 
has the facilities, experience and engi-
neering ability to design and produce 
better speakers for any purpose.Whether 
it is a two-inch unit for portable radios, 
or a fifteen-inch for commercial phono-
graphs, the same research, precision 
construction and superior materials are 
employed. Cinaudagraph PM Speakers 
use Alnico 5, the "miracle metal" which 
gives you four times the performance 
without size or weight increase. 

In Aireon's scientific laboratories in-
dividual and special problems of elec-
troaccoustical reproduction are under 
constant study, so that the finest, truest 
tonal reproduction may be com bined with 
unusual stamina and long service life. 

As a result, electronic perfection 
never before achieved has been incorp-
orated in Cinaudagraph Speakers — for 
public address systems, radio, commercial 
phonographs and many special purposes. 

Aireon Cinaudacraph Speaker fr..r 
small radios — remarkable fidelity 
reprodt.ction witl-in a two-inch cone. 

timaudagraph SPeakers, Ine* 

Subsidiary of Ai OF Manufacturing Corporation 

3911 SOUTH MICHIGAN AVENUE, CHICAGO 
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this team ïs a leader in VHF 

• 

10 First voice circuits were single iron wires with 
ground return. Frequency limitations, noise and high 
losses soon ruled them out. 

2. Big improvement was the all wire circuit— a 
pair of wires to a message Later came carrier which 
stepped up frequency and permitted several messages 
per circuit 

3. Lead covered cable compressed many wire 
circuits into small space— took wires off city streets. 
But losses are proFibitive at very high frequencies. 

4. -Co" axial cable — a single wire strung in a pencil 
size tube— extended the usable frequency band up 
to millions of cycles per second and today carries 
hundreds of messages per circuit, or the wide bands 
needed for television. 
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transmission 

5. Wave guides, fundamentally different in trans-
mission principle, channel energy as radio waves 
through pipes; vary in size from several inches to 
under 1 cm. ; become smaller as frequency rises. 

6. Late model radar wave guides, similar to that 
used to feed the antenna above, can carry 31/2  cm. 
waves at more than eight billion cps. Experimental 
guides for still shorter waves are being tested. 

Back in 1933, Bell scientists established an historic 

first when they transmitted very high frequency radio 

waves for hundreds of feet along hollow pipes called 

wave guides. For them it was another forward step in 
their long research to make communication circuits 

carry higher frequencies, broader bands and more 

messages per circuit. 

Continuing Research showed the way 

From the days of the single open wire line —through 

all-metallic circuits, phantoming, cable, carrier sys-
tems and coaxials —up to today's wave guides, every 

improvement has been the result of continuons 

fundamental study. 

When Bell Laboratories started work on wave 
guides, there was no immediate- application for the 

microwaves they guided. But the scientists foresaw that 

some day wave guides would be needed—so they kept 

on working until they had developed the wave guide 

into a practical device. 

With the war came radar—and the problem of con-

ducting microwave frequencies. Bell Laboratories 
had the answer —wave guides—without which radar 

at the higher frequencies would have been impractical. 

What this means to YOU 

Year after year, Bell Laboratories have continued 

to develop methods for handling higher and higher 

frequencies. Year after year Western Electric has 

provided equipment putting these scientific advances 

to work. This team has become the natural leader 

in the field. 

When your requirement dictates the use of VHF— 

in mobile commdnications, broadcasting, or point-to-

point radio telephony—depend on Western Electric to 

supply the latest and best equipment for your needs. 

BELL TELEPHONE LABORATORIES 
World's largest organization devoted exclusively to research 
and development in all phases of electrical rommunicaJion. 

Western Electric 
Manufacturing unit of the Bell Srstem and nation's largest 

producer of communications am! electronic equipment. 
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They wanted o metal to pull 

an 

In developing the Proximity Fuse, Problem One was to 

design a 5-tube radio transmitter and receiver small 

enough to fit into a shell nose. Problem Two was to en-
gineer the unit to withstand physical shocks and strains 

never before encountered. 

There was the smashing impact of the initial discharge. 

There was an accelerating force greater than 15,000 times 

gravity. There was the terrific centrifugal force imparted 

by barrel rifling. 

Yet . . . aside from size, the tiny tubes that formed the 

"brains" of the fuse did not differ much from those used 

in home radios. 

As in conventional tubes, most had elements of Nickel. 

The low gas content of Nickel meant easy evacuation 

and no impairment of vacuum during use. (An important 

feature with so little surface area available for "getter" 
action.) 

In addition, Nickel could resist deterioration in fab-

rication and withstand high evacuation temperatures 

without distortion. 

Moreover, Nickel supplied all the required electronic 

ami electrical properties. 

Finally, and of very great importance, Nickel could _ 

he worked in the extremely small sizes needed. 

When you have a metal selection problem, investigate Nickel 
and high-Nickel alloys. They are workable metals offering 
a hard-to-find combination of properties for electronic 
applications. Write for the new "Info Nickel Alloys for 
Electronic Uses" which gives you the data you want on the 
composition and characteristics of 13 Nickel alloys to solve 
electronic problems. 

THE INTERNATIONAL NICKEL COMPANY, INC. 

67 Wall Street, New York 5, N. Y. 

NICKEL 24 ALLOYS 

muter?! of radio waves. 
.4 /t ee tearing the gun, the Pro timiti Fuse &wins to send out 

A's target enters wave field, the waves are reflected back to 
Me tuse where they release the electronic detonating trigger-

Here's one oj the tiny  e mo of tubes for the radio in the Prarindh 

Fuse. lst the bes used, all el,m,:nts arr. made oj 

molybdenum alloys in addition to Nickel. 
pore Nicfrel. SOMP tubetsu. depending upon design. use Nickel-

MONEL• • " IC MOREL' • "S" MOREL • "R" MOREL . "Kr MONEV • °MOREL' • IIICREL • "L- NICKEL • "/" NICKEL' 
t" !• ir lb^ 
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IMPORTANT' 
FACTOR 

in maintaining low 
standing wave ratio 

In all microwave transmission lines, it is impor-
tant that the voltage standing wave ratio be 
kept as low as possible over the frequency 
range on which the equipment is operating. A 
high standing wave ratio means a loss of useful 
power because of the reflected power from 
the impedance mismatch. In addition, it causes 
a higher peak voltage in the transmission line 
thereby increasing the possibility of break-
down in the line. 

The design and finish of an elbow have an 
important bearing on the voltage standing 
wave ratio. Impedance mismatches in an elbow 
can be caused by a change in the guide size 
due to improper bending or improper design. 
Discontinuities in elbows may be the result of 
improper bending techniques which cause in-
dentations and other types of variations to 
appear on the inside wall of the wave guide. 
These irregularities change the impedance and 
result in a high standing wave ratio with its 
accompanying ills. Proper methods must be 
used in fabricating the elbow to prevent dis-
tortions which might result from bending the 
metal walls. 

The design and manufacture .of transmission line 

equipment is a specialty on which we have had vast 

experience in connection with wartime radar. We in: 

vite your inquiries, without obligation, on any of your 

transmission line problems. 

DE MORNAY 
BUDD 

EQUIPMENT 
FOR 

97% OF ALL 
RADAR SETS 

DE MORNAY-BUDD, INC., 475 GRAND CONCOURSE, NEW YORK, N. Y. 

* Dottlorreay-Bedd 
Edge 90' Ettiew 
#245 

REFLECTOR 

FEED HORN 

ROTATING JOINT 

FLAT 90 ELBOW 

90' TWIST 

DIRECTIONAL COUPLER 

MITERED ELBOW 

EDGE 90- ELBOW 
OFFSET 

STRAIGHT SECTION 

LINE S1RETCHER 

Asterisk indicates position of Edge 90 Elbow # 245 in above 
plumbing arrangement. In addition to this standard part, elbows 

can also be supplied for any specific application requirement. 

Sc 

20 • 

ITTF,T1 IT 

' 
Pt RCENT POWER REFLECTED 

Vs 
iLtOE YAND NG WAVE RATIO 

...... 

S 20 
QL rAGE STANDING we-if RATIO 

The curve shows tie manner in which the reflected power increases with 
an increase in the voltage standing wave ratio. The curve is calculated 
from the following equation: 

( te,..., ) _ I ) 2 

% Power Reflected — (   
( vv.... ) + 1 
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HOW TO SEW UP A WALK1E-

CORNING 
 in eallS  

Research in Wass 
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TALKIE SALE! 

ONE thing we've learned during the war-----

almost every small electronic device 

should be able to work anywhere under any 

climatic condition. People are going to expect 

their personal walkie-talkies, plane radios, hear-

ing aids, etc., to be as tough and durable as the 

stuff the industry developed for the armed 

forces. The more punishment they take, the 

better they'll sell. 

And that's where these funny-looking little 

eyelet terminals may be able to do you a lot 

of good. They're used to carry one or more 

leads into very small openings. The wires pass 

through tiny glass beads surrounded by metal 

collars, which you can solder into place in the 

twinkling of an eye. They form permanent 

hermetic seals, resist surface contamination, 

thermal shock and weathering. They have high 

mechanical strength and are chemically stable. 

All standard items are readily produced in 

quantity. 

These Eyelet Terminals are another example 

of the breadth and versatility of Corning's line 

of electronic products. Some of them are pic-

tured below with a brief description. Maybe 

they'll point to a possible solution for a prob-

lem that's been bothering you. If so, write, 

wire or phone The Electronic Sales Depart-

ment, I-4, Technical Products Division,Corning 

Glass Works, Corning, New York. One of our 

engineers will be calling on you in record time 

to help solve your difficulties. 

NOTE— The metallized Tubes and Bushings, Headers and Coil Forms below are all made by the famous Corning Metallizing 
Process. Can be soldered into place to form true and permanent hermettc seals. Impervious to dust, moisture and corrosion. 

Meta lized Tubes for 
resistors, capacitors, 
etc. 20 standard sizes 

r to pi— x 10". 
Mass-produced for 
immediate shipment. 

Metallized Bushings. 
Tubes in 10 standard 
sizes. !`lX" x to l-° 
x .17.." in mass pro-
duction for immedi-
ate shipment. 

Headers — The best 
way to get a large 
number of leads in a 
small space for as-
sembly in one oper-
ation. 

Eyelet Terminals 
Single or multiple 
eyelets permit design 
flexibility. Standard 
items readily avail-
able in quantity. 

Coil Forms—Grooved 
for ordinary fre-
quencies—metallized 
for high frequencies. 
In various designs 
and mountings. 

VYCOR Brand cylin-
ders—very low loss 
characteristics. 
Stands thermal 
shock up to 900°C 
Can be metallized. 

"VYCOR", "CORNING" and "PYR EX - are registered trade-marks and indicate manjacture hr Corning Glass Works, Corning, N. Y 

4.4, 
tlectronic Masevare 
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DUMONT PAPER CAPACITORS 

11E010011 
Dumont condenser ends 

are sealed with bakelite 

resinoid to withstand 350 

F. continuous operation. 

1lAtt SPACE 
1/4" OD x 3/4" LONG 

AT 600 VOLTS 

Compact ... solves space 

problems 

MOISTilBEPH 00F 
UP TO 100% HUMIDITY 

Sealed under vacuum. No air 

voids to cause entry of 

moisture 

LONG LIFE 
NO HIGH TEMPERATURE 
OR HIGH PRESSURE 

Used in the manufacture of 

thus these condensers . . . 

assuring long life and High 

Surge Rating to these units. 

DUMONT 
TYPE P2 

Sealed with 
BAKELITE 

DUM 
TYP 

UMONT 
ESINOID 

1)13141[1°1%11 
tt-f.C1C COI&F. 

posus Of 
CAP ACIT ORS f OR EVERT REQUIREMENT 

34 HUBI.iti StlitEEI SEW YORK, . 1. 

6 
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Using Corrosion Resistance, Ease of Machining 
,mainanain 

dA 

SHEETS 

RODS 

TUBES 

FABRICATED PARTS 

MOLDED- MACERATED 

MOLDED - LAMINATED 

NEW WAY to locate oil makes use of waves 
originating from a detonation of dynamite. 

Wave reflections are picked up by flower-pot-

like "ears" strategically buried over the sus-
pect area and seismographically recorded. 
The pot or case, containing a sensitive elec-

tro-magnetic element, can be made of various 
materials. With Synthane, however, no special 

surface finish is required to resist corrosion. 

Synthane is also easily and quickly machined, 

and non-magnetic. In short, Synthane is eco-

nomically better. 

Is Synthane better for your job, too? Could 
be! Why not find out, preferably before you 
design? We're ready to help you with design, 
materials or completely fabricated parts. 

SliNTHANE CORPORATION • 12 RIVER ROA» • OAKS • PENNSYLVANIA 

STNTNANE TECHNICAL PLASTICS • DESIGN • MATERIALS • FABRICATION 



MAYBE IT'S TIME TO RECONVE 

By the time you read this, it's likely reconversion will be 
complete or nearly complete. Plant reconversion. 

But before many a new product is born or an old product 
reborn, there will have to be a reconversion of thinking. 
Some prewar notions about plastics and their limitations 

will have to be shelved, if they have not already been. Why? 
Because, even in the unspectacular technical plastics which 
we make, there have been important changes in resins and 
fillers. Low-loss and impact materials have been improved. 
Postforming of so-called thermosetting laminates is no 
longer a laboratory curiosity. 
The old and erroneous habit of regarding plastics as 

ersatz materials has almost died out. Now it's the rule to 
use plastics where they rightfully belong, or not use them 
at all. As if to prove the point, there were so many legiti-
mate uses for plastics (I ving the war, plastics couldn't be 

PLAN YOUR PRESENT AND FUTURE WITH SYNTHANE 

TECHNICAL PLASTICS • SHEETS • RODS • TUBES • FABRI-

CATED PARTS • MOLDED- LAMINATED • MOLDED- MACERATED 

MING, TOO .. • • 

spared for service as substitutes. 
Reconvert your thinking about plastics? Yes! By all 

means go over every single part of your product or equip-
ment to see where the advantages of plastics can be properly 
used to your advantage. 

If plastics offer all the properties you want, or more than 
you want, at a more economical cost—considering labor, 
material, ease of manufacture, length of life, sales appeal, re-
placement expense, customer satisfaction—then use plastics. 

Should our own type of plastics—Synthane—seem to 
answer your purpose, let us help you investigate the use, 
find the right grade of Synthane for the job, and—if you 
desire—fabricate the material for you. 
The complete Synthane catalog is packed with helpful 

information. Before you forget, tear out the coupon and 
send for your copy now. 

SYNINANE CORPORAIION,12 RIVER 

Please send me without obligation the Gentlemen: 

Synthane technical plastics. 

NAME 

111 COMPANY 
ADDRESS 

CITY 

1111111111111-111 

ONE 

STATE 

moilamet 



MODERN ALCHEMIST 

....producing the world's foremost resistance 

Nichrome 
Unlike the ancient alchemist who uns.iccessfully 

sought to create gold from base metals, this modern 

metallurgist is fusing nickel and chromium to produce 

Nichrome— the world's foremost heat and corrosion 

resistant alloy! 

But it takes more than a balanced union of nickel and 

chromium to produce the superior properties of genuine 

Nichrome. For one, there is the all-importart factor of 

exclusive Driver- Harris techniques. In every manufac-

turing and processing operation, from furnace to spool, 

exacting metallurgical contnols ard checks operate to 

Nichrome is made only by 

alloy! 

assure the peenless and enduring qualities of Nichrome. 

These quality controls represent 46 years of continuous 

alloy research that have established Nichrome as the 

time- tested standard by which other electrical resistance 

alloys are measured. 

Although there are other excellent nickel and chro-

mium combinations, there is only one Nichrome . . . 

and t is made only by Driver- Harris . thus Nichrome 

is al once the registered Trace Mark and symbol of 

servi:e and belongs wholly and solely to the Driver-

Harris Compqry. 

Driver-Harris 
COMPANY 

HARRISON NEW JERSEY 
'Trade Mark Reg. 

U. S. Pat. Off. BRANCHES: Chicago • Detroit • Cleveland • Los Angeles • San Francisco • Seattl 



a3e..: ENGINEERING AND PRODUCTION 
The gadget above is a junction box for a co-axial gas-
filled transmission line. It is one of a series of cou-
pling units, end seals and other fittings for high-
frequency transmission—designed and built by Lapp. 

To this type of construction, Lapp brings several 
innovations and improvements. For example, such a 
line from Lapp parts is genuinely leak-proof. Every 
gasket is under spring loading, so there's no leakage 
created by vibration or thermal change. 

Whether or not you're interested in gas-filled 
transmission lines, you ought to know about Lapp. 
Here is an organization of engineers and manufac-
turers with broad basic knowledge of ceramics and 
their application. With experience in hundreds upon 
hundreds of special-purpose electronic parts, we 
have been able countless times to improve perform-
ance, or reduce costs, or cut production time through 

the application of our specialized skills to design and 
manufacture of parts involving porcelain or steatite 
and associated metal parts. 

For quick and efficient assistance on a war produc-
tion subcontract—or for the competitive advantage 
Lapp-designed and Lapp-built parts will give to you 
in the postwar battle—an inquiry to Lapp now may 
pay you dividends. Lapp ham latorCo., Inc., LeRoy, N. Y. 
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A machine shipped with a part missing! 
. . . a part so important that without it the 
machine is incomplete. 

Thousands of dollars have been spent to malte 
this machine one of America's finest—in research, 
development, improvement and manufacture. Yet 
no one has considered the training of the man 
who is going to use it. 

Many far sighted companies are now including 
with each product they manufacture a complete 
pictorial instruction manual and parts list — en-
abling the buyer to use the machine to best ad-
vantage. 

Too often the manufacturer is blamed for a 

mistake actually caused by ignorance of the ma-
chine and its delicate parts. 

Jordanoff Corporation places at the disposal 
of industry a highly developed training tool — 
VISUAL EDUCATION — an instructional method 
which, with the scientific application of pictures 
and text, simplifies the explanation of any pro-
duct or process. 

Our techniques in visual education are applic-
able to assembly, maintenance and repair manuals, 
personnel training books, parts lists and technical 
advertising. 

Write for literature or ask for a representative. 

J iff/At/Off 
CORPORATION 

5 9 5 MADISON AVENUE NEW YORK 22, N. Y. 
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ESTABUSHED 1910 

TUNING RANGE . 54-30 mc. 

The "400" has high 
image rejection, 
high sensitivity, 
low noise level. It 
is designed for weak 
signal reception — 
puts new life in 
your 1 0- meter 
activity. 

wet 
ette The Series 400 postwar "Super-

Pro" stands by itself, a leader in the field of 
communications. The reason of course is continual im-

provement in design through years of service under a wide variety 
of operating conditions. The people who know most about receivers 
choose "Super-Pros." 

SEND FOR TECHNICAL DATA 

LIJAUALJITJJ 
THE HAMMARLUND MFG. CO., INC., 460 W. 34TH ST., NEW YORK 1, N.Y. 

MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT 
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Vee lame 

You Get More with TRI-CORE Solder 

MORE... in faster, thorough f uxing. That's because Tri-Core's 
thinner walls make for instantaneous penetration of heat to the 
flux. Result —a continuous, free flow of high-grade, non-corro-
sive flux goes on the work before the solder melts. 

MORE.'.. in speedier production. Tri-Core's arrangement of 
three independently filled cc res places them closer to the sur-
face. That means that the scIder melts faster. More work gets 
done in less time. 

MORE... in measurable smirg of tin. Tri-Core's faster melting 
gives you the results you'd expect of a much higher tin alloy con-
tent. Consequently, there's a definite and desirable saving in tin. 

WRITE FOR BULLETIN AF D ENGINEERING TEST SAMPLE 

ALPHA METALS, Inc. 
Single Core, Rosin and Acid Filled, Special Core Solder, 

Wire, Bor, Sheet, Preforms. Lead and Tin Products. 

373 Hudson AvenJe • Brooklyn 1, N. Y. 

Alpha cpality and high eissirreering effi-
ciency is he rest.lt of our mare dear 4C yews 

of research arid experience in te manufac-
ture of lead cruf tin products TRI-CDRE 
Solder exceeds e.S.T.M. Class A specificeior s 
and is available in all alloys, cil suc percent-
age, all gauges. 
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gv 
AMERTRAN 
TRANSFORMER 

6/4 
BUILT 
WITH 
CARE 

Audio Transformers and 

Reactors. Modulation 

Transformers (to 500 

KVA). Hermetically 

sealed Transformers. 

Plate and Filament 

Transformers. Filter Re-

actors. Wave Filters. High 

Voltage Rectifiers. Mi-

crophone and Interstage 

Transformers. Transtat 

A. C. Voltage Regulators. 

Other Electronic and 

Industrial Transformers. 

Advantages 
of multiple coil 

winding 
Coil winding is an important phase of AmerTran Transformer 

construction. Use is made of high speed multiple winding 

machines (some of AmerTran design) capable of producing 

many coils at a time with exceptional uniformity. Care enters the 

picture in the precise control with which such elements as 

number of turns, tightness of layers and wire tension are main-

tained. Tight coils have fewer and smaller air pockets, and 

greater heat-conducting capacity. AmerTran coil winding 

methods add up to close conformity to specifications, uniformly 

excellent characteristics, and usually a consumer saving for a 

specific type and quality of transformer. 

AMERICAN 
TRANSFORMER 
COMPANY 

178 EMMET STREET 

NEWARK 5, N. J. 

AM ERTRAN 
NANO AC -URING SINCL ,;101 &T IOWA«, N 

Pioneer Manufacturers of Transformers. Reactors and 

Rectifiers for Electronics and Power Transmission 
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ISNet 11 SAFER ., 

These Time Tested Capacitors? 

On the land, in the air and under the sea . . . 

in the steaming heat of the jungles and the sub-

zero temperatures of the Arctic . . . El-Menco 

Capacitors proved to the men bent on Victory 

that they had what it takes. 

Electronics manufacturers will wisely choose 

these timé-tested capacitors as further insurance 

for the success of their products ...Write—send-

ing us your specifications. 

ELECTRO MOTIVE MFG. CO. 

WILLIMANTIC, CONNECTICUT 

ETICOm. TRIMMER 
CAPACITORS 
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6 DESIGN FEATURES THAT MEAN BIG NEWS IN FM 

OThe circuits that stabilize modulation are com-
pletely isolated from the direct carrier path, al-
lowing no variation in the quality of program 
transmission. 

O Improved method of direct frequency modula-
tion and stability of the mean carrier frequency 
is accomplished by an all electronic system. No 
mechanical regulators to wear out of adjustment. 

O Mean carrier frequency is maintained within 
close limits of assigned channel, with an imme-
diate and automatic control circuit employing a 
crystal oscillator. 

O Federal's "FREQUEMATIC" Modulator circuit 
has a greater dynamic range of modulation. No 
distortion over the entire range of modulation. 

Utilizing a discriminator circuit, frequency of 
the master oscillator is stabilized to exactly that 
of a standard crystal through a method of fre-
quency division. The unit has a spare crystal 
readily accessible for instant use. 

OFrequency division is accomplished through 
multi-vibrator circuits with stable and rugged 
mechanical as well as electrical characteristics. 

.••••••'. 

Federal 
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HERE'S THE 

BIG NEWS 

1-3-10 and 50 KILOWATT 

FM RADIO EQUIPMENT 

The "FREQUEMATIC" Modulator takes 

its place as part of the complete "package" 
of FM broadcasting equipment offered by 

Federal. From one source, you get every 

piece of broadcasting gear to set up opera-

tion now ... from studio equipment to trans-

mitting tower .... all precision-engineered, all 

matched, all of highest quality. No more 

piecemeal assembly of components, and un-

certainties of divided responsibility. Fed-

eral assumes full responsibility for delivery 

and installation of a complete FM Broad-
casting .System. For complete details, write: 

Federal Telephone and Radio Corporation, 

Newark 1, New Jersey. 

*Trade Mark 

Telephone and Radio CorporalNew/oilJersey Newark 
Export Distributor: 

International Standard Electric Corporation 
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77, 

Send fo Bulletin NO. 126 

This hardy Riteohm Bulletin 
makes it easy for you to 
select the exact units for 
your needs. Gives complete 
data . . . lists stock units 
and made-to-order units... 
includes dimensional draw. 
ings. Write for it now. 

NE W 

1/2  Watt ard I wa tt 

Impregnated 
Vacuum  

TYPes Hole in 

center for hrough-

Bolt Mounting 

• • • EquiPOod with 

Wire LeadsorLuqs 

Available from Stock ... or Made to Order 

OHMITE presents a new line . . . aft& line ... of finer precision resistors! Every 
type ... every size ... ready for every need! Each Riteohm is designed and built 
with all the specialized skill and experience that have made OHMITE units the 
standard in this field. However critical the application ... consistent accuracy and 
reliability are assured. In these Riteohms, you get time-proved protection against 

humidity, temperature and corrosion. 
Ideal for use in voltmeter multipliers, laboratory equipment, radio and electri-

cal test sets, attenuation pads, and in electronic devices requiring extremely ac-
curate resistance components. 

AVAILABLE FROM STOCK in 1/2  watt and 1 watt units in a wide range of 

values, in various types of mountings and terminals .. . or made to order. Corn-
plete line of 6 different series includes non-inductive pie-wound vacuum impreg-
nated units ... single-layer wound vitreous enameled units ... and non-inductive 
pie-wound hermetically glass sealed units. Some units are in a range of 0.1 ohm 
to 2,000,000 ohms. Get full facts today! 

OHMITE MANUFACTURING CO.. 4984 Flournoy St., Chicago 44, U. S. A. 

Ze9de wad HMITIE 
«OW 

RHEOSTATS • RESISTORS • TAP SWITCHES • CHOKES • ATTENUATORS 
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Seeks Job 

Can you use this finger-size 10 kw Triode? 

Doubtless there aremany electronic experimenters and designers working 

in the int diate micro-wave range with need for just such a triode. 

Design and built by National Union for advanced radar installations, 

this . U. 3C 37 should prove a "natural" for engineers concerned with 

ittkruments for aircraft, navigation, railroads, communication relay 

transmission and many related applications. Here is the only tube of its 

kind—a newcomer to electronics, yet an experienced veteran proved 

under the most rigorous service conditions. There are electronic jobs it 

can do better than they have ever before been done—problems it can 

solve for the first time. Why not write us about the N. U. 3C 37? Or come 

to our laboratories and talk it over with a National Union engineer. 

Qualifications 

of the N. U. 3C 37 

Delivers 10 KW peak RF 

power output at frequen-

cies as high as 1150 

megacycles 

Anode and grid dissi• 

potion capabilities are 

adequate to enable the 

tube to withstand large 

momentary overloads 

without damage or dis-

tortion of electrical 

characteristics. 

Internal and external 

surfaces are silver plated 

to minimize skin resist-

ance ond RF losses. 

Specially constructed 

radiator greatly reduces 

RF losses. Permits oper-

ation at duty cycles of 

1% with air-blast cool-

ing. 

Anode radiator of silver 

plated copper efficiently 

transfers heat to any 

resonator of which it 

becomes a part. 

Negligible frequency 

drift due to cylindrical 

construction and closely 

controlled mechanical 

to 

Maximum mechanical 

strength. 
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Just 

ONE 
of the large 

VISITRON 
family 

Rauland Visit ron Phototubes are the 

recognized leaders in the field of 

light-sensitive devices ... uniformity, 

dependability and high sensitivity 

through the years have earned them that 

reputation. Whatever the application, 

sound-on-film, electronic control or 

television pickup, there is a Rauland Visitron 

Phototube available to do the job 

perfectly. Or, we can produce a specially 

designed tube to meet an entirely 

new application. Let the experienced 

Rauland engineers consult with you about 

your phototube requirements. 

To be sure ... specify I/151TR 0 N ! 

ALSO MANUFACTURERS OF DIRECT-VIEWING AND PROJECTION TYPE CATHODE RAY TUBES 

RADIO • RADAR • SOUND COA1MUNICATIONS • TELEVISION 

Electroneering is our business 

THE RAULAND CORPORATION • CHICAGO 41, ILLINOIS 
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DESIGNED AND 

mycalex lines up another high-frequency lob 

• A sensitive high-frequency relay that operates under 
high temperatures needed an end shield. This plate 
had to be made of low-loss insulating material. . . 
flat . .. and with accurate hole "fine-up" for the as-
sembly of many electrical contacts. 

This problem was solved at No. 1 Plastics Avenue 
by new techniques in molding G-E mycalex—com-
pound of glass and powdered mica with a unique 
combination of properties. 

Note the sixteen holes—they are molded into this 
rigid material. And the part, as it comes from the 
mold, is finished with all tolerances satisfactory for 

GENERAL 

troubre-free mass assembly methods. Why not find 
out more about G-E mycalex and the techniques 
which have been developed for molding it? 

SEND FOR YOUR OWN COPY. A new bulletin on G-E mycalex is 
just off the press. A helpful design handbook, it contains 

complete and up-to-date information for solving your high-

frequency insulation problems with G•E mycalex —a hard 

gray-colored, stonelike material with a unique combination of 

properties. Find out about new grades of G-E mycalex and 

new G-E mycalex molding techniques which make wider and 

more economical applications now possible. Fill in the coupon 

and mail it today. 

ELECTigÇ, 
m••• mu, 

PLASTICS DIVISIONS (7-9), GENERAL ELECTRIC COMPANY 

1 Plastics Avenue, Pdtsfield, Mass. 

Please send me the new G-E mycalex Bulletin. 

Name  

Firm  

Address 

City  State  

ELECTRCWIC INDUSTRIES • April, 1u46 31 



TYPE 241 

Specially designed for 
the observation of 
audio and video sig-
nals. 5" CRT. Provi-
sion for grid modula-
tion. Includes front 

cover, probe, and 
shielded cable. 

TYPE 224-A 

, LLEN B. DU MONT LABORATORIES. INC 

Suitable for studies 
involving signals such 
as pulses or square 
waves, having fre-
quency components as 
high as 5 mc. 3" CRT. 
Provision for grid 
modulation. 

... the DuNIONT Cathode-Ray 

Oscillograph you've been waiting for! 

TYPE 208-B 

General purpose os-
cillograph. 5" intensi-
fiee CRT. High- gain 

amplifiers. Frequency 
range extending from 
very low to rodio fre-
quencies. Wide sweep 
frequency range 

TYPE 248 

Micro-second accura-
cy in a combination 
oscillograph and syn-
chroscope. 5" CRT. 
Precision features un-
rivalled in a commer-
cial instrument Sepa-
rate power supply 
unit. 

OUR NEW CATALOG GIVES DETAILED SPECIFICATIONS . . . WRITE FOR YOUR COPY! 

«Me eatewédeetmedeTedeatew 
ALLEN B. DUMONT LABORATORIES, INC., PASSAIC, NEW JERSEY • CABLE ADDRESS: ALBEEDU, PASSAIC, N. J., U. S. A. 
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What has a miner's cap to do with invisible radiation? 

When the flame of the old style miner's lamp grew 

dim, he knew that danger was lurking in the bowels 

of the earth. 

Invisible radiation, as you know, has no such 

simple visual test. After the atom bomb was exploded 

in New Mexico, scientists dressed in protective 

clothing and equipped with proper testing equip-

ment, checked the stray radiation still present. Heart 

of the testing equipment they used was a Geiger 

Counter electronic tube. 

The Geiger Counter tube is a highly sensitive and 

dependable medium for the detection of weak forms 

of radiation. A new gas and quench combination 

has been developed for the tube, which makes it 

even more useful in industry. 

This advancement made possible the 

introduction of the NORELCO Geiger 

Counter X-ray Spectrometer. 

The NORELCO Spectrometer has 

many present and potential uses in 

Aforeico 
Reg. U. S. Pat On. 

industrial research. lit addition, it has found appli-

cation in production control through the analysis 

of materials before and during manufacture. 

Through the use of the Geiger Counter X-ray 

Spectrometer and a graphic recording mechanism, 

the analytical procedure can be simplified. Many 

times just a single line on the graph can serve as a 

criterion for acceptance or rejection of a given 

material. 

The application of the NORELCO Geiger Counter 

tube and the NORELCO X-ray Spectrometer to 

the problems of industry are further evidence of the 

Philips principle of wedding _science and productive 

ability in the electronics field. 
Among the products of North 

American Philips are: Quartz oscillator 

plates, cathode ray tubes, industrial 

and medical x-ray equipment, fine wire, 

diamond dies, tungsten and molyb-

denum products. 

\----,--,-;:- 

ELECTRONIC PRODUCTS ', 
\:. 

NORTH AMERICAN PHILIPS COMPANY, INC. 
CEPT. D-4, 100 EAST 42"° STREET 

NEW YORK 17, N. Y. 
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eamca_ ready first with FM 

is now first to have had equipment 

TESTED . . . BOUGHT . . . DELIVERED . . . INSTALLED 

TAXICABS ... RAILROADS ... POLICE ... TRUCK FLEETS 

SOMEONE asked "Why is Come() so far ahead in the VHF Field". 
The answer is that we pioneered before the War in developing VHF 

aeronautical equipment and continued during the War manufactur-

ing equipment in this field. Hence our circuits were perfected, our 

models were fully developed, and our production lines were set up, 

ready to deliver when the FCC allocated the new bands. Hence we 

very naturally led the field in offering practical working tests . . . 

and as these tests proved the effectiveness of our equipments, they 

were bought and are doing their job well in all these fields. 

We will be glad to discuss your mobile-unit communication 

and control problems, by mail or in person. 

Engineered for VI1F mobile services for operation on 6, 
32, 64 and 110 volts D.C. and 117 volts A.C. current. 
COMCO Model I72-T Transmitter provides 15 watts on 
152-162 Mc band. Models for dual channel operation 
now available. Weight I2',4 pounds. 

COMCO Model 173-R Receiver provides extreme sensi-
tivity with I watt audio output. Dual channel opera-
tion. Weight 7 pounds. 

Write 

MANUFACTURERS OF RADIO 

COMMUNIC 

COMCO Model 189-FM Re-
ceiver mounted with a 31A,' 
rack panel. Output 2 watts. 
Self-contained power supply. 
Dual channel models are 
available, if desired. 

or Complete Details 

& ELECTRONIC EQUIPMENT 

OMPANY, Inc. 

r
COMCO Model 170-FM Trans-
mitter, built for continuous 
duty, full 50 watts output. En-
tirely self-contained with com-
plete metering provided. 48" x 
23" x 18". Dual channel opera-
tion and remote control units 
a railabla. 

CORAL GABLES 34, FLORIDA 
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Machlett improved d 

provides long better performance 

The ML889A and ML889RA are outstanding examples of Machlett's ability to apply 
its time-tested and advanced techniques to tubes of standard design with resulting 
improvement in construction, performance and life. They incorporate the "know-how" 
that has made Machlett electron tubes demonstrably superior since 1897. Consider 
these advanced features that give you better tubes with longer and more uniform 

performance: 

1 Heavy Kovar sections are used instead of 
the conventional and more fragile feather-
edge copper seals. Result—greatly increased 
mechanical strength, lessening danger of 
breakage in handling and installation. 

2 Filament and grid terminals are solid, con-
tinuous and of high conductivity copper. 
Contact surfaces gold-plated to minimize con-

tact resistance. 

3 Special grid and filament assembly re-
duces lead inductance, permitting safer oper-
ation as high as 50 mc. with full input and 

output. 
4. Internal structure greatly strengthened, 
assuring constant and more uniform grid-
filament-plate spacing. 

5. One piece copper anode and shield as-
sure uniform internal surface, permit maxi-
mum accuracy of assembly, provide complete 

shielding of anode seal and reduce d.fficult-
to-outgas inter-faces normally found ,n tubes 
of this ,frype. 
6 All internal parts completely processed by 
Machlett's special techniques which prevent 
contam1nation and assure complete and per-
manent out gassing. 

7 Tube " pumped" by unique MacHett 
straight line, high voltage exhaust process 
assuring same high standards as characterize 
the Machlett line of high-voltage X-ray tubes. 

• • • 
These perfected tubes for high frequency 
heating and communications purposes consti-
tute a further contribution by Machlett of 
quality, durubility and long life to the electron 
tube art. Ncw available for initial installation 
and renewal purposes. For furtner details, 
write Machlett Laboratories, Incorporated, 
Springdale, Connecticut. 

General Characteristics — ML889A 

Filament Voltage   11 volts 
Filament Current   125 amperes 
Amplificceion Factor   21 
Maximum Frequency for Full 

Power   50 mc. 
Capacity. Grid to Plate   17.8 uuf. 
Capacity, Grid to Filament   19.5 uuf. 
Capacity, Plote to Filament  2.5 uuf. 
Cooling  Water 
Water  3-6 gals/min. 
Air ( Ml889RA)   15 cfm. 

At reduced power, may be operated at fre-
quencies as high as 150 megacycles. 

ML889RA,Air-cooled 
version of the 
ML889A, may be 
operated at full 
output at frequen-
cies up to 25 mega-
cycles, at reduced 
power up to 100 mc. 

(tilAri LET 
APPLIES TO RADIO AND INDUSTRIAL USES 

ITS derYEARS OF ELECTRON TUBE EXPERIENCE 
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THE COUNTERSIGN OF DEPENDABILITY 

NEW ELEMENTS IN THIS EIMAC 

TRIODE ADD MANY EXTRA 

HOURS PERFORMANCE 

IN ANY ELECTRONIC EQUIPMENT 

NEW NON- EMITTING GRID! 

NEW LOW- TEMPERATURE PLATE! 

NEW FILAMENT STRUCTURE! 

Physically the new Eimac 3-250A triode is interchangeable 

with the old Eimac 250T. The new elements result in better 

performance and even longer life in a tube that has long been 
famous for its long life and stamina. This new tube is avail-
able in both low mu (3-250A2) and high mu (3-250A4) tube 
versions. 

Its outstanding performance characteristics are exemplified 
by its low driving power requirements. For example, in R. F. 

Class C telegraphy, with 3000 plate volts on a single tube,_ 

the Eimac 3-250A2 (low mu) will deliver 750 watts output 
with only 29 watts (approx.) of driving power. (See chart.) 
You can depend upon Eimac year in and year out for lead-

ership in vacuum tube developments.* That's one reason why 
Eimac tubes are today, and have been for years, first choice 

of leading electronic engineers throughout the world. 
*Ask your dealer to give you a copy of "Eimac Electronic Prod-

ucts"just off the press. Or write direct. 

Follow the leaders to 

EITEL-McCULLOUGH, INC., 1211-H San Mateo Ave., San Bruno, California 
Plants located at: San Bruno, Calif. and Salt Lake City, Utah 

Export Agents: trazar and Hansen. 301 Clay Si., San Francisco I I, California, 

CALL IN AN EIMAC REPRESENTATIVE FOR INFORMATION 
ROYAL J. HIGGINS (W9A10)...600 South 
Michigan Avenue, Room 818, Chicago 5, 
Illinois. Phone: Harrison 5948. 

V. 0. JENSEN, General Sales Co., 2616 
Second Avenue, Seattle 1, Washington. 
Phone: Elliott 6871. 

M. B. PATTERSON (W5C1)... 1124 Irwin. 
Kessler Building, Dallas 1, Texas. Phone: 
Central 5764. 

ADOLPH SCHWARTZ (W2CN)...220 Broad-
way, Room 2210, New York 7, New York. 
Phone: Cortland 7-0011. 

HERB BECKER (W6QD) ... 1406 So. Grand 
Avenue, Los Angeles 15, California. Phone: 
Richmond 6191. 

TIM COAKLEY (WIKKP)...11 Beacon Street, 
Boston 8, Massachusetts. Phone: Capitol 
0050. 

EIMAC 
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ELECTRICAL CHARACTERISTICS 
Filament: Thoriated tungsten 3- 250A 2 

Voltage 

Current 105 amperes 
Amplification Factor ( Average) . 14 

Direct I nterelectrode Capacitances 
(Average) 

Grid- Plate 3  1 uuf 
Grid-Filament 3  7 ouf 

Plate-Filament ..... 0.7 uttf 

5  0 volts 
3-250A4 

5.0 volts 
10.5 amperes 
37 

2.9 uuf 

5.0 uuf 
0.7 uuf 
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eteaSie efeeff e'oetetae/„, 

. A Year 'Round 

Feature of ALL STUPAKOFF CERAMICS 

Stupakoff precision quality control gives 

you uniform, dimensionally accurate 

ceramic parts. By standardizing on 

STUPAKOFF products, you minimize pro-

duction losses . . . gain assurance of max-

imum mechanical strength and maximum 

electrical protection. 

The advantages of Stupakoff ceramics 

have been developed through years of 

engineering experience and research. . 

Carefully selected and laboratory con-

trolled materials, modern manufacturing 

facilities and constant inspection insure 

highest quality of finished products at all 

times. Specify Stupakoff —and be sure of 

the finest. Write for Bulletin 245. 

EXPORT DEPARTMENT 

13 E. 4011t St_ New Task 16, N.Y. 
Cable Address ARIA% all odes 
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150,000 words • 81 tables 

863 diagrams • 181 line and 

89 photographic illustrations 

The handbook that tells you 
what you want to know about 

Relays and Timers 
. . . Selection . . . Application . . . Use . . . Servicing and Main-

tenance . . . 640 pages . . . Handy manual size . . . 

Have you gotten your copy? . . . Price $3.00 

STRUTII ElIS-DITNN. INC. 

1321 Arch Street, Philadelphia 7, Penna. 

-STRUTHERS-DUNN 
5,327 RELAY TYPES 

ATLANTA • BALTIMORE • BOSTON • BUFFALO • CHICAGO • CINCINNATI • CLEVELAND • DALLAS 

DENVER • DETROIT • HARTFORD • INDIANAPOLIS • LOS ANGELES • MINNEAPOLIS • MONTREAL 

NEW YORK • PITTSBURGH • ST. LOUIS • SAN FRANCISCO • SEATTLE • SYRACUSE • TORONTO 

38 
ELECTRONIC INDUSTRIES • April, 1946 



Callite tube parts 
make General Electronics' power tubes extra rugged ... 

The DR575A is a heavy-duty, half-wave, 
mercury vapor rectifier manufactured by 
General Electronics, Inc. for use in in-
duction heating apparatus. Here these 
tubes have proved their capacity to stand 
up under gruelling conditions for thou-
sands of hours. Though rated at 15,000 
volts inverse peak, they are tested at 
25,000 volts—providing an overload fac-
tor in excess of 50%. 

The rugged strength of the DR575A is 
built-in with Callite thoriated tungsten 

• 

filament, •' Kulgrid" leads and molybde-
num rods. These Callite components per-
mit higher operating temperatures with 
increased emission efficiencies. 

Callite thoriated tungsten filaments con-
tain the right proportions of tungsten 
and thoria to give the required electronic 
emission, plus the strength to withstand 
severe thermal shock and vibration. 
Callite's " Kulgrie* is a stranded corn-
posite wire, having an inner core of 
copper bonded to a nickel sleeve, which 

,,0  ,fr..... ...L.,s,,, , T.:•,,,,,T,., 
OVER 25 YEARS PIONEERS IN 

does not oxidiié nor become brittle at 
high temperatures. Callite's high purity 
molybdenum rod is known for its excel-
lent working properties and complete 
freedom from oxidation. 

If you are striving for new highs in 
tube performance, investigate our spe-
cialized abilities and complete facilities 
for all kinds of metallurgical compon-
ents. Callite Tungsten Corporation, 544 
Thirty-ninth St., Union City, New Jer-
sey. Branch Offices: Chicago, Cleveland. 

Hard glass leads, welds, tungsten 
and molybdenum wire, rod and sheet, 
formed parts and other components for 
electron tubes and incandescent lamps. 

TUNGSTEN METALLURG 

is covered by U. 8. and foreign patents. 
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3 Easy Sfeps 
FOR SOLVING A METAL PROBLEM 

General Plate Laminated Metals ... sheet, wire and 

tube ... provide many performance and economy ad-
vantages not found in single solid metals. These 
permanently bonded combinations of base metal to 
precious metal give you precious metal performance at 

a fraction of the cost of solid precious metal. Base to 

base metal combinations give special performance re-

quirements not found in single base metals. Typical 
advantages include— better electrical performance, 
corrosion resistance, workability, ease of fabrication, 

ease of soldering, long wearing life and economy. 

General Plate Laminated Metals will increase pro-
duction and cut costs in such applications as electrical 
contacts, giant turbines, radar and radio tubes, instru-
ments, chemical apparatus, mobile equipment. 

Investigate General Plate Laminated sheet, wire and 
tube ... wholly covered, inlaid, one side or both 

sides and stripe. Our engineers will gladly help you 
with your problems. Write for their services. 

GENERAL PLATE DIVISION 
of Metals 8. Controls Corporation 

ATTLEBORO, MASSACHUSETTS 

A few typical combinations produced by General Plate 
S SHErt W- WIRE 1= Thine OTHER CombInations on Request 

PLATINUM 

PALLADIUM 

SWT SWT SOT SWT SW SW SWT SWT 

°e% e ',,,,,, 

SWT SWT SW SW 

SOT SOT SOT SWT SW SW SOT SWT SWT SW sw SWT 

GOLD SWT SWT Sot SWT SWT SOT SW 5WT SW SW SWT SWT SWT SWT SWT SWT 

SILVER SWT SWT SOT SOT SOT SOT SW SWT SO SWT SW SW SWT SW?' SWT 

ALUMINUM SWT swr S SWT 

BRASS SWT SOT SWT SOT S SW SW S sO SW SWT sWT SWT 

COPPER SW SWT Sot SWT SOT SWT SW S SW SWT SWT SWT SWT 

BERYLLIUM COPPER SW sw 

IRON SW SW SOT SWT SW SOT S S S SW SW S sw 

INVAR SW SW SW SW SW SW S S SW s s S SW 

STAINLESS STEEL sW S S s S S 

SWT SWT SOT SWT sW S s SW SW SWT SWT SW SWT PHDS. BRONZE 

MOREL SWT SOT SWT sw SW SW SW S S SW SW SW 

NICKEL SWT SWT SWT SW SWT ;;WT sW S S SOT SW SW 

SILVER SOLDER SW SW SWT SWT 
SOT ›WT S SWT S S S SWT 

STEE„ A , ,,,, 0 

NICKEL SILVER 

SW SW SOT SOT SWT WT S SW SW SW S SW 

SOT SWT SWT SW? SWT SW SW S SWT SW SW SW T SW 
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RESISTO 

Due to the high operating frequencies of FM, 
many electrical and mechanical characteristics 
not ordinarily considered in condensers, become 
of paramount importance. The most important of 
these is low inductance, both in leads and in the 
basic construction of the condensers themselves. 

The condensers illustrated on this page fulfill 
this requirement through simplicity of design 
and low internal inductance. For by-pass appli-
cations, Erie Stand-Off Ceramicons and Erie 
Feed - Thru Ceramicons are most efficient for 
carrying off R.F. current to ground. Heavy termi-
nals, with direct connection to ground, reduce 
external and internal inductance to a minimum. 
Available capacities, up to 1,000 MMF, are 
usually sufficient to efficiently by-pass frequen-
cies of 80 MC or higher. Tubular Ceramicons, 
shown at the top right, have the same internal 
actvantages as the Stand-Off and Feed-Thru type 
Ceramicons, because of their simplicity of con-
struction, but are provided with regular pigtail 
leads necessary for many installations where 

CINCH - ERRE PLEXICON TUBE SOCKETS 

with built- in By- Pass Ceramicons 

ERIE BUTTON MICA CONDENSERS 

some moderate lead inductance can be tolerated. 
The Cinch-Erie Plexicon Tube Socket, shown 

in the center photcxjragh, with built-in by-pass 
Ceramicons, puts the condensers around the tube 
pins—where they belong. Leads are practically 
eliminated, and other components can be install-
ed closer to the socket, further increasing effi-e 
otency. Any tube pin or groups of pins can be 
by-passed with condensers having up to 1,000 
MMF capacity. 

Erie Button Mica Condensers were designed 
specifically for high frequency work. Ribbon 
type leads, plus circular design, gives extremely 
short electrical path-to-ground through the entire 
area of the condenser. These compact units are 
available in a number of different mounting styles 
and in capacity ranges up to .006 mfd. 

You can stake your reputation on these con-
densers for dependable use in tuned circuits, for 
by-pass applications, or as coupling condensers, 
in all FM applications. Write for complete details, 
giving desired operating characteristics. 

ERIE RESISTOR CORP.. ERIE, PA. 
LONDON, ENGLAND . . . TORONTO, CANADA 
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"TO ATTAIN 

STILL HIGHER STANDARDS OF SERVICE..." 

"An asset in which the Nickel Plate Road takes great pride is the high standard 

of service which it renders to the shipping public. With its record for outstanding 

performance during the war years back of it, the Nickel Plate is looking forward 

to the utilization of new technological developments, such as radio and teletype, 

in order to attain still higher standards of service and usefulness." 

VVVVV 

Pre8iden t, 

The New York, Chicago & St. Louis R.R. Co. 

'VVVVVVVVVVVtINV VVVVVVVVVVVVVVVVVVVt VVVVV 

To fulfill completely its promise of increased rail 
efficiency, railroad radio equipment must be so de-
signed that individual system units, such as trans-
mitters, receivers, power supplies, and remote control 
units, will be readily accessible for inspection and 
quickly removable for service, replacement, or re-
location. • 

Realizing the importance of these requirements, the 
Farnsworth Mobile Communications Division has en-
gineered its railway communications equipment on the 
bases of standardized design and unitized construction. 

Practical results from the application of these two 
engineering principles include the facts that—. 

(1) The basic components of Farnsworth systems, 
whether of space-radiating or inductive type, are 
separate units, which can be quickly disassociated from 
a system, either for maintenance or relocation. 

FARNSWORTH 

(2) The same receiver, transmitter, or remote control 
unit is usable for wayside, mobile, or relay installations, 
thus providing complete interchangeability of basic 
equipment throughout any Farnsworth communica-
tions system. 

(3) Space-radio and inductive type Farnsworth units 
can be interchanged, whether a part of mobile or sta-
tionary installations, and can be readily utilized in 
combination to meet varying railway operating condi-
tions and requirements. 

These are a few of the many engineering features 
incorporated in Farnsworth railway communications 
equipments to guarantee maximum availability and 
flexibility with simplified, low-cost maintenance. 
Farnsworth Television & Radio Corporation, Dept. 
EI-4, Fort Wayne 1, Indiana. 

TELEVISION & 

RADIO CORPORATION 
Farnsworth Radio and Television Receivers and Transmitters • Aircraft Radio Equipment • Farnsworth Television Tubes • Halstead Mobile 

Communications and Traffic Control Systems for Rail and Highway • the Farnsworth Phonograph-Radio • the Capehart • the Panamuse by Capehart 
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e So clearly and unmistakably are draftsmen able to express their ideas on 

paper that their drawings have re-shaped the world. Through line, figure and 

symbol, draftsmen define the work to be done by the labor and machines of a 

nation. Assisting them to attain precision and clarity are drafting instruments 

that act almost as living extensions of their own hands...instruments that function 

figuratively as their partners in creating. 

For 78 years Keuffel & Esser Co. drafting equipment and materials have been 

partners, in this sense, in shaping America, in making possible its swift-moving 

highway traffic, its speed in conducting business, its victorious might in war 

...So universally is K & E equipment used, it is self-evident that every engineering 

project of any magnitude has materialized with the help of K & E. Could you 

wish any surer guidance than this in the selection of your own "drafting 

partners"? 

You will find special advantages, for example, in PHOENIX* Tracing Cloth, 

which K & E has made almost "ghost-proof." Here is a cloth from which you 
can erase either pencil or ink lines without 

risking untidy "ghosts" on the prints, a partners in creating cloth practically immune to stains from 
perspiration and water. You can even 

soak it in water for ten minutes at a time 

without harm! For further details about PHOENIX* Tracing Cloth, write on your 

letterhead to Keuffel & Esser Co., Hoboken, N. J. 

*REc r s oFFI 

...the world's 
greatest highways 

Drafting, Reproduction, 
Sairerying Equipment 

and Mated's& 
Slide Riles, 

Measuring Tapes. 

KEUFFEL 8e. ESSER CO. 

NEW YORK • HOBOKEN, N. J. 

CHICAGO • ST. LOUIS • DETROIT • SAN FRANCISCO 

LOS ANGELES • MONTREAL 
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GA,AfIDGET CAPACIT 

/  eaadefee to 94/awed, 
Still twisting insulated wires together to 

form inefficient, makeshift "gimick" low 

value capacitors? 

Stackpole GA Capacitors cost no more in 

the long run. Even more important, they 

bring you outstanding advantages in terms of 

greater stability, higher Q, better insulation 

resistance and higher breakdown voltage. 

In addition, they are mechanically superior 

and eliminate the undesirable inductive char-

acteristic common to twisted wires. Sturdily 

molded, with leads securely anchored and 

tinned, they are widely used in circuits 

similar to those illustrated. Standard capac-

itors include 0.68; 1.0; 1.5; 2.2; 3.3 

and 4.7 mmfd. with tolerances of + 20%. 

Electronic Components Division 

STACKPOLE CARBON COMPANY, 

GA 
STACKPOL 

GA 
STr POLE 

GI" ) PLATE GRID 

PLATE 

R. F. COIL I. F. TRANS. 

COUPLING CONDENSER COUPLING CONDENSER 

SHIELD-t,  STACKPOLE 

I. F. TRANS. 

COUPLING CONDENSER 

St. Marys, Pa. 

STACKPOLE 

SPACE CHARGE 
R. F. TUNED IMPEDANCE NEUTRALIZING 

COUPLING CONDENSER CONDENSER 

RS 

GA STACKPOLE 

FIXED and VARIABLE RESISTORS • INEXPENSIVE SWITCHES 

IRON CORES • COIL FORMS • POWER TUBE ANODES • BRUSHES AND CONTACTS • ALNICO 11 

RHEOSTAT PLATFS rnd DISCS • ANODES and ELECTRODES, ETC. 
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Photo Light Source 12,000,000 Peak Lumens 

WITH THE SYLVANIA 
The Sylvania Type R4330 Flash Tube, used with suit-
able equipment, gives a brilliant flash of excellent 
photographic quality with a duration of only 1/5000 

second. 
A major application of the Type R4330 is in 

photography, where it permits taking exposures 
without the need for replacing flash bulbs. Its 

short flash duration "stops" motion, enabling the 
photographer to take sharp, clear pictures of mov-

SYLVANIA R4330 FLASH TUBE 

DENSITOMETER TRACE OF 

DISCHARGE SPECTRUM 

3000 3500 4000 4500 5500 7000 

WAVE LENGTH IN ANGSTROMS 

ing subjects. Excellent color quality permits use 
with color film. 

Each time the circuit switch is closed, the tube 
emits a single flash. Tube has a life of several 

thousand flashes. 
Other uses of the R4330 are in beacons, obstruc-

tion markers, airport boundary markers and sig-

naling devices. 

SYLVANIA STROBOTRONS 
For observation of rotating or reciprocal motion 
under short-duration light pulses of controlled fre-
quency, Sylvania Electric produces the SN4 and 
1D21 Strobotrons — internally-triggered cold cath-
ode tubes. In addition to their use in stroboscopic 
studies, both tubes may be utilized as electronic 
relays or controls. 

You are invited to consult with Sylvania on spe-
cific applications of any of these tubes. 

FLASH TUBE TYPE R4330 

The Sylvaria Flash Tube Type R4330 

SYLVAN 
TYPE R4 
mADE IN I, 

F 

VI 

2500V 

TYPICAL CIRCLIT DIAGRAM 

R, 500 ohms 100 watts 

R., 150.000 ohms 

R., Consists of five 

200,000 ohm resistors 

V, High voltage rectifier 

Sylvania R4330 

C, 2 microfarads 

C. 32 microfarads 

1 microfarad 

T, Ignition coil 

Si Trip switch 

SYLVANIA-eV-ELECTRIC 
Electronics Division .. . 500 Fifth Avenue, New York 18, N. Y. 

MAKERS OF ELECTRONIC DEVICES, RADIO TUBES, CATHODE RAY TUBES, FLUORESCENT LAMPS, FIXTURES. WIRING DEVICES; ELECTRIC LIGHT BULBS 
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SUB-MINIATURE TUBES 
FIRST DEVELOPED TO BE SHOT FROM GUNS— 

NOW DESIGNED FOR RADIO RECEIVER USE 

In October, 1940, Raytheon was the first tube manufacturer 

to take an NDRC contract to develop tubes for the Proximity 
Fuze project. In March, 1941, these tubes were successfully 

shot from guns and the Fuze project was established as being 

practical and effective. Late in 1941 Raytheon contributed 

a basically improved type of filament suspension which has 

since been employed in all vacuum tubes for the VT Fuze. 

Since VT Fuzes could be used but once, the tubes were 

soldered in directly. This method is uneconomical for radio 

applications. With this in mind, Raytheon then developed à 

plug-in feature and low-loss socket which allows all the space. 
saving which characterizes these tubes. Today there are four 

basic types in the Raytheon line of sub-miniature tubes—all 
specifically designed for low-voltage radio receiver applica-

tions. Standard sockets are available permitting easy tube 

replacement and low cost chassis assembly operations. 

These tubes llave been standardized and registered with 

R MA. The day of pocket superheterodyne receivers for 

police patrol, fire-fighting, railroad operation and sport and 
entertainment reception is here, now. For long life, rugged 

construction, low assembly and maintenance costs — with 

user acceptance assured — use Raytheon Standard Sub. 

Miniature tubes. Technical data sheets available on request. 

Tubes shown 
actual size 

- 

excellence in elecinonic4 

RADIO RECEIVING TUBE DIVISION 
Newton, Mass. • New York • Chicago 
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Covers resistance range of 1 ohm to 999,999 

ohms. 

Each decade dissipates up to 225 watts. 
Greenohms (wire - wound cement - coated 

power resistors) used throughout. Glass-

insulated wiring. 

Six decade switches on sloping panel. Direct. 

reading in ohms. 

Maximum current per decade: 5. 1  5 5  15, 
.05 and .005 amp. 

Attractive frosted-gray metal case. Etched 
black-and-aluminum panel. Dual binding post 

terminals for left and right-hand duty. 

13" long; 881/2" deep; 53/4" high. Weight, 

11 lbs. 

Moderately priced for general use. Many of 
these instruments in daily use today. Prompt 

delivery. 

* Literature 
on request . . 

Grille at bottom and louvres at 
adequate ventilation. Baffle plate 

switch mechanism against internal 

side for 

protects 

heat 

your 
IF 

RESISTANCE PROBLEMS 

* With this unique Power Resistor Decade Box, Clarostat 
solves your resistance problems under actual working 

conditions. 

No calculations required. No guesswork. No extensive ex-
perimentation. Here's a power resistor decade box. It can 
he introduced in any circuit or for any application. It pro-
vides the correct resistance value under actual working con-
ditions, at the mere twist of the knobs. The resistance value 
that works best is then read directly off the dials. 

Simple. Practical. Time-saving. Yet moderately priced. 
This instrument soon pays for itself—and continues to pay 
handsome dividends year after year. Typically a Clarostat 
solution of our resistance problems. 

awedi eheed 
CLAROSTAT MFG. CO ., INC., 285-7 N. 6TH ST., BROOKLYN, N. Y. 

Export Division: 25 WARREN STREET, NEW YORK 7, N. Y. 

CoblE Address: SI.MONTRICE, NEW YORK 
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G-E LAMINATED PLASTICS 
FABRICATED TO YOUR SPECIFICATIONS 

G-E Textolite tubing is shown being threaded to exacting 

mechanical and electrical specifications for radio coil forms. 

YOU GET ACCURATELY FINISHED PARTS 

MADE OF THE RIGHT MATERIAL 

READY FOR THE 10B 

G-E Textolite sheets, tubes and rods 

are fabricated in an almost unlimited variety of 

sizes and shapes, and the General Electric 

Company has the necessary equipment to do 

this rapidly and economically lathes, saws, 

shears, punches, hobs and mills . . . . even 

specially designed machinery to speed up and 

lower the cost on large production runs. 

And because there are over 50 grades 

of G-E Textolite to select from, each having 

an individual combination of properties elec-

trical, mechanical, chemical, thermal --you get 

a grade that fits your needs. 

Correctly machined and made of the 

right material for your application, you can be 

assured that when G-E Textolite fabricated 

parts reach you they will do the job. 

Let us know your requirements. Write 

to SectionT-2, General Electric Co., Plastics 

Divisions, One Plastics Ave., Pittsfield, Mass. 

G-E TEXTOLITE IS SUPPLIED IN THE 

FOLLOWING FORMS: 

Sheets, Tubes, and Rods Molded Laminated Parts 

Fabricated Parts Post-Formed Laminates 

Nameplates Translucent Laminates 

Low- Pressure Molded Parts 

GENERAL ELECTRIC 
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STRAIGHT-LINE FEED 

. .. Low Residual Inductance 

. .. Higher Resonant Frequency 

AEROITOX, SERIES 1690 

• The brand new Aerovox Series P690 molded-in-bakelite mica capaci:or 

is intended specifically for circuits where inductance must be kept a; 

minimum. ff1 is designed fcr least possible residual inductance, low r.f. 

losses and lower r.f. resistance and impedance. What's :nore it provides 

increased KVA ra:ings for given capacitor sizes. 

Such units can :De advantageously applied as blocking capacitors in trans-

mission. limes; as tank capacitors for high-frequency oscillators . as by-pass 

capacitcrs Eor ultra-high-rrequency currents . and as cc upling or by-pass capac-

itors in induct:on-hearing circuits. 

Exceptional compactaess for given KVA ratings; exceptionally-low-loss oper-

ation; ability to vitristand constant duty and heavy overloads—for these and 

other reasons th:s latest Aerovox development marks a new performance 

standard tor severe-service capacitors. 

oee 

ACTUAL 

SIZE 

01 

'coot, 

"evitis_.3 

e ° 14C 
fe• i) : 

Pi I 

• Interested? Write for detailed information. Meanwhile, sub-

mit that capacitor problem for our engineering collaboration. 

• Rounded hardware— 
round nuts tightened by 
spanner wrench supplied; 
round washers; spherical 
lock nuts. Elimination of 
sharp edges and corners 
that might cause corona 
lose. 

• Fine threads for terminal 
studs, insuring maximum 
contact and minimum resist 
ance. 

• Silver plating for al con 
ducting members, minirniz 
ing skin resistance. 

• 

• Body of XM or yellow 
law-lot.s bakelite molded 
ebou2 mica section for thor-
ough waling and extreme 
ruggedness. 

• Id›ca section of carefully 
&elected mica and foil. De-
signed for straight-line path 
for ul:ra•high-frequency 
currents. 

• Several firnes the size of 
the well-known Series 1650 
bakelite-rnolded transmit-
ting capacitors. Dimensions: 
21/2 " ar. x 21/2 " d. x 11/2 " h., 
and 41/2 " overall between 
rounded terminal tips. 

• Available in ratings up to 
20,000 volts D.C. Test, or 
10,000 volts operating. Ca-
pacitance values up to .001 
mid. a: the highest voltage 
rating. 

FOR RADIO-ELICTRONIIC AND 

INDUSTRIAL APPLICATIONS 

AtiOVOX CORPORATION, NEW BEOF:IREI MASS., U S.A. 7 

SALES OFIICES IN Ali PRINCIFAl CITIES • Export 13 E. 4011 ST., NEV YORP 16, N. Y. 

Cible- ARAI' • in Canoga AEROYOX CANADA LTD., fixtctroti ONT. 
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Precision machining is mods easier, more 
certain with precise Dazor lighting. 

Controlled Dazor lighting helps this 
dispatcher control train movements. 

Intense Dazor illumination is here di-
rected exactly where welder needs it. 

MOVES FREELY 

INTO ANY 

POSITION and 

STAYS PUT— 

WITHOUT LOCKING 

  CHOICE OF 4 BASES 
y  

UNIVERSAL 'RACKET 

DESK 
PEDESTAL 

There's no margin for error in such critical tasks 
as precision machining, fine inspection, bench 

and assembly work. And none in drafting, ac-

counting, bookkeeping. These jobs—and many 

others—demand straight seeing! 

Use local light for better sight ... Dazor Floating 

Lamps. For Dazors bring all-around flexibility to 

individual working areas, giving users full con-

trol over both the location and intensity of 
illumination. 

A touch of the hand does it—floats the lamp to 
virtually any position where it stays put without 

further attention. This freedom of movement 

results from the floating arm, an exclusive pat-
ented Dazor development. 

An investment in Dazor Floating Lamps will 

come back to you many times in higher worker 

efficiency and morale, in the quality and quantity 

of work produced, in the prevention of errors, 
accidents and waste. 

Phone Your Dazor Distributor 
... get from him the full Dazor story, application 

assistance and an on-the-job demonstration.Your 

distributor's name, if unknown to you, can be 
secured by writing to the Dazor Manufacturing 

Co., 4483 Duncan Ave., St. Louis 10, Mo. 

IN CANADA address inquiries to Amalgamated 
Electric Corporation Limited, Toronto 6, Ont. 

DAZOR 9-keefT LAM PS 
FLUORESCENT and INCANDESCENT 
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Pos ormed Plie u lite chassis fo 
circuit breaker. All holes 

re punched in the flat blan 
before post-forming in chan 
Phenolite chassis in place o 
insulation of each separa 

POST-FORMED 

PHENII.LITE* 
shapes profitable production 

and new products / 
There are opportunities for you in Post-Formed Phenolite— 

the laminated plastic that simplifies production and offers 

countless new applications for profitable-selling products! 

Economical to produce, Post-Formed Phenolite parts are 

made in a matter of minutes. Practically any shape or form may 

be obtained simply by heating the sheet material a few seconds, 

then forming in low-cost wooden molds with standard press 

equipment. No sanding or "flash" removal is necessary. 

Fabrication may be done before or after forming. 

Phenolite is extremely light in weight (about 1/2 that of 

aluminum); yet it has remarkable mechanical and impact 

strength. It possesses good machinability . . . is an excellent 

electrical insulator . . . resists heat and moisture . . . is resistant 

to abrasion . . . and is not affected by solvents and oils. 

Find out some of the many ways in which this versatile 

material can be used. Write for full information and the 

assistance of one of our trained engineers. 

NATIONAL VULCANIZED FIBRE _CO. 
OFFICES iN • - • 

PRINCIPAL CITIES 

WILMINGTON, 

DELAWARE 

* FORMABLE THERMOSETTING SHEET MATERIAL 

igh volt-
(I cut-outs 

(foregrou nd) 
1 shape. Use of 

etal eliminates 
part of assembly. 
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Ends your search for a versatile 

HARD AS DIAMOND CERAMIC 
Conjured up in the crystal ball lies the answer to 

your radio frequency insulation and industrial ceramic 

problems. Consult with us on the possibilities of using 

STEATITE ... the material of the future ... TODAY. 

Division of GLOBE-UNION INC., Milwaukee 

PRODUCERS OF 

Ceramic Trimmers 
Bulletin 695 

Variable Resistors 
Bulletin 697 

Ceramic High Voltuge Capacitors 
Bulletin 814 

Tubular Ceramic Selector Switches 
Capacitors Bulletin 722 

Bulletins 630 and 586 
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THESE FEATURES IN THIS 

ONE GREAT RELAY 

•1 %se( e s4 *lee 

Se toe c.cete Pee* 

se% ei 9 

AUTOMATIC ELECTRIC'S CLASS " B" RELAY 
Think of getting not just one or two, but all six of the features you want 
—combined in one relay! That's the new Automatic Electric Class " B" 

relay. It's a leader in every detail of design and construction — a relay 

to meet the most exacting service requirements, in a wide range of relay 

applications. 

Because relay users know a good thing when they see it, our entire pro-

duction for many months has already been spoken for. But you'll find the 

Class "B" relay well worth waiting for, with its unique combination of 

design details: 

Independent twin contacts for dependable contact design for important savings in space and weight. 
closure... efficient magnetic circuit for sensitivity and Made for coil voltages to 300 volts DC and 

high contact pressure . . . unique armature bearing 230 volts AC, with capacities up to 28 springsb 
for long wear under severe conditions ... compact also with magnetic-shielding cover, when desired 

The Class "B" relay, and many others, are shown in Catalog 4071. Write today for your copy. 

AUTOMATIC '37 E L E [ TR IC 

AUTOMATIC ELECTRIC SALES CORPORATION 
1033 WEST VAN BUREN STREET • CHICAGO 7, ILLINOIS 

9os eaotada: AUTOMATIC ELECTRIC (CANADA) LIMITED, TORONTO 

PARTS AND ASSEMBLIES FOR EVERY ELECTRICAL CONTROL NEED 
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Only WARD gives you all 
These Dominant Plus-Features 

• Easy One Man Installation 

• Patented Fluid Type Anti-Rattle 
Construction 

. Positive Silver-to-Silver Contacts 

. Extra Heavy Triple Chrome Rust-proof 
Plating 

• Top Section, Stainless Steel 

• Heavy Admiralty Brass Tulag 

• Hi-Q Detachable Low Loss Lead-ins with 
Polyethy:ene Insulation and Vinylite 
Covering 

• Complete with all Fittings and Conver-
skin Kit for Torpedo Bodies 

• Smooth Action Telescoping Sections 

• 100% Shielded 

"KNOW-HOW" 
The superiority of WARD Antennas reflects the 

"know-how" gained through many years' experience 

devoted to the exclusive manufacture of precision. 

built antennas. WARD'S excellence in this field has 

won the high favor of America's auto dealers, manu-

facturers, and motorists. All products bearing the 

WARD name are the finest in modern design, mate-

rials and craftsmanship, and can be counted upon 

for their consistent trouble-free performance. That's 

why WARD is " first choice" in antennas for all 

automobile and home radio applications. 

World's Finest for Car and Home... 

Conibining Precision and Streamlined Beauty 

ette,frmeae 
THE WARD PRODUCTS CORPORATION 
11 523 EAST 45 th ST., CLEVELAND 3, OHIO 

EXPORT DEPT.—C. O. licanaes, Mgr., 4900 Euclid Avenue, Cleveland 3, Ohio 

IN CANADA—Atlas Radio Corp., 560 King Street, W., Toronto 1, Ont., Canada 
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What Do You Want in a Relay?. 

CLARE Will "Custom-Build" It 

• Clare puts the designer in the driv-
er's seat. Clare Relays permit a flexi-
bility of plan unheard of with ordinary 
relays. 

The secret? There isn't any. It's just 
that Clare "custom-building" makes h 
possible for you . . . with the utmost 
economy . . . to have a relay exactly 
suited to your specific requirements. 

Clare doesn't design and manufacture 
a new relay for you from the ground 
up. There would be no economy for 
you in that. Clare "custom-building" 
selects the proper combination of Clare 
features for the job and includes them 
in a standard basic frame that is ideal 
for the requirement at hand. 

Clare "custom-building" is a method 
of construction. It permits a wide range 
of contact ratings ... five different con-
tact forms or any combination of them 
... either flat or hemispherical contacts 
which may be of rare metals or special 

II a/ sf e.tee, 
alloys . . . coil windings to match the 
circuit and application. 

Clare Relays are built for applications 
where precise performance, long ,life 
and dependability are prime requisites. 
Thousands of users attest to the value 
of Clare Relays and the Clare "custom-
built" principle. 

To "custom-build" a relay for you 
Clare engineers must know all the facts 
surrounding the requirements. Clare 
has sales engineers in all principal 
cities to show you how Clare"Custom-
Built" Multiple Contact Relays are the 
effective answer to modern design 
problems. 

Send for the new Clare Engineering 
Data Book with its full information on 
the full line of Clare Relays and allied 
control apparatus. Address: C. P. Clare 
& Company, 4719 West Sunnyside 
Avenue, Chicago 30, Illinois. Cable 
address: CLARELAY. 

CLARE RELAYS 

Nzigifriell 

i 

came:— 

Contacts are welded te nickel silver springs 
by a special process. May be of precious 
metals or alloys in 12 different standard or 
special type- and 

Coil core of a.c. relays is of this 'amino-
fions of silicon steel, riveted together. This 
reduces hysteresis and eddy current losses, 
gives large amount of power with small 
heat losses. 

High voltage spring pile-up insJlators of 
special hear-treated Bakelite. Have mini-
mum cold flow properties, low moisture 
absorption content. Permit punching with-
out cracks or checks. 

Double arm armature assembly with stain-
less steel shaft, opercring in a marine brass 
yoke. Heelpiece, core and armature assem-
bly of magnetic metal. "Custorr-Built" Muïtiple Contzzt Relays for Elecfrical and Industrial Use 



PERMANENT MAGNETS MAY DO IT BETTER! 

Precision Grinding of Permanent 

Magnets to Close Tolerances 

For accurate grinding to critical toler-
ances, a large battery of diversified 
machines is required. Conventional-type 
grinders are capable of many essential 
operations, but numerous machines have 
been designed and installed to do special 
work more efficiently and economically 
than could be done on standard grind-
ing machines. On some magnets, only 
a single plane must be ground; but as 
many as twenty-two planes have to be 
ground on others. Because of the wide 
range of magnet shapes and sizes, our 
grinding department is equipped with 
machinery for practically every conceiv-
able magnet grinding task. 
Our engineers will be pleased to con-

sult with you in solving your engineer-
ing problems. For data on permanent 
magnet application, write for new "Per-
manent Magnet Manual" prepared by 
The Indiana Steel Products Company. 

6 NORTH MICHIGAN AVENUE, CHICAGO 2, ILLINOIS • • • SPECIALISTS IN PERMANENT MAGNETS SINCE 1910 

58 ELECTRONIC INDUSTRIES • April, 1946 



HERE'S HOW THE DuMONT TYPE 7EP4 HELPS KEEP 

RECEIVER MANUFACTURING COSTS AT ROCK BOTTOM: 

4 Simplicity of the tube design as-sures low-cost production 

0 Low operating voltage requires simple, low-cost power supply 

4
 Inexpensive but adequate all-
phenolic magnai base cuts 
down socket costs 

4 High deflection sensitivity; ex-ceptionally good light output 

0 Special DuMont "Eye Comfort" sof t-quality screen 

4
 Stellar performance that "sells" 
receivers to a mass market ... and 
at a profit 

LET DuMONT'S- REPRESENTATIVE PROVE THIS IS YOUR "BEST BUY!" 

ALLEN B. DuMONT LABORATORIES, INC., PASSAIC., NEW JERSEY • CABLE ADDRESS: ALBEEDU, PASSAIC, N. J., U. S. A. 
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More output per dollar input! 
• 

The highly efficient output network ot the 

Collins 20K AM broadcast transmitter 

contributes materially to its high operating 

economy and reliability. Efficient transfer 

of power from final amplifier to antenna 

calls for less power input, and therefore 

less power dissipation in circuit elements. 

Lower operating cost, greater dependabil-

ity, and longer component life are the re-

sults of ingenious coordination of circuit 

design, components, and tubes. 

Audio frequency distortion, noise level, 

. • • • • • • • 

and audio frequency response are within 

FCC high fidelity requirements. Stabil-

ized feedback constantly safeguards these 

excellent performance characteristics un-

der widely varying operating conditions. 

Complete metering and motor tuning 

provide control over all circuits. Power 

change-over from 1000 watts to 500 watts 

is instantaneous. Write for further infor-

mation. Collins Radio Company, Cedar 

Rapids, Iowa; 11 West 42nd Street, New 

York 18, N. Y. 

FOR BROADCAST QUALITY, Irs.... 

• 
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INDUSTRIAL ELECTRCNICS 

O. H. CALDWELL, EDITOR * M. CLEMENTS, PUBLISHER * 480 LEXINGTON AVE., NEW YORK (17), N.Y. 

FM—Keep It Pure! 

Inherently, frequency modulation can provide the 
most perfect broadcast reception. Its freedom from 
static and from background noise, and its wider fidelity 
range render it an ideal medium for public service. 
We deplore, therefore, any move that may ever be 
made to degrade FM by diminishing or eliminating its 
outstanding merits of noise suppression. 

These are the great qualities that make FM the 
splendid "plus-broadcasting" it is. 

Real vs. Shoddy 

If in any quarter the aim is to produce quantity and 
cheapness—merely "sets that will receive FM," without 
embodying FM's great advantages of noise-elimination, 
a great loss will be suffered by the public and the radio 
industry. Some producers, fortunately, will always con-
tinue to hold high the standards of FM's full poten-
tialities. Such lines should profit richly as the trade 
and public come to understand the difference between 
the real and the shoddy. 

Engineer in Business 

Radio engineering groups should give attention to 
augmenting members' earning powers as well as their 
technical information. Thus, the Los Angeles IRE 
section recently held a session on "The Engineer in 
Business for Himself." 
Appropriate subtopics discussed were: "Proprietor, 

Partner or Corporation," "Protection of Your Ideas and 
Rights," "Relations with City, County and State," 
"Taxes," and "Ethics and Customer Relations." 
May other groups follow LA's lead! 

Aiding the Handicapped Vet 

Each of us appreciates the obligation we individually 
owe to the returning war veteran. Our indebtedness 
goes much deeper for those with physical handicaps 
who are trying to re-establish themselves as producing 

workers. In many such cases, after short specialized 
training, supposedly handicapped workers often be-
come even more expert and more productive than 

normal employees. 
This problem also offers a particular challenge to 

the electronic industry. How quickly can we provide 
simplified controls for the production equipment now 
installed in the plants of America. Physical handicaps 
will not be such hurdles if a lathe can be run from a 
small control panel, if gaging can be done with audible 
signals, or delicate adjustments set-up with a sturdy 
lever. 

Electronic controls have a bigger job than ever in 
reconverting America! 

Better Traffic Signals 

Radio men have been trying to pound home to rail-
way and roadway traffic experts the fact that radio-
control technic will be of great value to the railroad 
and automotive industries, particularly in supplement-
ing existing traffic signals of the visual type. For 
such old-fashioned signal; in effect, can "speak" only 
several words, "stop", "go", and "caution". These sig-
nals cannot convey the detailed information which is 
required in emergencies. And, when visibility is ob-
scured, they cannot effectively perform their func-
tions. 

In Emergencies and Bad Weather 

By the use of radio circuits, however, full informa-
tion may be transmitted by voice signals, right into the 
interior of mobile units, regardless of weather condi-
tions. This means a great gain in operating effective-
ness. 

Since such installations will contribute to public 
safety, as well as to the establishment of new indus-
tries, with resulting increased employment, every radio 
engineer should count himself a missionary in this 
effort. 
Railroad and traffic signals can become one .of the 

most important of the electronic industries. 

Sent You as a Supplement to this Issue— In Colors; 16 by 11 inches 

Chart of Frequency Modulation Systems 
Diagramming the basic principles, characteristics, and features of FM transmitters and 

receivers 
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* FM SYSTEMS ENGINEERING 

THEORY AND DESIGN OF 

By A. M. STONE and J. L. LAWSON 
Radiation Laboratoryt M.I.T 

Analysis and exact solution of shunt-fed, double-tuned 

networks permitting application to wideband circuits 

• The transfer of electric voltage, 
current, or power from one place 
to another is a problem which has 
long plagued the circuit engineer. 
In most cases the characteristic 
needed in a suitable transfer cir-
cuit, or transformer, can be rather 
easily obtained by the simplest 
means, but where efficiency of 
transfer over a wide frequency 
range is required more complicated 
transformers must be used. The 
construction of a transformer hav-
ing two resonant meshes, common-
ly referred to as a double-tuned 
transformer, has involved certain 
design formulas which apparently 
have been solved only for limiting 
cases. A complete solution for such 
a transformer does not exist, to the 
authors' knowledge, yet the wide-
spread use of the circuit demands 
a complete understanding of the 
design formulas. 

Transformers of more than two 
meshes have been used occasion-
ally, but the complete design equa-
tions for such transformers are in-
credibly laborious. The double-
tuned transformer represents a 
good compromise type, one which 
is neither too complex to under-
stand nor as inefficient as the sim-
pler single-tuned type. In this ar-
ticle a complete solution for the 
double-tuned transformer is pre-
sented, together with illustrations 
of the use of the derived formulas 
and charts. The solution has been 
restricted in two ways; only the 
shunt-fed circuit is calculated, and 
the coupling between meshes is ad-
justed for transitional or "fiat-
flat" response. More will be said 
about these conditions later; they 
represent conditions which are 
normally imposed in most practical 
cases. 

In the more usual sense, and as 
we shall discuss it here, a coupling 
circuit will be considered to be sim-
ply a network composed of passive 
elements inserted between a gen-

erator or source and a transmission 
medium or receptor. Furthermore, 

the elements of this network will 
be presumed to be linear and non-
radiating. 

In general, where the source and 
receptor possess reactances, i.e., 
usually shunt capacitances, and 
where, as is most common, the 
transfer of voltage over a band of 
frequencies must be accomplished, 
the simplest coupling circuit is the 
single-tuned circuit. In Fig. 1 is 
shown a typical single-tuned cir-
cuit used as an interstage coupling 
element. It is a two-terminal unit 
used to produce output voltage (the 
grid voltage of tube 2) due to in-
put current (plate current of tube 
1). By means of adjustment of the 
inductance L, in relation to the 
tube and wiring capacitance C, ef-
fective voltage transfer will occur 
in the neighborhood of 

w = 1 VLC 

where w = 2rx frequency. How nar-
row or how wide the region of volt-
age transfer is depends on R. Un-
fortunately for many applications, 
a wide bandwidth—low R—is ac-
companied by a distinct loss in 
voltage transfer. 

Fig. 1—Two-terminal single-tuned circuit 

More efficient coupling circuits 
than the single-tuned exist. The 
output voltage from the network 
can be made higher, for a given 
bandwidth. It is beyond the scope 
of the present article to penetrate 
deeply into this question, but it 
may be remarked that coupling 
circuits in the form of infinite sec-
tion filters can be shown theoreti-
cally to offer the best gain-band-

width product. ( 1). But these are 
impossible to make, are often criti-
cal, and the better approximations 
are expensive, difficult of design, 
and often impractical. Further-
more, in many applications their 
phase response is inadequate. 
Hence it has been more and more 
customary to make use of the ad-
vantages of the double-tuned cir-
cuit over the single-tuned. This 
carries one well along the road 
toward the most advantageous 
coupling elemen.t, without too great 
a sacrifice of simplicity of design. 

Double-tutted circuit 

Perhaps the next most compli-
cated, yet worthwhile, circuit after 
the single-tuned is the double-
tuned network shown in Fig. 2. 
Here two single-tuned stages are 
mutually coupled inductive/y. The 
network is a four-terminal one: 
the pairs are, respectively, the in-
put and output voltage terminals 
and duality between the two is in-
sured by the linearity of the circuit 
elements. 

Why is the double-tuned circuit, 
with its added complexity, pre-
ferred to the single-tuned circuit? 
There are a number of reasons. 

1. The gain - bandwidth product 
can often be improved by a fac-
tor of 2. In multiple stages this 
improvement can be vital in 
wideband receivers. 

2. Again in multiple stages, gay n, 
the overall bandwidths is de-
creased in proportion to the 4th 
root of n, whereas in single-
tuned stages it decreases in ac-
cordance with the 3rd root. For 
eight stages, the improvement 

.1-This paper is based on work done for the 
Office of Scientific Research and Development 
under Contract OEM sr-262. 

2w. W. Hansen, J. Appl. Phys., 16 528, 
1945. 

*Bandwidth always refers to the separation 
of the 3 db points—i.e., the points where the 
power is 0.5 the maximum. 
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in the overall gain-bandwidth 
product from this factor alone 
is about 1.5. 

3. The selectivity is much im-
proved over that of the single-
tuned stage. That is, the sides 
of the bandpass curve are much 
steeper as the frequency departs 
from resonance. At the same 
time, near resonance, the top of 
the bandpass curve can be made 
much flatter than in the case of 
the single-tuned circuit. 

4. The transient response of the 
double-tuned circuit need not be 
significantly worse than the sin-
gle-tuned circuit. Overshoots in 
the output voltage in response 
to square wave input voltages 
can be held to a very few per-
cent. The phase response is 
therefore almost linear over the 
bandwidth. 

5. While a pair of staggered single-
tuned stages can be made to 
have the same shape of response 
as one double-tuned stage, 
greater efficiency is obtained by 
the use of the latter, particu-
larly if many stages are cas-
caded. Furthermore, when sin-
gle stages are required, e.g., to 
couple from a tube to a line, 
there is no convenient way to 
make use of the staggering 
principle. 

Fig. 2—Double-tuned network using inductive mutual coupling 

Fig. 3—Four-terminal T equivalent network of double-tuned circuit 

Fig. 4—Four-terminal 7r equivalent network of double-tuned circuit 
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In spite of the fact that double-
tuned stages have been very widely 
• used in the past, there has been to 
our knowledge no complete theory 
covering its design and use. The 
double-tuned circuit has represent-
ed a good compromise between the 
complexity of analysis and desira-
bility of response— that is, approxi-
mate calculations could be made 
rather easily. The mere fact that 
approximations have had to be used 
in the past indicates why circuits 
still more complex (and hence 
probably more desirable for certain 
applications) have scarcely ever 
been attempted. 
This present article will present 

the results obtained from an exact 
solution of the double-tuned cir-
cuit. (It should be emphasized that 
whenever really wideband circuits, 
bandwidths of the order of the cen-
ter frequency, are a requirement, 
in television, in radar, and the like, 
the narrow-band solutions are in-
applicable. Circuits calculated on 
this approximate basis are often 
very far in error indeed.) As we 
have stated, the solution to be pre-
sented has been restricted to the 
case where the double-tuned cir-
cuit is shunt-fed, because most 
often in practice one has to deal 
with constant-current generators 
having shunt capacitance. The 
series-fed circuit is amenable to 
the same kind of analysis, but the 

details have not 
yet been carried 
out. 
T he practical 

application and 
the solution of 
the double-
tuned circuit are 
facilitated by 
t h e recognition 
of certain equiv-
alence relations. 

Not only does this ease the 
analysis but it is often extremely 
convenient in the construction of 
circuits to be able to use one of 
the equivalent, but physically dif-
ferent, forms of the circuit. 

It is easy to show that the four-
terminal T-network of Fig. 3 and 
the four-terminal n.-network of Fig. 
4 are completely equivalent to the 
double-tuned circuit of Fig. 2. This 
equivalence demands only relations 
among the inductances, and hence 
is a practical one. 
These relations are: 

Double-tuned to T: 

= -m- L 
1 

L2 + 13 = X2 X2-M= L2 

• 
= • M' 

L3 A.i L3 

Double-tuned to 

X1 X2 - M2 
= 11 

X2- M 

X1 X - M2 

X 1 - M 2 

X 1X 2 M2 
M 13 

T to r: 

(11 

1 2 13 +1 1 I 2 . x 

11 12 + 13 t 

I 1 + 11 . 
2 3 1 2 x 

1 + 1 + 1 1 2 3 2 

1112 b.1 

11 + I 2 + 13 

(2) 

›, I I 
3 =.› 1 --1-,---'L 
L2 •1 11 +1 2 + 13 i 

)1 1 1 
3 . 1 ____2_2_. L 
L 2 11 #12 + 13 2 1 

\ I I 
—1= 1 1 2  = L 
L3 3 1 1 + 12 • 13 3 131 

where >,3 is defined by 

X3 P. Li L2 • L1 L3 • L2 L3 14/ 

The coefficient of coupling, 

M 
k, Is given by k 151 

(a) High-g Case (b) Exact low-C.& ease 

Fig. 5—Flat-flat double-tuned resonance curve for low-Q and hIgh-Q 
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frequency w as a function 

There is one further character-
istic of the double-tuned circuit 
that has «not yet been discussed 
here. By varying the strength of 
the coupling between the two 
meshes, one can achieve different 
types of bandpass éurves, single-
p eaked, double - peaked, "flat-
topped," etc. Nevertheless, for a 
great many applications one's in-
terests are best served by making 
the curve as flat as possible over as 
large a frequency range as possible. 
When this is done we have what 
is called "transitional" or "flat-flat" 
coupling. See Fig. 5. The curve is 
so flat that only the fourth deriva-
tive of the ratio of output to input 
powert vs. the frequency has a 
value different from zero in the 
neighborhood of geometric band 
center. 

This type of coupling is usually 
preferred over, for example, so-
called "critical coupling" because: 
(1) a more advantageous gain-
bandwidth product is achieved; ( 2) 
the tuning within the flat region 
of the frequency domain becomes 
obviously less critical; ( 3) the nar-
rowing effects of cascading stages 
are less damaging; (4) the phase 
characteristic is good enough so 
that transient response is adequate 
for most applications. 

When the Q's of the individual 
meshes of Fig. 2 are reasonably 
high—say, exceeding unity—an ad-
ditional type of equivalence can be 
Indicated. In what follows will be 
found certain approximate solu-
tions, valid in the high-Q cases. 
These approximations to the exact 
solutions apply to the series-fed 

tThe reader will recognize this ratio as the 
square of the absolute value of the transfer 
Impedance of the network. 

of the exact bandwidth b 

circuit as well. This requires that, 
if r is the resistance in series with 
the primary inductance, then the 
series-fed and shunt-fed circuits 
are approximately equivalent, if 

r-R = Qi 2 

where 

)% to 

X Iwo 

16) 

17, 

and wo is the approximate center 
frequency. 
With this in mind, in the next 

section will be presented design 
charts which apply to "fiat-fiat" 
double - tuned stages ( or their 
equivalents) when shunt-fed — for 
example, from the plate of the 
pentode. 

Design formulas and charts 

The exact solution for the in-
ductances to be used in the shunt-
fed double-tuned circuit to achieve 
"flat-fiat" coupling will now be 
written down. It is convenient to 
introduce the primary and sec-
ondary dissipation factors, al and 
ao, defined by 

j. 

a 2 p2c 2 18) 

It will be immediately recognized 
that the a'S are merely the recip-
rocals of the Q's of the individual 
meshes. It can be shown that 

X.   
c zi.,04 

( + a22 + 31X 1 2) 

2 C2to02 8 8 

a 2 3a 2 
X = (RI (1+_1-8 
1 C1002 

L3 (Xi X2 — X3 )* 

L2 = X2 — L 

L — L13  1101 

while the solution for l, 10, and 13 
follows from Eq. ( 3) . The solutions 
for the inductances is complete once 
the primary and secondary resist-
ances and capacitances are speci-
fied, plus one additional quantity, 
W.. The quantity, wo, it may be 
stated, is the radian frequency at 
which the bandpass curve has its 
maximum value. It is only in the 
high-Q approximation (narrow 
bandwidth relative to the center 

frequency) that wo is actually the 
center radian frequency. 

All that the formulas in Eq. ( 9) 
can do is to ensure that with the 
physical quantities so related, one 
will obtain a "flat-flat" resonance 
curve. But nothing as yet has set-
tled what the center frequency of 
the resonance curve will be, nor 
what the bandwidth will be. To an-
ticipate, these will be essentially 
determined by the choice of the 
a's, and we will now turn to the 
method for their determination. 
In the design of these transform-

ers, one is usually given the arith-
metic center frequency and the 
bandwidth desired. Let the former 
be denoted by w/2.- and the latter 

by 13 —. For example, for a 15 mc 

bandwidth arithmetically centered 
at 30 mc, w = 2 ir X 30 x 106 and g = 
15/30 = 0.5. Hence- r) is the value 
of the bandwidth in terms of its 
center frequency. We require rela-
tions between these two quantities 
and the as yet unspecified wo, al, 

and a., in Eq. ( 9) . No analytic rela-
tionship is available. It is impor-
tant to note that the loading-band-
width relations do not depend on 
the center frequency, butonly on the 
relative bandwidth g. The value of 
a is the same for a 1 mc bandwidth 
centered at 2 mc as for a 15 mc 
bandwidth centered at 30 mc. In 
Fig. 6 is plotted wo/w vs g, and in 

Fig. 7 is plotted a VS E«, where a 
ai a2. 

In order to use the charts, one 
calculates g from the desired band-
width and center frequency; TI« ob-
viously has a value between 0 and 
2. From Fig. 6 the ratio w/wo can 
be read, and thus wo is determined. 
From Fig. 7 the necessary value of 
a is read. Note that the loading 
(i.e., al and a2) may be apportioned 
in any way between the two meshes 
so as to obtain the required total 
dissipation factor. However, gain-
bandwidth consideration (see Table 
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Fig. 7—Total dissipation factor a as a function of the bandwidth b. Note: a al + a 2 

I) usually will dictate either pri-
mary loading (a2 = 0) or secondary 
loading (al =. 0). Or, it may hap-
pen that the particular circuit 
may be unavoidably loaded arbi-
trarily on one side or the other, 
or both. 

At any rate, with to., ai, and a2 

determined from the charts and 
the division of the loading, the so-
lution of the circuit is now com-
plete. All we need do is calcúlate 
the L's, calculate the necessary R's 
(the C's are assumed given, al-
though some cases may require 
their adjustment, as is shown 
later), and insert them in the net-
work. When this is done one will 
obtain a flat-topped resonance 
curve for the transfer impedance 
of the network, with the center of 
the curve exactly where desired, 
and with a width between half-
power points again exactly as pre-
scribed. 

Gain-bandwidth 
considerations 

Bandwidth alone does not ex-
haust the desiderata for a coupling 
circuit. Equally important is the 
gain that can be achieved with a 
given bandwidth. 

It would carry us too far afield 
to develop the equations leading to 
the gain-bandwidth product of the 
double-tuned circuit. It will be 
more useful to discuss this in terms 
of the improvement factor, F, 
which is a measure of the superior-
ity of the gain-bandwidth product 
of the double-tuned circuit over 
that of the conventional single-
tuned circuit. 

For convenience two cases are 
considered: ( 1) the high-Q case, 

/Le 

where the ratio of center frequency 
to bandwidth is very high; and (2) 
the low-Q case where the converse 
is true. Actually an error of only 
a few percent is involved, if the 
dividing line between the high-Q 
and low-Q cases is put at a ratio 
of center frequency to bandwidth 
equal to unity. 

In both cases the factor F con-
tains in it a term equal to 

(C 1 C7)/14. 1 C 2 

twice the ratio of the arithmetic 
to the geometric mean values of 
primary and secondary capaci-
tances. This ratio equals 1 when 
the capacitances are equal and in-
creases slowly the more unequal 
they are. In Fig. 8 is shown the 
quantity 

c + c =  1 2  

,iC 1 C2 

plotted as a function of C2/Ci or 
Cl/C2. 

The rest of the factor F is a nu-
merical constant which depends on 
the case under consideration. If we 
write F = h ça, then Table I gives 
the various values of h. 
These values of h are rather 

TABLE I 

Numerical coefficient, h, in improvement 
factor, F. 

Single-loaded circuit, primary or secondary 
High-Q   2 
Low-Q  N/3 

Equal loading on primary and secondary 
Ffigh-Q  N/2 
Low-Q   1 

curious. It will be noticed that a 
minimum improvement in gain-
bandwidths product is a factor of 2 
(when C1 = C2) for single-loaded 
circuits as wide as their center fre-
quencies. This is in reality an enor-
mous advantage when wideband 
circuits are required. Even the 
smaller factors in the other cases 

are of extreme significance. This will 
be most apparent when we discuss 
certain applications of these cir-
cuits. 

Approximate values 

It is useful to have available in 
tabular form certain approximate 
expressions for the bandwidth and 
center frequency. These approxi-
mate expressions are surprisingly 
accurate even when the bandwidth 
is as wide as the center frequency. 
An error of not more than a few 
percent will be incurred in using 
these high-Q approximations and 
one rapidly incurs far less error as 
soon as the center frequency begins 
to exceed appreciably the band-
width. 

TABLE I I 

Approximate Values of Several Quantities 

QUANTITY 
HIGH-Q 

APPROXIMATION 
10*- 1) 

APPROXIMATION 

7/ 

1 
a 

W e 4 

6 
a 

2 
P --

b2 
a 

-112 
Y 

am 

b 
1 16 

In this table have been included 
values appropriate to the low-Q ap-
proximations (ai or a. ---> 50) as well. 
Two additional quantities have 
been introduced. b2 and b1 are, re-

2w 27r 

spectively, the upper and lower 
half-power frequencies, both meas-
ured in units of co./2w. Their ratio 
is often a quantity of interest. 
With the aid of Table II, the in-

ductances in Eqs. ( 9) may be read-
ily computed without the use of the 
charts. Only for high accuracy or 
for unusually wide bandwidths 
need the charts in Figs. 6 and 7 be 
consulted. 

The mathematical solution of the 
shunt - fed double - tuned trans-
former or its equivalent which has 
just been outlined is exact. Due to 
conditions of physical realizability, 
however, it is necessary to select 
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A positive real value for L3 will 
always exist, and must be chosen 
for physical realizability.• How-
ever. L2 and LI will not always be 
positive. It is convenient to write 
the conditions for the two cases 
separately: 

(1) —L2 positive. This will occur 

if X2 Ls, or if 

2 
1. { 3 2 1 1, 1 
2 is 1 4—a, +—a-,   
C o 8 - 8 ' C2C2to: 

.{ct 2, + a; . 3de + 10d 2td22 + 3cte 

2 64 

or If 

C 64 + 16(3,12 ct 2 ) . 9,24 a 6g 2a2 ctit 

C ‘ 3.21a 2•+ 3a4 f I 10,2o 2 . 3o4 031 2 
1. 1 2 2 

The equality sign holds when L. 
actually becomes zero. Since this 

*The negative solution, not physically real-
izable, is mathematically equivalent to the 
transformer with the output winding reversed. 

xs3tififo 

' trio'burdaa 
X11 fir/ ir• 

Fig. 11---Allowed and forbidden regions for C2/C1 as a function of a2 

Fig. 12---Permissible regions for primary loading R as function of ra2 

2 a , THE SQUARE or THE DISSIPATION FACTOR 

2 3 

function is rather complicated, it 
is convenient to consider three spe-
cial, but usually desired, conditions. 
The cases for primary loading (a., 
= 0), secondary loading (ai = 0) 
and equal loading (ai = a2 = a/2) 
are the following: 

Primary loading: 

C2 64 + 48a 2, • 9C15, 

C1 3212i 3«,4 

Secondary loading: 

C 64 + 16ct 22 + de 
2 e  

32a1 + 3a1 

Equal loading: 

c 64 « 16a 2 • a4 

16e + 

These equations represent condi-
tions which must be met by Co/C1 
in order that L. be a positive in-
ductance. These conditions are 
shown graphically in Figs. 9, 10, 11 
in which the "allowed" region for 
C2/C, is separated from the "for-
bidden" shaded region by the above 
equations in which the equality 
sign holds, i.e., L. = 0. The abscissa 
in these diagrams is a2, the square 
of the total dissipation factor. 
The above equations represent an 

upper limit to the ratio C2/Ci. 
There is also a lower limit which 
can be derived, in which the condi-

or If 

tions that L1 be positive are in-
vestigated. 

(2) —L1 positive. This occurs if 

X1 L3, or if 

2 

C2414 8 8 2 e 0 C 1C 2O 

324i #32:  

64 

C 32IŒ+Œ) + 3s +iDa2a2+ 3a* 
\  1 2 1 1 2 2  

114) Cie64+16tai2 + 3(1;1 +114 + 6T 2,C1 2, + 9,11 

115 I 

This again can be expressed for 
three special cases: 

Primary loading: 

C2 32a 2 • 3a4 
\  1  

-ey 64 + lea! + al 

Secondary loading: 

32,2 4.3„4 

‘-'2\  2 2  

Cle 64 4.4,3,:q 

16) 

Equal loading: 

06a2 • a4 

C: /64 lfza z + 

These results are also presented 
graphically in Figs. 9, 10, 11 where 
the lower shaded region represents 
"forbidden" values of C2/Ci in or-
der that L1 be real. 
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Thus if Co/Ci is made to lie with-
in the allowed region, as presented 
on the diagrams in Figs. 9, 10, and 
11, then Li, L2, and L3 will all be 
physically realizable and the equiv-
alent T or Ir circuit can be made. 
We may illustrate the principles 

just presented by some typical 
cases: 

A.— Video coupling transformer. 
In a video amplifier one is interest-
ed in amplifying frequencies within 
a band whose low-frequency limit 
is perhaps 10 cycles and whose 
high-frequency end is a few mc. 
One can investigate the possibility 
of using the transitionally-coupled 
transformer or its equivalent as a 
suitable interstage coupling unit. 
It is convenient to calculate the 
diesipation factor and design fre-
quency, wo, in terms of the upper 
and lower half-power frequencies 
which we may denote by f2 and 
respectively, f2 and f1 are meas-
ured in cycles per second. 
From Table II we see that 

b ae 

b 16' 
1 

(17) 
b1 f 

If b =- b2 — b1, the true band-
width in units of w./27r, then it can 
be shown that the low-Q approxi-
mation gives b a/2. Thus 

50 a 
b 5 — 1181 

w. 2 

Since b1 is small compared with 
b2, we may write 

2/tf 
b b 2 

2 

From Eqs. ( 17), ( 18) and ( 19) we 
obtain the relationship 

rd, 
1201 

Values e a and go.„ determined by 
Eqs. ( 17) and (20), are substituted 
into Eqs. (9) and ( 10) from which 
the transformer constants may be 
derived. 
As a specific case let us calculate 

the constants of a transformer 
which will couple from the plate of 
of a 6AK5 pentode into the grid of 
another 6AK5 pentode. In this case 
Cj = 4.5 ied and C2 = 7.2 Af. Let 
us further require that f2 = 10 mc 
and f1 = 10 cycles. 

From Eq. ( 17): a2 4 x 1.03 

Frcal Eq...(201: wo " 1.99 x 106 

1 
Frcen Eqs.191 and (W I: X, 

19.6 x W -`` 

3222 3a6  

3 2 
2 m---- 52.65 henrys sec. Inductance 

8C w2  
2 0 

a 2 
, 28.1 henrys pr) inductance 
o 

L3 M = 38.5 henrys mutual inductance 

A transformer having these large 
values of inductance with distrib-
uted capacitance small with respect 
to C1 and C2 is clearly not a feas-
ible arrangement in the present 
state of the art. However, the 
equivalent of such a transformer 
can be approximated in one of the 
derived forms, such as the T. In 
this case it is necessary to pay at-
tention to physical realizability. 
In order to calculate values of LI, 

L2, and L3 it is necessary to use the 
exact value for C2 as given by Eqs. 
(16) for primary loading. 

C2 4 C where L1 vanishes (.21i 
1 64 4 16a2 +a4 

Substituting this expression into 
Eqs. (9) and ( 10) one may derive: 

L2 
1{ a 

} ' C2/12 8 + a2 

L . 
3 w 1 8 + a 8C2 , 2 

1 .32a2+3aul 

which for very low-Q (a —> no) be-
come: 

,  8 1  

L2 C2 W2(22 2W2C f2 
o 2 2 

(22) 

32 • 3.  
L 
3 8C2w02 Enr2C2fif2 

Since there is no limitation to re-
ducing f1 to zero, we may consider 
the circuit under these conditions. 
Note that R2 = 00, L3 = 00, and C2 
= 3C1. Readers will recognize the 
circuit as one known as series 
peaking, for which the design equa-
tions are the following: 

1 

41(C1f 2 
(23) 

1  8 , 
L2 " 2x2c 2f 2 " ,RiC 1 

2 

This is a commonly used type of 
video coupling circuit. The product 
of gain and bandwidth of such a 
circuit may be computed, and the 
improvement factor, F, over a sin-
gle-tuned (R-C video coupling) cir-
cuit may be obtained. 

f; IC +C I 
F .___.  1 2  

2 IC1C2 1i 
1244 

If C2 = 3C1, as indicated above, the 
improvement factor is just 2. 
While the series-peaked circuit 

just exemplified has proved to be of 
considerable value, it represents 
only one type of video. peaking. 
Other types may be more desirable. 
It is possible, in fact, to construct 
other circuits which have better 
transient response and gain-band-
width product than the series-
peaked circuit just described. 

B.—Interstage if coupling. A dou-
ble-tuned transformer or its equiv-
alent makes a very satisfactory if 
interstage coupling unit. It is not 

(Continued on page 123) 

RADIO CONTROLLED CAMERAS FOR ATOM TEST 

In addition to radio controlled planes, forthcoming atom bomb tests in a Pacific atoll will require 

radio controlled cameras. This is part of the equipment to be installed by Fairchild Camera and 
Instrument Corp., on a ring of steel towers around Bikini 

68 
ELECTRONIC INDUSTRIES • April, 1946 



FM SYSTEMS ENGINEERING * 

FREQUENCY and PHASE DEVIATION 
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With this chart the modulation index of a frequency mod-

ulated signal, or the equivalent FM deviation of a phase 

modulated signal can be determined in either case on the 

center scales by the intersection of a line connecting the 

applied modulation frequency value on the scale at right, 

with either the phase shift or the frequency deviation scales 

at the left. EXAMPLE 1 for frequency modulation-15,000 

cycles applied audio with a modulation index of 5 gives a 

frequency deviation of 75. EXAMPLE 2 for phase modulation 

—1.000 cycles applied audio with an initial phase shift of 

2° gives an equivalent FM deviation of 35 cycles. Adjacent 

scales at extreme left permit use of either radians or degrees 

ELECTRONIC INDUSTRIES • April, 1946 69 



* FM SYSTEMS ENGINEERING 

NOMOGRAPH FOR FM DEVIATION 
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PURPOSE 

By means of this nomograph, the peak deviation of 

a frequency modulated transmitter or signal generator 

can be determined experimentally. When using the 

Crosby, or "carrier frequency null" method of devi-

ation calibration, the center frequency component of 

the FM carrier will disappear at certain discrete 

values of deviation and audio modulation frequency. 

This occurs when the quotient of peak frequency devi-

ation over modulation frequency ( modulation index) 

assumes values of 2.4048, 5.5201, 8.6537, 11.7915. 

14.9309, etc., corresponding to zero order Bessel func-

tions of the modulation index. 

Though an infinite series of null points is possible, 

for all practical purposes the first five points given 

above are sufficient to measure the FM deviations up 

to +200 kc which will result from modulation rates up 

to 15,000 cycles per second. 

HOW TO USE 

EXAMPLE 

FOURTH 
I NULL 

THIRD 
NULL — 

— _ SECOND 
NULL 

A—A highly selective receiver is tuned to the unmodulated car-
— rier frequency of a transmitter or signal generator. 

B—The carrier is then frequency modulated by a sine-wave oscil-
r later of known frequency. 

.7 
C—Gradually increase the amplitude of audio modulation until 

minimum output is obtained from the receiver. This corre-
sponds to the "first null", given on the scale of Carrier 
Frequency Nulls. 

D—Place a straight edge on the nomograph so as to connect the 
first null with the audio modulating frequency ( left hand 

—.3 scale) at which the null occurred. 

E—Read the resulting carrier deviation ( -±ke on the center 

scale. For greatest accuracy, the straight edge should be as 
— .2 nearly perpendicular to the nomograph scales as possible. 

It is desirable to select a modulating frequency and null 
point with reference to the particular deviation being 
considered. 

EXAMPLE: To find a reference point of deviation near ±3 kc, a 

.i 500 cycle tuning fork, used as audio source, will give a second 
null at ±-2.76 kc, as shown by the dashed line. Correlation 

between kc deviation and audio volts or decibels can be 

07 obtained from a calibrated attenuator, assuming a linear .  
relationship. 

— .04 
FIRST 
NULL --' 

F
R
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Y
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. AM) SW _ MIL SU Ali OIL _OR 

Two views of the Raytheon broddcast studio console, the front with its controls for two studios and for control room announce microphone, 
two transcription turntables and 14 incoming lines; and the back showing accessibility, method of wiring and the seven pre- amplifiers 

TWO-STUDIO CONSOLE 
Simultaneous auditioning and broadcasting from any 

combination of studios and other sources provided for 

• Increasing demand for higher 
quality audio transmission requires 
apparatus having a wide response 
range. In addition such equipment 
must include a means fer gaging 
the true quality of transmitted pro-
grams, especially in FM stations. 
The new model RC- 10 studio con-
sole produced by Raytheon Mfg. Co., 
Chicago, has many useful features 
and provides a modern, compact, 
flexible, wide range speech input 
system adaptable for use in both 
AM and FM broadcasting. 

In a typical installation, for ex-
ample, the unit has facilities to 
handle two studios, a control-room 
announce microphone, two tran-
scription turntables and 14 incom-

ing lines. Provision is made for 
the simultaneous auditioning and 
broadcasting from any combina-
tion of the studios, turntables or 
remote lines. 
A single all metal console is used 

as a housing for the amplifying 
and control equipment. The dual 
power supply for the speech input 
console is mounted in a separate 
wall cabinet. The functions and 
arrangement of the various circuits 
are shown in the block diagram. 
The console is made up of seven 

pre-amplifiers, one program am-
plifier and one monitoring ampli-
fier. A nine-position mixer system 
is utilized to provide complete con-
trol of the seven pre- amplifiers as 
well as two remote circuits. Three-
position lever action keys are used 
in the output of each mixer so that 
it may be switched to the input ol 

the program amplifier for audition-
ing purposes. The five microphone 
switches are interlocked to three 
loudspeaker cut-off relays. This 
prevents operation of speaker B, C, 
or D in any studio where there is a 
live microphone, but facilitates cue-
ing by allowing the performers to 
hear the close of the program pre-
ceding their own. Pre-amplifiers 
number 6 and '7 are normally used 
as transcription turntable input 

amplifiers. They may be used for 
microphone input use. 
The program amplifier provides a 

high gain, low distortion, low noise 
level amplifier or feeding the trans-
mission line to the transmitter lo-
cation point. The monitor ampli-
fier has a maximum output of 
approximately 8 watts. With the 
monitor input switch connected to 
the program output line through a 

(Continued on page 129) 

Schematic wiring diagram of the Raytheon console arranged to show the versatility of the unit 

and the manner in which various connections are set up with flip switches 
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FEEDING COMBINED FM 

By WILSON PRITCHETT 
Radio Engineer, E. F. Johnson Co., Waseca, Minn. 

Basic types' of circuits designed to eliminate possibility of 

shorting l!1 power or permitting crosstalk from 1,1 feedback 

•Installation of a frequency mod-
ulation antenna on top of a base-
insulated standard broadcast tower 
antenna introduces the problem of 
feeding the FM power across the 
base insulator without short-cir-
cuiting the latter at the frequency 
or permitting the AM to pass back 
through the FM feed line to the 
FM transmitter and causing cross-
talk at the FM frequency. 

In addition, standard broadcast 
stations already in operation are 
required to submit data to the FCC 
regarding the effect of the FM an-
tenna and associated equipment on 
the AM base impedance and field 
pattern. This is because the addi-
tion of an FM antenna may change 
the height or cross-section of the 
AM antenna. This alone may change 
the base impedance. The presence 
of the coupling circuit may also 
produce a change. Finally, erection 
of a tuning house very near the 
base may change the impedance. 
These changes in the base imped-
ance of the AM tower may necessi-
tate readjustment of the FM an-
tenna feeding system. 

Coupling schemes 

In new installations of both FM 
and AM coupling equipment the 
impedance change can be incor-
porated in the design specifications 
of the AM coupling unit. Also both 
units can be placed in the same 
tuning house and for a certain type 
of circuit both units may use a 
common line to excite the two an-
tennas. 

Several possible methods of ac-
complishing this will be discussed 
together with their influence on 
both the AM and FM systems. 
Three basic types of circuits will be 
considered. The first two will be 
briefly described. The third circuit 
based on coupling schemes origi-
nated by A. Alford, has been cafe-
mercially developed by the writer 
and will be treated in more detail. 

SCHEMATIC CIRCUIT 

OPEN 

1/4  WAVE 

SNORT 

APPROXIMATE EQUIVALENT 
CIRCUIT. 

FM AM 

Fig. 1—Frequency modulation antenna coupler using quarter-wave lines at the FM frequency 

The first method uses direct 
coupling of the FM line from the 
transmitter to the line passing up 

. the tower by means of open-cir-
cuited and short-circuited lines 1/4  
wavelength long at the FM fre-
quency.1 Open-circuited 1/4  wave 
lines are used to join the corre-
sponding conductors of the FM 
transmission lines. A short-circuited 
1/4 wave line bridges the output end 
of the FM line from the transmitter 
to prevent AM power from passing 
back toward the FM transmitter. 
Inductors and capacitors form par-
allel resonant circuits at the AM 
frequency with the open-circuited 
lines across which they connect. 
The sketches of Fig. 1 show a 

schematic circuit including the 1/4 
wave lines and their approximate 
equivalent circuits at the two fre-
quencies of interest. Two modifica-
tions of the Taylor scheme are in-

'John P. Taylor, "FM Antenna Coupler". 
Electronics, August 1945, p. 107. 

corporated, namely, grounding the 
end of the external conductor of Si, 
and adding short-circuited 1/4 wave 
line, al, connected across the out-
put line. The purpose of the ground 
on Si 1/4  wavelength from its input 
end is to prevent its shell from be-
having as a large admittance 
shunting the input line. The pur-
pose of S4 is to prevent the develop-
ment of spurious voltages across 
the output line. 

The second method carries the 
FM transmission line directly 
through a circuit offering a high 
impedance to the AM frequency. 
This is done by winding the FM line 
in the form of an inductor which is 
tuned to anti-resonance with a ca-
pacitor. Another method for ob-
taining the same result is to in-
sulate the FM line for a distance up 
the AM tower equal to 1/4 wave at 
the AM frequency. At this point 
the line is securely connected to the 
tower. Another modification which 
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and AM ANTENNA ARRAYS 

A 

1-3 Li 

OUTPUT 

L4 

INPUT 

Fig. 2—Schematic circuit of FM antenna iso-

coupler using coupled transmission lines 

can be used is to carry the line out 
parallel to the ground a distance of 
1/4 wave and then ground it. Under 
certain conditions less than 1/4 wave 
can be used and the line tuned to 
anti-resonance with a capacitor. 
The limitation of this method is 

the attenuation present in a line of 
suitable size for winding. The dis-
advantages of the insulated line are 
the necessity for a line nearly 1/4 
wave long below the FM antenna 
and the cost of installation and 
maintenance of the insulation. 
These disadvantages are especially 
significant at the lower broadcast 
frequencies. 
The third method makes use of a 

pair of electromagnetically coupled 
transmission lines.2 The input sec-
tion is fed from the transmitter and 
the output section is connected to 
the transmission line passing up 
the tower to the FM antenna. The 
spacing between the coupled sec-
tions is designed to withstand the 
voltage at the base of the AM an-
tenna. 
Adjustment of the section lengths 

and of the location of a shorting 
bar and an adjustable stub line 
provide means for making an im-
pedance match with the line ex-
tending back to the transmitter. In 
addition, they permit elimination of 
stray FM fields about the coupling 
unit. Use of short-circuited coup-
ling sections and a matching stub 

2Andrew Alford, "Coupling Networks in 
Radio- Frequency Circuits", Proc. IRE Feb. 
1941, p. 55. 

eliminate AM voltages across the 
FM lines. The system couples the 
FM lines and at the same time iso-
lates the AM and FM systems. The 
sketch of Fig. 2 shows a schematic 
of the adjustable coupling sections, 
the matching sections, the adjust-
able stub and shorting bar. 
This scheme has been applied in 

the production of a coupling unit 
shown in Fig. 3 and called an FM 
iso-coupler. 
The coupling sections in the cen-

teY are made from 7/8 in. O.D. cop-

Fig. 3—Photograph of FM antenna iso-
coupler showing coupled transmission lines, 

matching section and stub line 

per tubing with adjustable ends. In 
Fig. 3, the tubing nearest the base 
plate is Lt in Fig. 2 and is the in-
put section which is connected to 
the upper end of the matching sec-
tion (L3) to the left. The tubing 
mounted farthest from the base 
plate is the output section (Lo of 
Fig. 2) which connects to the FM 
transmission line passing out of the 
tuning house and thence up the 
tower. The adjustable short-circuit-
ing bar in the output section is seen 
near the middle of the section. 
The matching section (L3 of Fig. 

2) consists of a 7/8 in. tube within 
a rectangular copper duct open on 
the top side. The dimensions of 

this section are such that it has the 
same characteristic impedance as 
that of the input line from the 
transmitter. The opening permits 
the adjustable stub line on the ex-
treme left to be connected to the 
matching section at any point. The 
open construction of the matching 
section permits easy measurement 
of the standing waves before and 
after the stub has been connected 
and adjusted. The photograph (Fig. 
4) shows the voltage standing wave 
ratio measuring instrument in place 
for measuring the standing wave 
ratio. All parts are mounted on the 
heavily copper-coated base plate as 
shown. 

The area to the right of the out-
put section in Fig. 3 provides space 
for mounting additional circuit ele-
ments that may be required in a 
particular installation. In existing 
installations an inductor for anti-
resonating the capacitance intro-
duced by the coupling unit is 
needed. This inductor is of the hol-
low copper tubing type to permit 
pressurizing the antenna line. 
Five FM adjustments are possible 

as shown in Fig. 2. The only ad-
justment necessary is of the pres-
surized inductor connected between 
the shell of the antenna line and 
ground. Since the only purpose of 
the inductor is neutralization of the 
stray capacitance, it is adjusted 
after all FM adjustments are com-
plete. The initial FM adjustments 
are made with the stub L1 discon-

Fig. 4—Photograph of voltage standing wave 
ratio instrument measuring relative voltage at 
100 mc on matching section of FM antenna 

iso-coupler 
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nected from the matching section 
L3 and power off. 
The lengths of the input and out-

put sections, L1 and L, are to be set 
to V2 wavelength at the operating 
FM frequency. Since in the design 
shown, the supporting insulators 
contribute approximately 3 mmf 
each of capacitance, loading the 
length is shortened as shown in 
Fig. 5. The distances are measured 
from the upper end of the duct at 
point B in Fig. 2 to the extreme 
lower end of the sections. The in-
put section L1 Is adjusted to 1/2  
wavelength so that its input im-
pedance will be high. This high im-
pedance prevents longitudinal ex-
citation as an antenna by the small 
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Fig. S--Graph showing the effect of supporting 

insulators on effective half-wavelength of 

Input section 

voltage drop due to the unbalanced 
currents flowing at B. As a result 
the open end at C is practically at 
zero potential with respect to 
ground and no significant stray 
fields result. 

The next adjustment is that of 
the shorting bar on the output sec-
tion L2. This is done with a small 
amount of FM power fed into the 
lower end of L3 and with the an-
tenna and its line connected to 
point A. If the antenna does not 
exactly match the line standing 
waves will be present and the im-
pedance as seen from A may be dif-
ferent from the characteristic im-
pedance of the line. The adjust-
ment of the shorting bar on L2 

usually will locate it near the mid-
dle of the line. When the standing 
wave instrument indicates a mini-
mum standing wave ratio as it is 
moved along L3 the shorting bar 
adjustment is correct. 
In practice the adjustment is 

rather broad with the higher load 
impedances at A resulting in plac-
ing the bar toward the open end. 
As a refinement, the length of the 
output sections may be changed 
very slightly with alternate adjust-
ments of the shorting bar until a 

0-200 pA. 

TO OUTER 
CONDUCTOR 

R.F. CHOKE 

SYLVANIA 
1N2IB 

SHIELD 

POLYSTYRENE 
. PROBE TO INNER 
CONDUCTOR 

Fig. 6— Sketch of internal arrangement of volt-

age standing wave ratio instrument of Fig. 4 

t-

o 

w 4 

4 
w 2 
rc 

MEASURED 

STANDING WAVE  
ON 

MATCHING SECTION 

I I 
0 10 20 30 I 40 50 
NCHES FROM UPPER END 

• 

60 

Fig. 7— Plot of relative voltage values of a 

standing wave measured on the matching sec-

tion with VSWR instrument of Fig. 4 

minimum ratio is obtained. Tests 
with the instrument shown in Fig. 
4 show that a ratio from 2 to 4 will 
be obtained. In no case should the 
length of L1 be changed once its 
adjustment is made for the FM fre-
quency. 

Standing wave rates 

From the value of the voltage 
standing wave ratio (VSWR) and 
its location, the position of the stub 
L4 and its short-circuiting plug may 
be determined.3 A correction must 
be made for the stray inductance of 
the connecting lugs and amounts to 
about 7 in. of line. After these ad-
justments are made, a check can be 
made of the residual VSWR below 
the point where L4 joins L3. 
A sketch of the VSWR instrument 

is shown in Fig. 6. The design of 
this instruments is such that its ef-
fect on the standing wave is prac-
tically negligible as shown by the 
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symmetry of a standing wave meas-
ured by it in Fig. 7. The values of 
the ordinates were obtained from 
readings in conjunction with the 
calibration curve of the VSWR in-
strument shown in Fig. 8. 

The crystal has approximately a 
square law characteristic at the 
upper end as seen in Fig. 8 but its 
characteristic becomes almost cubic 
at the lower end. This effect per-
mits detection of a small change in 
voltage. However, it becomes nec-
essary to read the low deflections 
rather carefully. 

Resistive dummy loads ranging 
from about 20 ohms up to about 
400 ohms were connected across the 
output section at point A in Fig. 2 
and power was fed at a number of 
frequencies within the present 88 
to 108 mc FM band. It was possible 
to adjust the lengths and the posi-
tion of the shorting bar on L. to 
yield a VSWR below 4 on L3. Place-
ment and adjustment of the stub 
line L4 reduced the residual ratio 
to approximately 1.1 in the lower 
part of the matching section. 

The input capacitance between 
point A and ground of Fig. 2 was 
105 mmf with L1 and L. extended 
for 88mc operation. A thermoam-
meter having a range up to 25 am-
peres was connected between point 
A and the output of a high power 
radio frequency source. The tests 
gave an initial spark-over between 
Lt and L. at 18 amperes loading 
and a consistent final repeated 
spark-over at 21 amperes for a fre-
quency of 2 mc. These spark-over 
currents correspond to about 19 and 
22 kv peak between the output sec-
tion L. and ground respectively. 
Voltages of this magnitude are 

well in excess of any that will be 
found at the base of practical 50 kw 
tower antennas. 

BF. E. Terman, Radio Engineers Handbook, 
p. 189. 

sAltar, Marshall and Hunter, "Probe Error in 
Standing-Wave Detectors", Proc. IRE, Jan. 
1946, p. 33. 

  CALIBRATION CURVE  
OF 

  SWR INSTRUMENT   

USING SYLVANIA 1N21B RECTIFIER  

  AND WESTON MODEL 506  

MICRO AMMETER 

4 6 10 20 40 60 100 

READING.OF VSWR INSTRUMENT — MICROAMPERES 
Fig. 8—Calibration of VSWR instrument of Fig. 4 showing characteristic of crystal rectifier 

200 

74 ELECTRONIC INDUSTRIES • April, 1946 



FM SYSTEMS ENGINEERING 

By RALPH R. BATCHER 
Consulting Editor, Electronic Industries 

Analyzing the various commercial methods that have been de-

veloped to accomplish frequency modulation of an RF carrier 

(See Systems Chart Supplement With This Issue) 

• There are numerous types of FM 
circuits used in the transmitters de-
veloped for regular broadcasting 
service and for special two-way 
communication purposes, such as 
police radio, railroad services, etc. 
The general purposes of the circuit 
arrangements of some of these are 
listed on the chart in this issue. 
The actual methods used to ac-

complish frequency modulation of 
the rf carrier, may be classified as 
(1) direct FM and (2) indirect FM 
(produced by means of phase mod-
ulation and its subsequent trans-
formation to FM). 
Direct FM is accomplished by a 

system consisting essentially of a 
self-excited oscillator, the operating 
carrier frequency of which may be 
altered simply by variation of the 
tank circuit constants. Examples of 
this method are used by the RCA, 
Federal, Westin ghcuse, Western 
Electric, etc., arrangements shown 

on the chart. 

Center frequency stability 

It is evident that although the 
momentary change in frequency 
may be quite large, it is necessary 
that the center or rest frequency be 
stabilized quite accurately, since 
any slow or permanent shift would 
result in an unbalance in the push-
pull effects in the audio system in 
the receiver, with a consequent in-
crease in the harmonic distortion. 
Thus two main problems are en-

countered in the design of a trans-
mitter—producing the shift in fre-
quency in accordance with the audio 
signal and maintaining a stable 
center frequency. 
A common method uses a re-

actance tube modulator, which 
makes use of the frequency shift 
in a self-excited oscillator that oc-
curs when any of its operating 
parameters are altered. Specifically, 
the oscillator tank circuit is altered 

a definite amount by reason of a 
change in a shunting impedance 
produced by the plate impedance of 
a pair of screen-grid modulator 
tubes. The-se tubes are biased in 
such a way that their combined 
plate impedance (the current in 
which is shifted in phase so as to 
simulate a reactance) will vary in 
accordance with any audio fre-
quency voltage impressed on their 
grids. All of the factors in this 
system are set to produce a linear 
modulation of the oscillator fre-
quency. 

Reactance tube 

In the reactance-tube modulation 
method a considerable frequency 
deviation can be obtained with good 
linearity and a comparatively small 
amount of frequency multiplication 
is needed to secure the desired fre-
quency deviation of the transmitter 
carrier at the output terminals. As 
an illustration, one may consider 
the frequency deviation required in 
the master oscillator of an FM 
transmitter delivering 100 watts of 
power to an antenna system at a 
center frequency of 95 mc with a 
maximum frequency deviation of 
± 75 kc. 

Under these conditions, using the 
process of direct FM, the master 
oscillator could be conveniently ad-
justed to a center frequency of 5.277 
mc followed by one doubler and two 
tripler cascade operated stages 
(total multiplication 18) to deliver 
a 95 mc output frequency to the 
power amplifier stage of the trans-
mitter. In this case, a multiplica-
tion factor of 18 in the cascade 
stages between the master oscillator 
and the antenna or output circuit 
would require a master oscillator 
deviation of 75/18 kc or 3166.6 cycles 
for full "modulation". 

Since it is essential that the cen-

ter frequency shall not drift and 
cause interference with signals on 
adjacent channels, or require con-
tinuous retuning of the FM receiver, 
frequency stabilizing is needed. 

Fill phase shift 

The "indirect" or Armstrong 
method of producing FM, starts 
with a crystal controlled oscillator 
the output of which is directed 
along two paths to a heterodyne 
mixing circuit. One path is through 
a network which shifts the phase 
of the oscillator output by 90°, and 
then through a balanced amplitude 
modulation circuit which reproduces 
the sidebands while suppressing the 
actual carrier as generated by the 
oscillator. The second path is di-
rect from the crystal oscillator to 
the mixer. 
The combination of the two sig-

nals from the paths mentioned pro-
duces a resultant wave that is re-
tarded and advanced in phase by 
a shift that may reach 30° from the 
median value. This method of mod-
ulation results in phase modulation. 
The frequency of the modulation 
signal has no part in this process 
except to determine the number of 
times per second this phase de-
parture is made. Therefore, to 
transmit one amplitude cycle of a 
single tone, the carrier frequency 
will advance in phase from zero up 
to some other value, say 20°, drop 
back to zero and then go through 
a retardation of 20°, and back to 
zero. This excursion would be only 
10° each way with a weaker tone 
and might be 30° with the strongest 
audio signal handled. It is usually 
found that a phase shift in excess 
of 30° creates non-linearity. 
The process of conversion from 

phase modulation to FM requires a 
compensation in the amplitude of 
the audio input voltage if FM is to 
be produced having a constant ratio 
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FM BANDWIDTH VS. SWING 
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Actual bandwidths required for various swings of frequency in FM transmission are shown. 
Heavy lines enclose frequency space required for all Fourier analysis side currents whose ampli-

tude is 1% or more of the signal. Where, for example, the 8th side current is over 1% and 

the 9th less than 1%, interpolated values have been used to keep the curves smooth. The 

cross-hatched portion shows the extent to which significant side currents fail to come within 

the 200 kc clear channels specified for broadcasting. Where 40 kc or 60 kc channels are 
allowed for police and point-to-point services the same effect may be seen by noting when 
the 15 and 25 kc swing lines cross the channel width lines. 

of frequency deviation to volume 
over the audio range used. This is 
because the phase shift produced is 
proportional to the amplitude of the 
audio input signals that are applied 
to the phase modulator. 

In pure phase modulation, the 
number of upper and lower side-
band currents depends on the A 
shift, and therefore only on the 
audio volume level. Thus a 50-cycle 
and 10-kc audio tone of the same 
amplitude will produce the same 
number of sideband currents How-
ever, in the latter case, the upper 
and lower sideband currents will be 
200 times further away from the 
center frequency than in the 50-
cycle case. Thus the bandwidth re-
quired for PM changes as the audio 
frequency, while in direct FM the 
bandwidth is determined by the 

audio volume level only. 
For this reason, a corrective net-

work is applied to the audio circuits 
ahead of the modulator to provide 
an audio input amplitude which is 
inversely proportional to the fre-
quency of that signal. This addi-
tion, called predistortion, is neces-
sary to insure a constant transmit-
ter frequency deviation over the en-
tire frequency range of the audio 
input signal for a given audio level. 
Omission of the compensating net-
work in the audio input circuits has 
the result of unduly emphasizing 
the higher audio modulating fre-
quencies. The compensated PM (in-
direct FM) becomes equal in all 
characteristics to direct FM. 

The RCA transmitters utilize a 
variation of the reactance tube 
modulation system with simpler 

multiplication and fewer tubes. The 
modulation circuit and the center 
frequency correction circuit are en-
tirely independent. The latter is 
established by a motor-driven trim-
mer capacitor connected to the os-
cillator tank circuit. This motor has 
a two-phase winding operated by 
the amplified beat frequency signal 
obtained by heterodyning a sub-
harmonic of the master oscillator 
frequency with the frequency of the 
standard crystal oscillator. The 
RCA radio frequency amplifier 
stages utilize the grounded grid sys-
tem of connections which simplifies 
neutralization, permits greater tube 
output and has effective operating 
characteristics in the 100 mc range. 

Stabilization control 

The Federal Telephone & Radio 
Co. has disclosed an arrangement 
used in their transmitters that pro-
duces direct FM featuring an all-
electronic center frequency stabili-
zation control and modulator unit. 
The arrangement uses standard re-
ceiver type tubes and has only two 
tuned circuits. The resulting center 
frequency variance keeps well with-
in the FCC limit. The method used 
compares the relative phase of the 
modulated oscillator with that of a 
crystal in a phase discriminator 
using sibmultiples of the oscillator 
frequency. A division of 256:1 by 
multivibrator stages reduces the 
maximum phase shift of 6100° at 
the master oscillator to 24° at the 
discriminator, keeping the system 
within the control range of the 
phase discriminator. The sinusoidal 
voltages applied to the discrimi-
nator result from passing the multi-
vibrator voltages through a low-
pass, high Q filter. 

The rate of frequency deviation is 
not affected by simultaneous divi-
sion of phase and frequency. The 
output of the phase discriminator is 
passed through a high impedance 
low-pass filter which permits only 
those frequency variations that are 
less than ten cycles to effect con-
trol. These voltage variations are 
applied to the grid of the modu-
lator, which operates on the "Miller 
effect" principle. The frequency of 
the master oscillator is adjustable 
from 3.66 to 4.5 megacycles followed 
by sufficient frequency multipliers 
and amplifiers to reach the desired 
operating frequency and power. 
Federal is building transmitters of 
250 watts, 1 kw, 10 kw, and 50 kw 
power output. 

Modulation in the Western Elec-
tric transmitters is accomplished by 

76 ELECTRONIC INDUSTRIES • April, 1946 



FM SYSTEMS ENGINEERING * 

the reactance tube method. Auto-
matic regulation of the carrier fre-
quency is accomplished by an in-
duction motor drive to the tuning 
capacitors in the modulated oscil-
lator. The output of the reference 
crystal oscillator and the output of 
the frequency divider chain are 
combined in à motor control circuit. 
Inertia of the motor armature pre-
vents motor response to rapid vari-
ations at the modulating frequency. 
A rotating electric field set up in 

the motor whenever the carrier and 
reference frequencies differ, causes 
the motor to rotate in a manner 
which will correct the master oscil-
lator frequency. 
In a particular example for a car-

rier frequency of 99.3 mc, the ref-
erence crystal oscillator frequency 
would be 6060.79 cycles. Low fre-
quency crystals of X-cut duplex 
(flexural mode) structure vary less 
than 25 cycles per megacycle for an 
ambient temperature range of 40° 
to 130° F. At the frequency of the 
required oscillator, the range of 
frequency variation is less than 0.15 
cycle. Since the transmitter fre-
quency is 16,384 times the crystal 
frequency, a total frequency varia-
tion of less than 2,457 cycles results. 
This being well within the FCC 
regulation of 4,000 cycles, tempera-
ture control of the crystal is un-
necessary. Western Electric's trans-
mitter line will include 1, 3, 10, and 

50 KW power output equipments. 
The frequency control system used 

in the Westinghouse transmitters 
is an adaptation of the pulsed cir-
cuit technic of wartime radar to FM 
broadcasting. A push-pull master 
oscillator operating at one-ninth of 
the carrier frequency, is modulated 
by the audio signal. The reference 
crystal oscillator is at 1/18th of the 
carrier frequency. The second har-
monic of this oscillator is applied 
to two fixed phase shifting circuits 
to obtain two reference frequency 
signals 90° apart in phase. 
The beat notes, which occur when 

the master oscillator operates above 
and below the carrier frequency, are 

(Continued on page 130) 

Poittot-by-Point Construction of FM Ware 
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Plot of frequency-modulated carrier con-
structed as outlined in accompanying text 

• The instantaneous voltage ampli-
tude E(t) of a frequency-modulated 
wave as a function of time, t, may 
be expressed by the equation: 

E,,, _ 
E„ sin [ 2zFt -1- ( AF/f) sin 2eft] 

where F is the carrier frequency, f 
the modulating audio frequency, 
AF the maximum frequency devia-
tion and E. the peak amplitude. 
Based on this formula, the curve 
for an FM wave is shown herewith. 

The limitations imposed by dia-
gram sizes have required the choos-
ing of frequency values for plotting 
purposes which would not be prac-
tical in an actual circuit. However, 
they do permit an excellent picture 
of the FM wave to be constructed. 
The values used are: 

f = 1,000 cycles 

F = 3,000 cycles 

AF = 2,000 cycles 

then: 

2rf = 6,280 
2rF = 18,840 

and for t = one millisecond 
2rft = 6.28 radians 

2rFt = 18.84 radians 

The FM curve was constructed by 
the following steps: 

1.) Draw the sine curve 
y = ( AF/f) X 

sin 27rft. Care must be taken to 
choose equal radian scales for both 
x and y axis. 

2.) Draw a straight line repre-
senting the function y = — 2rFt. 

3.) To obtain the sum 
2rFt (AF/f) sin 2rft 

measure the vertical distance A—B 
between the sine curve and the 
straight line at any point E of the 
x-axis. 

4.) We now require the value of 
the sine whose argument is the «s-
tance A—B. Having chosen abscissa 
and coordinate scales identical 
(see .point 1) we may find this 
sine value by using the original sine 
wave curve. The distance A—B is 
laid off on the x-axis to obtain 
point C. The value of the sine at 
this point C, or the vertical height 
C—D, is the desired value of the 
function y = ( AF/f) sin [2rFt 
(AF/f) sin 21rft] at the point E. 

5.) Find point F by laying off 
distance C—D from E on a straight 
line parallel to the y-axis. 
By basing the construction of the 

FM curve on the sine curve of am-
plitude AF/f, the FM wave will be 
of this amplitude. Any desired am-
plitude can be obtained by appro-
priate choice of another basic sine 
wave not identical with the audio 
wave. 
The graph illustrates the extreme 

irregularity of a frequency-modu-
lated wave. In the particular ex-
ample the FM wave is periodic with 
a period equal to the period of the 
audio wave. However, this is pure-
ly accidental and due to the choice 
of the carrier frequency as an ex-
act multiple of the audio fre-
quency.—J.Z. 
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LARGER FM CARRIER 

By H. GREGORY SHEA 
Associate Editor, ELECTRONIC INDUSTRIES 

il simple explanation peaking easily understandable the 

reason why a strong signal "takes control" of a receiver 

• One of the important and highly 
useful features of FM is the ability 
of a receiver to reject to a high 
degree a weak carrier in favor of 
a stronger one. In AM sets, as is 
well known, two carriers of identi-
cal frequency or whose frequencies 
are within audio range interfere 
with each other in proportion to 
their respective signal strengths. 
Only sharpness of tuning can be 
depended on to discriminate be-
tween a wanted and an unwanted 
signal, and if the two are of the 
same or almost the same amplitude 
and frequency, no separation is 
possible. 
The situation is quite different 

in an FM receiver. Two carriers of 
the same center frequency can be 
separated by a receiver provided 
only one of them has a greater am-
plitude than the other. The action 
causing this has been described 
quite at length in the literature. 

Desired ( D), Interfering (II, 12, 113) and 

resultant vectors ( R1, R2,, R3) 

An interesting point however is 
this: Suppose an automobile with 
an FM set is traveling in a region 
where signals are available from 

1"Interference Problems," John H. Bose, 
ELECTRONIC INDUSTRIES, April, 1945, pp. 91. 

two stations of the same center fre-
quency and approximately the same 
amplitude. What happens to cause 
the receiver to discriminate be-
tween the two? If the stronger 
carrier becomes the weaker due to 
some cause such as fading, why 
will the receiver not receive both 
for a time instead of suddenly 
shifting from one to the other? 
To understand this action, refer 

to Fig. 1 in which D is the desired 
signal vector and I is the interfer-
ing signal vector. While both vec-
tors are spinning with their respec-
tive angular velocities, it is only 
the relative motion which interests 
us and so we can for the moment 
consider the vector D as fixed and 
the vector I as spinning at a rate 
determined by the frequency 
— F., the difference between the 

two. 
In the figure the resultant vector 

R, the sum of D and I has been 
drawn for three positions of I, la-
beled 11 I2 and 13. It may be seen 
that while I turns almost 180°, R 
swings about 30° toward the hori-
zontal and then turns back, R3 

making a smaller angle with D 
than does R2. 

Fig. 2—Resultant phase flutters about D 

This can be shown more conven-
iently by the diagram of Fig. 2 in 
which the vectors I have been 
drawn from the end of D instead 
of from the origin. In this figure, 

the extreme out-of-phase position 
of the resultant is shown to occur 
when R is tangent to the small 
circle. 
The angle for which this occurs 

evidently is the angle whose sine is 
I/D. In Fig. 3 the size of the in-
terfering vector I has been in-
creased to the point where it is 
equal to D. The angle now fluctu-
ates from + 90° to —90° and the 
magnitude of R from D±I to 0. 
At this point the resultant vector R 
is about to shift from its oscillia-
tory motion about D to a rotary 
motion about D with an average 
angular velocity equal to that of I. 
This is shown in Fig. 4 where I has 
been drawn larger than D. 

Fig. 3—As I increases, so does phase flutter 6 

Fig. 4 has been rearranged in 
Fig. 5 by moving the small circle 
down so its center is on the edge 
of the I circle. That is, the vector 
D is drawn from the end of I in-
stead of vice versa and it is seen 
that the result is the same as in 
Fig. 2 except that the circle posi-

tions have been reversed. I is now 
the vector about which the result-
ant R flutters in phase and to 
whose angular velocity R is tied. 
Hence the receiver, which always is 
actuated by the resultant, now in-
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SUPPRESSES SMALLER• 

terprets the frequency fluctuations 
of the interfering signal I because 
it has become the larger. 

Fig. 4—When I exceeds D, R rotates 

This can be shown analytically 
with great ease. Assume two car-
riers arriving with amplitudes D 
and I and angular velocities (n t) 
of A and B. Introduce the differ-
ence angular velocity C equal to 
A — B, whence B equals A — C. 
The resultant of the two carriers is 
D Sm A + I Sin B. Using the trig-
onometric formula for the sine of 
the difference of the two angles, 
I Sin B = I Sin (A — C)  (1) 

= I Sin A Cos 
C —I Cos A Sin C 

DSinA+ISinB  (2) 
(D + I Cos C) Sin A —(I Sin C) 
Cos A 

In equation (2) Sin A and Cos A 
represent the spin of the resultant 
at the same rate as the desired car-
rier D Sin A. As shown in Fig. 6, 
-the quantities in parenthesis are 
the components of the resultant 
moving with angular velocity C 
with respect to D. Now, as long as 
D is greater than I, the quantity 
(D + I Cos C) remains positive at 
all times, never going below the 
center of the large circle. I Sin C 
alternates from positive to nega-
tive. The resultant R therefore 
phase-flutters back and forth about 
D. 

Fig. 5—Positions of D and I interchanged 

When I becomes larger than D 
however, (D + I Cos C) alternately 
is positive and negative so that 
the resultant R spins around the 
center of the "D" circle with angu-
lar velocity C, D being still assumed 
te) be fixed. However, since actu-
ally D is not fixed, the resultant 

Fig. 6—Geometry of the various vectors 

R is already going around at ve-
locity A with the vector D, its re-
sultant absolute angular velocity 
is the difference or A — C. This is 
equal to B and hence the resultant 
is now tied to B Instead of A as 
previously. Hence the interfering 
carrier has "taken over" upon be-
coming larger and now suppresses 
the desired carrier. 

DEFINING COMMON FM ENGINEERING TERMS 

Antenna gain—The ratio of power 
radiated in a desired direction by 
a directive antenna to the radia-
tion in the same direction by a 
non-directive antenna. 

Center frequency—The frequency of 
the carrier of an FM wave be-
fore modulation. When a modu-
lating signal is impressed on this 
carrier the instantaneous fre-
quency varies constantly about 
this center frequency as a mean 
value. 

De-emphasis — The reduction of 
loudness of high notes in a re-
ceiver. See Pre-emphasis. 

Deviation ratio—The ratio of the 

number of cycles per second 
change in carrier frequency to 
the number of cycles per second 
of the highest modulating signal 
when the latter is at maximum 
amplitude. FCC rules for FM 
broadcasting permit a maximum 
of 75 kc deviation above or below 
center frequency. The loudness of 
the signal causing this is not pre-
scribed and may vary with the 
broadcasting station. If the high-
est frequency signal used in mod-
ulation is 15 kc the deviation 
ratio is 75/15 or 5. 

Discriminator—The tube and asso-
ciated circuits in the FM set which 
changes frequency modulation to 

audio amplitude modulation. A 
number of circuits have been de-
signed for this purpose. 

Frequency deviation—The fre-
quency shift each side of the 
mean carrier frequency. It is pro-
portional to the amplitude of the 
modulating signal. 

Frequency stabilization—Correction 
of carrier frequency drift. 

Inter-channel interference — Inter-
ference with reception in one 
channel caused by radiations in 
nearby channels. 

Limiter—A circuit used to prevent 
amplitude variations from reach-

(Continued on page 81) 
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WIIFM'S FM CONVERTER 

By K. J. GARDNER 
Technical Supervisor 

WHAM-WHFM, Stromberg-Carlson Co., Rochester, N. Y. 

Engineering details of equipment and circuits which 

permit simultaneous transmission on 45.1 and 98.9 me 

• Since December 2nd WHFM's 
regular programs have been dupli-
cated on 45.1 and 98.9 mc at 1 kw 
the higher frequency using a new 
antenna mounted atop the lower 
frequency turnstile. When FCC as-
signed a frequency of 98.1 mc, the 
best method of putting a stable 
signal there with the proper degree 
of modulation appeared to be to 
follow our existing REL transmitter 
with a new unit, and this is what 
we did. 

In our existing transmitter, the 
phase modulated output of an "A" 
oscillator on 200 kc is multiplied to 
12,800 kc, which frequency is fed 
into a mixer stage. A "B" crystal 
on a frequency of 5930.208 kc is 
doubled to 11,860.416 kc and fed 
into this same mixer stage. Here 
the difference frequency of 939.583 
kc is selected and amplified and 
multiplied 48 times to give the final 
operating frequency of 45.1 mc ± 75 
kc modulation at an output of 3 kw. 

To arrive at a frequency of 98.9 
mc with a frequency swing of ± 75 
kc, it is apparent that the new 
transmitting unit should start off 
with another mixer stage combin-
ing the rf output from another "B" 
oscillator, which would govern the 
final frequency, tapped off from a 
point in the first chain of ampli-
fiers with the required deviation. 

Mixer stage 

The first step was to provide the 
new mixer stage with 12,800 kc, 
completely isolated from the modu-
lator unit. This was done by tap-
ping off energy‘ at the 6,400 kc 
point, and running it through an 
isolation stage which also doubled 
to 12,800 kc. Now at this point, we 
have an rf voltage containing the 
proper modulation. Working back 
from 98.9 mc, the output of the 
mixer stage must be on a frequency 
which when multiplied by 48, not 
only arrives at the assigned carrier 
frequency, but also contains the 

necessary ± 75 kc swing. This dic-
tates that the output of the mixer 
stage should be on 2060.417 kc. 
To obtain the new "B" oscillator 

frequency, subtract 2060.417 from 
12,800. The result is 10,739.583 kc. 
Since we will use one doubling and 
isolating amplifier, divide this fre-
quency by 2. The result then is 
5369.7915 kc for the oscillator. The 
quartz crystal decided upon was a 
Bliley variable air gap in a BC46 
oven. Adjustment of the air gap 
allows the transmitter to be placed 
exactly on 98.9 mc. 

Amplifier chain 

Following the mixer stage is a 
chain of amplifiers and doublers 
which build the power up to ap-
proximately 10 watts on a fre-
quency of 32.966 mc. At this point 
the rf is fed into a pair of push-
pull HK257B tubes which triple the 
frequency to 98.9 mc, and which 
are capable of producing approxi-
mately 60 watts of power. 

The plate circuit of the tripler 
stage is tuned by means of a par-
allel bar tank circuit. Great care 
was exercised to maintain. sym-
metry to ground resulting in ex-
ceptionally fine stability in this 
stage. A coaxial link coupling cir-
cuit a half-wave length long, trans-
fers energy into the parallel bar 
grid tank of the final amplifier. 
The final power amplifier consists 
of two Eimac 4-250A tetrodes, which 
are operated with a power input of 
1,500 watts, and whose dissipation 
is slightly under the rated dissipa-
tion, resulting in an output of ap-
proximately 1 kw. Great care was 
taken to obtain mechanical and 
electrical symmetry in the final 
stage, to obtain efficient operation. 

Two important steps were taken 
to insure maximum stability over 
a wide tuning range. First, the 
screens were fed through separate 
radio frequency chokes, and 
then by-passed through condensers 

Left unit contains oscillator- multiplier equip-

ment and HK2578 tripler. Two bottom 

panels contain power supply; oscillator mixer 

system is in third panel, multipliers in the 

fourth, remainder of panels being devoted to 

tripiers. Right bay holds the power supplies 

and controls for the final 

which series resonated out the in-
ductance of the screens. A trimmer 
condenser was used for fine adjust-
ment. This resulted in the screens 
being effectively grounded at 98.9 
mc. 

Insuring stability 

The second precaution was to 
feed the plate voltage to the cen-
ter of the plate tank through a 
half-wave length polyethylene con-
centric line, which was tied directly 
to the two filaments at the bottom 
end. This effectively placed the 
"cold" end of the plate tank at 
ground potential. The modulated 
rf output was then coupled through 
a tuned coil to a 7/8 in. gas filled 
line which in turn connects to the 
antenna system. 
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Complete wiring diagram of the original driver and the new units and final amplifier which have made it possible for WHFM to broadcast 

FM programs on two bands simultaneously. For the higher frequency band a new antenna was mounted above the existing antenna for 45.1 me 

DEFINING COMMON FM ENGINEERING TERMS 

(Continued from page 79) 
ing the discriminator (2nd detec-
tor). FM waves even though sent 
out at constant amplitude usu-
ally become somewhat amplitude 
modulated by noise, undesired 
carriers etc., before being re-
ceived. This AM must be removed 
to prevent distortion. 

Modulation index—The ratio of the 
frequency deviation to the modu-
lating frequency for any signal 
being considered. 

Phase deviation—The time integral 
of frequency deviation. If the fre-
quency increases 10 kc in the 
time of one cycle of a 200-kc car-
rier the new frequency will have 
gained a phase lead over the old 
frequency amounting to .5 x 10 - 
kc/200 kc x 360 deg. or 9 deg. 

Polarization—One of the simplest 
electromagnetic wave consists of 
an electric field whose lines of 
force are vertical, and a magnetic 
field whose lines of force are 
horizontal, both being at right 
angles to the direction of propa-
gation. This constitutes a verti-
cally polarized wave. If the elec-
tric field and the magnetic field 

are interchanged the wave is said 
to be horizontally polarized. More 
complex waves are possible. 

Pre-distorter—Circuit used in the 
indirect FM system to make the 
signal current amplitude inverse-
ly proportional to the signal fre-
quency. This is necessary because 
the modulator circuit is a phase 
modulator rather than a fre-
quency modulator. By thus pre-
distorting the signal the output 
of the phase modulator is a true 
FM signal. 

Pre- emphasis— The boosting of 
loudness of high notes over low 
notes in a transmitter to equalize 
signal to noise ratio over the 
audio frequency band. 

Reactance tube modulator—A tube 
and circuit used to change am-
plitude modulation to frequency 
modulation by variation of the 
plate circuit reactance in step 
with changes in the amplitude of 
an impressed signal. 

Squelching—Eliminating noise re-
ception when no signal is present. 
As shown elsewhere in this issue. 
reception of one signal by an FM 
set tends to prevent reception of 

any other signal or of noise. If 
no signal is present, however, a 
roaring sound will be heard un-
less a squelch circuit is incor-
porated to shut off the receiver at 
such time. 

Time constant-75 microseconds— 
The standard set by the Federal 
Communications Commission for 
pre-emphasis (which see) . A com-
mon means of emphasizing high 
tones is to put a condenser and a 
resistance in parallel in the grid 
circuit of an amplifier. As the 
condenser passes high tones more 
readily than low ones, the de-
sired effect is produced. The 
amount of pre-emphasis is deter-
mined by the values of resistance 
R and capacity C used. Either 
one can be varied, and as long as 
their product is the same the ef-
fect on the circuit will not 
change. This product is called 
the time constant and is the 
value which makes the exponent 
—t/RC unity in the expression e 
raised to the power (—t/RC). As 
is well known this is the function 
connecting the instantaneous and 
final values of a transient in an 
RC circuit. 
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TELE COLOR RECEPTION 

Experimental test and program material now on air is creating 

interest among television engineers to study system problems 

• As a result of the activity in 
color television a number of engi-
neers have expressed rnterest in 
setting up a receiver. 

As a whole, there are no prob-
lems encountered in a color tele-
vision receiver at 400-500 mc fre-
quencies so difficult of solution 
that ordinary television practices 
or those that have been encoun-
tered in radar and guided missile 
television systems will not prove 
useful. At present there is only one 
station on the air at frequent inter-
vals in New York, but other in-
stallations are under way in Chi-
cago and elsewhere, using the same 
principles. This simplifies the 
technic of reception somewhat, al-

though later, when a number of 
stations are sending simultaneous-
ly or in locations where strong 
signals at the image frequency are 
found, much greater attention must 

be paid to the front-end selectiv-
ity. Better rf amplifier tubes, useful 
in the 500-700 mc range, would cer-
tainly be worth while, and they may 
be forthcoming later. 

In setting up a color receiver an 
experimenter can go at the system 
gradually, first getting the signal 
handled correctly, which brings in 
the color picture as black and 
white, and then adding the syn-
chronized disc. 

Existing black-white and color 
systems do not conflict or overlap. 
They have two separate spectrum 
bands, different scanning systems, 
and different antennas which pre-
vent any possibility of an econom-
ical form of combination set. Thus 
each system seems to be on its own. 

While the main handicap for 
placing the color system on a com-
mercial basis is the lack of system 
standards, this in reality affords 
greatest opportunities for the en-
gineers, especially those in the 
Metropolitan New York area, to 
work in a field that is just begin-
ning to become important. Many 
consider that the main thing is to 
get started immediately and build 
a set that will pick up the "color" 
signals from CBS. The receiver is 
not excessively intricate, especially 

A 

111.• INPUT 

( CRYSTAL ) 

OSCILLATOR 

(6F4) 

G 

.H VERTICAL 
SCANNING 

SYNCH. 

SEPARATOR 

6 STAGES IF 
STAGGER TUNED 

( 6 AKS)s 

AUDIO 
AMP. E. 
SPEAKER 

«01. 

D 

SECOND 
"b" DET. —1›— 

TUBE or CRYS.  
K  

, LIMITER E. SUBGARR ER 

... DISCRIMINATOR AMPLIFIER 

HORIZONTAL 

SCANNING 

E  

2 VIDEO 
STAGES 

6AG7 

11 
YOKE 

GRID C.R.T. 
•  

PULSER COLOR WHEEL 
MOTOR 

BRAKE 

N 

SUBCARRIER 

SEPARATION 

MULTIVŒRATOR 

( 3150%) 

O 
MIXER 

E. AMPLIFIER 

Fig. 1—Diagram of a 500 mc color receiver, similar to that used during CBS demonstrations 

if a modest diameter of screen is 
selected—a 5-in. or 7-in. tube. 
CBS engineers are naturally un-

able to give out circuits that are 
"guaranteed" to be the simplest 
and most effective possible because 
all their work has been of an ex-
perimental nature without much 
regard to ultimate manufacturing 
costs. However, it is possible to 
report a few suggestions on setting 
up a 490 megacycle color receiver. 
The sooner experiments are made 

by independent, responsible persons 
the more valuable will be the data 
collected for correlating into the 
system standards. 

CBS color system 

Carrier.—The high operating fre-
quency materially affects the range. 
An effective radiated power of 20 
kw is obtained by reducing high 
angle radiation. Since a half wave 
dipole is only around 12 in. long— 
two 6 in. rods, it is necessary in or-
der to secure pickup and directivity 
comparable to that of a simple di-
pole in the lower television band to 
use a parabolic reflector or a multi-
ple array. 
As is well known, the effective-

ness of the highest frequencies in 

communication systems depends on 
utilizing the antenna gain factor. 
The gain of an antenna is the ratio 
of its peak power output in one 
direction only, to its average power 
output in all directions. In the 
case of extremely short waves, as, 
for instance, the 10,000 mc used in 
the recent RCA television tests 
with color the gain may be as high 
as 2,000. Since this gain is direct-
ly proportional to the area of the 
reflector and inversely proportional 
to the square of the wavelength, it 
is obvious that the gain increases 
rapidly with decreasing wavelength. 
Other things being equal, the 

gain at 490 mc is about 36 times 
that for frequencies of 80 mc. On 
the other hand, very little pickup 
at all would be obtained unless 
these reflectors or multiple arrays 
are used. The reflector may be 
made of metal sheet, netting, 
screen or parallel wires or strips 
(an open-work grid). The strips 
function as cross-sections of wave 
guides, when the spacing between 
the strips ( from center to center) 
is less than about one-third of the 
wavelength. 

Sound Channel.—Another differ-
ence between the CBS color system 
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and the regular black and white is 
the system of transmitting the 
sound signal as pulses of frequency 
modulated subcarrier energy. 31,500 
of these pulses are transmitted per 
second, having a subcarrier fre-
quency of about 8 mc. Thus the 
sound channel is associated with 
four different frequency bands— 
(1) its own frequencies in the audio 
band, (2) the pulse frequency of 
31,500 cycles, (3) the subcarrier fre-
quency of 8 me, and (4) the radio 
frequency carrier, circa 490 mega-
cycles. 
The sound subcarrier pulses are 

transmitted during the "back 
porch" portion of the sync. pulse. 
These frequency modulated pulses 
are separated out at the second de-
tector or at one of the video stages, 
preferably the latter because of the 
increased gain. The separation can 
utilize resonance methods (at the 
8 mc frequency) in combination 
with a "shutter" tube that opens 
up the audio channel at the termi-
nation of each blanking pulse of 
the horizontal frequency. 

Each pulse (there are 31,500 per 
second) "samples" the momentary 
amplitude of the sound frequency. 
Assuming a 16% horizontal flyback 
interval the total sync. pulse dura-
tion is approximately 5 microsec-
onds. It is possible to devote 50% 
of this time to the sound signal; 
this gives 20 cycles of an 8 mega-
cycle signal in each FM pulse. This 
varies because, with FM, the carrier 
will differ with each pulse from 
that of the previous one, within, of 
course, the deviation limits. 600 
kc.) One cycle of the audio signal 
will be represented by from several 
up to hundreds of these frequency 
modulated samples. 

Fig. 2 shows a typical pulse se-
lector that accepts FM pulses dur-
ing the intervals after synchroniza-
tion pulses appear. The screen of 
the tube is biased to cut-off except 

- c 

when a pulse (positive) from the 
horizontal flyback (with possibly a 
small added time delay) overrides 
this bias and permits the pulses to 
pass the following stage. 

The demodulation comes after 
limiting in the usual manner. The 
audio system must be limited in 
frequency range to below half the 
line frequency (that is, to 31,500/2 
cycles) by filters or other design 
expedients. 

Since the frequency modulated 8 
me signals being produced by ampli-

TO AMPLIFIER, 
LIMITER and 
DISCRIMINATOR. 

PULSE from 

HORIZ.SWEEP 
FLYBACK SURGE. 

Fig. 2—"Shutter" tube separator for sound 

pulse recovery during intervals after sync 

tude modulating the 490-megacycle 
carrier, the latter modulation would 
"unblank" the blanking pulse and 
superpose a number of white hori-
zontal dashes on the video picture, 
an auxiliary blanking pulse must be 
applied to the picture tube to keep 
its modulation grid at cut off 
throughout the blanking interval. 
One arrangement for doing this is 
shown in blocks K and N in Fig. 1. 
The multivibrator N must be of the 
unsymmetrical type that remains 
in one mode of operation for the 
short interval of one FM pulse 
(about 5 microseconds) only. Its 
frequency of 31,500 cycles is syn-
chronized from the second detector 
or from pulses from somewhere in 
the audio channel. 

An alternate method is to am-
plify and to rectify a signal picked 
up from the FM subcarrier channel 

and to use the short pulses of de 
so obtained to continue the cathode 
ray tube blanking. 

It will be noted that, although 
the downward amplitude modula-
tion may be at somewhat different 
actual frequencies during successive 
sync periods, the energy content 
of each blanking pulse is identical 
with the others, so that the super-
position of the sound on the video 
will not upset the vertical sync 
pulses. Also since the horizontal 
sync pulse has already appeared 
before the FM burst takes place, 
horizontal sync is likewise unaf-
fected. 

Scanning Frequencies. — Vertical 
120 cycle per second with the usual 
sawtooth wave shape. Horizontal 
frequency — 31,500 cycles also of 
sawtooth shape. The usual 2:1 in-
terlacing system is retained, mod-
ified for color as follows: During 
first sweep 262.5 lines are trans-
mitted in red covering the even 
lines, then 262.5 lines in blue, cov-
ering the odd numbered lines. Then 
the third vertical sweep covers the 
first series (even) lines again, this 
time in blue. In other words, there 
are: 

1-262.5 even lines in red, 
2-262.5 odd lines in blue, 
3-262.5 even lines in green, 
4-262.5 odd lines in red, 
5-262.5 even lines in blue, 
6-262.5 odd lines in green. 

Thus there are six intervals, each 
1/120 sec. long, required to produce 
a single frame. 
A color distribution wheel rotat-

ing at 1,200 rpm synchronously 
produces the color synthesis at the 
receiver. A typical wheel shown in 
Fig. 3 may be of 1/16 in. plexiglas or 
lucite with the areas artificially 
stained or with films of appropriate 
color cemented on. 
One might assume from the se-

quence table immediately above, 
(Continued on page 116) 

Fig. 3—Forms of color wheel filter segments. The second arrangement is a typical shape, although for convenience the trailing edges of segments can 

continuo up to next sector if desired. These wheels rotate counter clockwise and are synchronized to turn at 1200 rpm 
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MOBILE RADIO SERVICE 

Engineering details of FM "party line" telephone system 

being installed by 1T&T for urban and highway vehicles 

• Plans for the commercial trials 
of the recently announced mobile 
telephone service of the Bell Tele-
phone System have progressed to 
the point where installations shortly 
will be commenced. It is expected 
that the principal users of this 
service will be commercial vehicles 
which can be re-routed or given 
important instructions while on the 
road. 

Two branches of this service are 
recognized—the urban and the 
highway, and operating require-
ments may be slightly different. 
Due to the required reliability of a 
public service of this nature it is 
expected that the installation and 
monthly charges will be higher 
than for ordinary telephone service. 
In promoting this service the tele-
phone company is definitely feeling 
its way and the early installations 
will be on an experimental basis. 

Radio Receiser 

Western Electric 38A transmitter and radio 
receiver as installed on a private vehicle 

The apparatus for installation in 
the moving vehicle, be it car or 
truck, will be available from the 
telephone company on a rental 
basis. Also the company expects to 
supply specifications to those who 
are interested and a number of 
manufacturers are expected to pro-
duce equipment for sale. For its 
own equipment, the telephone com-
pany will be responsible for instal-
lation and servicing while subscrib-
ers who own their own equipment 
will have to make arrangements 
elsewhere. 

Control unit, mounted under dash and hous-
ing switches, ind.cator lamp and call bell 

At the present time, a few experi-
mental sets have been manufac-
tured by the Western Electric Co., 
and consist of an FM transmitter 
and receiver which can be installed 
out of sight with a telephone hand-
set of the regular type mounted un-
der the dashboard. The dashboard 
installation will incorporate an on-
and-off switch with a pair of bull's-
eyes, one to show that the power is 
on and the other used along with a 
bell to indicate when the vehicle is 
being called. The operator of the 
vehicle ordinarily will have the 
power on whenever the vehicle is in 
operation, so as to be able to re-
ceive a call at any time. With the 
power off, the set, naturally, will be 
inoperative. 
In view of the fact that some 

vehicles will want to be in the re-
ceptive condition all the time they 
are on the road it will be necessary 
for the vehicle to have a special 
large capacity battery and genera-
tor to replace the one supplied as 
original equipment. The drain of 
the transmitter on the battery is 

expected to be 35 amperes during 
transmitting intervals and that of 
the receiver 6 to 8 amperes. The 
receiver B voltage will be produced 
by means of a vibrator, while that 
of the transmitter will probably 
come from a dynamotor. In gen-
eral, the antenna on the vehicle 
will be mounted on the roof, but 
highway units may have a side an-
tenna to keep from hitting low 
bridges. 

The service given will be a party 
line service and may extend to 100 
cars on a single frequency. When 

the operator of the car wishes to 
call someone he will pick up the 
handset, listen to be sure the circuit 
is idle and if it is, press a push-to-
talk button to call central. The 
connection can then be completed 
over the regular telephone lines to 
any desired point, local or long dis-
tance. On the other hand, when it 
is desired to call someone in a car, 
a coded ring consisting of a series 
pulses* will be put out by the cen-
tral station. 

These pulses will actuate a step-
ping relay in each of the cars on 
the "party line" which have their 
operating switch on. In these re-
lays contacts are arranged around 
the circumference of a ratchet 

*Harbor and Coastal Radiotelephone System 
—Anderson and Pruden--Proc. IRE April, 
1939, pp. 251. 

Close-up of pulsing unit which is heart of 
the system and permits selective calling 
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Block diagram of the complete mobile radio telephone system showing the manner in which 

the equipment has been designed to permit the selective calling of a particular vehicle 

driven wheel in such a way that the 
proper code of pulses will result in 
only the relay of the called car 
closing the ringing circuit. This 
will ring and flash the "call" bull's-
eye on the dash. Thereafter con-
versation will be in the normal tele-
phone manner except that the au-
tomobile operator will have to use 
this push-to-talk button. 

It is not planned to use loud 
speakers in this system as this 
would decrease privacy, increase 
noise, raise the required power level 
and otherwise complicate the in-
stallation. 

Operating frequencies 

It is expected that the urban 
service will operate on a frequency 
between 152 and 158 mc while the 
highway service will operate in the 
30-42 mc band. A frequency devia-
tion of 15 kc is planned for the 
urban frequency range and this 
would operate in a 60 kc cleared 
channel. The highway service will 

use a 40 kc channel. The usual tele-
phone range of speech frequencies 
will be used. This means a spread 
in the neighborhood of 300 to 3,000 
cycles. 
The question of signal strength 

laid down in the operating area and 
signal-to-noise ratio is one for 
which no general figures can be 
given. However, the telephone com-
pany expects to lay down a field 
strength generally sufficient to give 
a good signal above the prevailing 
noise level in all areas covered. It 
is recognized, however, that blind 
spots may occur in which transmis-
sion or reception would be unsatis-
factory or even impossible. 

It is also recognized that the 
problems of interference such as 
from diathermy equipment or ad-
jacent automobiles with bad leak-
age conditions in high tension elec-
trical systems will be present. And 
as with any FM system should the 
interference carrier have an ampli-
tude greater than that of the signal • 

carrier, the latter will be elimi-
nated. It is recognized that one of 
the characteristics of FM is that re-
ception will be good for favorable 
signal-to-noise ratios, but will be-
come bad if this ratio drops close to 
unity or below. The mobile units 
will have a power of about 25 w 
while the station, transmitters, sev-
eral of which may be used in a 
large metropolitan center, will have 
a power output of about 250 w. 

Classes of service 

Three classes of mobile service 
are contemplated initially. ( 1) A 
general 2-way telephone service be-
tween any regular telephone and 
any mobile unit with a 3-minute 
initial period. (2) A special 2-way 
dispatch service between a particu-
lar telephone and specified mobile 
units. This would include a direct 
line from the dispatcher to the 
telephone central and a 1-minute 
initial period would apply. (3) A 
1-way signalling service to mobile 
units to notify the operator to com-
ply with prearranged instructions. 
The first installation of the urban 

mobile telephone service will be 
made in St. Louis and it is expected 
that the service will be extended 
thereafter to cover more than 30 
cities from coast-to-coast by the 
end of the summer of 1946. Some 
of these cities are: Philadelphia, 
Pittsburgh, Washington, Baltimore, 
Boston, New York, Newark, St. 
Louis, Chicago, Milwaukee, Cincin-
nati, Cleveland, Columbus, Detroit, 
Indianapolis, Oklahoma City, Day-
ton, Kansas City, Houston, Miami, 
Memphis, Atlanta, New Orleans, Ft. 
Worth, Birmingham, Dallas, San 
Francisco, Denver, Salt Lake City, 
Los Angeles. 

The complete radio telephone receiver, which weighs about 40 lb., is shown at the left, may be mounted in any convenient location on the vehicle. 
At right is the transmitter with the cover removed showing the transparent plastic covered selector unit centrally mounted 
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* FM SYSTEMS ENGINEERING 

HIGH FREQUENCY FM 

Generation oi standard signals from 86 to 108 me for 

laboratory and production testing of FM receivers 

• The future acceptance of FM 
broadcasting for home reception 
depends largely on recognition of 
the three major advantages of this 
type of transmission, namely: 

(1) Higher signal-to-noise ratios, 

(2) An extended audio frequency 
range, 

(3) Lower distortion inherent to 
both transmission and reception. 
To fully realize these advantages 

the testing procedure used for de-
sign and maintenance of FM re-
ceivers must have several unusual 
features. The most important item 
for laboratory and production line 
uses is the signal generator with its 
special characteristics: 

(1) A noise level from all sources 
at least 60 db below that of the de-
sired signal output. 

(2) A modulation characteristic 
inherently uniform from de to 
15,000 c/s (within 2 db). 

(3) Distortion not exceeding 1% 
total harmonics when the test sig-
nal is frequency modulated 75 kc 
to either side of center frequency. 
The range and modulation capabili-
ties must, of course, safely exceed 
the FCC requirements for transmis-
sion in the 86 to 108 mc. band. In 
this regard it may be of interest to 
examine the Type 78-FM signal 
generator that has just been devel-
oped by Measurements Corp., Boon-
ton, N. J. 

To attain these standards of per-
formance considerable work was 
first done on equipment and meth-
ods of measuring and calibrating 
FM signals. It was decided to base 
all deviation calibration on the fol-
lowing sequence: 

(1) Establishing a linear fre-
quency modulation with respect to 
signal generator audio input by 
measurements using a laboratory 
standard FM receiver of special de-
sign. For this purpose a 30 mc if 
amplifier and discriminator was de-
signed, using a silicon crystal mixer 
with two stages of amplitude limit-
ing, followed by a balanced discrim-
inator having a high degree of 
linearity over a range of rt. 400 kc. 
After heterodyning the FM signal 
output against an unmodulated sig-

Panel arrangement of a new portable FM signal generator for the 86-108 mc band 

nal generator, used as local oscil-
lator, this wide-band if channel 
easily accepts the maximum devia-
tion of ±-300 kc for which the 
Model 78-FM is designed. 

(2) The "carrier null" method of 
FM deviation calibration is next 
applied, using a tuning fork of ex-
actly 3,466 c/s as modulation source. 
This frequency yields null points of 
center frequency when peak devia-
tions of 8.335 kc, 19.132 kc and 30 
ke are attained (see nomograph, 
page 70 of this issue). 

(3) Having established a refer-
ence point (30 kc) of deviation, and 
knowing that deviation is linearly 
related to modulator input voltage, 
it is now possible to mark the "De-
viation Dial" of the signal generator 
by applying known de potentials to 
the input network of the frequency 
modulating circuit. The primary 
standard of de voltage in this case 
is a Weston potentiometer and 
standard cell which is capable of 
establishing voltage values to an 
accuracy of one part in 10,000. 
Since incidental amplitude modu-

lation from the modified Colpitts 
oscillator used in this instrument 
was found to be less than 3% at a 

deviation of 100 kc, no amplitude 
limiter was considered necessary to 
assure uniform signal output. How-
ever, oscillator "stiffness" does vary 
with L/C ratio when tuning over 
the band, therefore it is necessary 
to adjust the level of input signal 
to the frequency modulator circuit 
in some way if the direct-reading 
deviation dial is to be accurate at 
any selected carrier frequency. For-
tunately, a range of 86 to 108 mc 
represents a timing ratio of only 
1.3 to 1. 
The response of the oscillator to 

quadrature currents introduced by 
the reactance tubes does not vary 
widely over this narrow tuning 
range and suitable choke of con-
stants has caused this variation to 
be practically linear. Reference to 
the accompanying circuit diagram 
will show a variable potentiometer, 
R1, mechanically coupled to the 
oscillator tuning capacitor. Factory 
adjustments provide for tracking 
this linear potentiometer to produce 
automatic compensation of the 
audio signal input to the reactance 
tubes. This maintains the level of 
actual frequency modulation to 
within 5% of the values shown by 
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FM SYSTEMS ENGINEERING * 

SIGNAL GENERATOR 

Basic circuit elements of the FM signal generator, showing mutual inductance attenuator 

the directly calibrated deviation 
dial. A switch is provided on the 
panel, in order that one deviation 
dial can cover the two ranges of 

0±30 kc and 02=300 kc. 
Though an intemal source of 

audio modulation at 400 and 8,200 
c/s is provided, fidelity runs will re-
quire an external variable audio 
oscillator to deliver exactly 7 rms 
volts across the 5,000 ohms imped-
ance of the external modulation 
input circuit. Relative deviation ac-
curacy, when using an external 
source of frequency modulation, is 
±5%, plus any error made in de-
termining the magnitude of the 
external 7-volt level. Over-all tran-
sient response of the Model 78-FM 

is suitable for square wave modula-
tion of the carrier signal. Square 
wave testing of FM receiver per-
formance has been found to yield 
more information in less time than 

other methods. 
The deviation dial may be used 

as a calibrated vernier frequency 
control by applying a de potential 
of exactly 9.9 volts to the external 
modulation jack. This suggests a 
rapid method of selectivity meas-
urement, since reversal of the de 
polarity will shift the signal gen-
erator frequency above and below 
the center frequency by an amount 
directly indicated on the deviation 

dial. 
Signal output is obtained from a 

transverse type mutual inductance 
attenuator calibrated directly in 
microvolts from 1 to 100.000. The 
attenuator tube will be seen in the 
accompanying photograph, attached 
to the output cable at the lower 
right, and partially withdrawn from 
the case. Across the innermost end 
of this tube a small coupling loop 
is mounted so as to lie opposite the 
center tap of the oscillator coil. 
Movement of the tube varies the 

inductive coupling between oscilla-
tor and loop, and the capacitive 
component of coupling is effectively 
eliminated by locating the loop at 
the electrical center of the coil 

where the two out-of-phase capaci-
tive fields tend to cancel. Careful 
termination at both ends of the 
attenuator and output cable sys-
tem provides a uniform impedance 
of 17 ohms under all conditions. Re-
liable impedance characteristics are 
of special importance in an instru-
ment intended for use as a stand-
ard of output voltage. 
The meter marked "Output" in 

the photograph serves to monitor 
the signal amplitude by reading a 
reference value of oscillator grid 
current. This permits standardiza-
tion of the oscillator performance 
at any frequency of operation. 
In the 86-108 me FM band, such 

problems as image rejection, adja-
cent channel interference and sus-
ceptibility to impulse noise have 
not, as yet, been thoroughly ex-

plored. The relation of all these 
factors to FM receiver design should 
be investigated in the laboratory 
before large scale production is at-
tempted. The instrument described 
is one link in the chain of special 
instruments required for this pur-

pose. 

Operational Principles of flacon Equipment 

Principles and operational meth-
ods of both radar and loran are 
pretty well understood, thanks to 
the wealth of material that mili-
tary authorities have permitted to 
be published. Comparatively little 
has been made public regarding 
. another cousin of these services 
which in the Coast Guard goes un-
der the designation of racon. 
The racon or radarbeacon is an 

electronic beacon designed to serve 
as an aid to aircraft navigation for 

such aircraft as are equipped with 
radar equipment. The essential dif-
ference between radar and racon is 
that, unlike radar, which depends 
upon a reflection of its own energy 
to determine the existence and 
position of an object, racon is made 
up of a receiver-transmitter com-
bination which sends out a coded 
signal when actuated or triggered 
by a radar signal of the proper 
type. The aircraft or ship deter-
mines its range and bearing from 

the racon station as well as the 
identity and position of the racon 
by the presentation of the racon 
signal upon the radar scope. The 
outstanding advantage of this type 
of radar to aid navigation is that 
a single beacon in an area will suf-

fice to enable navigation in any 
weather conditions if a ship is 
fitted with the necessary radar in-
terrogating equipment, and at a 
much greater reliable range than 
with radar alone. 
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COLOR TELEVISION 
Why majority of industry, after study of CBS' proposed system, determines to 

go ahead with black-white as planned—while encouraging color experiments 

• Among television men there is 
really no party-line of "black-
white" vs. "color". Instead every 
responsible television executive and 
engineer we have talked with, is 
peering eagerly ahead to the even-
tual coming of color-TV. 
But the issue today is whether 

the mechanical color - television 
proposed by CBS executives, if gen-
erally adopted, would not limit and 
hobble the widest development of 
future color-television—with all its 
ultimate possibilities of brilliance, 
size, fidelity and electronic color. 
While several radio leaders ex-

press themselves enthusiastically 
about CBS color television, the pre-
ponderance of industry opinion 
seems to be that the best present 
course will be to: 

1. Go ahead immediately with 
black-white television as orig-
inally planned. 

2. Study and develop color tele-
vision so that an adequate color-
television system can be ready 
in 3 to 5 years. 

Meanwhile, CBS is demonstrating 
to the press, radio manufacturers 
and broadcasters, and the public, a 
most enticing demonstration of 
color television. This, with post-
war refinements, uses the same 
mechanical principle of rotating 
color screens as CBS exhibited be-
fore Pearl Harbor. Details of the 
uhf transmission and picture char-
acteristics appear elsewhere in this 
issue. 

CBS demonstrations 

At CBS headquarters, visitors are 
first led into a luxurious semi-lit 
reception room where several min: 
utes' wait assures adaptation of the 
eyes to night conditions. Then the 
audience files into the darkened 
viewing room, to see the 12-in. pic-
ture ( 10-in, direct-view tube, lens 
magnified) . 
An effective film program is 

shown, contrasting color with 
black-white, in presenting a variety 
of indoor and outdoor action se-
quences, including a football game 
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CBS COLOR TELEVISION 

480-496 me; 525 lines in red, blue and green. 20 froMplete pictures 
per second 

ADVANTAGES 

Greater attractiveness and interest 
Better "seeing" through color con-

trasts. 
Greater appeal to advertisers 
Absence of wide-angle ghosts 
Absence of color-fringes with film 
scanning 

Purchasers would willingly pay 
100% premium for color, same 
screen size 

In million lots, color sets only 10-
15% more costjy than black-white 
sets (Goldmark) 

Mechanical color relies on simplic-
ity of wheel principle 

Sound carried on same channel as 
picture 

Color offers a powerful new selling 
appeal for industry 

DRAWBACKS 

Low illumination of pictures 
Dark room used 
Flicker at brighter intensity 
Color fringes on fast moving objects 
with live pickup? 

Ghosts from distant (narrow-angle) 
reflecting surfaces. 

Line-of-sight path essential (to an-
tenna or reflecting object) 

Wood structures and foliage tend to 
block off reception 

Attenuation of signal greater than 
on 50-90 mc. 

Initial receivers expected to cost 
double black-white 

Mechanical color system limits size, 
brightness and compactness of 
receiver 

Mechanical-color sets may be use-
less on eventual electronic-color 
system 

Mechanical-color wheels and drums 
are bulky; may tend to become 
noisy 

Color networks not feasible with 
present coaxial equipment. 

Present projection color pictures 
dim, flat and wasteful of light or 
cabinet space 

Further field tests needed 
No standards available. To adopt 
standards may take three years 
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in which color clearly distinguishes 
the uniforms of contrasting teams, 
in a way impossible with black-
white. 

In watching these color scenes 
of fast-moving action the visitor 
will detect none of the "barber-
pole" effects of the earlier dem-
onstrations of this same rotating 
color-wheel principle applied to 
color movies and color video. But 
engineers present remember that 
the CBS demonstration uses color 
films as the source of the program, 
and that so far as the television 
equipment is concerned, it is mere-
ly scanning a "still" picture at any 
moment! Hence the speeding ball 
or flying white horse has already 
been stopped by photography, and 
no color fringes are possible from 
the television-film scanner. Quite 
a different result is expected by 
engineer critics when the live 
color-pickup camera (which CBS 
promises soon) goes into action. 

441•1•4.4.11 iltlePt41( ay 

Low intensity of the color pic-
ture seems to be one of the abid-
ing drawbacks of the present CBS 
system. With large percentages 
of light being subtracted by each 
of the color screens, engineers 
point out that the mechanical color 
system is bound to be wasteful of 
the precious cathode-tube illumi-
nation. But even if higher screen 
intensities could be achieved, the 
20-frame flicker (which is now not 
noticeable at low screen bright-
ness) would appear annoyingly at 
higher illuminations and so spoil 
seeing. Hence CBS color seems 
doomed to low-intensity dark room 
effects—this in contrast with the 
brilliant illumination (20-ft. can-
dles) of new postwar black-white 
screens. 

Absence of "ghosts," usually so 
annoying in the metropolitan area 
of big buildings, is one of the strik-
ing advantages of uhf demon-
strated during the CBS showing. 
With its receiving dipoles (little 
larger than two lead-pencils) 
mounted in a rotatable reflector 
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Is It READY to ADOPT? 

outside the 9th floor of the CBS 
building, the uhf color pickup can 
be taken from any of a number of 
reflections from nearby buildings. 
Without the reflector, ghosts would 
of course be plenty. But the sharp-
ness of the receiving reflector en-
ables clear ghostless images to be 
picked up, as different reflecting 
structures come into the line of the 
reflector. 

Distance reception? 

However, at receiver distances of 
20 to 30 miles from the transmitter, 
where other city skyscrapers a mile 
or so away are also included in the 
sharp beam of the distant receiv-
ing reflector, ghosts transposed by 
an inch or so would be expected 
on the color-TV screen, as with 
black-white. Uhf does not seem to 
offer any solution of this most an-
noying form of ghost trouble for 
outlying viewers. 

But suburban-rural video recep-
tion at 20 or 30 miles may not be 
practicable on the 500-mc band. 
For at such distances, whatever the 
height of the antenna structure, 
the blocking of the carrier waves 
by trees, buildings and foliage may 
shut off signals. One prominent 
television expert expects the serv-
ice area of a 500-mc station to be 
only a quarter of that of present 
50-mc television. However, one of 
the CBS technicians, using a home-
made color-TV receiver, now re-
ports getting good color pictures at 
his home 10 miles from the CBS 
antenna. And CBS executives point 
out that in cases where an owner's 
receiving antenna is below line-of-
sight to the receiver, he can then 
swing around and focus on the re-
flection from some higher object 
beyond (that is, if any—for such 
elevated reflection sources seem 
scarce in suburban and rural areas 
over 15 miles from the trans-
mitter). 

Height of antenna is still desir-
able for 500-mc color, as for 50-mc 
black-white. In almost all resi-
dence locations, arrays of multiple 
small dipoles (perhaps 16 to 50) 
may be necessary for adequate 
pickup, since, in the last analysis, 
the energy received is proportional 
to the space spanned by the dipole 
tips. Hopes that uhf dipole ar-
rays could be concealed inside 
shingle-roofed attics, are blasted 

by war experience that at these 
higher frequencies wooden struc-
tures are almost as opaque as 
metal; especially would this be true 
in rainy periods. 

Color appeal and cost 

Laymen and press people who 
watched the CBS demonstrations 
have testified that so great is the 
appeal of color, they would readily 
pay twice as much for a color-tele-
vision set as for the same size 
screen in black-white. Interesting-
ly enough, several experienced tele-
vision engineers have independent-
ly computed for Electronic Indus-
tries, that a color set complete with 
color wheel, should be built in lim-
ited quantities for about twice the 
cost of present black-white sets. 

Dr. Peter Goldmark, CBS engi-
neer who is responsible for the CBS 
color experimentation, thinks that 
in million lots, color-wheel sets 
could be produced at 10% to 15% 
above black and white. (About 50 
color receivers are now being built 
for CBS by GE at a reported cost 
of $3,500 each for direct-view sets, 
and $5,500 each for projection sets. 
These, of course, are experimental 
models, and such sets have no 
bearing whatever on future selling 
price of similar sets.) 
The projection color set exhibited 

by CBS has a screen 22 in. wide, 
but the picture seems dim and pas-
tel, being annoyingly faint and in-
distinct, even in the darkened 
room. Since only a colored-lantern-
slide "still" was demonstrated on 

the projection set, one might infer 
that the serious light losses of the 
color-wheel precluded any film 
showing of moving scenes. This 
projection-set difficulty points up 
one of the objections to the CBS 
system, with its distinct limits to 
future sizes and brightness. Color 
wheels cannot be introduced into 
the Schmidt lens system without 
great light loss; alternative optical 
systems permit easy color intercep-
tion, but introduce bulky cabinets. 
Some visitqrs at the CBS demon-

strations mention hearing the 
whirling color wheels; others did 
not detect or notice the sound of 
the moving parts. CBS executives 
declare that such wheels should 
introduce no problems after man's 
long mechanical history. Other en-
gineers suspect that, in living 
rooms, wheels running at 1,200 rpm 
may tend to get noisy and out-of-
balance with use, and also may in-
troduce synchronism troubles when 
transmitter and receivers operate 
on different power systems. 

CBS' purpose 

In some quarters, CBS' motives 
in entering upon costly color-tele-
vision demonstrations with avow-
edly no intention of building color 
sets or utilizing the system itself, 
are impugned as being intended 
only to block the 1946-47 introduc-
tion of black-white television (ex-
pected to injure radio broadcasting 
time sales). With CBS' present 
front-line position in standard 

(Continued on page 118) 
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STANDARD BLACK-WHITE TELEVISION 
4 1-88 me. 525 lines, 30 pictures per second 

ADVANTAGES 
Now operating within reach of 16 

millions population 
8000 sets have been built and used 

for years 
200,000 more sets planned for first 
post-war production year 

Standards accepted and approved 
by FCC and engineering bodies 

Direct-view sets as low as $200 
Projection sets $450 up 
Sixteen years of field tests culmi-
nated in present standards 

Many engineers have design experi-
ence 

Program people fully experienced 
Direct-view screens up to 20 in. 
Projection screen 16 x 22, up to full 

theatre size 

Screen brightness, 20 ft-candles 
Can be watched comfortably in 
normally lighted room 

Black-white operation will give ex-
cellent preparation for color 

Station sites, buildings, towers, etc. 
largely convertible to color 

DRAWBACKS 
Pictures lack color for increased in-

terest, fidelity and contrast 
Difficulty in distinguishing objects 

of equivalent shades 
Advertisers complain B-W does not 
do justice to attractively colored 
merchandise 

Line scanning frequency is too low 
to permit picture and sound on 
same channel and transmitter 
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PRINTED CIRCUIT WIRING 

Newly developed process of fusing connections on ceramic 

placgues permits production of "two-dimensional" assemblies 

• A new process, perfected for the 
radio proximity fuze, known as the 
"printing" of wired electric circuits 
complete with components, on a 
plate of steatite ceramic will make 
possible a reduction of size in radio, 
hearing aids, instruments and elec-
tronic control circuits never before 
dreamed possible. 

Wiring is produced through the 
use of a silver paste printed or sten-
ciled on the steatite ceramic and 
then fired at high temperatures to 
bond it firmly. In the same way 
suitable resistor material is sprayed 
through accurately cut and posi-
tioned masks or silk screened onto 
the same plate, and small, paper-
thin, ceramic disc capacitors are 
soldered directly to the proper sil-
vered leads. Finally, other com-

ponents, such as tubes of the new 
subminiature type are then soldered 
directly to leads on the plate. 

The simplicity of this procedure 
makes possible a unit that is in-
conceivably small, highly efficient, 
practical and easy to service. As 
time-consuming hand wiring, as-
sembly and errors are eliminated by 
this high speed process, lower pro-
duction and consumer costs can be 
visualized. 

Fig. 1 shows the complete fuze 
with a direct comparison as to size, 
with a 6L6G radio tube. 

Since the plaques as used in these 
fuzes called for the components to 
withstand a set back force of 10,000 
times the force of gravity, the re-
quirement of ruggedness led the en-
gineers at Centralab Division of 
Globe-Union Inc., in cooperation 

Fig. 1—Complete fuze, containing air- driv-

en generator, transmitter, receiver, ampli-

fier and contiol circuits, compared in bulk 

with standard type of 6L6 amplifier tube 

Fig. 2—Photograph showing the comparative sizes of equipment as normally produced by con-

ventional methods and the same circuit as produced by the newly developed "printing" process 

with the National Bureau of Stand-
ards to the perfection of the process 
of circuits printed onto sCeatite 
ceramic plates. 
To graphically show the reduc-

tion in size made possible by this 
printing method, Fig. 2 portrays a 
two-stage amplifier produced by 
conventional radio assembly meth-
ods compared with identical circuit 
produced by the new steatite plate 
method. In the photographs, Figs. 
3 and 4, the top and underside of a 
2-stage amplifier is shown. When 
they are compared with the wiring 
side of a conventional 2-stage am-
plifier chassis the neatness and 
compactness of the new method is 
striking. A diagram of the circuit 
used for both units is shown in 
Fig. 5. 

The five distinct steps in the pro-
duction of the ceramic plate ampli-
fier are: 1. Fabrication of the stea-
tite ceramic plate; 2. Printing or 
stencilling of circuit wiring on the 
steatite plate; 3. Spraying resistors 
through accurate masks, which size 
and position the resistors between 
proper silvered leads; 4. Attaching 
small, high dielectric constant, 
ceramic disc capacitors directly to 
the silvered wiring on the plate; 
5. Soldering tubes or other required 
components to silvered lead holes 
provided in the ceramic plate. 
The hardness of the steatite, after 

firing, closely approaches that of a 
sapphire, and it is impossible to 
perform any machining operations 
on it other than wet grinding with 
diamond wheels. As this is a slow 

STEATITE CHARACTERISTICS 

Thermal Coeff. of Expansion 

per degree Centrigrade 20-800°C 

8.3 x 10Í, 
Modulus of rupture in lbs. 

per sq. in.  21,000 

Dielectric constant   5.82 

Dielectric loss factor at 1 kc  .40% 

Dielectric power factor at 1 mc.....06% 

Dielectric strength per mil thick-

ness  247 y 

Grade per American war standard 

C75.1-1943  L 

Porosity of moisture absorp-

tion  0 to .005% 

Color  White or Ivory 
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and costly procedure, it is performed 
only when extremely close dimen-
sional tolerances are required. 
The silver is applied to the 

steatite in the form of a paste com-
posed of silver oxide or finely di-
vided silver in combination with 
binders and solvents. The actual 

Fig. 3 — Above, various steps in process-
ing the silver "printed" ceramic placques 

Fig. 4—Bottom view of completed placque 

application or "printing" is done by 
means of the silk screen process. 
The screen is prepared using a pho-
tosensitive emulsion coated onto a 
fine mesh silk. The finer the silk 
mesh, the finer and more delicate 
a pattern can be produced. The 
screen, in turn, is stretched tightly 

Fig. 7—View of the pattern on silk screen 

on a sturdy wood or steel frame as 
in Fig. 6. It is possible to see the 
open paths through which the paste 
is forced through the fine mesh on 
the steatite with a neoprene bar or 
"squeegee." 

Fig. 
use. 

The actual pattern of the screen 
is produced by preparing an ac-
curate black and white transpar-
ency negative of the pattern de-
sired. For example, the negative for 
a plaque handling the circuit of 
Fig. 5 is shown in Fig. 7. 

Fig. 5—Placque assembly for amplifier, using 
layouts of Fig. 3. Under face is wired as 
per cross-hatched strips, as at top of Fig. 7 

After application of the silver 
paste to the ceramic the plates are 
placed in a furnace heated to 1300-
1500° F. to burn off the solvent and 
binders, leaving the pure silver 
leads or wiring adhering to the 
steatite with a tensile strength of 
approximately 3000 lbs, per sq. in. 
For use in very ultra high frequency 
circuits, small circular or rectangu-
lar spiralled coils may be printed 
flat on the steatite surface by this 
method. Coils have readily been 
produced with Q's of 150-200 with 

(Continued on page 120) 

6—The silk screen in use showing the silver paste, and neoprene bar or squeegee in 
The ceramic placque is raised by treadle to come into contact with the screen as shown 
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TUBES ON THE JOB 

This unit refrigerates; cooks and serves in-

dividually wrapped hot dogs in 20 seconds 

..17.4MY »WW1, 
• 

10 e 

Electronic Weeny Cooker 

A new automatic vending ma-
chine which keeps food products 
under refrigeration until they are 
cooked with dielectic heat has had 
its first commercial installation in 
New York. The unit handles frank-
furters in rolls but additional mod-
els dispensing other types of hot 
food are a possibility in the near 
future. This new hot dog unit 
stands about 6 ft. high and occu-
pies approximately 6 sq. ft. of floor 
space. It will operate from any ac 
outlet. The cabinet is divided into 
three sections. The bottom contains 
the compressor and mechanical 
equipment for the refrigeration 
unit. The top section houses three 
storage drums in which the cello-
phane wrapped frankfurters and 
rolls are kept at 45' F. until deliv-
ery to the electronic cooking equip-
ment. The machine will hold 180 
food units at one loading. A larger 

model is under construction to 
handle 300 units. The center parti-
tion of the cabinet contains the 
dielectric heating equipment, the 
power supply and the electric con-
trols for the storage drum move-
ment which delivers the food unit 
to the heating element and finally 
to the customer. The electronic 
heating circuits use only three 
tubes. The oscillator is a new tube 
especially developed for this equip-
ment. After considerable experi-
mentation, Aireon Mfg. Corp., Kan-
sas City, Kans., which helped design 
and is building these machines, has 

found that an undisclosed fre-
quency cooks the hot dog perfectly 
in 20 seconds without scorching the 
roll. The sandwiches are delivered 
at a temperature of about 170° F. 
Radio Chef, Inc., Chicago and New 
York, are planning installations at 
many factories, transportation ter-
minals and entertainment centers. 

Development work is being pushed 
on a coffee making machine which 
will make fresh coffee every time a 
coin is inserted and not simply 
measure out a cupful of coffee that 
has been brewed at some previous 
time. 

Automatic Beau Sorter 

In the plant of the Michigan 
Bean Co., Saginaw, Mich., electron-
ic equipment is being used to pick 
up each individual bean, scan its 
color and then automatically sort 
it. The whole operation is many 
times faster and more accurate 
than was possible with human sort-
ing. 

The beans are dropped on a ro-
tary feed disc. At right angles to 
the face of this disc a revolving 
vacuum wheel is mounted. From 
the circumference of this vacuum 
wheel a series of hollow spoke-like 
tubes project, each of which pick 
up a single bean and holds it for 
the entire cycle of operation. Dur-
ing its travel cycle the bean passes 
under a light source, reflecting a 
certain precentage of this light 
into•an optical system. The amount 
of light reflected depends on the 

physical conditions of the individu-
al bean; if it is in satisfactory con-
dition the skin is bright, glossy 
and firm. If the bean is in poor 
condition the surface is dull and 
dark. 

Reflected light is picked up by 
two mirrors and serves as a con-
trol for the operation of two photo-
electric lamps, one unit receiving 
the light after it has passed 
through a red filter and the second 
photoelectric lamp getting its 
beam through a green filter. The 
output of each of these lamps is 
amplified and then fed to one pair 
of deflecting plates in a cathode 
ray tube. 

By masking off a pre-determined 
area on the CR screen for beam 
position indicating a good bean, 
a positive illuminated signal is es-
tablished for all rejected beans. 
This rejected signal is used as a 
control for a third photoelectric 
tube, which in turn operates an 
ejector plunger. This ejector re-
moves the bean from the holding 
tube on the vacuum wheel and 
drops it into a reject bin. All beans 
not removed by the ejector mech-

anism are deposited as good in con-
tainer by breaking the vacuum in 
the hollow tube holding the bean. 

The complete installation in 
Saginaw consists of eighty units 
each of which will sort 2,500 lbs., 
of Michigan Pea beans every 24 
hours. The equipment was designed 
and built by Electric Sorting Ma-
chine Co., 410 44th St., S. W. Grand 
Rapids 8, Mich. 

Schematic of bean sorting equipment; proportion of red and green light controls rejections 

COLOR 
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Measuring Time 

One of the many useful tools that 
the war has accelerated for the use 
of industrial research and design 
is the measurement and control of 
ultra-short time intervals. An in-
teresting industrial job that tuned 
fork and electronic control engi-
neering has done for a trade which 
formerly required a long apprentice 
and training experience, is the 
Watchmaster made by American 
Time Products, Inc., New York City. 
This watch rate recorder will plot 
on graph paper any incorrect ad-
justments or mechanical trouble of 
any watch. A 30 second test is long 
enough for an accurate diagnosis 
of trouble or to check adjustments. 

Test results are shown on drum in center 

As will be seen in the schematic, 
the equipment consists essentially 
of two circuits; one picks up the 
tick of the watch through a micro-
phone and after amplification is 
used as the control of a mag-
netically actuated stylus. The sec-
ond circuit is pulsed with a special 

alloy compensated tuning fork and 
is used as a speed control of the 
motor driven graph cylinder which 
revolves at exactly five revolutions 
a second. The response accuracy of 
this fork is better than 0.001 per 
cent. Inasmuch as the average 
watch ticks five times a second and 
each tick operates the printing 
stylus, a watch that is in perfect 
adjustment prints an index line 
parallel to the guide lines on the 
graph paper. If a watch is running 
fast the index line will slope up-
ward, if slow downward. 

Not only will this electronic unit 
indicate running speeds but it will 
also print the reason a watch is not 
keeping correct time. The normal 
tick of a watch is a complex group 
of sounds each cauSed by the sep-
arate operating functions of the 
works. However, many of these in-
dividual sounds have no bearing on 
the performance of the watch so 
the entire group are resolved in the 
Watchmaster as a single recorded 
dot. If these dots in the index line 
are straight it would show that the 
watch under test was in good oper-
ating adjustment even if it was 
running slow or fast and needed 
regulation. If the index line is 
broken or ragged it is a signal that 
the watch has definite mechanical 
trouble. Each particular type of 
trouble affects the rhythm of the 
watch tick in a characteristic pat-
tern. When this pattern is printed 
on the graph and compared to a 
standard set of index line trouble 
curves it provides an accurate guide 
to the cause of the trouble. 

Precision tuning fork drives the graph-paper drum through re amplifier at exact speed of 5 rps; 

amplified watch tick controls a gas- filled thyratron with recording stylus magnet in plate circuit 
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Radar receiver- indicator on City of Richmond 

Peace-time Radar 

The Old Bay Line's Baltimore-
Norfolk night boat, City of Rich-
mond, is now equipped with radar. 
This new Westinghouse equipment 
will provide navigational and anti-
collision protection to the vessel on 
its regular 185-mile night run, re-
gardless of weather conditions. 
Readings may be taken at three 
ranges. For close-in navigation an 
area four miles in diameter can be 
indicated in the seven inch viewing 
screen. The second range will cover 
an area sixteen miles across, while 
long range pictures will scan thirty-
miles on all sides of the boat. The 
antenna, modulator and other rf 
units are mounted on the wheel-
house roof. 

Reducing Baking Time 

Infrared baking of electric% coils 
has proven six to eight times faster 
than convection heating. In a time 
comparison made at an installation 
by the Fostoria Pressed Steel gorp., 
Fostoria, Ohio, the time required 
for proper coil baking in a convec-
tion oven was from 8 to 12 hours; 
Fostoria equipment reduced this 
time to 1 to 2 hours. 

Steel Temperatures 

Used with an electronic recorder, 
a new platinum thermocouple will 
measure the temperature of molten 
steel. Recorded temperatures can 
be made in less than forty-five sec-
onds. This new high temperature 
recording equipment is manufac-
tured by Brown Instrument Co., 
Philadelphia. Pa. 
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MANUFACTURE AND USE 

By D. E. REPLOGLE 
President, Electronic Mechanics, Inc. 

Unusual combination of properties possessed by this insu-

lating material make it useful in high frequency work 

• Glass bonded mica, one of the 
newer insulators, has been used ex-
tensively during the war, particu-
larly where low losses and strength 
were of prime importance. Its na-
ture is unusual enough to warrant 
some description of its make-up 
and method of manufacture. 

Were it found in natural form, 
glass bonded mica would most like-
ly be classified as a metamorphic 
rock. Mica, which contributes its 
sterling value as an electrical in-
sulator to this material, is itself 
one of the metamorphic rocks. It 
is an example of the extraordinary 
changes Nature effected with heat 
and pressure, clay having been the 
raw material. 

Glass bonded mica comes closer 
in likeness to another metamorphic 
rock, quartzite, than it does to 
mica. Quartzite is composed of 
quartz grains cemented together by 
silica. If the words "mica grains" 
are substituted in this description 
for "quartz grains," we have a good 
description of glass bonded mica. 

It resembles natural rock not 
alone in the inorganic materials 
which compose it and the process 
by which it is made. It has also 
unmistakably the appearance, the 
feel and the sound of stone—of an 
extremely dense, fine-grained, ex-
ceptionally hard stone. In color, it 
varies from a deep chocolate brown 
to light tan. Glass-bonded mica is 

Sheet of glass bonded mica being tapped with 

the use of water as coolant and lubricant 

and pressure are required to cause proper flow Illustration of molding process. Great heat 

also spoken of as "ceramic" mate-
rial because, like the more readily 
identifiable ceramics, it is composed 
of inorganic earths fired to give 
stability to the final shape. Al-
though a kinship does unquestion-
ably eXist, nevertheless an impor-
tant difference distinguishes glass-
bonded mica. This difference is in 
the manner of using pressure and 
heat in its manufacture. Pressure 
may be employed in the forming of 
ceramics, but it is not applied si-
multaneously with heat. In the 
making of glass bonded mica, on 
the contrary, the crux of the opera-
tion is when heat and pressure are 
combined to transform the raw ma-
terials into the final product. 

Glass bonded mica, as it emerges 
from the manufacturing operation, 
looks like neither glass nor mica. 
In some ways, it behaves like 
neither, for it is a substance both 
of logic and paradox. Two of the 
finest insulators known are mica 

and glass. In view of this, it is log-
ical that a compound of selected 
mica and special glasses should be 
a superb dielectric. Mica alone is 
subject, however, to splitting and 
flaking, and glass alone has always 
been associated with fragility. Yet, 
paradoxically, their union results in 
great mechanical strength. Fur-
thermore, glass does not lend itself 

Excellent surface finishes and close dimen-

sions can be obtained by cylindrical grinding 
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OF GLASS BONDED MICA 

to conventional machining. Yet this 
synthetic stone can be cut, drilled, 
milled, tapped, ground and polished 
with virtually the same ease and 
to the same split-thousandth toler-
ances as the metals. 
In addition, it can be molded into 

intricate shapes, bonded with met-
als in molding, is resistant to high 
temperatures and electrical arcs, 
and virtually impervious to water, 
oil and gases. From this it becomes 
clear why glass bonded mica has 
become indispensable in high fre-
quency radio apparatus, electronic 
devices and ignition equipment. 

Its special virtue lies not in any 
- one particular noteworthy quality. 
Rather, it is in the unsurpassed 
combination of valuable and useful 
properties it possesses. For the sake 
of brevity and simplicity, the lead-
ing insulating materials suitable for 
the same applications may be 
placed arbitrarily in three cate-
gories, ( 1) the ceramics, (2) the 
plastics, (3) the phenolic resins. 

Steatite 

In the ceramic group the steatites 
are the outstanding insulators. 
They have excellent electrical char-
acteristics. They possess great re-
sistance to heat, being able to 
withstand higher temperatures 
than glass bonded mica. They are 
strong mechanically and have rig-
idity. They may be molded into a 
variety of shapes prior to being 
fired. 
A comparison of the electrical 

properties results in pretty much of 
a standoff. With respect to heat 
resistance, glass bonded mica will 
readily withstand prolonged expo-
sure to temperatures up to 500-800 
deg. F. without damage to its elec-
trical, mechanical and physical 
properties. Higher temperatures are 
not generally encountered in radio 
or electronics work. Furthermore, 
at extremely elevated temperatures 
most ceramics lose their dielectric 
value and actually become conduc-
tors. Insofar as mechanical strength 
and rigidity are concerned, glass 
bonded mica compares favorably 
with steatites, being tough rather 
than brittle. 

It has two important advantages 
over the steatites in molding. It can 
be molded to much closer toler-
ances, and it can be bonded with 
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metal in molding. The steatites, 
because of the extreme heat to 
which they are subjected in firing 
and the shrinking which occurs, 
are not molded in combination with 
metal. Inserts of metal must be 
added later. Glass bonded mica 
and metals on the other hand bonds 
so well that hermetic seals capable 
of holding 80 p.s.i. of hydrogen 
pressure are obtainable. 
To overcome the shortcomings of 

porosity and roughness, glazing and 
impregnating with wax are accept-
ed practices with steatites. Both at 
best are compromises. Glazes are 
liable to crack and craze, permit-
ting grime to lodge in the cracks 
on the surface and impair insulat-
ing efficiency, and glazes do not 
themselves have the excellent elec-
trical characteristics of the body 
they cover. Waxing introduces an 
organic material, with the weakness 
this implies in the presence of an 
arc and the tendency to pick up 
dust. Because glass bonded mica 
has such a dense, smooth surface, 
glazing and waxing are not nec-
essary. 

Polystyrene 

Among the plastics, the polystyr-
enes are probably the most widely 
exploited for electrical applications. 
The best polystyrenes boast of un-
usually low power and loss factors, 
approximating quartz in these re-
spects. Dielectric strength is high. 
Mechanical strength of the polys-
tyrenes, theoretically, is good, but 
the figures, impressive though they 
may be in print, do not tell the 
whole story. Cold flow is a serious 
problem with these materials. This 
shortcoming is intensified by mere 
warmth. Distortion from heat in 
the polystyrenes begins far below 
the boiling point of water, at tern-
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peratures ranging from 140 to 180 
deg. F. 

It is this inability to resist heat 
which makes the plastics so easy to 
mold. Glass bonded mica also 
molds well, but not because it is 
plastic, at low temperatures. In 
order to make it sufficiently plastic 
to flow under extremely high pres-
sures, temperatures up to 1,800 deg. 
F. are required. 

Phenolic resins 

In the early days of radio, the 
phenolic resins performed yeoman 
service. In mechanical and dielec-
tric strength the best types are ex-
cellent. With the advent of high 
frequencies, their high power fac-
tors and consequent high loss fac-
tors impaired their value in appa-
ratus in which serious losses could 

Variation of power factor with frequency 
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not be tolerated. The phenolics are 
also subject to cold flow and, being 
of organic origin, will carbonize un-
der the heat of an arc. The phe-
nolics furthermore are plagued by 
water absorption tendencies, where-
as in glass bonded mica this is 
negligible. The phenolics — and 
other insulating materials as well, 
incidentally—require " tropic alizing" 
treatment to inhibit growth of 
fungi and molds in hot, humid cli-
mates. Glass bonded mica, it has 
been demonstrated by war-time ex-
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perience, will not support the 
growth of fungi or molds and does 
not need "tropicalizing." 
In the making of molded parts, 

the blended, finely-ground mate-
rials are formed into pellets, which 
vary in size according to the part 
for which they are intended. Some 
parts may be molded one at a time, 
others at the rate of 30 or more 
in a single operation. A pellet of 
average size is about as large and 
has about the same rectangular 
shape as a cake of everday toilet 
soap. 

In small tunnel kilns, the pellets 
are heated to temperatures which 
may range up to 1,800 deg. F., de-
pending upon the type of mix em-
ployed and the form desired. Upon 
reaching the correct temperature, a 
pellet is taken from the kiln and 
placed in the die. Again high pres-
sures are employed. After the brief 
"dwell" the mold opens automati-
cally, releasing the part. Controlled 
cooling is followed by the finishing 
operations. 
The following machining direc-

tions are of interest to designers 
and processors. Any hacksaw or 
milling cutter will cut glass bonded 
mica. A hacksaw cuts easily but 
slowly. For fast work, a band saw 
with 10 to 12 teeth to the inch 
should be used and run at a speed 
of 1,400 rpm. Saws, however, quick-

ly become dull and do not leave a 
smooth edge. The new speed type 
of band sawing or friction sawing 
is very satisfactory. A 12 in. diam-
eter, 3/32 in. thick, No. 50 grit, 
grade 4-C Carborundum wheel, run 
at 3,600 rpm, will give a smooth 
surface, free from breaks or rough 
edges. A continuous flow of water 
is the best lubricant. Any high 
speed abrasive wheel operated dry 
can be used, but a somewhat rough 
edge may result. If a milling cutter 
is employed, 6 in. diameter by 1/8 in. 
thick side chip clearance saws are 
recommended and operated at a 
top spindle speed of 128 rpm. Cut-

Sawing block by use of friction technic 
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ting feed for 5/8 in. materials is 31/2  
in. per min. Large holes can be cut 
with a Carboloy fly cutter. 
Drilling should be done with a 

firm, solid support beneath the 
glass bonded mica to prevent chip-
ping when the drill breaks through. 
When the point breaks through, 
the piece should be turned over and 
the hole finished from the other 
side. A stream of water on the drill, 
or drilling under water is recom-
mended. Drilling may be done dry, 
and a stream of air used to keep 
the hole free of dust and chips. 
High-speed drills may be used. Due 
to the abrasive quality of glass 
bonded mica, drills will dull rapidly 
and require frequent sharpening. 
Sintered carbide drills are an im-
provement as they will lessen the 
amount of sharpening required. 
Drills up to 1/4 in. diameter should 
be run at 500 rpm. For drills 1/4 in. 
to 1/2  in., the drill speed should be 
lowered to 250 rpm. Use 1 in. feed 
per min. for a 1/2 in. drill. 

Holes should be tapped with a 
long lead tap. Both ends of the 
holes should be countersunk to pre-
vent chipping. 

Whenever possible, glass bonded 
mica should be shaped by grinding. 
The right grinding wheel, with 
plenty of water at the point of con-
tact, will do the job quickly and 
leave a very satisfactory surface. 
For honing, Carborundum ma-

chine hone No. 2F-6CF on a Patch 
Neguer machine running at 175 
rpm will give satisfaction, while 
polishing can be done with a felt 
buff with powdered oxalic acid. 

Aside from the usual require-
ments of molding practice, the fol-
lowing points should be noted: 

Die draft taper-2 deg. 
Minimum wall thickness-1/16 in. 
Depth to diameter ratio for holes 
and slots—Preferably 1 or less. 

Use rounded corners and edges. 

Expansion coefficient of metal in-
serts should be similar to glass 
bonded mica. For tight seals use 
a metal with a slightly lower co-
efficient unless the metal goes 
around the insulator, in which case 
a higher coefficient is indicated. 
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LABORATORY KEYHOLE 
Current Research that Forecasts Future Electronic Developments 

RADAR TO MEAN ALL-WEATHER FLYING— Remarkable 
developments of radar and other electronic aids for 
aviation during war were depicted by Army Air 
Forces, Civil Aeronautics Administration, and lead-
ing manufacturers in a unique five-day conference 
in Washington, attended by 300 to 400 persons. Aim 
of conference was to establish standardized system 
of electronic-radar air navigation aids for the 
United States, and then it is hoed, for the entire 
world. British Commonwealth greatly interested in 
program and had large number of observers at con-
ference—later British expected to reveal their system, 
planning to American government and commercial 
interests at another round-table meeting. Confer-
ence was unanimous on one determination that 
present system of radio ranges and radio marker 
beacons would be replaced or supplemented by a 
complete system of radar control to mark the airline 
routes. 

PRECISION TESTING—An electronically-controlled preci-
sion testing apparatus has been developed to check 
the performance of hydromatic airplane propeller 
governors. The governor which automatically ad-
justs blade pitch must be accurate within five revo-
lutions per minute, or 0.02% at maximum speed. The 
new instrument is accurate within one revolution 
per minute and converts time, oil pressure and rpm 
into one set of comparable figures read from dials. 

DUO-SPEAKER WITH RESONANCE—At Princeton, N. J. 
labs of RCA, Dr. Olson has been showing visitors 
newest duo-speaker. This consists of a large heavy 
12-in, cone for low frequencies, in the center of 
which is a small cone about 3 in. in diameter radiat-
ing the high frequencies. The frequency response of 
this newly designed speaker is approximately flat 
from 60 cycles to 15,000 cycles. By regulating a 
resonant chamber in the rear of the cone the low-
frequency response can be considerably accentuated 
if desired. 

TELE ON WHEELS—Dr. T. T. Goldsmith of Allen B. Du-
Mont Laboratories, Passaic, N. J., has equipped his 
5-passenger sedan with a television set mounted in 
the rear seat, affording interesting data on interfer-
ence, standing waves, and other 50-90-mc phenom-
ena as he spins around Jersey. If he travels radially 
from the New York transmitters, the picture bright-
ens and vanishes at fixed wavelength intervals; 
when moving tangentially this phenomenon disap-
pears. Tele-set on wheels has also revealed critical 
nature of antenna location; moving car a few inches 
or feet gives surprising difference between excellent 
and poor picture reception. 

COFFEE ROASTING—Electronic roasting of coffee beans 
is being studied. Preliminary results show that di-
electric heating has a definite advantage in retain-
ing a considerable percentage of the organic matter 
now driven off in the heating period in conventional 

roasting. To offset this advantage the initial equip-
ment investment is higher than present type ovens. 
Continuing study is being made. • 

ATOM-BOMB TESTS TELEVISED — Plans for Marshall 
Island tests of atomic bombs scheduled for May 
will utilize two video transmitters set up on Bikini 
atoll, near site of explosions. Television receivers 
will be placed on the Navy's flagship and on press 
and observation vessels all 20 miles away. At these 
safe and remote viewing points, officers and scien-
tists will study explosions by television, and the 
video screens will be filmed for Navy records and 
for newsreels. 

TINY TUBES FOR HOME RADIOS are now subject of for-
ward-looking researches, to use tube types developed 
for proximity-fuze. These sub-miniature tubes, 
each no larger than a pencil stub, are baseless and, 
in groups of four or more, would be soldered into a 
slug which could be slid into place in the set, facil-
itating tube replacement. Table sets might then 
shrink to cigarette-box proportions. 

TELE FROM BLIMP—With Westinghouse preparing to 
transmit television and FM from Martin plane over 
Pittsburgh, GE has been experimenting with dirigi-
ble flying over Albany and other Hudson River 
points as relay link for television and FM. 

GERMANIUM CRYSTALS—For use as a radio crystal, ger-
manium requires very careful processing, according 
to procedures devised in the Purdue University lab-
oratories, but it possesses striking advantages over 
silicon for some purposes and is silicon's equal in 
most other respects. Germanium crystals are in 
many ways declared far superior to conventional 
diode radio tubes, and can even serve as oscillator 
tubes. Though they can conduct a much larger 
current than ordinary diode vacuum tubes, they are 
small, require no heater, and can be wired into a 
circuit like a resistor. 

HIGH VOLTAGE AT LOW COST—Television receivers re-
. quiring 6,000 to 30,000 volts for operation of either 

direct-viewing or projection type picture tubes use 
compact power supplies that rectify radio frequency 
voltages to obtain high de output for low load cur-
rents. Filter capacitors on the order of 500 micro-
microfarads are adequate, reducing size and cost as 
well as shock hazard. In quantity production these 
high voltage supplies may cost less than a power 
transformer alone, helping to lick another economic 
hurdle for the television industry. 

NOTE: Please don't ask us for more details about any of the 
foregoing. We present here all the information we have. As 
soon as we get more about any of these situations, full details 
will be printed in Electronic Industries. Our editors run 
across many interesting tips, leads, and rumors, both well-
founded and baseless. We thought you would be interested in 
hearing about them, even if we can't give all the details or 
vouch for their authenticity. Editors. 
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SURVEY of WIDE READING 

Electronic news in the world's press. Review of engineer-

ing. scientific and industrial journals. Itere and abroad 

Wide Phase Shift 

Modulator 

D. Weighton ( Wireless Engineer, London, De-

cember, 1945/ 

The frequency modulator repre-
sented in the block diagram in-
cludes a crystal-stabilized oscillator 
the output of which is heterodyned 
in the first mixer stage with a fre-
quency - modulated signal derived 
from a reactance-tube modulator. 
The difference frequency is fed to 
a phase-shifting network, prefer-
ably a band-pass filter, which is 
required to have a linear phase-
frequency characteristic, i.e., a con-
stant time-delay independent of 
frequency over the beat-frequency 
range. The crystal frequency is 
restored in the second mixing stage 
by heterodyning again with the 
frequency - modulated signal and 
selecting the summation compo-
nent by means of a filter. 

CRYSTAL 
CONTROLLED 
OSCILLATOR 

MODULATING  

SIGNAL 
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STAGE 

OSCILLATOR 
AND 

MODULATOR 
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DELAY 
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REACTANCE PHASE 
TUBE MODULATED 

41OUTPUT 

Modulator for up to 90 radians phase shift 

The performance of this circuit 
as to its frequency-modulation 
characteristics is studied in detail 
estimating the various effects caus-
ing distortion. It is pointed out 
that the reactance-tube modulator 
need not have high frequency 
stability. The maximum phase dis-
placement produced by the system 
is approximately equal to oAro, the 
product of the delay time, rp, intro-
duced by the network and the 
maximum angular frequency ex-
cursion Lw of the modulated oscil-
lation. 
The above approximation be-

comes less good for increasing mod-
ulating frequency and increasing 
delay time; this imposes a limit on 
the delay time. If a loss of one db 

at 10 kc/sec is admitted, the delay 
time should not exceed 26.4 micro-
seconds. Another factor causing 
distortion is the non-linear rela-
tion between the frequency shift 
produced by the reactance-tube 
modulator and the impressed mod-
ulating voltage; harmonics will be 
present for large frequency swings. 
Based on previous investigations, a 
maximum frequency deviation of 
-± 75 kc/sec may be realized with 
less than 2% total harmonic dis-
tortion. 

Combining this figure with the 
maximum permissible interval of 
the delay network, the maximum 
admissible phase shift produced by 
the system is 26.4 x 10-6 x 27r x 75 x 
103 = 12.45 radians. The last source 
for distortion considered is the dif-
ference in phase shift introduced 
by the time-delay network for dif-
ferent frequencies. It is estimated 
that the percentage harmonic gen-
erated in this process is equal to 
3.125 xyle/n2, i.e., 3.125 times the 
square of the ratio of the delay 
time of the network to the number 
of network sections. The number 
of stages n required for a time de-
lay of 12.45 radians, assuming a 1% 
harmonic content, may be evalu-
ated from this relation to be 22. 
In practice a much larger phase 

variation than 12.45 radians may 
be utilized. A time-delay up to 50 
microseconds could be introduced 
if an equalizer were inserted in the 
time-delay network. Further a fre-
quency excursion of ±- 300 kc/sec, 
instead of ± 75 kc/sec has been 
tried by the author without observ-
ing any undue distortion. These 
two figures result in a tentative 
estimate of 50 x 10-6 x 27r x 300 x 103 
= 94 radians phase shift; this 
would however, require a 167 sec-
tion filter for a 1% harmonic 
distortion. 

Measuring Contact 
Potentials 

S. Rosenfeld and W. M. Hoskins ( Review of 
Scientific Instruments, December, 1945) 

In the course of an investigation 
concerning the phenomena of wet-
ting it became necessary to meas-
ure the contact potential differences 

of the systems liquid-liquid and li-
quid-solid. A method previously de-
veloped by Zisman was modified 
and used. 

Two conducting media whose con-
tact potential difference is to be es-
tablished are arranged to form the 
parallel plate capacitor A, P. The 
capacity of this capacitor is peri-
odically varied by oscillating the 
standard-gold-plated plate P which 
is attached to a loudspeaker cone 
driven by a 60 cycle voltage. The 
surface under investigation consti-
tutes the fixed plate of the capaci-
tor. The generated ac voltage is am-
plified and indicated on an oscillo-
graph. 

60 CYCLE 

1— — 

1 

STANDARD 

VIBRATING 

PLATE 

LOUDSPEAKER CONE 

P 1 
TO 

GRID 

SURFACE INVESTIGATED 

Device for measuring contact potentials 

If an equal voltage of opposite 
sign to the contact potential dif-
ference is impressed on the circuit, 
the oscillograph image changes 
from a sine-wave shape to a straight 
line. A type K Leeds and Northrup 
potentiometer was used for meas-
uring the contact potential differ-
ence. 

It was found that a conventional 
two - stage, resistance - capacitance 
coupled, high-gain voltage amplifier 
yields suffiCient amplification to en-
able measurement of the contact 
potential difference to 1 millivolt. 
The two tubes used were a National 
Union Sound X/TRA 6J7 designed 
to give low microphonic values in 
the first stage and a RCA 6J7 in the 
second stage. Careful shielding had 
to be provided. Spurious effects 
when leaves are measured are 
avoided by use of nonpolarizing 
connections through a calomel half-
cell. 
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64•0 VARNISHED / 

line 

... that provide all the advantages of Fiberglas, in fullest measure! 

It is the varnish and its proper application that endows Fiberglas insulation 

with that extra insulating protection. 

To insure this added increment of protection, Irvington uses only carefully 

compounded insulating varnishes, scientifically applied to a Fiberglas base 

In fact Irvington Fiberglas reflects the same exacting research and supervised 

production that has kept Irvington the leader in electrical insulation. 

The varnished Fiberglas insulations you require in types, size and specifi. 

cations, are all available at IRVINGTON. For samples, or full particulars, 

write Dept. 50, Irvington Varnish & Insulator Co., Irvington II, New Jersey. 

IRVINGTON 

CLOTH 

TUBINGS 

SLEEVINGS 

TAPE 

PUNCHINGS 

IL WIRE 
11 MARKERS 

SLOT 

VARNISH & INSULATOR COMPANY 

IRVINGTON II, NEW JERSEY 

L 
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RF Resistance 01 

Iron Wires and 

Permalloy Strips 

A. W. Smith, J. H. Gregory and J. T. Lynn 
(Journal of Applied Physics, January, 1946) 

It is well known that the resist-
ance of conductors increases with 
increasing frequency due to the 
skin effect. The ratio of R/R. of 
ac to de resistance of iron wires 
and permalloy strips was measured 
in the frequency range of from 1.5 
to 6.0 mc per sec. 
The voltage across a capacitor in 

a resonant circuit was measured 
with a tube voltmeter and the ef-
fect of the resistors to be investi-
gated inserted in series was com-
pared with standard resistances. 
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The permalloy tested had a com-
position of 78.5% nickel and 21.5% 
Iron. Samples designated as PA-1 
and PA-2 were annealed by heat-
ing in a closed furnace to 1000°C 
and cooled within the furnace over 
an eight-hour period. Samples des-
ignated as PQ-1 and PQ-2 were 
heated to 1000°C, but were with-
drawn to cool quickly in the air 

when the temperature of the fur-
nace had dropped to 600°C. The 
sample marked PU was not given 
any heat treatment. 
In the two figures the results are 

graphically represented. The em-
pirical equation of these curves is 

R/Ro= 0.4 4-1.57dUma/IIPA 

where d is the diameter of the wire 
in cm, R its resistance at the fre-
quency f, R. its de resistance, and 
µ and a permeability and conduc-
tivity respectively. These curves in 
conjunction with theoretical con-
siderations indicate that the per-
meability of each specimen can be 
regarded as constant within this 
frequency range for small currents 
of a few milliamperes, 

DC Beam-Carity Oscillator 

J. Marcum (Journal of Applied Physics, Janu-

ary, 19461 

The interchange of energy be-
tween a constant density electron 
beam and an oscillating electric 
field is studied; the electric field 
may be set up between grids con-
nected to a cavity resonator. Under 
these conditions oscillations will be 
generated in the cavity provided 
the electron beam transfers energy 
to the electric field. 
A partly graphical method for 

the solution of the problem is used 
and a chart is presented relating 
the various cavity and beam pa-
rameters and the operating fre-
quency for ready evaluation of 
these quantities in a particular 
problem. A maximum efficiency of 
17% is established. 

FM Oscillator-
Discriminator Circuit 

A. Badmaieff Journal of the Society of Mo-

tion Picture Engineers, January, 19461 

An apparatus was designed for 
conversion of mechanical vibra-
tions into voltage variations. It 
may be used for the measurement 
or control of mechanical vibra-
tions; its application to the test-
ing of the frequency response of 
recording heads while cutting pho-
nograph records is explained. 
The vibrating system to be in-

vestigated is made to vary the po-
sition of the common plate of ca-
pacitors C1C2, thereby changing 
their capacitances in opposite 
sense. An electron coupled oscil-
lator is formed by the cathode-
control grid-screen grid section 
(K,GI,G ,,) and the tuned circuit 
(Ln,C1), C1 being the frequency de-

PICK UP 

— 

Fig. 1—FM oscillator and discriminator circuit 

termining element. The frequency-
modulated oscillations supplied to 
the plate by electron coupling are 
detected in the discriminator cir-
cuit (C2,1,2,D) which is tuned 
slightly off resonance with regard 
to the oscillation frequency. 
A voltage having an amplitude 

corresponding to the vibrations of 
the element under test will appear 
across output resistor RI. This 
audio output of the oscillator-dis-
criminator unit is amplified in a 
6SJ7 connected as a triode and 
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Fig. 2—Amplitude- frequency relation in Fig. 1 

either measured with a tube volt-
meter or made audible. 
The oscillator frequency and the 

discriminator characteristic will si-
multaneously be displaced in oppo-
site direction as the common ca-
pacitor plate moves. The operation 
of the system may be understood 
by inspection of the diagram in 
Fig. 2, where the heavy curve rep-
resents the discriminator curve for 
the center position of the capacitor 
plate and the two dashed curves 
are the discriminator characteris-
tics for the extreme right and left 
positions of this capacitor. Simul-

(Continued on page 158) 
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THERE'S ALWAYS A GOOD REASON way 
one kid shoots up faster than all the others in 
the neighborhood. It isn't luck. Most likely, it's 
more vitamins, more sunshine and better care. 

Companies like Cornell-Dubilier don't grow 
up overnight either. Experts like C-D engi-
neers don't just "happen". Only here it isn't 
what you eat or dream; it's what you do. You 
dig behind what others have told you. That's 
research. You look beyond what others have 
seen. That's pioneering. You spend more time 
and money, than might seem immediately 
profitable, to become proficient in your field. 
And when the "unheard of" has to be done, 
industry expects you to do it. 

When giant capacitors, that could handle 
severe temperatures without the use of water-
cooling coils, were needed, they came to 
Cornell-Dubilier. And when capacitors were 
needed for the Proximity Fuze, in sizes so tiny 
they had never before been envisioned, C-D 
engineers were handed the problem. 

Remember that when 
your plans call for the 
unusual in capacitor de-
sign and dependability. 

* * * 
Cornell-Dubtlier Electric 
Corp. South Plainfield, 
New jersey. Five other 
plants in New Bedford, 
Brookline, Worcester, 
Mass. and Providence. 

CORNELkDUBILIER 
, !shout- mil 

CAPACITORS 
YT1CS 
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IWASHINGTO Latest Electronic News Developments Summarized 

by Electronic Industries' Washington Bureau 

1111 

FCC SPEEDS APPROVALS—Impetus to the construction 
of new broadcasting stations—standard AM, FM and 
television—is to be given by the Federal Communi-
cations Commission during April, when all five Com-
missioners will be in Washington after their field 
hearings. Promise of speedy decision during the 
coming month on the approximately 300 applica-
tions for new stations or improvement of existing 
equipment has been given by Acting Chairman 
Charles R. Denny, Jr. 

SEE GROWING EQUIPMENT ORDERS— Approvals of the 
station construction plans loom as auguring a sub-
stantial flow of equipment orders to the manufac-
turers. In realization of the intense interest and 
value to the public of the new broadcasting media 
of FM and television, the FCC is bending every effort 
to impleihent authorizations in these .fields. Like-
wise, in new non-broadcast radio services—aviation, 
radar, railroad, highway and urban mobile—the 
Commission has established special staff processes 
for speedy sanction of installation of equipment in 
these fields. 

RECEIVER PRODUCTION SPEEDED; PRICING STILL HEAD-
ACHE—Even though the pricing "headache" still had 
to be ironed out in final form with the OPA by the 
radio manufacturers, particularly for components 
and materials in the higher-priced console and com-
bination receivers, production in good volume, con-
centrta,téd in the low and medium price sets (85% of 
them table models), has been reported to the Wash-
ingtori povernment authorities as the prospect for 
the spring months. An upturn of shipment of radio 

receivers, approximately 500,000, occurred during 
January, but a falling off of production came in 
early February due to shortages of condensers, 
speakers, cabinets and tubes. This was alleviated 
somewhat in March. 

FCC SURVEYS FM AND TELEVISION PRODUCTION OUT-

LOOK— The FCC has launched a questionnaire sur-
vey aimed to forecast the number of FM and 
television radio receivers and FM adaptors and con-
verters to be produced in 1946. But the results of 
the Commission survey appear doubtful, since the 
manufacturing picture has been so clouded at pres-
ent by the chain of cirçuestances ,tied in with price 
fixing and shortages of componerits and parts. Only 
end equipment manufacturers received the question-
naire. In regard to television receiver production, 
set manufacturing plans have the hazard of black-
and-white versus color video. The FCC leadership 
has signified its desire to push lower-channel black-
and-white television, but has just received a "$64 
question" in the proposal of Columbia Broadcasting 

System to have standards for color video studied 
and promulgated in the near future. 

TO PROCESS TELEVISION STATION GRANTS—In its pro-
gram of launching television in various major met-
ropolitan centers of the country, the FCC is giving 
first attention to the processing of television appli-
cations in cities where there are no stations. The 
first was Washington, where the applications of the 
Bamberger Broadcasting Service, Washington Eve-
ning Star Broadcasting Co. and National Broadcast-
ing Co. were granted and action was deferred until 
oral argument on the Philco and DuMont video sta-
tion assignments. The FCC, in its Washington 
proposed decision, gave special significance to the 
importance of a network owning a television station 
in the National capital. Hearings on the assign-
ment of television channels in other large cities are 
slated to commence in Los Angeles and Chicago, 
while other centers will follow. The FCC visualizes 
around 100 video stations to be on the air by the 
end of this year. 

EDUCATIONAL FM POSSIBILITIES—Besides the large do-
main of_commercial FM broadcasting, radio manu-
facturers have another substantial outlet for equip-
ment sales in the educational FM broadcast service, 
for which twenty channels have been allocated, and 
which was launched for service by the Commission 
with the promulgation in early March of Rules and 
Regulations for educational station operation. Even-
tual FM outlook-4,000 to 5,000 commercial stations 
and around 800 educational stations, the latter esti-
mated by U. S. Office of Education. 

AVIATION RADIO- ELECTRONIC NAVIGATION AIDS RECEIVE 

CONCENTRATED ATTENTION — Aviation radio-radar-
electronic aids are not being_ given much publicity 
in the daily press but promise a most fertile field 
for equipment production. Interest of manufacturers 
in this sphere was shown by attendance of 200 to 
300 manufacturing, military and government experts 
at week-long session in Washington to devise plans 
for standardization of equipment for all-weather 
flying; meeting was under auspices of Army Air 
Forces Research and Development staff. Industry 
brought forth full plans for improvement of air 
navigation safety with variety of devices—Sperry's 
use of Klystron tubes; Federal Telephone and 
Radio's "Navar"; RCA's "Teleran"; Raytheon's radar 
developments; Hazeltine's "Lanac," etc. Important 
move in determining standard operating procedures 
of radio-electronic aviation devices for trans-oceanic 
flying was made during March at British-United 
States-Eire conference at Dublin. 

National Press Building ROLAND C. DAVIES 
Washington, D. C. Washington Editor 
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When insulator Ite  

design 

calls for 

2eaél,tetàre 

When time is of the utmost importance the ease and precision 

with which Mykroy can be fabricated into insulator parts makes 

it exceptionally useful to electronic and electrical engineers. 

Make those design changes on the spot . . . make them quickly 

and economically with Mykroy, for, here is a ceramic which can 

be worked in your own shop. Just transfer your design to the 

Mykroy sheet . . . then using conventional shop tools . . . pro. 

duce the desired part by simple cutting, grinding, drilling, tap-

ping and polishing techniques. 

Because it has high structural strength and physical stability 

Mykroy can be machined to critical tolerances more readily than 

other types of ceramics. In addition, its electrical characteristics 

are of the highest order and do not shift under any conditions 

short of actual destruction of the insulation 

itself. This, plus excellent chemical and 

physical properties, makes it one of the best 

insulating materials ever developed for 

general and high frequency applications. 

Get the full facts about this versatile dielectric now. 

Ask for a copy of the new MYKROY BULLETIN 102 

which describes the new larger ( 19 1/4 " x 29 3/4 ") sheet 

now available and call upon our engineers to help 

with your problems. 

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

70 CLIFTON BLVD., CLIFTON, N. J 
CHICAGO 47; 1917 N. Springfield Are., Tel. Albany 4310 

EXPORT OFFICE: 89 Broad Street, New York 4, New York 
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A representative group of parts fabricated in Mykroy to 

customer's specifications in our own plant. We have 

complete facilities to produce such parts in any quan-

tities on rapid delivery schedules. Send us your speci• 

fi cations. 

MECHANICAL PROPERTIES* 

MODULUS OF RUPTURE 18000-21000psi 
HARDNESS 

Mohs Scale 3-4 BHN. BHN 500 K9 Load. 63-74 
IMPACT STRENGTH ASTM Charpy .34-.41 ft. lbs. 
COMPRESSION STRENGTH 42000 psi 
SPECIFIC GRAVITY 2.75-3.8 
THERMAL EXPANSION... -000006 per Degree Fahr. 
APPEARANCE Brownish Grey to Light Tan 

ELECTRICAL PROPERTIES* 

DIELECTRIC CONSTANT   6.5-7 
DIELECTRIC STRENGTH I 1/4 "1 630 Volts per Mil 
POWER FACTOR.  001-.002 ( Meets AWS L-41 

*THESE VALUES COVER THE VARIOUS 
GRADES OF MYKROY 

GRADE 8. Best for low loss requirements. 
GRADE 38. Best for low loss combined with high me. 

chanical strength. 
GRADE 51. Best for molding applications. 

Special formulas compounded for special requirements. 
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Based on Power Factor Measurements made by 
Boonton Radio Corp. on standard Mykroy stock. 



* TELEVISION TODAY* * 
New Developments in the Video Field 

'Fete Ilroatleasls 
Temporarily Quit 

Except for WRGB in Schenectady 
all television stations have left the 
air temporarily and their engi-
neers are wrestling with frequency 
changes. WNBT, NBC station in 
New York, returns on its new fre-
quency (channel No. 4, 66-72 mc) 
on April 5. WCBW, CBS station in 
New York, shifts to new channel 
No. 2, 54-60 mc. The Du Mont sta-
tion, WABD, which has been off the 
air for several months, expected to 
return to the air before March 15 
on channel No. 5, 76-82 mc. 

WBKB, Balaban & Katz station 
in Chicago, expected to resume op-
erations on March 18 on channel 
No. 4, 66-72 mc, while the Philco 
station in Philadelphia, WPTZ, 
which has been off the air, will 
operate on channel No. 3, 60-66 mc. 

Don Lee experimental station 
W6XAO will resume on channel No. 
2, 54-60 mc, after reconversion, 

while the Television Productions, 
Inc., station W6XYZ, will return 
on channel 5, 76-82 mc. Both sta-
tions are in Hollywood. 

WRGB in Schenectady, shifting 
to channel No. 4, 66-7p mc, remains 
in the same frequency it held pre-
viously and will continue opera-
tions. 

Cut Tele Hours 

For the time being there is to be 
no minimum requirement concern-
ing the number of hours television 
stations must operate. FCC has let 
it be known that the previous re-
quirement minimum of 28 hours a 
week has been waived until July 1 
this year. 

FCC Urged To License 
UHF Color Television 

The Columbia Affiliates Advisory 
Board, representing 145 independ-
ently owned radio stations of the 
CBS network, has adopted a reso-
lution calling upon the Federal 
Communications Commission to au-
thorize commercial licenses for 
ultra-high frequency stations to 
transmit high-definition color tele-
vision. 

The resolution, which followed a 

*Title registered U. S. Patent Office. 

demonstration of Columbia's color 
television on receivers suitable for 
the home, and a transmitter of 
commercial design, further stated: 

". . . the interests of the broad-
casting industry, as well as the in-
terests of the American public, will 
be served by the early change from 
the standards of prewar television 
so as to take advantage of the in-
creased knowledge of electronics 
and their commercial application." 

Color Only—Zenith 

There will be no black and white 
television receiving equipment man-
ufactured by the Zenith Radio 
Corp., Chicago. The company has 
made public its intention of build-
ing nothing but high frequency re-
ceivers engineered for operation in 
the ultra-high frequency television 
band. The Zenith company oper-
ates television station W9XZV. It 
plans shortly to begin experimen-
tal transmission of color television 
pictures. 

GE Tests Television 
Relaying From Blimp 

General Electric engineers in 
Syracuse have been experimenting 
with television relay equipment in-
stalled in a blimp to determine the 
practicability of the idea and to 
check on the possibility of increased 
relay range of a station at varying 
altitudes. 
The experiments are part of a 

broad General Electric research and 
engineering program which calls 
for the investigation of all methods 
of relaying—whether by ground or 
air "booster" stations—to arrive at 
the most economical and depend-
able system for the widest distribu-
tion of television and FM radio 
programs. 

General Electric worked with 
Globe Wireless, Ltd., in the initial 
blimp relay tests, using a blimp 
of the Goodyear Tire & Rubber Co. 
The blimp was operated between 
Schenectady and New York City 

(Continued on page 165) 

DuMont's new two-bay broadband vertical turnstile antenna atop the Harrington hotel in midtown 

Washington, now being used for experimental video broadcasts. Array may be quickly raised, lowered 
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In Any Emergency, You Can Count on 

HAR-CAM Emergency Communications Equipment 
 \AN`  

 J\f\I 

'%AA,   JVV`  

HARVEY OF CAMBRIDGE Transmit-

ters and Receivers team up to provide 

the most dependable and efficient 

two-way radio combination you can 

get. Here's why: 

HARVEY OF CAMBRIDGE is one of 

the oldest manufacturers of two-way 

radio. Many of HARVEY'S initial in-

stallations are still considered stand-

ards of quality and performance. Dur-

ing the war, HARVEY OF CAMBRIDGE 

specialized in the development and 

manufacture of communications 

equipment — units that for obvious 

reasons had to be the last word in 

dependability and efficiency. 

This combination of sound basic 

design and construction supplemented 

by the many important new and 

better communications developments 

mean HAR-CAM Transmitters and 

Receivers are now better than ever. 

For complete information and spec-

ifications that will prove it beyond 

question, write for HARVEY Emer-

gency Communications Equipment 

Bulletins No. 35 and No. 36. 

Typical 1lARVI's products: Also.e left: -he HARI& ells Telephone Model M-25; center: The MAR-CAM 
Visual Ali7rment Signal Generatsr Model 205 The HARVEY Regulated Power Supply 2045 PA. 

Write for Bullet as. 
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NEWS OF THE INDUSTRY 

(Continued from page 104) 

Peerless Electrical Products Co., as 
chairman; D. A. Marcus, general 
manager of the Electronic Spe-
cialty Co., as vice-chairman; and 
re-elected James L. Fouch, presi-
dent of the Universal Microphone 
Co., treasurer. The officers auto-
matically become members of the 
executive committee of the local 
council with four others also elect-
ed. The executive committee of the 
San Francisco and Los Angeles 
councils, seven each, thus become 
the board of directors for the state-
wide organization. 
Los Angeles also selected the fol-

lowing to serve on the committee: 
George L. Carrington (Altec-Lan-
sing Corp.) ; Robert Newcomb 
(Newcomb Audio Products Co.) ; L. 
B. Brittain (Brittain Sound Equip-
ment Co.) ; with Howard Thomas, Jr. 
(Packard, Bell Co.), retiring chair-
man, making the seventh member. 

RCA Victor Chicago 

luto Radio Plant 

The RCA Division of the Radio 
Corp. of America has leased a plant 
in the southwest section of Chicago 
to be devoted solely to the fabrica-
tion and assembly of automobile 
radio sets. Auto radios for General 
Motors are now being manufac-
bured by RCA Victor at its Indian-
apolis plant. Transferring this op-
eration to larger quarters at the 
Chicago plant and the installation 
of modern, straight-line assembly 
lines will provide RCA Victor with 
a substantial increase in productive 
capacity. 

Ward Leonard 

Jersey Office 

Ward Leonard Electric Co., Mount 
Vernon, N.Y., has established a 
branch office in the Industrial Of-
fice Building, Newark, N. J. It will 
be in charge of R. W. Vonasch as 
district manager. 

Hastings Organizes 

Instrumentation Firm 

Hastings Instrument Co., has 
been formed in Hampton, Va. and 
will specialize in research and the 
development of electronic instru-
mentation. Charles E. Hastings, 
formerly head of the instrument 
development section of the National 
Advisory Committee for Aeronau-
tics, is chief engineer. 

Electronics Section 

Added By Bustan 

The National Bureau of Stand-
ards, Washington, has set up an 
Electronics Section to take up tube 
research and development work 
and the application of electronic 
circuits and radiation. Primarily, 
the purpose of the Section will be 
to broaden the scope of the ord-
nance development division work. 
The Section will be headed by Dr. 
Robert D. Huntoon. 

Standards to 33,000 me 

Expanding its frequency stand-
ards service the Bureau of Stand-
ards, Washington, has set up fre-
quency standards covering the 
microwave range to 33,000 mc. The 
new standards which will be avail-
able to industry are derived from 
the Bureau's national primary 
standard by a process of frequency 
multiplication, conversion and har-
monic selection. 

Marion Meter Policy 

Marion Electrical Instrument Co., 
Manchester, N.H., has adopted a 
new guarantee policy covering its 
line of hermetically sealed indicat-
ing instruments. Hereafter instru-
ments are to be unconditionally 
guaranteed for a period of six 

WORLD'S 

months. After this period Marion 
will replace any 21/2  or 31/2-in. In-
strument ranging from 200 micro-
amperes upward for a fiat fee of 
$1.50 regardless of whether the in-
strument has been overloaded, 
burned out or otherwise mistreated, 
provided the seal is unbroken. Same 
size meters with sensitivity greater 
than 200 microamps will be re-
placed for $2.50 under the same 
conditions. 

Ideal Drops Commutator 

Hereafter it is to be Ideal Indus-
tries, Inc., instead of Ideal Com-
mutator Dresser Co. Change in the 
name of the Sycamore, Ill., com-
pany has been made better to indi-
cate the expanding character of its 
business. The change involves no 
alteration in management, per-
sonnel, location, manufacturing, or 
method of distribution. 

P & B in Chicago 

The Potter /tr Brumfield Sales Co. 
has been formed by the Potter & 
Brumfield Mfg. Co., Princeton, Ind., 
and will function as the Chicago 
sales office for the parent organiza-
tion. The company manufactures 
relays, process timers and other 
electro mechanical equipment. The 
new organization will headquarter 
at 549 West Dashington Blvd., Chi-
cago. 

GREATEST MICROWAVE GENERATOR 

Developed by Westinghouse Research Labs., this 500-ib. Resnatron, used in Allied radar 

jamming equipment, is heaviest and most powerful UHF tube ever made. Examining it are en-

gineer Alfred Lattauceo and E. J. Nauman, supervisor of Baltimore engineering laboratories 
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STUPAKOFF HERMETIC SEALS 

Stupakoff Kovar'-glass seals provide permanently 
vacuum and pressure tight, insulated electrical 
lead-ins on products which must be sealed from 
the atmosphere, even under the most adverse 
climatic conditions. 

Metal-glass terminals are available, or can be 
made in shapes and sizes to suit your needs . . . 
with single or multiple, hollow or solid electrodes. 
Kovar alloy is also available in the form of 

sheet, rod, wire, tubing and special shapes for the 

1 

manufacturers of electronic tubes and others who 
have their own glass working facilities. 
A line from you as to your sealing problems will 

enable us to make specific recommendations and 
supply the applicaKe literature. 

• Reg U S. Pat. Off Trade Mark No. 337962 

»eV» MINYet 
••• 

CERAMIC AND MANUFACTURING CO. • LATROBE, PA. 
EXPORI DE/ARRIMENT 13 E. 40T/4 ST., NEW YORK 16, N. Y. CAERE ADDRESS ARI.All All CODES 
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NEW PATENTS ISSUED 

Amplifier 

It is proposed to use several am-
plifying channels in parallel, each 
channel handling a predetermined 
section of signal amplitude. For 
example, if three separate chan-
nels are used, the first channel in-
cludes a stage which passes only 
the tops of the signal to be ampli-
fied, it is followed by an amplifier. 
The second channel rejects the top 
and bottom portions of the signal 
and amplifies only the center levels 
and the third channel is concerned 
with the low amplitude sections of 
the signal. 
The signals are combined in a 

bridge circuit to give a resultant 
output representing the input in 
such a way that the different chan-
nels do not interfere but satisfac-
tory energy transfer is obtained be-
tween each channel and the output 
circuit. This scheme permits im-
proved efficiency because each am-
plifier may be operated at optimum 
condition as to applied input signal 
amplitude. 

C. B. Fisher, (F) June 10, 1942, 
(I) July 3, 1945, No. 2,379,513. 

Selective FIR Receiver 

The circuit was designed to in-
crease the ability of an FM receiver 
to select the stronger of two sig-
nals covering parts of a common 
frequency band. Discrimination 
against the weaker signal is effec-
tive in the limiter circuit; its out-
put contains comparatively more of 
the stronger signal relative to the 
weaker signal than does its input. 
The invention therefore suggests 
feeding back part of the limiter 
output to an intermediate fre-
quency amplifier stage preceding 
the limiter. Amplitude and phase 
of the feedback line are controlled 
by adjusting the coupling circuit 

to result in regeneration without 
causing oscillation. A signal can 
be received satisfactorily in the 
presence of an interfering signal 
of more nearly equal intensity than 
is possible without the feedback 
connection. Superregenerative feed-
back may be used. 
The limiter circuit distorts the 

waveshape and has the effect of in-
creasing the ratio of desired to un-

desired signal. The intermediate 
frequencies of the two signals trav-
ersing the limiter are not changed, 
also the two signals still carry each 
its original audio modulation. The 
selective effect occurs in the fre-
quency swing; the swing of the 
weaker signal will be reduced in 
favor of that of the stronger signal 
provided two frequency modulated 
signals are considered. In other 
words, assuming the two signals 
had equal maximum frequency de-
viations at the input to the limiter, 
the maximum frequency deviation 
of the stronger signal will exceed 
the maximum frequency deviation 
of the weaker signal at the output 
of the limiter. The center frequency 
and the intelligence carried by each 
signal will remain unaffected. This 
constitutes a selective mechanism 
as the frequency deviation in FM 
may be compared to the modula-
tion factor in AM. It will be seen 
that any amplitude modulation ef-
fects will be reduced in the limiter. 
The regeneration, therefore, will 

be greater for the stronger signal 
increasing the effective desired-to-
undesired signal ratio and decreas-
ing the interference caused by the 
weaker signal. 

R. M. Wilmotte, (F) December 
26, 1941, (I) October 30, 1945, No. 
2,388,200. 

Separating FM Signals 

This patent may be considered an 
extension of the invention described 
in the preceding patent No. 2,388,200. 

The circuit is intended for the 
simultaneous or alternative recep-
tion of two or more frequency-mod-
ulated signals of identical or close 
carrier frequency. Limiter 6 pro-

vides an output where the stronger 
of the two signals dominates. A 
portion of this output Is fed-back 
to the combining circuit 78 in such 
a phase and amplitude as to cancel 
this stronger component, leaving 
only the weaker component in the 
second channel feeding loudspeaker 
17. The stronger signal is realized 
in loudspeaker 11. 
R. M. Wilmotte, (F) December 26, 

1941, (I) October 9, 1945, No. 2,-
386,528. 

Use of Limiter Output of 
Two Similar Input Waves 

When two currents of different 
frequency fi and f2 and of slightly 
different amplitudes V1 and V2 are 
passed through an amplitude lim-
iter, the resulting limiter output 
current has an amplitude R and a 
frequency f3 approximately half way 
between fi and f2. Fig. 1, p. 158, is a 
conventional vector representation 
of two currents, the one with larger 
amplitude, V1, being represented by 
a constant vector, the other one, 
V2, by a vector rotating with the 
difference frequency. The behaviour 
of the resultant current, R, may be 
visualized from the diagram. 
The angle Ai which is equal to 

(f2 _ fi) t represents the instan-

(Continued on page 158) 

Fig. 4—Stabilizing transmitter amplitude by use of amplitude limiter scheme, page 160 
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free.. . to Makers of Electronic Equipment 
yOU'D like to have all your training films made to 

order, of course. But if you can't manage to do 

this, you can still organize an up-to-the-minute train-
ing program by supplementing your own films with 

films made by others. 

And that's where this new book, "The Index of 

Training Films," can help you. It lists—with hundreds 

of others—a wide selection of films on electronic 
subjects for training factory workers, salesmen, and 

Training Films 
—another important function of photography 

trouble-shooters. Movies and sound-slide films cover 

electron-tube theory, circuits, electronic motor con-

trols, resistance-welder control, phototube applica-

tions, and many other electronic topics. 

This informative index describes and classifies out-

standing films . . . tells which are free . . . which can 

be rented or bought, and for how much . and where 

to get them. For your copy, write . . . 

Eastman Kodak Company, Rochester 4, New York 

... guide to 
reade-made Ifni/ling lens 

This new book lists 155 

films on Electronics and 

related subjects which 

you can borrow, rent, or 

buy very reasonably 

Mail This Coupon for Your Free Copy 

Eastman Kodak Company 
Rochester 4, New York 

Please send me a free copy of the new book, 
"The Index of Training Films." 

Name  

Company  

Street  

City  State  



WHAT'S NEW 
Devices, products and materials the manufacturers offer 

FM Antenna 

Shur-Antenna— Mount, Inc., Sea Cliff. 
N. Y., has developed a versatile antenna for 
use on television, fm and hf amateur bands. 
The antenna has a number of tunable ele-
ments, such as adjustable spacing, adjust-
able length, impedance and polarization. The 
input impedance of the antenna is 282 ohms. 
—Electronic Industries 

Pickup 

A series of magnetic type reproducers for 
lateral records has been developed by Pick-
ering and Crowe Audio Laboratories, Ocean-
side, N. Y. The pickups have virtually no 
frequency or harmonic distortion from 80 
to 12,000 cps and will track any commercial 
record with a stylus pressure of 15 grams. 
A natural sapphire stylus is provided.—Elec-
Ironic Industries 

Oscillograph 

The type 248 cathode ray oseillograph is 
a portable instrument designed for the ac-
curate observation of microsecond pulses 
containing frequency components up to 10 
me. The instrument has been developed by 
Allen B. DuMont Laboratories, Inc., Passaic, 
N. .1. It has a 5 in. cathode ray tube and 
contains such refinements as a timing os-
cillator, beam modulation amplifier and 
separate trigger pulse output. Operates 
from 115 v., 50-400 cycles ac.—Electronic 
Industries 

Mobile FM Transmitter 

Harvey-Wells, Southbridge, Mass., is plan-
ning a mobile FM Transmitter with a power 
output of 15 watts and built-in converter 
power supply. It is controlled from a re-
mote unit handset on the dashboard. Mod-
els are available to cover the frequency 
ranges 25 to 28 me., 80 to 44 mc., 72 to 76 
me., and 162 to 162 me.—Electronic In-
dustries 

Two-Wag Communications Unit 

The PATE-10 Flightphone radiotelephone 
equipment made by Bendix Radio, Baltimore 
4, Md., weighs 7 lbs., including built-in 
power supply, shockmounts and range filter. 
The transmitter is provided with five crystal-
controlled vhf channels, two of which are 
the standard frequencies for control towers 
and civil airways stations. The receiver 
covers a frequency range from 550 to 1500 
kce and from 200 to 400 kes.—Electronic 
Industries 

Hermetic Seals 

Units which will enable electrical manu-
facturers to place leads for hermetically 
sealed items in any configuration have been 
perfected by the Hermetic Seal Products Co., 
Newark, N. J. The glass-insulated leads are 
designed to withstand severe temperature 
shocks without cracking. In demonstration 
the units were dipped in liquid air, and then 
immediately placed in boiling water. Mini-
mum leakage resistance requirements are 
5000 megohms but test results show the 
leads to have over 100,000 megohms. 

Leads of .050 in. diameter in a 1/2  in. 
glass insulator will not break under a ten-
sion of 80 lbs. direct pull. Standard plugs 
and terminals will be available shortly to 
manufacturers.--Electronic Industries. 

Flexible Waveguides 

If microwave equipment requires move-
ment, the "Wavefiex" flexible waveguides 
manufactured by Titeflex Inc., 500 Freling-
huysen Ave., Newark 5, N. J., may be 
used. Wav'eflex is constructed of metal 
flexible tubing and has an electrically con-
tinuous wall. It is available in all stand-
ard waveguide band sizes and lengths.—Elec-
tronic Industries 
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ELECTROIM EncinEERInG 

111111DBOOK 
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NEW, original, authoritative, comprehensive—The Electronic Engineering Handbook 
is a working tool for every engineer interested in electronic developments and ap-

plications in the industrial or communication fields. Edited by Ralph R. Botcher, E. E., 
and William Moulic, the Handbook is written by some of the foremost men in their 
fields: men who have originated many of the techniques and applications they de-
scribe. Yet any engineer with a basic knowledge of electrical principles and simple 
circuits can understand and follow it with ease. You are invited to examine this out-
standing Handbook in your own home or office. 

"The Most Complete Book on Electronic Tubes 
and their applications, I have ever seen." 

"An outstanding job . . . deserves to be classed with the best 
texts on the subject. The industrial and communications applica-
tions are unusually well balanced." "I was amazed at the 
amount of useful material contained in this volume. The pio-
neering sections on high frequency heating and industrial sound 
applications are extremely well prepared." These are just a few 
typical comments from engineers who have found, in its pages, 
authoritative answers to current questions about electronic ap-
plications. Beginning with fundamentals, the Handbook pro-
ceeds, logically, to detailed discussions. Every important circuit, 
each essential application that requires picturization is illustrated. 
There are more than 200 charts, diagrams, special drawings and 
photographs. Bound in limp blue leatherette, the Handbook 
opens flat for convenience in use. The partial contents give you 
some idea of its scope. Nothing short of the book itself, can 
prove its day-to-day worth to you. Read it. Study it. See for 
yourself why outstanding engineers call The ELECTRONIC ENGI-
NEERING HANDBOOK "amazing", " priceless". If, after 5 days, 
you feel that the Handbook is not worth much more than its 
modest price of $4.50, you may return it, without further obliga-
tion. But don't delay inspecting your copy. The present limited 
edition will go fast. Make sure of your copy by filling in and 
returning the coupon below at once. 

CALDWELL-CLEMENTS, INC. 
480 LEXINGTON AVENUE, NEW YORK 17, N. Y. 

456 pages. More 

than 200 illustra-

tions. Covers 

every important 
circuit and essen-

tial application. 

MAIL THIS NO RISK 
Caldwell-Clements, Inc., 480 Lexington Avenue, New York 17, N. Y. 

Send me The ELECTRONIC ENGINEERING HANDBOOK for inspection. If I am not completely 
you within 5 days. Otherwise, I will remit $4.50 in full pay ment. 

( I Payment enclosed. ( Same money back guarantee.) 

READ THESE 

PARTIAL CONTENTS 
• 

VACUUM TUBE FUNDAMENTALS: 

Electronic Principles. Principles of Di-
odes. Principles of Multi-Element 
Tubes. Principles of Photo-electric 
Tubes. Cathode Ray Tubes. Special 
Purpose Tubes. Materials in Tube 
Construction. Vacuum Tubes as Cir-
cuit Elements. 

ELECTRONIC CIRCUIT 

FUNDAMENTALS: 

Principles of Rectification. Principles 
of Amplification. Low Frequency 
Amplifiers. High Frequency Ampli-
fiers. Principles of Oscillators. Prin-
ciples of Modulation. Principles of 
Detection. Cathode Ray Oscillo-
graphs. Relaxation Oscillators. Pho-
to-electric Circuits. Electron Tube 
Circuit Application. 

ELECTRONIC APPLICATIONS: 

High Frequency Heating. Industrial 
Sound Systems. 

VACUUM TUBE DATA: 

Electronic Tube Data and Tables. 

COUPON TODAY +4* 
• 
a 
• 

• 

u 

satisfied, I will return it to 

Name & Position   

Company   

Address   

City   State  Zone   
EL446 
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Circuit Breaker 

An addition to its lil,c of general pur-
pose circuit breakers in the 50 amp, frame 
size is a three-pole breaker with three trip 
units manufactured by the Heinemann Cir-
cuit Breaker Co., 137 Plum St.. Trenton. 
N. J. The circuit breaker is designed for 
service on 120-230 v, ac or 250 v. de, 50 
amp. max. Continued overload opens the 
breaker in time inverse to the ratio of the 
current.—Electronic Industries 

Snap-Switch 

A high-capacity snap-switch adjustable 
to operate on feather touch force has been 
developed at Persons Control Div., Maguire 
Industries, 6301 Manchester Ave., St. Louis 
10, Mo. The unit is the size of the small 
snap-switch installations and is designed to 
be free from chatter, have accurate adjust-
ability and a long life.—Electronic Indus-
tries 

X-Ray Diffraction Tube 

A chromium target x-ray diffration tube 
with a rating as high as that of the copper 
target tubes has been developed by General 
Electric X-Ray Corp., 175 W. Jackson Blvd., 
Chicago 4, III. This has been accomplished 
by electroplating the chromium on a copper 
backing. The new type is especially useful 
in experiments requiring the high resolu-
tion provided by chromium with its longer 
wavelength radiation. Increased heat load-
ing is possible by an improved target con-
struction, thus extending the useful life 
of the tube.—Electronic Industries 

Miniature Instruments 

A series of sealed miniature meters sv;th 
an accuracy of 2% of full scale deflection is 
being made by the MB Mfg, Co., 331 State 
St., New Haven 11, Conn. The moving coil 
element of these instruments is only 1 in. 
in diameter and meets the AWS specifica-
tions. Two models are available in various 
ranges: No. 102 for 1 in. opening and No. 
152 for 11/2  in. opening.—Electronic Indus-
tries 

Operational Recorder 

A continuous record of "Time On" and 
"Time Off' of multiple operations includ-
ing process timing is provided by an opera-
tional recorder manufactured by the Ess 
Instrument Co., Bergenfield, N. J. "Nor-
mality" of the processes is indicated by a 
circle traced on the chart. The instrument 
can be provided with up to six single or 
double acting pens and is available in 
115- to 230-volt models.—Electronic In-
dustries 

Diathermy Unit 

A hf medical diathermy unit, the Anata-
therm SW150, has been brought out by 
Miller Electro Research Laboratories, 8460 
S. 16th St., Milwaukee 7, Wis. Operating 
en a frequency of 27.32 mc. it has a power 
output of 160 watts and consumes 850 
watts on 110 v. ac line.—Electronic In-
dustries 

Electronic Heater 

A dielectric heater with 2 kw output op-
erating on a frequency of 27 mc is the 
first of a complete line to be manufactured 
by Allis-Chalmers Mfg. Co., Milwaukee 1, 
Wis. The frequency of the unit can be 
varied through a wide range and heat se-
quence from 2 seconds to 20 minutes is 
controlled by an automatic timer. Preheat-
ing for forging and curing of plastics, glu-
ing, drying, sterilization, processing and 
defrosting frozen foods are a few of the 
applications.—Electronic Industries 

Sound Amplifier 

A 20-watt medium to high gain master 
power amplifier type 108 has been devel-
oped by the Langevin Co. Inc., 37 W. 65th 
St., New York 23. Small input panels may 
be mounted and changed at will on the am-
plifier, thereby changing the overall gain 
with each different panel used. The unit is 
designed for high quality audio service. 
having a frequency characteristic better 
than ± 1.5 db from 30 to 15,000 cps.— 
Electronic Industries 

Rosin Solder 

Alpha Metals Inc., Brooklyn, N. Y., has 
brought out Tri-Core solder, a solder with 
three independently filled cores of rosin 
flux. It is available in all alloys, flux per-
centages and gages.—Electronic Industries 

(Continued on page 167) 
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For Feeding FM Antennas Supported 

on Base Insulated AM Tower Antennas 

The Johnson Frequency Modulation Antenna Iso-Coupler 
isolates the AM and FM systems and properly couples 
the FM transmission line across the base insulation of 

the AM radiator 

Shown at left is a Johnson FM Antenna 'so-Coupler ready 
for installation in the tuning house. Although the Iso-
Coupler is normally supplied in a specially designed 
cabinet, it is available for mounting in an existing tuning 
house or can be combined with Johnson AM Antenna 
Coupling equipment. 

POWER RATINGS: 
AM UD to 50 KW Fete!t up to 10 KW 

FREQUENCY RANGES: 
AM 550-1600 KC FM 88-108 Mc 

FM LINE IMPEDANCE: 
Unit is available for matching either 50 or 70 
ohm lines from transmitter. 

AM ANTENNA IMPECANCE: 
Provision is made for correcting the effect pro-
duced by ' he FM Iso-Coupler. 

SHIELDING REQUIREMENTS: 
Low Stray fields, no shieding of Iso-Coupler is 
required. 

PRESSURIZING: 
Provisions have been made for pressurizing the 
FM line through the Iso-Coupler. 

ADJUSTMEN7S: 
All adjus•ments within frequency range are 
easily made. Adjustments are broad and stable. 

The Johnson FM Antenna Iso-Coupler incorporates top quality materials: 
high conductivity copper tubing, grade 15 steatite insulators, and alumi-
num corona shields. The enti,e unit is of rugged low-loss construction. 
Available for use with this coupling unit or for any FM or television 

installation is Johnson V.H.F. COAXIAL LINE which has extremely low 
loss and reflection characteristics, yet embodies superior mechanical 

strength. 

The compIete line of Johnson Broadcast products includes: AM Antenna 
Coupling and Phasing equipment, Coaxial Lines, Tower Lighting Filters 
and Chokes, Pressurized Capacitors, Variable Capacitors, Inductors, 
Tube Sockets, R.F. Contactors and Current Transformers. 

Write today for specific information. 

JOHNSON 
i-aenoui name Kaallo 

E. F. JOHNSON COMPANY • WASECA • MINNESOTA 
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COLOR RECEPTION 

'ea Eg9ùtee,z4 aotee Vedi9oter4 

MOTORS 
GENERATORS 
MAGNETOS 

REMOTE INDICATORS 

• • • 

• 

• 

• 

116 

• 

PERMANENT 
MAGNETS 

These Permanent Magnets are representative of some that 

have been designed for Motors, Generators, and allied 

equipment. If you have not used Permanent Magnets for 

these applications . . . consult us for engineering advice. 

Write for Technical Bulletin —" Permanent Magnets for Industry," 
containing valuable data on design, production characteristics 
and applications of Permanent Magnets. 

THE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 

Specialists in the Manufacture of 
ALNICO PERMANENT MAGNETS 

(Continued from page 831 

that a succession of complete one-
color picture are superposed—much 
like the three-color plate process of 
the printing arts, but this is not 
the case. In scanning a television 
picture everything is done by a 
single spot of light moving around 
in a hurry. Thus the color film 
sectors need only appear over the 
instantaneous location of the line 
in which the spot appears and over 
a certain area above this line to 
take advantage of the delay in the 
screen luminosity due to its phos-
phorescence. The greater the screen 
delay the larger must be the area 
of the colored sector. The decay 
does no harm if the color wheel is 
opaque at the time, but if the next 
color sector appears a false color 
mix is obtained. 

Incidentally the sector shape of 
the colored films on the studio 
camera color wheel may differ rad-
ically from that of the receiver and 
depends upon whether a non-stor-
age pickup tube ( a dissector) or a 
storage type (one with a mosaic) 
is used. The latter tube presents 
more difficulties than the former 
because of the larger color sector 
areas needed. 

Returning to the receiver system, 
the color sectors are usually not pie 
shaped, or rectangular or even reg-
ular. Several theoretically-shaped 
sectors for color wheels are shown 
in Fig. 3. 

These curves cover approximately 
a 10% follow up area behind the 
scanned line, to take care of a cer-
tain amount of screen delay as 
mentioned above. It will be noted 
that a larger wheel is needed when 
its axis of rotation is directly below 
the axis of the cathode ray tube. 

The matter of driving this disc 
at the proper speed calls for a syn-
chronous motor, or a drive motor 
equipped with a phonic wheel to 
pull it into synchronism, or the 
synchronous brake.* Doubtless 
many will remember other expe-
dients developed for driving the 
earliest disc television units with 60 
lenses mounted around its edge! 

In many cases a synchronous 
motor of the type with six salient 
poles milled in the periphery of an 
induction motor will suffice for lo-
cations served by the same power 
network. 

Amplifier Channels.—In the CBS 

*See Goldmark, Dyer, Pione, and Hollywood. 
Proc. IRE, April, 1942, page 179. 
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DELIVER OUTPUT VOLTAGE CONSTANT TO ± 1/2% 

FLUCTUATION of line voltage need not impair the 

performance of your electrical equipment. Such vari-

ations are easily corrected with magnetic-type, en-

tirely automatic Raytheon Voltage Stabilizers. 

Positive control is gained. Power supply is stabi-
lized to =171/2 %. Reliability and accuracy of perform-

ance are effectively improved, and at low cost. 

Investigate. Determine how positive control of 
line voltage can benefit your equipment. Our Bulletin 
DL-48-537 gives the detailed story. Write for it today. 

CASED MODEL 

Get These Principal 

Operating Advantages: 

e Contrel of output voltage to 
within -J. 1/2% of 115 or 230 V. 

• Stabilization at any load with-
in rated capacites. 

, Quick response. Stabilizes 
varying input voltage within 
1/20 second. 

• Entirely automatic. No adjust-
ments. No moving parts. No 
maintenance. 

RAYTHEON MANUFACTURING COMPANY 

Industrial Electronics Division, Waltham 54, Moss. 

 (RAYTIFIE0N) 
&xcel4nce in Mcetaniei 
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11110.{ WARR 11.44. 

• Engineering-Design & Development 

• laboratory ik Model Shop 

• ool & Die Making 

• Coil Winding 

• Impregnating • Blanking 8. Annealing oi Core Steel 

fabrication ot all Mounting Parts 
•  

• Complete Assembly 

• Compound filling 

• Inspection esting 

—the manufacture 

of transformers to fit the 

specialized requirements 

of the Electronic Industry 

CHICAGO TRANSFORMER 
DIVISION OF ESSEX WIRE CORPORATION 

3501 ADDISON STREET • CHICAGO, 18 

demonstration receivers a crystal 
input mixer was used, connected 
to the incoming line and to a 6F4 
tube oscillator. Since at present a 
single oscillator frequency only is 
needed, there being only one sta-
tion on the air, a simple ultraudion 
oscillator circuit or a coaxial line 
arrangement that operates in the 
vicinity of 600 mc may be used. 
This is followed by six stagger 
tuned IF stages operating at 105 
mc, a second detector (which 
might be a silicon crystal also) 
and two video stages using 6AG7 
tubes. The latter are adjusted to 
cover 16 mc. A tap to the plate cir-
cuit of the first or second video 
stage picks off the 8 mc sound 
pulses as mentioned above.—R. R. B. 

COLOR TELEVISION 

(Continued from page 89) 

broadcasting, critics say CBS could 
well afford almost any outlay to 
delay the coming of a competitive 
medium in which it would have 
fight anew for position. 

Other gentler opponents of CBS' 
television policies assert that CBS 
is merely and generously seeking 
to aid the industry to shorten the 
loss period of introducing television, 
if the greater appeal of color can 
be used to accelerate the television 
boom! 

CBS officials insist that with in-
dustry cooperation, color-TV stand-
ards can be adopted by the indus-
try and approved by FCC within six 
months, so that color would be 
ready to start by this coming Fall. 
But the majority of the radio in-
dustry, mindful of the 12 to 16 
years which it has taken to refine 
and standardize black-white tele-
vision, think that two to five years 
may be needed for the field - tests 
and standards necessary to put any 
existing system of color television 
on a commercial basis. 

Block real color possibilities 

And still the question would be 
whether any such mechanical 
color-television system now attain-
able would not block future elec-
tronic color-television possibilities 
of daylight brightness, large screen, 
high speed movement, and even 
greater detail. 

The majority of the television 
industry is therefore preparing to 
go ahead with black-white televi-
sion in 1946, as earlier planned, and 
to get the fullest experience on 
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YOUR TELEVISION STATION 
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...IS A JOB FOR DU MONT 

Four of the ten television stations now operating in the United States 

were built by the Allen B. Du Mont Laboratories, Inc. No other com-

pany has built more than one station. This fact speaks volumes. 

It is especially important, too, since Du Mont's newest, most advanced 

television broadcasting equipment sets new standards of video quality 

and flexibility. Du Mont's 15 years of electronic and television "know-
how" assure smooth, trouble-free efficiency at low operating cost. 

If you are planning a television station, avail yourself of Du Mont's 

highly specialized television experience. Incidentally, we have published 

a down-to-earth booklet on "The Economics of Du Mont Television." 

We will be glad to send it to you—write on your firm's letterhead. 

Copyright 1046. Allen B. Do Mont 1..ilioratorie, 

tZw•-e?( 

e-
WASHINGTON ALLEN B. DU MONT LABORATORIES, INC., GENERAL OFFICES AND PLANT, 2 MAIN AVENUE, PASSAIC, N. I. 

TELEVISION STUDIOS AND STATION WABD, 515 MADISON AVENUE, NEW YOFK 22, xrw 

ELECTRONIC INDUSTRIES • April, 1946 119 



Haydoneered Timing will provide 

the heartbeat for tomorrow's indus-

try. New timing devices—now meas-

uring and motivating thousands of 

functions in war plants all over the 

country— will find even greater 

scope in the flood of peacetime pro-

duction to come. 

If you are planning a postwar pro-

duct with movement requiring regu-

lation, let Haydon Engineers lend 

you a hand. / 

AC TIMING MOTOR 

Available 450 RPM to 1 REV. 

per month: manufactured to 

your specific voltage, frequency, 

speed and torque requirements. 

r II 
HAYDONEERED TIMING 

Com.meclic4a4 

WRITE TODAY FOR CATALOG 

present standard lines. They feel 
that purchasers of black-white sets 
in 1946-47 can be assured one to 
two thousand nights' entertainment 
(three to five years' use) , certainly 
the equivalent of the service ex-
pected by the average automobile 
buyer. 

Experimentation needed 

Meanwhile this industry major-

ity wants to see the fullest experi-
mentation with color by the CBS 
method and others. Indeed, lead-
ers on both sides of the controversy 
have expressed approval of Elec-
tronic Industries' editorial proposal 
that CBS transmissions be con-
tinued at regular intervals from 
the New York Chrysler tower so 
independent experimenters can 
take part in this march toward 
video color. Adrian Murphy, CBS 
television vice president, has given 
assurance that his company will 
continue its color transmission on 
some future regular schedule. A 
second CBS color-TV transmitter 
has been announced for Chicago. 
There, also, Comdr. McDonald of 
Zenith will erect a station to con-
duct color-TV tests. 

Television conservatives who pro-
pose to continue pushing black-
white television recognize that the 
presence of color-tele demonstra-
tions in New York, Chicago and 
possibly other cities, will have a 
confusing and braking effect on 
the public's enthusiasm for the new 
art. But they reason that with 
bigger and brighter black-white 
home screens soon to be available, 
black-white television sets will be 
demanded by the buying public as 
rapidly as the industry can supply 
them. 

So black - white television is 
scheduled for immediate introduc-
tion as originally planned. But 
everybody is hopefully watching 
color-video experimentation, ready 
to embrace it at the moment when 
full color possibilities will not be 
stymied by the adoption of an in-
terim color-video system. 

PR INTER CIRCUIT 

(Continued from page 91) 

higher values obtainable if required. 
A resistance range from 3 ohms 

to 200 megohms can be obtained by 
either varying the size or area cov-
ered, or by varying the proportions 
of the resistor ingredients. The 
electrical characteristics of resistors 
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SIMPSON 160, HIGH SENSITIVITY SET TESTER 

FOR TELEVISION AND RADIO SERVICING . . . this greatest of test instruments has 
been tested into top ranking reputation 

The Simpson 260 has out-sold and out-performed every other even 
remotely similar test instrument in the electronic and electrical fields 
ever since its introduction in 1939. Through the ensuing seven years, 
covering the War period, circumstances gave it a gruelling test for 
accuracy never visioned by its makers. It stands today as irrefutable 
proof that Simpson design and Simpson quality produce accuracy 
that stay3 in an instrument year after year. 
The demand for the 260 from men who first used it in the Armed 

Services tin laboratories of 300 government agencies and universities, 
and on the battlefields the world around) has now been added to its 
enormous popularity among radio servicemen. The Simpson 260 is 
easily the world's most popular high-sensitivity set tester for television 
and radio servicing. 
The basic reason for this out-selling and out-performing by the 

Simpson 260 is this: It out-values every other similar instrument in 
the field. You cannot touch its precision, its useful ranges, or its 
sensitivity in any other instrument selling for the same price or even 
substantially more. 

SIMPSON ELECTRIC COMPANY 

5200-5218 W. Kinzie St., Chicago 44, 

o 

isrel 
ssmo 

usale 

Ronges to 5000 Volts—Both A.C. and D.C. 
20.000 Ohms per Volt D.C. 
1000 Ohms per Volt A.C. 

At 20,000 ohms per volt, this instrument is fat 
more sensitive than any other instrument even ap-
proaching its price and quality. The practically 
negligible current consumption assures remarkably 
accurate full scale voltage readings. Current read-
ings as low as 1 microampere and up to 500 milli• 
amperes ale available. 

Resistance readings are equally dependable. Tests 
up to 10 megohms and as low as 1/2  ohm can be 
made. With this super sensitive instrument you 
can measure automatic frequency control diode bal. 
ancing ciicuits, grid currents of oscillator tubes 
and power tube, bias of power detectors, auto. 
matic volume control diode currents, rectified radio 
frequency current, high-mu triode plate voltage 
and a wide range of unusual conditions which can. 
not be checked by ordinary servicing instruments. 
Ranges oi Model 260 are shown below. 

Price, complete with test leads $33.25 
Carrying case   4.75 

Volts D.C. ( At 20,000 
ohms per volt) 

2.5 
;1) 
7.0 

1,0 
1000 
5000 

. Milli- Micro-
amperes amperes 
D.C. 

10 
100 
500 

Volts A.C. (At 1,000 
ohms per volt) 

2.5 
10 
50 

250 
1000 
5000 

Ohms 

Output 

2.5V. 
10 V. 
50 V. 

250 V. 
1000 V. 
5000 V. 

100 0.1000 (12 ohms center) 
0-100,000 ( 1200 ohms center) 
0-10 Megohms ( 120.000 ohms center) 

(5 Decibel ranges: — 10 to +52 DB) 

ASK YOUR JOBBER 

IINSTRUMINTS THAT STAY ACCUlt 
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518 City Bonk Bldg., Kansas City 8, Mo. 
1212 Camp St., Dallas 2, Texas 
378 Boulevard N. E., Atlanta, Ga. 
4018 Greer Ave., St. Louis, Mo. 

9Ma1~2 youi inàbivieteni 

éecieei needt, frt any 

inatamenliellation 

II ot tefrzetia, ea eau ite 4ffle 

e 

CONANT 
Jme.a." weeeieei 

1 

OVER 90 PERCENT of all rectifier requirements are 

served by 1 2 types-4 basic assemblies in 3 series. 

These series are Conant's 500, 16o and 26o-C. 

Conant special developments include: 

BALAC— for applications that involve the 

balanced bridge principle in AC operation, and 

UNI-SCALE— the rectifier assembly that 

completely eliminates temperature variations. 

YOU NEED THESE BOOKS: 

"New Rectifier Replacement Guide" for most test 

equipment. Know, at a glance, the correct type 

and size rectifier necessary for any installation. 

Write for your "Cuide" today, it's free. 

"Instrument Rectifiers and Rectifier Type Instruments", 
by II. B. Conant. It's 'must' reading 

for es cry user of instrument rectifiers. Send 25c 

to help 'cover handling and mailing. 

Remember: ( i) Every order for Conant Rectifiers 

is shipped to you prepaid, and ( 2) Substantial 

quantity discounts apply on large orders. 

When you need rectifiers or when you need 
information, contact your local representative, or write 

20 Vesey St, New York 7, New York 
85 E. Gay St., Columbus, Ohio 
600 S. Michtgon Ave., Chicago 5, III. 
1215 Harmon Pl., Minneapolis 3, Minn. 

,9-)I4étemietieweli,eità 

6500 0 STREET, LINCOLN 5, NEBRASKA, U. S. A. 

1526 Ivy St., Denver, Colo. • 
4214 Country Club Dr., Long Beach 7, Cal. 
Export Div.,75 West St.,New York 6, N. Y. 
50 Yarmouth Rd., Toronto, Canada 

produced to date have been excel-
lent. 

The capacitors, which can be seen 
as small discs on the ceramic plate, 
are actually ceramic condensors 
molded from high dielectric con-
stant mixtures of titanium dioxide. 
These discs, varying from 5/8 to % 
in. in diameter, are from 20 to 40 
mils thick. Capacity of these units 
varies directly with the area of sil-
ver on the faces and the thickness 
of the ceramic discs. Capacity can 
also be varied by the mixture of the 
high dielectric constant ceramic. 

Dielectric constants of 40, 100, 
1000 and 2000 are used in producing 
capacitors ranging in value from 
6.5 to 2000 mmf. Higher dielectric 
constant materials than these men-
tioned are at present in the experi-
mental stages. 

Soldering methods 

In soldering to metalized steatite 
the solder used must contain at 
least 2% silver in it to prevent 
further absorption of the silver 
from the ceramic. Use of regular 
commercial solder will "soak" the 
silver off the ceramic plate, A low 
temperature bismuth solder is used 
to fasten the ceramic capacitors to 
the proper silvered leads to prevent 
their fracture by the heat of nor-
mal soldering. 

By this new method complete cir-
cuits can be produced at a high rate 
of speed and at the same time pro-
duce a unit of exceptional neatness, 
lending toward ease in checking 
circuits and repairs never before 
possible. This process makes each 
unit an exact mechanical duplicate 
of the original, consequently dupli-
cation of performance and stability 
is assured. 

Centralab expects to cooperate 
with well established radio and 
hearing aid companies by the pro-
duction of amplifiers, filters and 
control circuits, as small assemblies 
which can be plugged or wired into 
a main chassis. This will make pos-
sible replacement of entire circuits 
as easily and in the same manner 
that a tube is changed today. An-
other advantage is the tendency to 
discourage unwarranted tampering 
with the circuit. In short, this 
method will probably result in 
smaller, more compact, more reli-
able and easily serviced radio sets, 
which will enable standard radio 
and hearing aid manufacturers to 
speed their production with the end 
result of finer equipment at lower 
cost to the consumer. 
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DOUBLE-TUNED CIRCUITS 

(Continued front page 68) 

too complicated to calculate or ad-
just and gives considerably better 
gain than a single-tuned coupling 

unit. Likewise its transient re-
sponse is satisfactory for most pur-

poses. 

Transformer constants 

The rules for calculating the 
transformer constants have been 
given, and for bandwidths less than 
or comparable to the center fre-
quency, the high-Q approximations 
can be used. Suppose that we wish 
to construct a transformer to be 
used between the plate of a 6AK5 
pentode and the grid of a follow-
ing 6AK5 pentode. For this condi-
tion Ci is 4.5 ad and 02 is 7.2 med• 
Suppose further that we wish to 
have the circuit centered at 30 mc/ 
sec with a bandwidth of 15 mc/sec. 
We now have to choose the type of 
circuit, whether it be primary-
loaded, secondary-loaded, or loaded 
on both primary and secondary. 
The product of gain and bandwidth 
is best for a transformer loaded on 
one side only, and since secondary 
loading is generally considered more 
desirable (due to noise) than is pri-
mary loading, we will calculate the 
values for secondary loading. 

- t.38sc 106, 

w2o= 3.54 x 10 16, 

L., 5e ic)32 

From Table II 

= = 0.707 
•140 2C2 

so that R2 = 1043 ohms. 
(If exact values are desired, note 

that 17 -= 0.5; from Fig. 7, a = a2 
0.71; from Fig. 6, w coo, very close-
ly. Hence the more accurate value 
for R2 is 1045 ohms.) 
From Eqs. ( 9) and ( 10) 

24 , 7 x 10-12 X = 

1 2 o 

1 
N = — (1+ 4.17 x 10-6 
2 cg, a 

henries secondary 
Inductance 

1. ( c o 1+ 3rt2 7.45x 10-6 1  

henries primary 

inductance 

L3 = m=1 >L1 2?.?L3 = 10 6\131.1— 24.7 

2.7 x 1.0-6 henries mutual inductance 

KINIMEY 
eamiefeeerei 

Kinney High Vacuum Punps provide the fasi pumping speed and 

the extremely low pressures to meet production requrements in 

many of America's lead ng plants. The team of Kinney Pumps, 

shown above, work day after day, dehydrating and de gc ssifying 

vacuum pump oil for the General Electric Co. Installeo by 3uckeye 

Laboratories of Cleveland, these units are typical of ihDu:.ands of 

Kinney Pumps creating and maintaining the low absoldie pres-

sures required in making electronic products, in sirterirg alloy 

metals, coatirg lenses, p-oducing penicillin and aiding countless 

other modern processes. Kinney Sinç le Stage Pumps maintain low 

absolute pressures to 10 microns; Compounc Pimps to 0.5 micron 

or better. 

Send for Bulletin V45 

KINNEY MANUFACTURING COMPANY 

3595 WASHINGTON STREET, .BOSTON 30, MASSACHUSETTS 

NEW YORK • CHICA:30 • PHILADELPHIA • LOS ANGELES • SAN FRANCISCO 

We also manufacture Va•-uum Tight Valves, Liquid Pumps, Clutches and flirvminous D:strilavlors 
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Permoflux Designs Assure 
Faithful Reproduction! 

Because Permoflux Speakers excel in translating the 

tone capabilities of carefully designed circuits, more 
and more of the country's outstanding radio manufac-

turers are specifying them as preferred equipment. 
Manufactured in a full range of true-dimensioned 

sizes for every power handling requirement, Permo-

flux Speakers provide the answer to today's growing 

demand for better tone quality. 

PERMOFLUX CORPORATION 
4900 WEST GRAND AVE., CHICAGO 39, ILL. 

- 7-71 ' 

PIONEER MANUFACTURERS OF PERMANENT MAGNET DYNAMIC TRANSDUCERS 

This would require a coefficient of 
coupling 

k 0.485 

This transformer is fairly easy to 
construct, but it might be useful to 
use its equivalent T. The values 
are obtained from Eqs. ( 1) : 

L2= X 2- M = 1.47 x 10-6 henries 

LI = X1 -M= 4.75x ID -6 henries 

L3 = M = 2.7 x ji -.6 henries 

The equivalent ir can also be com-
puted from Eqs. (3) : 

= h3 = 10.8 x 10-6 henries 

Lz 

2 =—X' 5.2,X 10-6 henries L 
1 

1 9. 13 X ID -6 henries 
3 L 

3 

T circuit calculations 

As was pointed out in the previ-
ous discussion, the transformer can 
always be computed in this man-
ner, but the equivalent T or ir cir-
cuits may involve values of nega-
tive inductance. These are clearly 
not physically realizable. It is nec-
essary to choose values of Co/Ci 
from Figs. 9, 10, and 11 which will 
give realizable values, or, if C2 and 
CI are fixed, there is a maximum 
value to the bandwidth in terms of 
the center frequency. Since it con-
stitutes an interesting and useful 
case, the bandwidth and constants 
of an interstage degenerate T unit 
can be calculated for 6AK5-to-
6AK5 coupling. CI = 4.5 1.ip.f, C2 -= 7.2 
ggf, Co/C1 = 1.6. If we refer to Fig. 
10 and examine the maximum 
value of e which is possible (Lo 
0) for the secondary-loaded case, 
we find a22 = 1.55 for C2/01 = 1.6. 
We may therefore make such a 
transformer in which the band-
width is 0.88 times the center fre-
quency, and which is "simplified" 
in that L. vanishes. As an example 
we may desire a coupling unit cen-
tered at 30 mc whose bandwidth is 
26.4 mc. The equivalent T circuit 
is calculated as follows: 

we ' 1.98x 108, 

= 3.54 x 10 16, 

well ' 12.5 x 1032 

1_ 
R =   - 590 ohms 
2 a2t,i0C, 
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  - 24.7 x 10-12 
3 CiC2co'ci, 

X = (14 n22). -6 2 — 4.67 x 10 

Lido 8 

(1+ 312 )' 9.92 x 10-4 
1 C 1 o e 

L2 ( 46.4-24.7) 
3 

L3 4.67 x 10-6 henries 

L2 

5.25 x 10 -6 henries 

These are then the c.onstants of a 
degenerate T coupling unit which 
is suitable for a wide band if am-
plifier. This degenerate T circuit 
is also a degenerate r circuit in 
which l = 0, and will be recog-
nized by readers as a so-called "L-
section." 

Coupling units 

C.—/ntermediate-frequency Am-
plifier to Line. It is often desirable 
to couple energy from an if ampli-
fier into a transmission line whose 
characteristic impedance is about 
75 ohms. Since single-tuned cou-
pling efficiency is so poor for wide 
bands, it is useful to consider a 
double-tuned transformer coupling 
unit. This sort of transformer will 
be preferably a secondary-loaded 
transformer in which C1 and R2 
are given, and in which the design 
may be made for a particular band-
width centered at a particular fre-
quency. For illustrative purposes 
let us calculate the constants of a 
transformer to couple from the 
plate of a 6AK5 pentode into a 75-
ohm line or resistor over a band-
width of 30 mc centered at 30 mc. 
For this case CI = 4.5 gmf. 

= 1.88 x 108, 

3.54 x 1016, 

12 5x 1032 

1 
a2 «1/2, 2, C2 - 

V2 tooR2 

1.  
CICA 3.56 x 10-12 

3  

x 0• 70-D 10-6 henries C a 2  
2 o 

10.g9x1.0-6 henries 
'Itdo ° 

M VX2/1/42 -1t3 2.04 x 1D-6 henries 

917 1946 
tv1ODERN 

COIL WINDINGS 

We'll Stick to 
Coil Windings 
The pressure of wartime production forced many 
manufacturers into Ërange paths . . we were 

fortunate that all of our increased facilities could 
be devoted to coil windings. 

Experience has proved to us that superior coil 
windings result only From continuous attention to 

their design and production. 

We are determined that our reputation for wind-
ings of highest qua'lity . . a reputation earned 
during 29 years of service to industry . shall be 

maintained. 

That's our business crid we're going t:. stick to it. 

COTO-COIL CO., INC. 
COIL SPECIALISTS SINCE 1917 

65 PAVILION AVE. PROVIDENCE 5, R. I. 
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BullDog Electric Products Company, of Detroit, 

Michigan, are producers of TROL-E-DUCT — a safe, 
flexible and mobile feeder system, for carrying elec-

tricity to portable electric tools, cranes, hoists and 
similar, moving, electrically- operated devices. 

The square molded tubing used in these Trolleys is 
supplied by Taylor in full four-foot lengths; fabricated 

and assembled at the BullDog plant. Low tolerances 

on 0.D. and wall thickness facilitate assembly. Flash 
lines held to the absolute minimum insure strength 
at all four corners. 

The wartime experience of Taylor Fibre Company 

in mass production of molded laminated phenolic 

tubing of irregular and unusual shapes is your assur-

ance of high dimensional, mechanical, and electrical 

properties you'll find in no other molded tubing of 
this type. 

Wherever the use of Laminated Plastics is indi-

cated, Taylor is your best and quickest source for 

sheets, rods, tubes or fabricated parts. Write us for 

samples, technical data, or estimates on work you 
have in the blueprint or rough sketch stage. 

TAYLOR FIBRE COMPANY 
LA MINATED PLA ST IC S: PHENOL FIBRE • VULCANIZED FIBRE— Sheets, Rods, Tubes, and Fabricated Paris 

NORRISTOWN, PENNSYLVANIA Offices in Principal Cities LA VERNE, CALIFORNIA 

This requires a coefficient cou-
pling of 

k = 0.735 

1 2 

This coefficient of coupling is 
high enough so that construction 
of such a transformer is difficult. 
It is possible to construct an equiv-
alent T transformer, provided one 
chooses conditions in such a way 
that the various constants are 
physically realizable. If we refer to 

Fig. 10, it can be seen that for a2 = 
2 the maximum value of C2/C1 is 
obtained when L2 = 0. For this 
case C2/C, = 1.3, and since C., = 
50 l.q.Lf, CI must be 38 eq.,f. In other 
words, unless CI is as high as 38 
uf, it is not physically possible to 
make a T circuit which is the 

equivalent of the double-tuned 
transformer. 

If capacitance is added to the 
primary, however, to raise C1 to the 

proper value of 38 µµf, the T cir-
cuit may be used. The calculations 
for such a transformer are the fol-
lowing: 

0.42 x 10-12 
3 C1C2,0‘,1) 

2 (1 +-8' 0.705 x 10-6 henries e* 

( 1* 3a2\2 

1 Ciw2, " 1.3x 10-6 henries 

L2 = ( 0.918 - 0.42) x LO-12 
3 

L3 0.705 x 10-6 henries 

L2 = 0 

= 0.595 x 10-6 henries 

Voltage gain 

The gain-band width of this cir-
cuit, while substantially more than 
that of a single-tuned circuit, is 
distinctly less than that of the 
transformer previously described. 
The reason for this is the neces-
sarily increased value of C1. The 
gain in voltage from the grid of the 
if amplifier to the 75-ohm line is 
approximately equal to 

m 
 -1' 

2 \1 2 

where g.„ is the transconductance 
of the tube. The voltage gain of 

the transformer, therefore, will be 
1.95, if a g„, of 5500 micromhos for 

the 6AK5 is assumed, while for the 
equivalent T circuit the gain will 
be 0.67. Thus the transformer is 
more suitable for use. It is to be 
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noted that the coefficient of cou-
pling of the transformer is not de-
pendent upon the value of C1; the 
addition of primary capacitance 
will not reduce the required co-

efficient of coupling. 

D.—Input Circuit to If Amplifier. 
It is sometimes useful to construct 
a double-tuned circuit for coupling 
energy from a relatively low-resist-
ance generator into the grid circuit 

of an if amplifier tube. We shall 
consider the case in which the gen-
erator may be represented by a 
pure resistance with negligible 
reactance and in which the grid of 

the if amplifier tube may be repre-
sented by a pure capacitance with 
negligible loading. This is a con-
dition which is frequently encoun-

tered when coupling a superhetero-
dyne converter to an if amplifier. 

Let us compute values for a 
transformer which is to couple a 
400-ohm generator into the grid 
of a 6AK5 pentode with a band-
width of 15 mc centered at a fre-
quency of 30 mc. 

= 1.38 x 108, 

(020= 3.54 x10 16, 

12 . 5 X 1032 

, 
2 ' • a- = 0 5 1 2  

1 
C 1 ,..)0Rleti 

This value of capacitance must be 
placed in shunt with the generator 

resistance, 13. 1, in order to secure 
the proper bandwidth. 

1 
=  5.91 X 10-12 

3 C,C 2624, 

1 - 
X' c 4,2 11 • 3 -3a2) - 4.66 x 10-6 

2 0 
henrys secondary 

indJctance 

t , 
c 1 

e 
henrys primary 

i nductance 

\ 3 = 1.35x 10 -8 

henrys mutua I 

inductance 

k   - 0.484 IN1\2 
The equivalent T can be com-

puted. 

L3 = 1.35 x 13-6 henrys 

12 X2 - M ' 3.31. X 10-8 henrys 

L1 = \I - = 2.23 x 10-8 he,rys 
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" Zado 70e4 le So 
7ecititacal, 

?et g edeemeet 

SIMPLICITY" 

deteá. doe« 

FREE OFFER 
Condensed chart of 
Graphical Symbols for 
Electronic Diagrams os 
standardized by the 
RMA (includes those un 
til recently kept secret) 
Just ask for it on your 

letterhead. Address 
Dept.. DR 

SUN RADIO Makes It EASY 

For You To Buy Parts 

Our only address! The entire 3rd 

floor at 1 22-1 24 Duane Street, New 

York City. 6,000 square feet. More 

room, more parts, more service. 

• 

A half million feet of shelves — 

with radio components of every 

leading manufacturer. 

• 

One phone call, one letter, or one 

visit gets exactly what you need — 

the FIRST time. 

Coll SUN First — It's Simpler 

SUN RADIO & ELECTRONICS CO..inc. 
NEW YORK 7, N. Y. 

122-124 Duane St. BArclay 7.1840 
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Seletron 
m -T-n 

SELENIUM RECTIFIERS 

MADE ON 
ALUMINUM 

Army and Navy specifications. • Seletron rectifiers can be used with 

great efficiency and dependability wher-

ever direct current is required. 

• A product of the Radio Receptor 

Company, for over 23 years manufac-

turers of electrical, radio and electronic 

• Simple and ragged in construction 

with no moving parts to cause mainte-

nance worries, Seletron rectifiers are 

obtainable in seven standard sizes from 

1" to es" diameter and 5" x 6" rec-

equipment, that has met the highest tangular plates providing from 25 milli-

standards of industry as well as rigid amperes to 1000s of amperes output. 

Early delivery schedules can be met. 

For complete technical information write for booklet, "Seletron 

Since 1922 in Radio and Electronics 

West 19th Street, New York 11, New York 

If You Use 

CAPACITORS 
GOVERNMENT 
SURPLUS 

Just about every 
type and size 

oil-filled, electrolytic, molded pa-
per, molded mica, ceramic, vari-
able, tram., t i tt ing. 

Write for complete catalog. 
All of highest quality •• • If. S. Government Inspected. 

TOBE DEUTSCHMANN CORPORATION Canton, 
Massachusetts 

Acting as Agents of War Assets Corporation 

The equivalent sr can also be ob-
tained. 

13 = N3/L3 = 4.37 x /0-6 henrys 

12 = X3/L i = 23.7 x 10-6 henrys 

= )\3/L2 = 1.78 x 10-6 henrys 

As was pointed out previously, 
the transformer can always be 
computed in this fashion, but all 
cases considered will not yield 
physically realizable constants for 
the T and sr circuits. It is of in-
terest to investigate the regions of 
physically realizable constants for 
the T and r circuits. These are 
shown in Fig. 9 but we now have a 
relation between the bandwidth 
(represented by al) and C1 and RI. 
For a given bandwidth Fig. 9 shows 
an allowed region for Co/Ci, and if 
C2 is given (pentode input capaci-
tance), this means a certain al-
lowed region for C1 itself. Since 
the bandwidth is specified, how-
ever, an allowed region in CI is 
tantamount to an allowed region 
in RI. 

It is of interest to show a sample 
chart of the allowed regions of R1 
as a function of ai2. Let us assume 
again that C2 = 7.2 ma f. For this 
case, and if we use the Asults 
shown in Fig. 9, the allowed values 
of R1 are shown in Fig. 12. It can 
be seen that for low-Q circuits the 
value of R1 is rather limited, and 
a suitable match will not always be 
possible. Likewise, if the generator 
resistance, RI, is fixed a maximum 
value of ai2 is found; therefore, the 
bandwidth of the coupling circuit 
is limited. 

Engineers To Study 
Tube Developments 

A symposium of "Wartime De-
velopments in Radio Tubes" will 
take place on Saturday April 6th in 
the auditorium of the Engineering 
Societies building at 33 W. 39th 
Street, New York, under the ar-
rangement of the New York Section 
of the IRE. Papers to be given in-
clude "Selected Topics on the use of 
Magnetrons" Hebenstreit (BTL), 
"Klystrons" Relson (Sperry), "Ve-
locity Modulated Oscillators with 
Secondary Emission" Wang (West-
inghouse), "Cyclophon" Grieg, Glau-
ber and Levine (Fed. T. Labs), 
"Resnatron" Boggs (Westinghouse), 
"A New Miniature Tube" Lord 
(BTL) and "A Pulse Triode" Ner-
gaard (RCA Labs). The two ses-
sions will start at 9:30 A.M. and at 
1:30 P.M. 
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STUDIO CONSOLE 

(Continued from page 71) 

pad, the monitor amplifier feeds 
loudspeaker outlets A, B, C tie D. 
By connecting the monitor switch 
to the monitor section of the input 
switching keys, the amplifier oper-
ates as an auditioning amplifier. 
In the case of an emergency, the 
monitor amplifier can be used as 
a program amplifier. For such use 
it is only necessary to disconnect 
the loudspeaker circuits and recon-
nect the transmission line to the 
loudspeaker output terminals. 

It is possible to switch 14 incom-
ing lines to either of two remote 
mixing positions by means of the 
line switching keys. A cue from the 
output of the monitor amplifier 
may be fed to any one of the re-
mote lines, except lines 13 and 14 
which are reserved for network 
purposes. Talkback to adjacent 
studios or to remote line points is 
served through the monitor ampli-
fier and switching facilities. If de-
sired, headsets may be connected 
to the program, monitor or remote 
lines at easily accessible terminal 
board termination points located 
on the inside base of the console. 
Repeater transformers are installed 
in both the incoming line mixing 
positions. 

LE-re! indicator 

An illuminated VU meter indicates 
the level at the output of the pro-
gram amplifier and the monitoring 
amplifier. It also shows the level 
at the inputs of the two remote 
line mixers. Meter switching in 
these circuits is accomplished by 
the use of the VU switch located 
on the left side of the meter. The 
range of the meter may be ex-
tended by a meter multiplier. 
Twelve steps of 2 db per step are 
provided for this purpose and ex-
tend the range to + 24 db. 

A dual wall or relay rack mount 
power supply furnishes power. The 
power supply is made up of the two 
separate complete units. One sup-
ply energizes the program amplifier 
and the other is for the monitor 
amplifier. Power for the •pre-am-
plifiers is obtained from either of 
the two supplies by means of a ro-
tary switch located on the supply 
front panel. A de supply operates 
the three 6-volt speaker relays 
which are mounted on the base of 
the console. Up to three additional 
relays may be energized from this 
supply. 
The pre-amplifier input imped-

%JERE 
FOR FLEXIBLE WAVE GUIDES IN RADAR 

AND HIGH FREQUENCY ELECTRONIC 

EQUIPMENT 

A completed WAVEFLEX 
assembly with a rubber 

molded covering 

W HERE vibration or moving parts in the equip-
ment are present, WAVEFLEX serves as the 

ideal wave guide. Similarly, flexible construction 
facilitates simple installations, because complicated 
.tubing bends need not be manufactured or installed 
to close tolerances. WAVEFLEX can be easily fitted to 
any- necessary connections. 

Attenuation—the kiss or diminishing force of im-
pulses—is only slightly greater than in rigid tubing. In 
addition WAVEFLEX offers to electronic manufacturers 
a flexible wave guide, the walls of which are electri-
cally continuous. 

Titeflex wave guides can be 
supplied in many varying forms and 
shapes, and we are now producing 
WAVEFLEX for presently used wave 
bands. For further details• write to 
Titeflex Inc., 539 Frelinghuysen Ave., 
Newark 5, New Jersey. 

WAVEFLEX... 
The only flexible wave 
guide with complete 
electrical continuity. 
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4111 

Send for complete catalog de— 

scribing the full line of I. C. A. 

Antennas. Or, if convenient pick 

up a copy when you visit our 

exhibit at the R. P. E. E. Show; 

Steven's Hotel, Chicago. 

Booth #34. 

(May 13th to 16th inclusive) 

e 

CORPORATION OF AMERICA 
INSULINE BUILDING • LONG ISLAND CITY, N. Y. 

More than a quarter-century of Quality production. 

ance may be connected for 50,200 
or 500 ohms. The remote line in-
put impedance is 600 ohms. Each 
pre-amplifier consists of a single 
6J7 type tube, transformer coupled 
to the mixer system. 

The tube line-up of the program 
and monitor amplifiers is identical. 
Each amplifier consists of two 6J7 
resistance-coupled stages and one 
6SN7GT resistance-coupled driver 
stage for the push-pull 6F6 power 
output tubes. The output imped-
ance of either amplifier is 500/600 
ohms. 

Feedback is incorporated in the 
line and monitor amplifiers by 
feeding a portion of the output 
voltage from the output plate back 
to the appropriate driver cathode 
through a resistor-capacitance net-
work. The frequency response of 
either the line or monitor amplifier 
is fiat within -±. 2 db from 30 to 
15,000 cycles. Distortion is less than 
1% from 50 to 7500 cycles on the 
line amplifier at an output level of 
+ 20 db. 
The use of feedback further low-

ers the overall noise and hum level 
of the amplifier to a point where 
the signal-to-noise ratio at an op-
erating level of + 20 db is approxi-
mately 60 db. 

FM SYSTEMS 

(Continued from page 77) 

out of phase with each other by 90° 
and are used to generate pulses. 
These pulses are thereby routed to 
two circuits, one circuit receiving 
pulses when the signal frequency is 
higher than the reference fre-
quency, and the other receiving 
pulses under the reverse conditions. 
An integrating circuit is arranged 

so that when a pulse appears on a 
particular one of these circuits, a 
definite charge is transferred into 
a storage capacitor. When a pulse 
reaches the other circuit, a charge 
of the same number of coulombs is 
released from the capacitor to the 
reference potential circuit. The volt-
age which appears across the ca-
pacitor is used to control bias on 
the reactance tube so as to correct 
the frequency of the master oscil-
lator. This frequency control unit 
contains no tuned circuits, dividers, 
or locked oscillators. 

Pierneci arrangement 

A stabilized FM system ( de-
scribed in 1942 by Mr. R. J. Pieracci 
of the Collins Radio Co., Cedar Rap-
ids, Iowa) also uses a low frequency 
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crystal oscillator as a stable radio 
frequency source. The RF energy 
from this oscillator is divided into 
two channels, one channel contain-
ing a phase modulator and predis-
ter producing a phase shift of e/f ra-
dians when modulated. Both chan-
nels have a chain of frequency 
multipliers, but the multiplication 
factor in one of these chains is one 
digit greater than that of the 
other. 

Consider the frequency of the 
crystal oscillator to be F, then the 
frequency at the phase modulator 
is F-17. 9/f, 0 being the phase shift. A 
series of "n" multipliers in the first 
chain raises this frequency to 
.,F-±nolf and in the second chain 
the multiplication raises the fre-
quency to F (n + 1). When these 
two channels are heterodyned in 
a frequency converter, the original 
modulated frequency plus the mul-
tiplied phase deviation, or F ± . 0/f 

will be recovered. Any change in 
oscillator frequency is therefore 
nullified since the system is based 
on the mixing of the multiplied 
oscillator frequency with the multi-
plied modulated oscillator fre-
quency in the converter tube. The 
System therefore acts as if the 
crystal were located directly at the 
converter tube. This circuit has 
been superseded of late. 

Phasitron control 

In the General Electric FM trans-
mitter circuits direct crystal control 
of the carrier frequency is accom-
plished by the use of a special mod-
ulating tube the GL-2H21 called a 
Phasitron, described in the January 
1946 issue of ELECTRONIC INDUS-
TRIES. (Page 78). This tube pro-
duces wide phase excursions in 
accordance with the audio fre-
quency signals applied to the tube 
as an axial magnetic field. The au-
dio response characteristic of the 
circuit produces wide-swing fre-
quency modulation with only about 
50 millwatts of audio power. The 
modulation coil that produces this 
magnetic field is controlled by a 
current flowing through the coil 
that varies inversely with the audio 
frequency, so that the phase shift 
of the output current decreases 
with increasing modulation fre-
quency, giving direct frequency 
modulation in the output circuit. 

About 35 volts of rf driving power 
from the crystal oscillator will suf-
fice to operate a Phasitron, which is 
of a size and has the operating vol-
tages of the same order as found in 

Webster Electric 

Cartridges and Pickups 
GIVE LIFE- LIKE REPRODUCTION OF TONE! 

You can belect the correct cartridges or complete tone arms for 
radio-phonograph combination sets. 

Dependability, on the tone arms and cartridges you incorporate in 
the machines that you manufacture, is an important part of selec-
tion. Because of this fact, many manufacturers have chosen 
Webster Electric Tone Arms and Cartridges. This acceptance has 
been built upon successful performance over a period of years. 

Proved are these features—balanced construction that produces 
maximum output at designated tracking pressures—with mini-
mum distortion and minimum mechanical reproduction. There are 
models designed for sharp cut-off at higher frequencies, while 
others provide response over an exceptionally wide frequency 
range through use of an extremely lightweight moving mass—a 
new Webster Electric development. 

In all cases sharp resonance peaks have been avoided, and effi-
cient performance can be obtained with any permanent or semi-
permanent needle of standard make. 

The new cartridges are available in 8 gram net weight for use with 
very light tone arms, and in 18 gram weight for the more common 
applications. Pin or solder type terminals are optional. 

Why not write for full information and complete listing of tone 
arms and cartridges that are now available? 

(Lieemed tinder potents of the »rush 
Development Company) 

WEBSTER ELECTRIC 
RACINE •  WISCONSIN 

Established i909 

Export Dept. 13 E. 40th Street, New York ( 16), N. Y. Cable Address "A R LAB" New Yosk City 

"Where Quality is a Responsibility and Fair Dealing an Obligation" 
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THE 90800 

"50 WATT" 

Transmitter-Exciter 

Again in production is the No. 90800 trons-
mitter-exciter unit. Based on an original 
Handbook design, this flexible unit is ideal 

for either low power amateur band trans-
miner use or as an exciter for higher power 
PA stages. Priced at only $ 37.50; less tubes, 
but with coils for one band operation. Unless 
otherwise requested, coils furnished are for 
10 meter output with 40 meter crystal. Tubes 
used are 807 and 61.6. 

JAMES MILLEN 

MFG. CO., INC. 
MAIN OFFICE AND FACTORY 

MALDEN 

MASSA.ChUSETT5 

• 
regular receiving tubes. 
In the Link system of indirect 

frequency modulation the output of 
an oscillator is connected to one 
grid of a double triode. The other 
section is used as a crystal oscil-
lator. The plate circuit of this tube 
is untuned but is terminated in a 
high impedance rf choke. One triode 
section of this tube acts as a phase 
modulator. Radio frequency voltage 
is fed from grid to plate in two 
ways. One is direct grid-to-plate 
capacity and the other by the elec-
tronic amplification of the tube. De-
generation in the cathode circuit by 
means of a high ohm cathode resis-
tor keeps the two voltages nearly 
equal and slightly less than 180 deg. 
out of phase. The magnitude of the 
electronically amplified voltage var-
ies as the bias is varied by the audio 
input. The resultant is a current 
in the rf choke in the plate circuit 
which is varying in phase (and fre-
quency). 

1 r no st role!' lie steers FCC 

Major Edwin H. Armstrong, com-
menting on the Federal Communi-
cation Commission's report of March 
5 containing the reasons for the de-
cision of January 23, when it denied 
the Zenith Radio petition to retain 
the low FM band, said: 
"The Commission's report virtu-

ally admits that its Engineering 
Department has made one of the 
colossal mistakes of radio history. 
The statement There is nothing 
whatever in the present proceeding 
which vasts any doubt upon the 
ability of the FM stations in the 88 
to 108 mc band to render a supe-
rior interference-free and static-
free service over ranges of sixty 
miles, and perhaps in excess there-
of' makes this quite clear. 

"Of course the FM 100 mc band 
will go sixty miles. That was known 
eight years ago when I was devel-
oping FM on the only band avail-
able to me then, namely, the 117 
mc band. But the question here in-
volved is: Which is the best band? 
FM has demonstrated and is dem-
onstrating every day that it will go 
over a hundred miles on the old 
band and cover two to three times 
the area of the new one. Why move 
it to where it will go sixty miles? 
"The reason the Commission gave 

when it first moved FM was the 
superior rural service of the higher 
band, based on the theoretical cal-
culations of a Commission engineer, 
K. A. Norton. Those calculations 
were disproved by Zenith's and the 
Commission's own measurements, 
but the Engineering Department 

CURRENT 
CONVERSION 

with ATR 
QUALITY PRODUCTS 

ATR "A" 
BATTERY ELIMINATORS 

FOR CONVERTING A.C. TO D.C. 
Designed for testing D.C. electrical ap-
paratus on regular A.C. lines. Equipped 
with full-wave dry disc type rectifier, 
assuring noiseless, interference- free opera-
tion and extreme long life and reliability. 
• Eliminates Storage Batteries and Bat-

tery Chargers. 
• Operates the Equipment at Maximum 

Efficiency at All Times. 
• Fully Automatic and Fool-Proof. 

FOR INVERTING D.C. TO A.C. 

For operating small A.C. motors, electric 
razcirs, and a host of other small A.C. de-
vices from D.C. voltage sources. 

ATR PL°0WWER 
IN 

STANDARD and 
HEAVY DUTY 
IN 

FOR INVERTING D.C. TO A.C. 
Specially designed for operating A.C. 
radios, television sets, amplifiers, address 
systems, and zadio test equipment from 
D.C. voltages in vehicles, ships, trains, 
planes, and in D.C. districts. 

WRITE FOR LATEST ATR CATALOG 
Just off the press! 

AMERICAN TELEVISION & RADIO CO. 
Quality Products Since 19 31 

ST. PAUL 1, MINN. U. S. A. 
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EVERY day old friends drop in to see us— 

familiar but long missed voices come 

over the phone—men back from strange 

lands, strange experiences. 

Back home, back to the old job, the con-

versation swiftly turns to work. Pre-war dies 

and extrusion nozzles come out of the storage 

vault in perfect condition, ready for im-

mediate production. Our men again produce 

pieces not made since before the war. Early 

designs, time tested and time proved, are 

»Pee' aet elMer 
being made in increasing quantities. 

Most of our men are back too. Production 

is humming along at a pace even greater 

than the wartime speed which won American 

Lava Corporation employees five awards of 

the Army-Navy E. We're busy, but if you 

ever had tools at American Lava Corporation, 

they are still here, ready for your use, and 

somehow we'll take care of you. 

Welcome home, it's great to see you back 

again. 

AMERICAN LAVA CORPORATION 
CHATTANOOGA 5, TENNESSEE 

43RD YEAR OF CERAMIC LEADERSHIP 

Original Award July 27, 
Second Award February 13,1943 
Third Award September 25,1943 
Fourth Award May 27,1944 
Fifth Award December 2, 1944 



411. 

Binoculars 

Cameras 

Telescopes 

Lined with 

edietsetede 

FLOCK 
Black Cellusuede Flock absorbs 

light rays instead of reflecting 

them . . . blacks out the insides 

of cameras, telescopes, binoculars 

when used as an interior lining. 

Application of flock is quick, sim-

ple, economical. It is available 

for immediate shipment. 

Write for Booklet, 

Samples and Priccs 

AMPERITE KONTAK MIKES 
.f.W • ) IDEAL FOR AMPLIFYING 

STRINGED INSTRUMENTS 
USED WITH ANY AMPLIFIER 
AND WITH RADIO SETS. 

ASK YOUR JOBBER ... WRITE FOR FOLDER 

AMPERITE 
$61 BROADWAY NEW YORK 

of the Commission has evidently 
I chosen to ignore them to maintain 
a previously taken but now unten-
able position. 

"In addition to the refusal to 
face the plain implications of the 
tests, the report is full of mistakes 
of technical facts which would be 
amusing were their effects not so 
serious to the public. These errors 
will be laid bare at the round table 
discussion on March 23 at the 
Broadcast Engineering Conference 
at Columbus, Ohio, which is spon-
sored by Ohio State University and 
the University of Illinois. It is now 
in order to challenge the responsi-
ble members of the Commission's 
engineering staff to appear at this 
Conference and substantiate the 
technical findings of this report, 
which will have a profound effect 
on radio history for years to come. 

"Controversies concerning the 
laws of nature are never closed un-
til the facts come out. The only 
way the facts in this situation can 
be suppressed is by shutting down 
the present 40 mc stations before 
the comparative performance of 
the two bands can be observed in 
actual practice by engineers and 
the public alike." 

IPIIINi I'llny Reduces 

F11 License Fees 

Further evidence of the growing 
popularity of FM radio is the revi-
sion of license fees announced by 
Major Edwin H. Armstrong, inven-
tor of FM. This is a revision in 
transmitter licenses and follows the 
reduction made some time ago in 
receiving set licenses. 
The original arrangements on 

transmitter royalties were made in-
formally between Major Armstrong 
and the few pioneers in the manu-
facture of FM transmitters, with 
the understanding that when the 
volume of FM business increased, 
the license fees would be reduced. 
In accordance with this under-
standing, transmitter fees are now 
cut in half and a simplified form of 
license has been created. 
As before, the license is issued to 

the broadcast station and the roy-
alty based on the operating power 
of the station. It ranges from $150 
for a transmitter with an operat-
ing power of 250 watts to $2,500 for 
a transmitter with an operating 
power of 50 kilowatts. 
In the broadcast receiving set 

field, royalties have been reduced 
by approximately 20% from the 
pre-war rates, resulting in an effec-
tive current royalty rate of approxi-
mately 1% of the manufacturer's 
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New reference guide for Capacitors 

QUALITY, PERFORMANCE, LONG LIFE, ECONOMY 
DEPENDABILITY, UGH' WEIGHT, C OMPACT 

UNIFORMITY, PRECISION CU 

ALL ARE DEFINITE FEATUONSTRUC 
EVERY MAGNAVOX C 

T0 assist you in properly meeting your capacitor 
requirements, Magnavox has prepared this handy 

reference guide. Specifications, accessory and tech-

nical data for the full line of Magnavox Electrolytic 

Capacitors are given in complete detail. 

Magnavox Capacitors, produced expressly for the 

manufacturing trade, are built to meet severest operat-

ing conditions. Containers are standardized into eight 

sizes to simplify your design and assembly problems. 

Economy in size and cost, long life, and efficient 

and trouble free operation are features Magnavox 

Electrolytic Capacitors can promise— and deliver. 

Mechanically, electrically and chemically they reflect 

years of research and experienc e. They have earned 

and won the confidence of the leading engineers. 

Write today for this handy reference guide— and 

when you neee the best in electrolytic capacitors 

—specify Magnavox. There is no substitute for ex-

perience! The Magnavox Company, Components 

Division, Fort Wayne 4, Indiana. 

Malnavox 
RADIO PHONOGRAPH 

MAGNAVOX HAS SERVED THE RADIO INDUSTRY FOR OVER 35 YEARS 
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THE 
VIBRATION-PROOF 
SHOCK-PROOF 

EBY 

MINIATURE 
TUBE 
SOCKET 

The ideal miniature socket for 

RAILWAY • AIRCRAFT 

AUTOMOTIVE 

and other commercial radio 

and electronics equipment 

Now available for commercial use — the 

famous Eby miniature tube socket, the only 

socket meeting specification JAN-S-28 for 

military aircraft use. 

Developed to meet the most rigorous serv-

ice conditions of constant vibration and 

shock, the peace-time applications of this 

socket are readily apparent. 

The use of the Eby miniature tube socket 

with special beryllium copper contacts as-

sures minimum tube breakage and maximum 

uninterrupted operation of equipment. 

Can be supplied with shock shield and 

protective cover or saddle type. 

(Also available with phosphor bronze con-

tacts for home radio receivers.) 

Writ• today for 

Samples and Prices 

of the Eby Vibration-
proof, shock - proof 
miniature tube 

socket. INCORPORATED 

18 W. CHELTEN AVE. 

PHILA. 44, PENNA. 

gross selling price or 1/2 of 1% of 
the price paid by the ultimate pur-
chaser of the receiver. Major Arm-
strong has announced that he will 
continue to follow the policy of 
granting licenses to all applicants; 
will continue to waive royalties on 
FM broadcast stations operated by 
religious and educational institu-
tions. Any veteran of World War II 
who proposes to operate an FM sta-
tion and who will have a controlling 
interest in such station may defer 
the payment of royalty on an FM 
broadcast transmitter until he finds 

himself in a financial position to 
pay it. No additional royalty will be 
charged with respect to a replace-
ment transmitter operating in the 
new band and with the same 
power. 

In March, 1941, Major Armstrong 
offered to the War and Navy De-
partments the free use of his FM 
inventions for the duration of the 
emergency. At the same time he 
informed those Departments that 
he would grant to any Manufac-
turer designated by the Govern-
ment a royalty-free license to 
manufacture FM equipment for 
military purposes. He followed the 
same course in Canada with respect 
to his Canadian patents. The roy-
alty-free licenses in both countries 
are still in effect. 

Tele Conference 
and Show Oct. 10-11 

The first post-war television con-
ference to be conducted by the 
Television Broadcasters Association, 
Inc., will take place at the Waldorf-
Astoria Hotel, New York, on Thurs-
day and Friday, October 10 and 11, 
1946. Highlight of the two-day 
session will be the first exhibit of 
latest television equipment — re-
ceivers, transmitters, cameras and 
studio accoutrements—to be shown 
to the industry under one roof. 

First FM Station 

For San Franciso 

San Francisco is soon to have its 
first FM station. FCC has issued a 
construction permit to Associated 

Broadcasters, Inc., for a 40-kw sta-
tion to be operated from KSFO's 
studios in the Mark Hopkins Hotel. 

Electronic Incorporates 

The Electronic Engineering Co., 
Chicago, has incorporated, here-
after will do business as Electronic 
Engineering Co., Inc. The company 
manufactures all types of trans-
formers and electronics equipment 

NEW 

IMPROVED 

AND 

STANDARD MICROPHONE 

JACKS AND PLUGS 

MODEL M-151 
Improved and Standard Type 
Microphone Jacks and Plugs 

Solid, silver plated contact coupling can 
be unscrewed completely for soldering. 

_ 

MODEL M-161 
Chassis mounting, solid silver plated contact. 

Milled flat prevents turning. 

MODEL M-160 
Chassis mounting standard. Solder contact. 

.4,1f•rtifitmildhe4iNgeo, 

MODEL M-170 
Mates with Model M-151 and M-150 

standard solder contact. 

MODEL M-150 
St-indard solder contact. Mates with 
Models M- 170, M-161, and M-160. 

PRICE AND DELIVERY 
UPON REQUEST 

SEND FOR OUR LATEST 
BROCHURE 

KINGS ELECTRONICS CO 
372 LLASSON ItROOKLYN 5. NEW YORK 
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FOR COMMUNICATIONS IN UAINS•TRUCKS•BUSES•FLANES. 

Zd e BY GUARDIAN_ years ahead of today— 
offer desi ners of two-way radios deflnIte advancements which contribute to 
better long- life operation. This is especially evident with Guardian Relays and 
Switches used in two-way radios for hains, trucks, buses, planes. 

For instance, Guardian's series 165-A Relay (Al Si Mug insulated), for 
antenna changeover and break-in is small, compact, vibration- resistant. Labor-
atory tests with 2 normally open contacts prove series 165-A withstands vibra-
tion cf 16.2 g. • in both energized and de-energized positions. This is achieved 
by rugged overall construction and precise counterbalancing of the armceure 
assembly. For H.F. and U.H.F. the series 165-A has a contact capacity to 
handle all required frequencies. Operates at temperatures ranging 65- to 
• 160F. and at altitudes from sea level to 50,000 ft. Truly, series 165-A merits 
a trial now For V.H.F. antenna switching or keying try the war- tested Vacuum 
Switch Relay by Guardian. 

Lei us furnish cost-free information about the complete Guardian line of Radio 
Relays, also all Telephone Type Relays including the small Midget; and a 
special Switch used on push-to-talk circuits. 

G UAR DIAN to ELECTRIC 
1622-D W. WALNUT STREET CHICAGO 12, ILLINOIS 

A COMPLETE LINE OF RELAY`. SERVING AMERICAN 10005100 

Series 165-A Relay 

Series X-100 Relay 
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Simplified Master Taper Attachment 
Fits All Types of Lathes Instantly 

Ingenious New 

Technical Methods 
To Help You with Your 

Reconversion Problems 

Now! A " universal" taper attachment that fits all lathes, 
old or new, big or small—that can be attached or re-
moved in minutes! This taper attachment is not bulky 
or cumbersome. It bolts easily to the bed, in the back 
of any lathe. 

The Master performs accurate taper turning, boring and 
threading with the ease of any straight line tool oper-
ation. It precisely duplicates any tapered part. Is 
usable in any position. Does not interfere with straight 
turning. The bar is precisely machined and fitted. 
There is no vibration. Taper graduations are in inches 
at one end; degrees at the other. The Master is avail-
able now, in two sizes; two feet end four feet in length. 

Available today also, is delicious Wrigley's Spearmint 
Gum. This is one treat you can enjoy even when your 
hands are busy. And the pleasant chewing helps to 
keep you alert and wide-awake, even through a monot-
onous job. 
Chewing Wrigley's Spearmint satisfies a fellow. In 

addition, it helps keep your mouth moist and fresh— 
so you feel better. And feeling better, you naturaf4 
work better. By making gum available to all, scores of 
plants and factories report increased morale and effi-
ciency that really pays off. 

You can get complete information from the Keene Electrical 
Machinery Co., 549 W. Washington Blvd., Chicago 6, Ill. 

Model 710 Master Taper Attachment 

AA-63 

standard and special design, 

Specialists in equipment and 

methods for the manufactmc 
RADIO TUBES 
CATHODE RAY TUBES 
FLUORESCENT LAMPS X-RAY TUBES 
INCANDESCENT LAMPS GLASS PRODUCTS 

On Production or Laboratory ba2,i. 

NEON T1JBL'S 
PHOTO CELLS 

1307-1315 SEVENTH ST., NORTH BERCEN, N. J., U. S A 

PERSONNEL 

Nelson P. 
Case, who has 
been chief en-
gineer of the 
Hallicraf ters 
Co., receiver di-
vision, has been 
promoted to 
chief engineer 

Nelson P. Case of the com-

pany. He joined Hallicrafters sev-
eral months ago after two years as 
director of engineering design for 
Hamilton Radio Corp., New York, 
and was previously with Hazeltine 
for 13 years. 

Garrard Mountjoy has been elect-
ed vice-president of the Electronic 
Corp. of America and will have 
charge of the organization's engi-
neering. He was formerly director 
of radio research and development 
and director of the New York lab-
oratories of Lear, Inc., has been 
head of the licensing consulting 
section of RCA License Laboratories 
and chief engineer of the Sparks-
Withington Co., Jackson, Mich. 

Garrard Mountjoy Dr. Robert B. Jacobs 

Dr. Robert B. Jacobs has been ap-
pointed to direct the physics lab-
oratory of Distillation Products, 
Inc., Rochester, N. Y. He was pre-
viously engineer in charge of high 
vacuum development and research 
for the Kellex Corp. 

Thomas C. Stephens has joined 
the research division of the Collins 
Radio Co., Cedar Rapids, Iowa. He 
goes to Collins from the University 
of Iowa, where he was an instructor 
in radio and electrical engineering, 
and a research engineer for the 
physics engineering development 
project. 

Arthur H. Wulfsberg has joined 
the Collins Radio Co., Cedar Rapids, 
Iowa, as a member of the research 
division. He was formerly with Syl-
vania Electric Products, Inc., en-
gaged in the design and production 
of radar and Loran equipment. 
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Announcing the 

For your resistors for experimental work, pre-
production models, pilot runs, and small produc-
tion runs call upon your local IRC Distributor 
for prompt, intelligent service! 

IRC INDUSTRIAL SERVICE PLAN 
now offered by over 300 IRC Distributors! 

IRC Distributors from coast to coast are now 
able to give industrial users of resistors a new, 
extra service on all standard IRC products. 

Under the new IRC Industrial Service Plan, your 
local IRC Distributor is building and maintaining 
adequate stocks of standard IRC units for many 
industrial requirements ... and he can now fill 
your moderate-quantity»  orders, from stock, at 
direct-factory prices! 

Take advantage of this new IRC plan, speed 
your reconversion and development by getting 
acquainted with your local IRC Distributor. If 
you do not have his name, your IRC Representa-
tive will be glad to recommend one or several in 
your vicinity, or write direct. 

IRC Catalog No. 50 lists standard products stocked by IRC Distributors. 

FOR BETTER-THAN-STANDARD QUALITY 

BT-2 
(2 watts) 

DEPT. 2-0. 401 NORTH BROAD STREET, PHILADELPHIA 8, PA. 

BTA 
(1 Watt) 

101 PER, _ Send for your copy. 

INTERNATIONAL RESISTANCE COMPANY 
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MINIATURE 

R-F INDUCTORS 
B & W MINIDUCTORS 
meet the fast-growing need 
for finely-made miniature 

mid". Coils coils for modern high-fre-r fo 
D  of quency services. Standard 

filtill•EfecluericF diameters range from V2" 
Uses to 11/4". AIR-WOUND 

construction apures an amazingly high 
Q characteristic. Miniductors are sup-
plied in any length and for any type of 
mounting. Coupling links and other 
features as required. Write for Bulletin, 

GENERAL PURPOSE 

ROTARY COILS 
From midget sizes only a few inches 
long with dual opposed windings or. 
other special features to giant units for 
transmitting, dielectric heating or other 
uses B & W Rotary Coils providing con-
tinuous adjustment throughout the en-
tire length of the winding, are supplied 
in a wide variety of types. Submit de-
tails of your application for recommen-
dation by B & W engineers 

EDGE-

WISE 

WOUND 

INDUCTORS 

Furnished in diameters from 11/4 " to 
upward of 10". Minimum size of cop-
per strip 3/16" x .050"; maximum 
1" x .250". Inside or outside mountings 
available, plain or tapped coil styles. 
Rotary or continuously adjustable units 
supplied with either inside or outside 
contacts. Write for details. 
WE'LL MATCH ANY _ 

INDUCTOR 

REQUIREMENT 
-7 

BARKER •& 
WILLIAMSON 

Dept. EL-46, 235 Fairfield Avenue 
Upper Darby, Penna. 

Edward F. Classen, Jr., has joined 
Radio Engineering Laboratbries, 
Inc., Long Island City, in the cap-
acity of sales engineer. He was 
previously connected with the Zen-
ith Radio Corp. for ten years, will 
be associated with the REL mid-
western representatives at 612 N. 
Michigan Avenue, Chicago, Ill. 

Neal Turner has been appointed 
quality control engineer of the Hal-
licrafters Co., Chicago. He was 
formerly engineering sales manager 
for the RFC project in the Clear-
ing, Ill. Hallicrafters plant. 

Neal Turner Maj. Frank R. Brick, Jr. 

Major Frank R. Brick, Jr., has 
been appointed assistant to the 
president of Finch Telecommunica-
tions, Inc., Passaic, N.J. He has 
been associated with the organiza-
tion for a period of ten years. 

J. O. Ashton has joined the en-
gineering staff of the National 
Electrical Mfrs. Assn. He is a radio 
engineering consultant and devel-
opment engineer, was formerly as-
sociated with Dr. Palmer H. Craig, 
Dr. Lee de Forest and Dr. C. F. 
Burgess. 

Harry E. Rice has been appointed 
assistant chief engineer of the 
radio division of Lear, Inc. He will 
have complete charge of produc-
tion of home radio, aircraft radio 
and television and will make his 
headquarters at the Grand Rapids, 
Mich., office. 

R. M. (Rube) Coburn has been 

appointed sales manager of Pano-
ramic Radio Corp., 242 W. 55th St., 

New York, manufacturers of Pano-
ramic communication receivers. 

Dr. Noel C. Jamison, research 
physicist, joined North American 
Philips Co. on January 2 as divi-
sion chief in charge of electro-
acoustics. He was assistant profes-
sor of physics at Northwestern Uni-
versity until 1941 and then went to 
Harvard University to work under 
the auspices of the National De-
fense Research Committee. 

11011 WO\ Process 
11 Ire ... So Ike it 
Gm be seen only 
under he 

We can draw wire as 

small as 

1  of an inch 

100,000 in diameter 

. available in Platinum 

and some other Metals 

.00001" is less than 1/30 the 

diameter of the smallest wire 

die commercially available. 

Yet our Wollaston Process 

wire (drawn in a silver jacket) 

closely meets your specifica-

tions for diameter, resistance 

and other characteristics. 
• 

This organization specializes 

in wire and ribbon of smaller 
than commercial sizes and 
closer than commercial toler-
ances. Write for List of Products. 

SIGMUND COHN & CO. 

SMCE 1901 

44 GOLD STREET NEW YORK 
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Send tol your caçy 
ottbe new Accusate 
Seing 14...aboo. at .. IV. ot d n  and 
totniulae wnich 
you will tincl use-
tut 14o obligation, 

ot coutse• 

proper 
aPPlication is .., 
important as good 

"")rkinanship 

Accurate Service includes helping Niou select 

té 

right spring ior your ‘ob ----

Springrnecing craftsmanship is important. But so is proper 
application of spring power. Yor example.. P, cliauge in spring 

specifications may improve product performance, increase spring lite, 

lower spring costs, or even shorten assembly time. 

here at ate 

how Lmportant it is to 

apply spring power properly• What's more, we've dle long and varied 
experience ana the practical spring engineers necessary tc help you 

*We have also, the spring craftsmen an6 modern facilities use spring power efficiently and economically 

to rrtalce yout springs the way they sbould. be -made. Find out tor 

yourself. Accurate Spring Vlanufacturing Co., '3803 West 

La 

Street, Chicago 24,111inois. ..- '. 

SPRINGS • WIRE FORMS • sTAMPINGS 

I. 

/ ef 

/ 
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0/ 10 TYPES OF 

TERMINAL 
BLOCKS 
BURKE provides a com-
plete range of styles and 

sizes of Terminal Blocks 
to speed the connection 
of wires at Panel, Switch-
board or Control Box. 

Itkih`11$ 

SERIES 1000 is the most compact style 
of terminal block with 750 Volt and 30 
Amp maximum capacity available for 
4, 6, 8, or 12 wires to handle #8 solid 
to # 18 and smaller wire sizes. This and 
9 other types are illustrated and de-
scribed in new catalog and price list. 

* W/ziie be New Êaohlei` Address: 
1164 W. 
12th st. 

AC AND DC MOTORS AND GENERATORS 
BURKE Twunimai BLOCKS 
BURKE ELECTRIC COMPANY • ERIE, PENNSYLVANIA 

Your profit from the use of any kind of equipment hinges on its 
quality of performance — and on its endurance. Electronic Engi-

neering Company transformers are built ruggedly to give lasting 
service under all conditions. If you have speciai and difficult trans-
former problems, feel free to make use of the finest engineering 

talent and most complete electronic laboratories. 
Write or call today. 

"SPECIALIZED 

ENGINEERS" 

3223-9 WEST ARMITAGE AVE 

142 

CHICAGO 47, ILL. 

Don Haines rias been elected sec-
retary-treasurer of the Chicago sec-
tion of the Institute of Radio En-
gineers. He is a consulting engi-
neer, was formerly Chicago field 
engineer for the National Union 
Radio Corp. 

W. W. Watts has been made gen-
eral sales manager of the engineer-
ing products department of RCA 
Victor Division. He has served as a 
colonel in the Signal Corps for the 
past three and one-half years. His 
headquarters will be in Camden, 
N. J. 

Charles R. Denny has been named 
acting chairman of the Federal 
Communications Commission, tak-
ing the place of Paul Porter, re-
cently placed in charge of OPA. 
Denny joined RCC four years ago 
as legal aide. 

Charles R. Denny Paul K. Povlson 

Paul K. Povlson has been named 
vice-president and general man-
ager of Maguire Industries, Inc. In 
his new position, he will supervise 
all manufacturing operations of the 
company, including those of sub-
sidiaries. He has served since 1941 
as vice-president in charge of pro-
duction for the J. I. Case Co. of 
Racine, Wis. 

M. J. Gross has been named man-
ager of engineering for the General 
Electric X-Ray Corp., Chicago. He 
has been a member of the GE engi-
neering staff since 1928 when he 
joined the GE research laboratory 
in Schenectady. 

William G. Miller has been ap-
pointed manager of the headquar-
ters manufacturing staff of the 
Westinghouse Electric Corp., Pitts-

burgh. He will be responsible for 
the manufacturing activities of the 
equipment, manufacturing engi-
neering, production, quality control 
and wage incentive departments. 

Philip I. Merryman has been ap-
pointed assistant to the director of 
the National Broadcasting Co.'s re-
search department in New York. He 
will have charge of the planning 
and development division. 
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For AM or FM 

Easily Controls Two Studios, Announcer's Booth 

and Fourteen Permanently Wired Remcte Lines 

COMPLETE high-fidelity speech-input facilities for the modern 

station; this single compact unit contains all the control, amplifying 

and monitoring equipment. Any combination of studios, remote 

lines or turntables may be broadcast and auditioned simultaneously 

through the two high quality main amplifier channels. On-coming 

programs may be cued and the volume pre-set while on the air. 

Its modern functional beauty in two-tone metallic tan will blend 

with other equipment and yet add a definite air of quality and dis-

tinction to your studio. Sloping front panel combines maximum 

visibility of controls with ease of operation. Sloping top panel gives 

operator an unobstructed view into the studio. 

Engineered for dependability and built of finest quality compo-

nents throughout. Telephone-type lever action, 3 position key 

switches assure trouble-free operation and eliminate nineteen con-

trols. This simplified switching reduces operational errors. All con-

trols are standard, simple and positive—easy to operate. 

Inquire! The low price of this Raytheon Console will amaze 

you. The first orders are now being delivered. Write to: 

RAYTHEON MANUFACTURING COMPANY 

Broadcast Equipment Division 

7517 N. Clark Street, Chicago 26, Illinois 

Deveted to Research and Manufacture for the Broadcasting Industry 

eftefrevse THESE OUTSTANDING 

FEATURES WITH ANY OTHER CONSOLE 

1. Seven built-in pre-amplifiers—more 
than any other console—making pos-
sible 5 microphones and 2 turn-
tables, or 7 microphones, on the air 
simultaneously. 

2. Nine mixer positions — more than 
any other console—leading to 5 micro-
phones, two turntables, one remote 
line and one network line. • 

3. Fourteen remote lines — more than-
any other console— may be wired in 
permanently. 

4. Telephone-Type lever-action key 
switches used throughout—most de-
pe ndable,trouble-free switches avail-
able. No push buttons. 

5. Frequency Response 2 DB from 
30 to 15,000 cycles. Ideal speech in-
put system for either AM or FM. 

6. Distortion less than 1%, from 50 to 
10,000 cycles. 

7. Noise Level minus 65 DB's or bet-
ter. Airplane-type four-way rubber 
shock mounting eliminates outside 
noise and operational "clicks." 

8. All FCC Requirements for FM 
transmission are met. 

9. Dual Power Supply provides 
standby circuit instantly avaBablt 
for emergency use. 

10. Power Supply designed for mount-
ing on desk, wall or relay rack. 

11. Instani Access to all wiring and 
components.Top hinged panel opens 
at a touch. Entire cabinet tilts back 
on sturdy full-length rear hinge. 

RAYTHEON 
exceasier in eke,Aenk.4 
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TEMPERAURE 
REGULATING 

STAND 

ELECTRIC SOLDERING 
IRONS 

are sturdily built for the 
hard usage of industrial 

service. Have plug 
type tips and are con-
structed on the unit 

system with each 

vital part, such as 
heating element, 
easily removable 

and replace-
able. In 5 
sizes, from 50 
watts to 550 

watts. 

This is c thermo-
statically con-
trolled device for 
the reguiation of 
the tempera+ure 
of an electric soldering 
iron. When placed on 
and connected to this 
stand, iron may be main-
tained at working tem-
perature or through ad-
justment on bottom of 
stand at low or warm 
temperatures. 

WM, for Catalog Sheets 110-1 

AMERICAN ELECTRICAL 
HEATER COMPANY 

DETROIT 2, MICH., U. S. A. 

Allen D. Pettee has been ap-
pointed chief electrical engineer of 
the General Cable Corp. His head-
quarters will be at 420 Lexington 
Avenue, New York. 

Emery B. Gebert has joined the 
Hungerford Research Corp., Murray 
Hill, N. J., in the capacity of chief 
powder metallurgist. He was form-
erly metallurgist for the Koebel 
Diamond Tool Co. 

Carson M. Wheeler has joined the 
Amperex Electronic Corp. as chief 
engineer in charge of tube develop-
ment. Previously he was connected 
with the Federal Telephone (Sz Radio 
Corp., for more than ten years. 

Carson M. Wheeler Walter R. Jones 

Walter R. Jones, for seventeen 
years associated with the Sylvania 
Electric Products, Inc., has been ap-
pointed chief engineer of the com-
pany's radio tube division. He was 
formerly general engineering man-
ager for radio tubes and manager 
of the commercial engineering de-
partment. 

P. B. Alger has joined the Spra-
gue Electric Co., North Adams, 
Mass., in the capacity of application 
engineer. He was previously in 
charge of naval inspection work at 
the Stromberg-Carlson Buff alo,N.Y. 
plant. 

Russell E. Kraft has joined Radio 
Frequency Laboratories, Inc., Boon-
ton, N. J., as senior electrical engi-
neer. Before the war he was com-
munications engineer with the 
American Telephone and Telegraph 
Co., latterly has been connected with 
the design section of the Bureau of 
Ships. 

California Plant 

For Sylrania Electric 

Sylvania Electric Products Inc. 
has commenced construction of a 
new plant for the assembly of home 
radio receivers at Riverside, Cali-
fornia for its wholly owned sub-
sidiary, the Colonial Radio Corp., 
Buffalo, N. Y. Purchasing and engi-
neering functions will be continued 
at the home offices in Buffalo. 

141,11M13"1", 

DRIVE AHEAD WITH 

cseaa-z4ew«, 

• You'll travel the roads to 

future markets faster and 

easier when you standardize 

on General Industries Smooth 

Power motors. Quick starting, 

uniform speed and quiet per-

formance have for years made 

these motors leaders for pLono-

graphs, recorders and record-

changers. From the GI com-

plete line, select the proper 

motor for your new design. For 

smooth performance, standard-

ize on Smooth Power. 

The General Industries Company 
DEPT. M • ELYRIA, OHIO 
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SEAMLESS 
and 

LOCKSE,AM 
(PATENTLD) 

NORRISTOWN, PENNSYLVANIA 

"THE BIG NAME 
IN SMALL" 

- TUBING" 

-Maximum OD S/1" 
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el 
Send today for 
latest free 
log of CARTER 
Rotary Products 

Pofeet 

egez MOBILE TRANSMITTER 
Only CARTER gives you it-leant power when 
you press your transmitter Microphone switch. 
600 volt plate power in less than 350 milli-
seconds!! Actual laboratory tests prove this 
unequalled starting performance, so important 

for instant communications. Remember, only the CARTER 

il ORIGINAL GENEMOTOR gives you truly instant power. 

1609 Mil-
wankeeAve. 

MODEL 78 

SIGNAL GEN ' ATOR 

Cable 
Genemotor 

SPECIFICATIONS: 

CARRIER FREQUENCY RANGE: 86 tc 108 megacycles—individually calibrated dial. 

OUTPUT SYSTEM: 1 to 100,000 microvol-s with negligible carrier leakage. 

OUTPUT IMPEDANCE Constant at 17 ohms. 

MODULATION: 400 cycle internal audio oscillator. Deviation directly calibrated in 
two ranges: 0 to 30 kc. and 0 to 300 kc. 

Can be modulated from external audio source. 

Audio fidelity is flat within two db from d.c. to 15,000 cycles. 

Distortion is less than I9 at 75 kr. deviation. 

PRICE: $300.00 F.0.3. Boonton, New Jersey PROMPT DELIVERY 

MEASUREMENTS CORPORATION 
BOONTON NEW JERSEY 

NEW BULLETINS 

Low Temperature Brazing 

Handy 8.4 Harman, 82 Fulton St., 
New York, is distributing the latest 
issue of the "Low Temperature 
Brazing News" describing Sil-fos 
and Easy-Flo silver brazing alloys. 
The 4 page folder shows a number 
of applications of these low tem-
perature alloys in industry and 
lists their advantages. 

Crystals 

Crystal Research Laboratories, 
Inc., Hartford 3, Conn., has issued 
an 8 page folder describing a com-
plete line of mounted crystals. The 
bulletin contains photographs and 
descriptions of special crystals as 
well as a listing of standard crystals 
made to specifications. 

Electrical Connectors 

A revised edition of the Type 
"AP" Bulletin has been issued by 
Cannon Electric Development Co., 
3209 Humboldt St., Los Angeles 31, 
Cal. The 12-page catalog lists five 

• For those RADIO-

ELECTRONIC MATERIALS 

you need in a hurry . . . 

Try -The house that SERV-

ICE built!" Our stocks are 

big—our deliveries, extra-

fast. 

We've been at it since 

1925—and we know how! 

L.. DA LI S, ' sc. 
Distributors of 

RADIO & ELECTRONIC SUPPLIES 
17 Union Square, New York, 3, N.Y. 

Pbnes: AL,g,nquir; 4-8112.3.4-5-6-7 
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THE FM EXPRESS IS ROLLING 

... are you aboard? 
AS we write this, 53 FM stations are on the air. Another 323, granted 

conditionally, momentarily await the Washington green-light that starts 

them building. Additionally, 466 station applications are on the FCC docket 

That's the current FM situation in a nutshell. But it doesn't tell all. 

FCC Commissioner Paul A. Walker said recently: "Conservative estimates 

suggest that the number (of FM applicants) will approach 2,000 by 1947 

as compared with only 950 standard broadcast stations now in operation." 

Frank Mansfield, Sylvania Electric Products, wrote in the February 
FREQUENCY MODULATION that a consumer survey made by his firm indicated 

$600,000,000 will be spent in FM set sales in 1946-47-48. 

Martin Codel, Publisher of FREQUENCY MODULATION as well as TELEVISION 

DIGEST AND FM REPORTS, conservatively estimates that $30,000,000 will be 

put into FM station equipment this year and next. 

Thus speak men on the inside. What they say adds up to the top broadcast 

equipment sales opportunity today. 

Are you telling your story to this market? 

FREQUENCY MODULATION serves the men who do the buying. It is their 

magazine . . . the only one 100% for and about FM. It serves the seasoned 

AM broadcasters who seek new guidance in a new art; the hundreds of 

others who, with FM, are becoming broadcasters for the first time. It 

serves station owners, managers, chief engineers, program directors, consult-

ing radio engineers, radio attorneys, government officials, equipment manu-

facturers and many others . . . a total circulation today of 16,000. For 

advertising rates and closing dates write to Edward Codel, FREQUENCY 

MODULATION, 103 Park Avenue, New York 17. 

March issue of FREQUENCY MODULATION with 10 page directory of FM station applicants tree on request. 

100% for and about FM. Its credo: 

to bring ideas and inspiration to its 

industry, to give it cohesion, to 

interpret trends, to report happenings, 

and to help guide FM toward 

a useful and profitable existence. 

Ewer 

jurattrini 



DavidRoen CO INC. 

t 

ÊOffell 
SOUND and 
COMMUNE"-
PHONE 

Equipment,_ 

—71 

-r 
F11--

INTER- COMMUNICATION 
AND PAGING SYSTEMS 
For Every Requirement 

With its reputation for quality 
earned over the years, and more re-
cently its importance in war, speci-
fication of BOGEN inter-communica-
tion and paging equipment is your 
guaranty of functional efficiency and 
dependability. 
The BOGEN line is diversified and 
complete, with units and systems to 
meet every particular need; economy 
features — induding installation, 
maintenance, and service— assure 
self-amortization in a short time. In-
vestigate BOGEN today; complete 
details on request. 

• Address inquiries to Departonent H 

TYPE A COMMUNO-PHONE 

Inter • communi-
cation system 
comprises Master 
Unit and up to 
18 remote ata. 
tions. Two way 
talk and call. 
Volume control. 
Remotes can re-
ply at distance 
of 20 to 30 feet 

from their unit. No need to interrupt routine 
or work. Other models provide group and all 

call features. 
S ANDARD OF PERFORMANCE 

oreen Sound Sur-toms 

663 BROADWAY, NEW YORK 12, N. Y. 

BOGEN SOUND SYSTEMS • AMPLIFIERS 
COMMUNO-PHONES • ELECTRONIC EQUIPMENT 

plugs and three receptacle types, 
which, with six insert arrange-
ments, make possible 48 different 
fittings. The series was originally 
designed for the Signal Corps, but 
has been used in many types of 
radio, telephone and sound circuits. 
The catalog includes an informa-
tion section, exploded views, dimen-
sional sketches, photos and appli-
cation views. 

Buying Guide 

Allied Radio Corp., Chicago, has 
published a new 1946 buying guide. 
Emphasis is placed on industrial 
maintenance, research and produc-
tion requirements as well as the 
needs of government agencies for 
radio and electronic supplies. In-
cluded are complete, detailed list-
ings of tubes, test instruments, 
transformers, resistors, condensers, 
rheostats, relays, switches, recti-
fiers, tools, wire and cable, batter-
ies, sockets, generators, power sup-
plies, and other types of equipment 
in this field. All equipment is pre-
sented in organized sections with 
items indexed for easy reference. 
Public address and intercommuni-
cation units are listed for indoor 
and outdoor requirement, with 
ready-to-install systems for a va-
riety of industrial applications. The 
sound equipment section also in-
cludes wide listings of microphones, 
speakers and other accessories. For 
training programs and experimen-
tal work there are a number of kits, 
manuals, and diagrams. A large 
technical book section covers lead-
ing publications on radio, elec-
tronics and electricity. 

Lock Fasteners 

The Simmons Fastener Corp., Al-
bany, N. Y., has issued a new and 
revised catalog of its products. It 
includes the latest data and speci-
fications on Quick-Lock, Spring-
Lock and Lock-Nut fasteners. In 28 
pages the catalog gives design and 
engineering information, dimen-
sional sketches and installation in-
structions for these fasteners. 

Electronic Tube 
Reference 

A new reference booklet giving 
typical operating conditions and 
tube base diagrams for more than 
450 types of electron tubes used in 
radio receivers and industrial elec-
tronic applications has been issued 
by Sylvania Electric Products Inc., 
Emporium, Penna. The booklet is 
useful for reference. 1616 N. THROOP ST., CHICAGO 22, ILL 

MACHINED 
PARTS 

LUCITE • VINYLITE • PLEXIGLASS 
POLYSTYRENE • ACETATE 

Complete facilities for machining, mark 

ing, finishing—plastic sheet, rod or tube 

—any size, shape or quantity. 

Send us your prints for quotations.. 

PLASTICRAFT 
PRODUCTS COMPANY 

BAKELITE Cy PLASTICS 

PARTS C7 SPECIALTIES 

MANUFACTURED • FABRICATED 

PRINTED • HOT STAMPED • ENGRAVED 

20 Hudson St., New York 13, N. Y. 
WOrth 2-1837 

CAPACITORS - 
OIL, PAPER and 

ELECTROLYTIC 
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LONG SCALE, WIDE. RANGE VOLT-OHM-MILLIAMMETER 

CAUTION ON HIGI4 VOL. 

DOUBLE SENSITIVITY 
D. C. VOLT RANGES 
0-1.25-5-25-125-500-2500 Volts, 

at 20,000 ohms per volt for greater accuracy oa 
Television and other high resistance D.C. circuits. 

0-2.5-10-50-250-1000-5000 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) 

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: 2%" x 5 x 6". A readily portable, completely 

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 

hat Triplett 
ELECTRICAL INSTRUMENT CO. BLUFFTON, OHIO 
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PUR-A-TONE 
Reg. Trade Mark 

/or AUTOS' HOMES• MARINE 

DESIG 
CONSTRUC 
A. M. - F. M. - TELEVISION 

Brach Pur-a-tone Antennas have long been recognized as 
the standard by which all others are judged. They're a 
byword for Quality and a buy-word for Satisfaction. Please 
your customers and increase your profits—ask your distribu-
tor for BRACH ANTENNAS. 

Special-purpose transmitting antennas designed for volume 
production to your specifications. Collapsible — sectional 
—direction-finding — radar — and coaxial type. All 
sizes, lengths and materials. Consult us on your needs. 

L. 5. BRACH III1FG. CORP. 
III 200 CENTRAL AVENUE NEWARK, N. J. 

WORLD'S OLDEST AND LARGEST MANUFACTURERS OF RADIO ANTENNAS AND ACCESSORIES. 

REPRESENTATIVES WANTED 

Established representatives wanted by insulated 

wire manufacturer. Experience and following in 

the wholesaler and major industrial fields 

essential. Advise exact territory being covered. 

Box 4658 

Electronic Industries 

1811 Lexington New York 17. N. Y. 

NEW BOOKS 

Radar, What Radar Is 

and How It Works 

By Orrin E. Dunlap, Jr., published by Harper & 
Brothers, New York and London, 1946. 208 

pages, $2.50. 

This aim here is to give a popu-
lar version of radar so that the 
layman may appreciate its signifi-
cance and realize the tremendous 
importance of science in the des-
tiny of nations and of civilization. 

The text is a dramatic rather than 
technical representation of the 
achievement of radar. It is ad-
dressed to the layman and radio 
listener and.reads like fiction. Per-
formance, historical development 
and the part this comparatively 
new engineering branch played in 
winning World War II is described 
by numerous quotations of techni-
cal and military men. Future pos-
sibilities are pointed out. 

Transmission Lines, 

Illicitness and Wave Guides 

By Rona:d W. P. King, A.B., Ph.D., Associate 
Professor of Physics and Communication Engi-

neering, Harvard University; Harry Rowe 

Mimno, E.E.„ Ph.D., Associate Professor of 

Physics and Communication Engineering, Har-
vard University, and Alexander H. Wing, E.E., 
Ph.D., Lecturer on Electronics, Harvard Univer-
sity, published by McGraw-Hill Book Co., New 
York City, 1945. 347 pages, $3.50. 

This book has developed from 
the lecture notes of a special war-
time training course given in the 
Graduate School of Engineering, 
Harvard University. However, the 
scope and the method of presenta-
tion of the material are not on a 
graduate level. Rather an attempt 
is made to provide necessary fac-
tual material and to develop a real 
understanding for the electromag-

netic point of view without the use 
of higher mathematics. This at-
tempt seems to have been unusu-

ally successful; rigor has not been 
sacrificed to simplicity but, where 
the mathematics is not included, 
the worded statements conform to 
the physical interpretation of elec-
tromagnetic theory. Over-simplifi-
cation by analogues, frequently 
found in text books, is avoided. For 
example, where comparisons of dif-
ferent structures or circuits are 
made, precautions as to the limits 
of the similarity are included. 
The first chapter on transmission 

lines derives the differential equa-
tions of the line, defines the van-
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ous terms used in transmission line 
theory, and then deals with the 
properties and applications of 

dissipationless lines, ( impedance 
matching, stubs, etc.) Construction 
and use of the circle diagram is 
presented in a shortened version of 
A. H. Wing's article in the Journal 
of Applied Physics, August 1944, 
reported in the April 1945 issue of 

Electronic Industries in the Survey 
of Wide Reading section) . An in-
terpretation of the general trans-
mission-line equations follows. 
Chapters II and III, dealing with 

antennas and ultra-high frequency 
circuits, respectively, include a 

qualitative introduction to general 
electromagnetic theory. Antennas 
as circuit elements, coupled an-

tennas and transmission lines, as 
well as antenna arrays are studied. 
Properties of wave guides and cav-
ity resonators are treated. The 
last chapter deals with wave prop-
agation. 

Introduction to 

Microwaves 

By Simon Ramo, Ph.D., published by the Mc-
Graw-Hill Book Co., New York, 1945. 138 
pages, $ 1.75. 

Since a " frequency ratio of mil-
lions when compared with power 
frequencies and of thousands when 

GLASS 
INSTRUMENT 
BEARINGS 
GLASS "V" BEARINGS 
made and set to your 

specification 

We specialize in the manufacture 
and mounting of all types of sap-
phire jewel bearings. 

We welcome your inquiries 

• 

1110111111.11• BIRD & l'O. 
Incorporated 

Manufacturer* of Jewel Bearings 
for thirty years 

1 SPRUCE STREET 

WALTHAM, MASS. 

me 14Sr MACE à 
ON THE TROUBLESHOOTER'S CHECK LIST 

AND PROUD OF ir. 

I-B-T Instrument Type Rotary Selector Switches 
are available in 20 position SS-20 and 14 position. 
SS- 14 models, one to six decks, non-shorting stand-
ard. and shorting on special order. 

... for these are the instrument and tester makers own switches, designed and 
developed to meet the need for trouble-free, dependable performance in hard 

service. 

They are extensively used in high quality test equipment, portable instru-
ments, in inspection set-ups, and experimental circuits. 

Now, because of quantity production, they are in a price range which makes 
it sensible to consider them foc many other electronic applications. And they 
are available for immediate delivery. Your jobber probably has them in 

stock by now. 

ADVANTAGES: 

RUGGED 

COMPACT 

VERSATILE 

J-B-T INSTRUMENTS INC. 
433 CHAPEL STREET • NEW HAVEN 8, CONNECTICUT 
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FIVE YEARS FRCM TODAY, will you 
be in the knee-pants era of 
radio or witl you be "up and 
on to" every new development ? 
The matter is as pointed as 
that. True, most receivers can-
not reproduce the full range 
of FM broadcasts yet. But 
soon they wi}l. 

MODERNIZE! Start now to moni-
tor your fL11 FM range with 
the Altec Lansing Loudspeaker 
System. Make your improve-
ments — your refinements — 
now. So when tomorrow comes, 
you will not just be growing 
up to standards, you will be 
setting them. See your dealer. 

THE ALTEC LANSING 
DUPLEX LOUCSFEAKER SYSTEM 

Both high and low fre-
quency units are com-
bined in one horn, 
reproducing the entire 
FM range, from 50 to 
15,000 cycles, without 
intermodulation effects 
or distortion. 

Ilbi N Vine St , Hcllywood, Cal 

250 W 57th St , N. Y 19, N. Y. 

compared even with radio-broad-
cast frequencies makes microwaves 
fascinating and important" to com-
mercial men and executives, who 
ask questions, this book well serves 
the purpose of a preface to the 
rather complex field of microwaves, 
especially since it is not "aimed to 
replace anything". Assuming a 
familiarity of the reader with 
power frequencies and lower radio 
frequencies, the book—in 15 "easy" 
chapters--establishes a link be-
tween the narrow concepts used at 
lower frequencies to the broader 
concepts of electro-magnetic theory 
necessary to include microwaves. 
An appendix listing a number of 
more formidable texts for further 
study is included. 

RCA Review Resumes 

The RCA Review, a technical 
journal of radio and electronic re-
search and engineering published 
by the RCA Laboratories, Div. of 
Radio Corp of America, reappeared 
in March on a quarterly basis. The 
Review was suspended in 1942 as 
a consequence of wartime security 
regulations. RCA Review contains 
papers prepared by scientists, engi-
neers and executives of RCA and 
its subsidiaries. 

Open Amateur Rand 

Another band of frequencies has 
been made available to amateurs. 
Following a meeting on February 
21 between all military services and 
members of the AARL, frequencies 
between 3,700 and 4,000 kc, in-
clusive, were turned back to the 
amateurs as of March 31. Opera-
tion is permitted only within the 
continental U. S., however, and in-
cludes class A phone between 3,900 
and 4,000 kc. The remainder of the 
80-meter band is expected to be 
opened before the end of the year. 
At the present time amateurs are 
permitted to use only the following 
bands: 28-29.7 mc; 56-60 mc; 144-
148 mc; 420-430 mc; 1,215-1,295 mc; 
2,300-2,450 mc; 5,250-5,650 mc; 10,-
000-10,500 mc; 21,000-22,000 mc. 

Nary's Dow Promoted 

Commodore Jennings B. Dow, 
USN, has been promoted and takes 
over an enlarged sphere of activi-
ties for the Government. During 
the war he headed the Electronics 
Division of the Navy's Bureau of 
Ships. He has now been given the 
official title Chief of Electronics in 
the Bureau of .Ships. 

CREATIVE 
GROMMETS 
1.0. SIZES Ye T(5. 
Va" CLEARANCE  

CHAMFERED 
EDGES  

ALL HOLES 
CONCENTRIC  

-rGiARED COLLARS 

FINE THREAD 
ASSURES SNUG FIT  

THREADS CLEM-
AND LUBRICATED  

MATTE 
FINISH  

e 

Li 

Four new lgrger sizes of 
CREATIVE 100'; PHENO-
LIC PLASTIC GROMMETS 
(up to % 11 i.d.) are now avail-
able for radio, electronic and 
electric instruments...Send for 
a sample of each of the eight 
standard stock sizes, mounted 
on a convenient card. 

CREATIVE'S CUSTOM SERVICE 

You don't have to build molds to get Plastic 
Parts with Inserts such as knobs, terminals, 
etc. Get the farts about this unusual custom 
service... CALL ON CREATIVE. 

Arà, 
esR: Fe 

PLASTICS CORP. 
968 KENT AVE. BROOKLYN S. NEW YORK 
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John F. Rider Award 

At a formal military ceremony 
held at Fort Monmouth in Febru-
ary John F. Rider, Lt. Col. Signal 
Corps (retired), was presented with 
the Legion of Merit medal. Part of 
his citation for the Legion of Merit 
decoration reads: ". . . rendered 
exceptional administrative service 
to the Signal Corps Publication 
Agency. . . . His ability to organ-
ize and effectively utilize available 
personnel materially contributed to 
the preparation, production and 
distribution of vitally needed tech-
nical manuals containing instruc-

tion for the installation, operation, 
maintenance and repair of signal 
equipment. From 26 November 1943 
to May 1944, he planned and per-
sonally supervised the production of 
a backlog of 60 vitally needed tech-
nical manuals covering radar equip-
ment already in theatres of opera-
tion but without adequate instruc-
tions for their installation, opera-
tion, maintenance and repair . . ." 

P II ii011ored 

The 19,45 Lamme medal of the 
American Institute of Electrical En-
gineers has been awarded to David 
C. Prince, vice-president, general 
engineering and consulting labora-

tory, General Electric Co., Schenec-
tady. The award was made "for his 
distinguished work in the develop-
ment of high voltage switching 
equipment and electronic con-
verters". 

Poly Opens Lab 

Polytechnic Research and Devel-
opment Co., Inc., 66 Court Street, 
Brooklyn, N. Y., has opened its con-
sulting engineering laboratory co-
incident with a change in name 
from P. I. B. Products, Inc. The 
new corporate style has been adopt-
ed to better identify the expanded 
operations of the organization. 
Established during the war for the 
manufacture of microwave test 
equipment for the armed services, 
the company now makes available 
its research and development facili-
ties in the field of applied physics 
for application to the technical 
problems of industry. 
The organization is headed by Dr. 

H. S. Rogers, president of the Poly-
technic Institute of Brooklyn and 
of the Brooklyn Chamber of Com-
merce, and is under the technical 
direction of F. J. Gaffney, formerly 
in charge of measurement and test 
equipment development at the MIT 
Radiation Laboratory. 

Plastics Progress Report 

A two-day meeting of operators 
interested in low-pressure molding 
and fabricating held at the Edge-
water Beach Hotel in Chicago Feb-
ruary 1 and .2, drew over 240 regis-
trations and revealed, keen interest 
in newly developed methods for 
producing plastic products of large 
size and contour. 
The meeting, arranged by Society 

of the Plastic Industries, was under 
the joint direction of J. E. Stokes 
of Bakelite Corp., and Robert J. 
Brinkema, industrial designer. 
Highlights were the display of 
products; and a series of six talks 
given by leaders in this new phase 
of the industry. 
The speakers and their subjects: 

William I. Beach, "Post Forming 
Developments During the War and 
Their Application to Peacetime 
Products"; John D. Lincoln, "Low-
Pressure Molding During the War 
and Its Possibilities in the Future"; 
Egmont Arens, "Future Trends in 
the Low-Pressure Field"; William J. 
Connelly, "Present Trends of the 
Low-Pressure Industry"; Philip L. 
Rhodes, "The Naval Architect Looks 
to Plastics"; Roy B. Anderson, 
"Protective and Decorative Finishes 
for Low-Pressure Laminates". 

If your sights are on FM ... If you're looking ahead in TV! 
Martin Codel's TELEVISION DIGEST & FM 
REPORTS goes weekly to hundreds of 
alert executives who want to keep a 
step ahead of these swiftly moving arts. 
It interprets trends, digests and analyzes 

Partial List of 

Manufacturer-Subscribers: 

AMERICAN PHENOLIC CORP 

BLAW-KNOX CO. 

CANADIAN MARCONI CO. 

DUMONT LABORATORIES 

FEDERAL TELEPHONE 8. RADIO CO. 

GENERAL ELECTRIC CO. 

PHILCO CORP. 

RADIO CORPORATION OF AMERICA 

STROMBERG-CARLSON CO. 

TRANSMITTER EQUIPMENT MEG.CO. 

WESTINGHOUSE ELECTRIC CO. 

ZENITH RADIO CORP. 

. . . and scores of others who use 
the service religiously in their plan-
ning, working, and prospect and 
customer contacts. 

the news, cuts through the maze of 
Washington data, digs out and spot-
lights FM and TV opportunities. It's 
tailor-made for the man who wants au-
thoritative information from the Wash-

ington fountainhead of radio news. 
TELEVISION DIGEST & FM REPORTS may fit 
your need. Write today for a sample of 
the current mailing, including weekly 
supplement, and find out. No obligation. 

These, and similar supplements, accompany the weekly news-

letters: 
* Directories of FM and TV License and CP Holders, with detailed data about each. 

* Directories of FM and TV applicants, detai:ed and kept up-to-date. 
* Cumu!ative Logs of Conditional Grants and CPs for New FM Stations ( issued regularly). 

* FCC Rules and Engineering Standards Governing FM and TV, with charts, etc. 

* Allocation Plan for FM Broadcasting Stations ( plus all assignments to date). 

* FM Allocation Maps ( full set specifying commercial FM channels by cities). 

* Television Allocation Maps ( set of 13 marking TV allocations by cities). 

manyplus   your other o customers nh teF directories,d v d T a ntab ulationsl   F ie! and charts e tsreveal ingcome in inowshco. loose-leaf in 
e and 

who will be 
for which ready- reference binders are provided. Supplements are issued and revised 
regularly. 

ice 
and FM Reports 

1519 CONNECTICUT AVE. N.W., WASHINGTON 6, D. C. 

ELECTRONIC INDUSTRIES • April, 1946 153 



SPECIALISTS IN 

SPECIAL CRYSTALS 

CRYSTAL RESEARCH 
LABORATORIES INC, 

29 ALLYN ST.., HARTFORD, 3, CONN., PHONE 7-3215 

SMALL PUMPS CORRECTLY ENGINEERED 
FOR YOUR NEEDS 
Eastern has designed and built pumps 
to meet manufacturers' specific needs 
for many years. Some of these needs 
have been complex, where the design 
of a completely new pump was neces-
sary to solve a pumping problem never 
before encountered. Others were run-of 
the-mill, where one of Eastern's stand-
ard pumps from a line of over 600 dif-
ferent modifications was recommended 
with the knowledge that it would do 
the job required of it. Only a company 
with mechanical, electrical and chemical 
engineers on its staff could know the 

VOLUTE CENTRIFUGAL PUMP 

correct solution to so many and varied 
pumping problems. Eastern has such a 
diversified engineering staff. Thus your 
pumping problems, especially where 
small size and light weight combined 
with high performance and economy of 
operation are factors, are assured of 
quick solution. Special pumps when 
designed and approved, can be put 
into production when a reasonable 
quantity is involved. 

Illustrated here is a new Eastern Cen-
trifugal Pump. Write for NEW catalog 
showing many other Eastern Pumps. 

Model U-34 illustrated, is designed for handling mod-
erate volumes at relatively high heads, utilizing a 
minimum of space. It may be used for continuous duty 
operation. It is an excellent transfer pump. Close-
coupled with open impeller mounted directly on motor 
shaft extension without use of an internal pump 
bearing. Available with mechanical rotary seal only. 
Standard models available in Monet Metal, Stainless 
Steel, Cast Iron. and rough or finished Bronze. Quota-
tions on other alloys on request. Power: Heavy duty 
General Electric ball bearing motor in various frame 
enclosures and for almost all current requirements 
either 1/3 H.P. or V2 H.P. as the application demands. 
Weight: 36 lbs. Size: 121/2 " x 61/2 " x 61/2 ". Pump per-
formance shown on chart illustrated here. 

EASTERN ENGINEERING COMPANY 
94 FOX STREET NEV HAVEN 6, CONN. 

British Intateurs 

Resettle I' Operation 

Radio amateurs in Great Britain 
have just received the all-clear 
from the General Post Office to 
resume restricted operation. Trans-
mitting apparatus impounded in 
1939, when the war started, is be-
ing returned and the reissue of 
transmitting licenses has com-
menced. 
These licenses record several 

changes in conditions, the most 
fundamental being the official ac-
ceptance of amateur status ( in the 
past the licenses have been for "ex-
perimental" stations not for "ama-
teur" stations). This means that 
British amateurs will be able legal-
ly to operate within the exclusive 
international bands of 7 and 14 mc 
and that the traditional "Test" call 
may be replaced by the more com-
mon "CQ" call. 
At present operation is restricted 

to the frequency bands 28-29 mc 
and 58.5-60 mc., but it is expected 
that the popular 7 and 14 mc bands 
will soon be released. Power inputs 
to the last stage of 100W are nor-
mally allowed and specal applica-
tion may be made for 250W per-
mits. The Radio Society of Great 
Britain expects that radio experi-
menting will be more popular than 
ever (there were some 5,000 li-
censed amateurs in Great Britain 
before the war) . 

British Radio and 

Tele Licenses 

The charge for radio receiving 
licenses in Great Britain which 
hitherto has been ten shillings 
($2) is soon to be raised to one 
pound ($4) and another special li-
cense covering both sound radio 
and television is to cost two pounds 
($8). Theàe increases have been 
found necessary to fulfill the con-
dition, laid down years ago, that 
the cost of all broadcasting services 
for home listeners should be met 
from the sale of receiving licenses. 
The general increase in costs dur-
ing the last six years, and the im-
provement of facilities now to be 
undertaken, have largely accounted 
for the higher expense of broad-
casting. At present two general 
programs, radiated on one national 
and a chain of regional transmit-
ters, are available, and a third pro-
gram of a more specialized nature 
is scheduled to start later this year. 
The television service which, it is 

announced, will recommence in 
London on May 1st will require ad-
ditional income which will, to some 
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THE FM EXPRESS IS ROLLING 

... are you aboard? 
AS we write this, 53 FM stations are on the air. Another 323, granted 
conditionally, momentarily await the Washington green-light that starts 

them building. Additionally, 466 station applications are on the FCC docket" 
That's the current FM situation in a nutshell. But it doesn't tell all. 

FCC Commissioner Paul A. Walker said recently: "Conservative estimates 

suggest that the number (of FM applicants) will approach 2,000 by 1947 
as compared with only 950 standard broadcast stations now in operation." 
Frank Mansfield, Sylvania Electric Products, wrote in the February 

FREQUENCY MODULATION that a consumer survey made by his firm indicated $600,000,000 will be spent in FM set sales in 1946-47-48. 
Martin Codel, Publisher of FREQUENCY MODULATION as well as TELEVISION 

DIGEST AND FM REPORTS, conservatively estimates that $30,000,000 will be 
put into FM station equipment this year and next. 

Thus speak men on the inside. What they say adds up to the top broadcast 

equipment sales opportunity today. 

Are you telling your story to this market? 

FREQUENCY MODULATION serves the men who do the buying. It is their 

magazine . . . the only one 100% for and about FM. It serves the seasoned 

AM broadcasters who seek new guidance in a new art; the hundreds of 

others who, with FM, are becoming broadcasters for the first time. It 

serves station owners, managers, chief engineers, program directors, consult-

ing radio engineers, radio attorneys, government officials, equipment manu-
facturers and many others . . . a total circulation today of 16,000. For 

advertising rates and closing dates write to Edward Codel, FREQUENCY 

MODULATION, 103 Park Avenue, New York 17. 
• March issue of FREQUENCY MODULATION with 10 page directory of FM station applicants free on request. 

100% for and about FM. Its credo: 

to bring ideas and inspiration to its 

industry, to give it cohesion, to 

interpret trends, to report happenings, 

and to help guide FM toward 

a useful and profitable existence. 

FREQIIENT 
j1111111111101 



David Rogers CO. INC. 

flL  

Bogen 
SOUND and 
COMMUNO-
PHONE 

Equipment_ \ 

INTER- COMMUNICATION 
AND PAGING SYSTEMS 
For Every Requirement 

With its reputation for quality 
earned over the years, and more re-
cently its importance in war, sped-
fication of BOGEN inter-communica-
tion and paging equipment is your 
guaranty of functional efficiency and 
dependability. 
The BOGEN line is diversified and 
complete, with units and systems to 
meet every particular need; economy 
features— including installation, 
maintenance, and service— assure 
self-amortization in a short time. In-
vestigate BOGEN today; complete 
details on request. 

Address inquiries to Department II 

TYPE A COMMUNO-PHONE 

Inter - communi-
cation system 
comprises Master 
Unit and up to 
18 remote sta-
tions. Two way 
talk and call. 
Volume control. 
Remotes can re-
ply at distance 
of 20 to 30 feet 

from their unit. No need to interrupt routine 
or work. Other models provide group and all 

call features. 
S ANDARD Of Pflif011mANCE 

ogen Sound Systems. 

663 BROADWAY, NEW YORK 12. N. Y. 

BOGEN SOUND SYSTEMS • AMPLIFIERS 
COMMUNO-PHONES•ELECTRONIC EQUIPMENT 

plugs and three receptacle types, 
which, with six insert arrange-
ments, make possible 48 different 
fittings. The series was originally 
designed for the Signal Corps, but 
has been used in many types of 
radio, telephone and sound circuits. 
The catalog includes an informa-
tion sectign, exploded views, dimen-
sional sketches, photos and appli-
cation views. 

Buying Guide 

Allied Radio Corp., Chicago, has 
published a new 1946 buying guide. 
Emphasis is placed on industrial 
maintenance, research and produc-
tion requirements as well as the 
needs of government agencies for 
radio and electronic supplies. In-
cluded are complete, detailed list-
ings of tubes, test instruments, 
transformers, resistors, condensers, 
rheostats, relays, switches, recti-
fiers, tools, wire and cable, batter-
ies, sockets, generators, power sup-
plies, and other types of equipment 
in this field. All equipment is pre-
sented in organized sections with 
items indexed for easy reference. 
Public address and intercommuni-
cation units are listed for indoor 
and outdoor requirement, with 
ready-to-install systems for a va-
riety of industrial applications. The 
sound equipment section also in-
cludes wide listings of microphones, 
speakers and other accessories. For 
training programs and experimen-
tal work there are a number of kits, 
manuals, and diagrams. A large 
technical book section covers lead-
ing publications on radio, elec-
tronics and electricity. 

Lock Fasteners 

The Simmons Fastener Corp., Al-
bany, N. Y., has issued a new and 
revised catalog of its products. It 
includes the latest data and speci-
fications on Quick-Lock, Spring-
Lock and Lock-Nut fasteners. In 28 
pages the catalog gives design and 
engineering information, dimen-
sional sketches and installation in-
structions for these fasteners. 

Electronic Tube 

Reference 

A new reference booklet giving 
typical operating conditions and 
tube base diagrams for more than 
450 types of electron tubes used in 
radio receivers and industrial elec-
tronic applications has been issued 
by Sylvania Electric Products Inc., 
Emporium, Penna. The booklet is 
useful for reference. 1616 N. THROOP ST., CHICAGO 22, ILL. 

MACHINED 
PARTS 

LUCITE • VINYLITE • PLEXIGLASS 
POLYSTYRENE • ACETATE 

Complete facilities for machining, mark 

ing, finishing—plastic sheet, rod or tube 

—any size, shape or quantity. 

Send us your prints for quotations. 

PLASTICRAFT 
PRODUCTS COMPANY 

BAKELITE 6. PLASTICS 

PARTS 6. SPECIALTIES 

MANUFACTURED • FABRICATED 
PRINTED • HOT STAMPED • ENGRAVED 

20 Hudson St., New York 13, N. Y. 
WOrth 2-1837 

CAPACITORS - 
OIL, PAPER and 

ELECTROLYTIC 
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rfinizrzer 
625-1111 

LONG SCALE, WIDE RANGE VOLT-OHM-MILLIAMMETER 
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. 

0-2.5-10-50-250-1000-5000 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) 
0-50000 ohms (300 ohms center scale) 
0-10 megohms (60,000 ohms center scale) 

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: 2 x 5M" x 6". A readily portable, completely 

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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PUR-A-TONE 

for 11111T05• HOMEG• MARINE 
Brach Pur-a-tone Antennas have long been recognized as 
the standard by which all others are judged. They're a 
byword for Quality and a buy-word for Satisfaction. Please 
your customers and increase your profits—ask your distribu-
tor for BRACH ANTENNAS. 

Special-purpose transmitting antennas designed for volume 
production to your specifications. Collapsible — sectional 
—direction-funding — radar — and coaxial type. All 
sizes, lengths and materials. Consult us on your needs. 

L. 5. BRACH 111FG. CORP 
200 CENTRAL AVENUE NEWARK, N. J. 

n 
1 40040 

WORLD'S OLDEST AND LARGEST MANUFACTURERS OF RADIO ANTENNAS AND ACCESSORIES. 

REPRESENTATIVES WANTED 

Established representatives wanted by insulated 

wire manufacturer. Experience and following in 

the wholesaler and major industrial fields 

essential. Advise exact territory being covered. 

Box 4658 

Electronic Industries 

•1811. Lexington Ave.. Neu. York 17. N. V. 

NEW BOOKS 

Radar, What Hadar Is 

and Hour It Works 

By Orrin E. Dunlap, Jr., published by Harper Cr 

Brothers, New York and London, 1946. 208 
pages, $2.50. 

This aim here is to give a popu-
lar version of radar so that the 

layman may appreciate its signifi-
cance and realize the tremendous 
importance of science in the des-
tiny of nations and of civilization. 
The text is a dramatic rather than 
technical representation of the 
achievement of radar. It is ad-
dressed to the layman and radio 
listener and reads like fiction. Per-
formance, historical development 
and the part this comparatively 
new engineering branch played in 
winning World War II is described 
by numerous quotations of techni-
cal and military men. Future pos-
sibilities are pointed out. 

Transmission Lines, 

lntennas and Ware Guides 

By Rona:d W. P. King, A.B., Ph.D., Assocate 
Professor of Physics and Communication Engi-

neering, Harvard University; Harry Rowe 
Mimno, E.E. Ph.D., Associate Professor of 

Physics and Communication Engineering, Har-
vard University, and Alexander H. Wing, E.E., 

Ph.D., Lecturer on Electronics, Harvard Univer-
sity, published by McGraw-Hill Book Co., New 
York City, 1945. 347 pages, $3.50. 

This book has developed from 
the lecture notes of a special war-
time training course given in the 
Graduate School of Engineering. 
Harvard University. However, the 
scope and the method of presenta-
tion of the material are not on a 
graduate level. Rather an attempt 
is made to provide necessary fac-
tual material and to develop a real 
understanding for the electromag-
netic point of view without the use 
of higher mathematics. This at-
tempt seems to have been unusu-

ally successful; rigor has not been 
sacrificed to simplicity but, where 
the mathematics is not included, 
the worded statements conform to 
the physical interpretation of elec-
tromagnetic theory. Over-simplifi-
cation by analogues, frequently 
found in text books, is avoided. For 
example, where comparisons of dif-
ferent structures or circuits are 
made, precautions as to the limits 
of the similarity are included. 
The first chapter on transmission 

lines derives the differential equa-

tions of the line, defines the van-
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ous terms used in transmission line 
theory, and then deals with the 
properties and applications of 
dissipationless lines, ( impedance 
matching, stubs, etc.) Construction 

and use of the circle diagram is 
presented in a shortened version of 
A. H. Wing's article in the Journal 
of Applied Physics, August 1944, 
( reported in the April 1945 issue of 
Electronic Industries in the Survey 

of Wide Reading section) . An in-
terpretation of the general trans-
mission-line equations follows. 
Chapters II and III, dealing with 

antennas and ultra-high frequency 

circuits, respectively, include a 
qualitative introduction to general 
electromagnetic theory. Antennas 
as circuit elements, coupled an-

tennas and transmission lines, as 
well as antenna arrays are studied. 
Properties of wave guides and cav-
ity resonators are treated. The 
last chapter deals with wave prop-
agation. 

Introduction to 

Microwaves 

By Simon Ramo, Ph.D., published by the Mc-
Graw-Hill Book Co., New York, 1945. 138 

pages, $ 1.75. 

Since a " frequency ratio of mil-
lions when compared with power 

frequencies and of thousands when 

GLASS 
INSTRUMENT 
BEARINGS 
GLASS "V" BEARINGS 
made and set to your 

specification 

We specialize in the manufacture 
and mounting of all types of sap-
phire jewel bearings. 

We welcome your inquiries 

MC1111101 BIRD & CO. 
Incorporated 

Manufacturers of Jewel Bearings 
for thirty years 

1 SPRUCE STREET 
WALTHAM, MASS. 

w • 

lor" an' 
ON THE TROUBLESHOOTER'S CHECK LIST 

AND PROUD OF tr. 

J-B-T Instrument Type Rotary Selector Switches 
are available in 20 position SS-20 and 14 position. 
SS- 14 models, one to six decks, non-shorting stand-
ard, and shorting on special order. 

... for these are the instrument and tesier makers own switches, designed and 
developed to meet the need for trouble-free. dependable performance in hard 

service. 

They are extensively used in high quality test equipment, portable instru-
ments. in inspection set-ups, and experimental circuits. 

Now, because of quantity production, they are in a price range which makes 
it sensible to consider them for many other electronic applications. And they 
are available for immediate delivery. Your jobber probably has them in 

stock by now. 

ADVANTAGES: 

RUGGED 

COMPACT 

VERSATILE 

71 

J-B-T INSTRUMENTS, INC. 
433 CHAPEL STREET • NEW HAVEN 8, CONNECTICUT 
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FIVE YEARS FROM TODAY, will you 
be in the knee-pants era of 
radio or will you be "up and 

on to" every new development? 
The matter is as pointed as 
that. True, most receivers can-
not reproduce the full range 
of FM broadcasts yet. But 
soon they will. 

MODERNIZE! Start now to moni-
tor your full FM range with 
the Altec Lansing Loudspeaker 
System. Make your improve-
ments — your refinements — 
now. So when tomorrow comes, 
you will not just be growing 
up to standards, you will be 
setting them. See your dealer. 

THE ALTEC LANSING 
DUPLEX LOUDSPEAKER SYSTEM 

Both high and low fre-
quency units are com-
bined in one horn, 
reproducing the entire 
FM range, from 50 to 
15,000 cycles, without 
interrnodulation effects 
or distortion. 

.ALTEC 
LANSING CORPORATION 

116I N Vine St., Hollywood, Cal. 

250 W. 57th St., N. Y. 19, N. Y. 

compared even with radio-broad-
cast frequencies makes microwaves 
fascinating and important" to com-
mercial men and executives, who 
ask questions, this book well serves 
the purpose of a preface to the 
rather complex field of microwaves, 
especially since it is not "aimed to 
replace anything". Assuming a 
familiarity of the reader with 
power frequencies and lower radio 
frequencies, the book—in 15 "easy" 
chapters—establishes a link be-
tween the narrow concepts used at 
lower frequencies to the broader 
concepts of electro-magnetic theory 
necessary to include microwaves. 
An appendix listing a number of 
more formidable texts for further 
study is included. 

RCA Review Resumes 

The RCA Review, a technical 
journal of radio and electronic re-
search and engineering published 
by the RCA Laboratories, Div. of 
Radio Corp of America, reappeared 
in March on a quarterly basis. The 
Heview was suspended in 1942 as 
a consequence of wartime security 
regulations. RCA Review contains 
papers prepared by scientists, engi-
neers and executives of RCA and 
its subsidiaries. 

Open Amateur Rand 

Another band of frequencies has 
been made available to amateurs. 
Following a meeting on February 
21 between all military services and 
members of the AARL, frequencies 
between 3,700 and 4,000 kc, in-
clusive, were turned back to the 
amateurs as of March 31. Opera-
tion is permitted only within the 
continental U. S., however, and in-
cludes class A phone between 3,900 
and 4,000 kc. The remainder of the 
80-meter band is expected to be 
opened before the end of the year. 
At the present time amateurs are 
permitted to use only the following 
bands: 28-29.7 mc; 56-60 mc; 144-
148 mc; 420-430 mc; 1,215-1,295 mc; 
2,300-2,450 mc; 5,250-5,650 mc; 10,-
000-10,500 mc; 21,000-22,000 mc. 

!Vary's Dow Promoted 

Commodore Jennings B. Dow, 
USN, has been promoted and takes 
over an enlarged sphere of activi-
ties for the Government. During 
the war he headed the Electronics 
Division of the Navy's Bureau of 

Ships. He has now been given the 
official title Chief of Electronics in 
the Bureau of Ships. 

SIZES 
OF 

CREATIVE 
GROMMETS 
1.D. SIZES Yer 1-6" 
Va" CLEARANCE  

HAMFERED 
EDGES  

ALL HOLES 
CONCENTRIC 

-EARED COLLARS 
FINE THREAD — 
ASSURES SNUG FIT  
THREADS 
AND LUBRICATED 1 
JI ATTE 
FINISH 

Four new larger sizes of 
CREATIVE 100' (", PHENO-
LIC PLASTIC GROMMETS 
(up to 211 i. d.) are now avail-
able for radio, electronic and 
electric instruments...Send for 
a sample of each of the eight 
standard stock sizes, mounted 
on a convenient card. 

CREATIVE'S CUSTOM SERVICE 

You don't have to build molds to get Plastic 
Parts with Inserts such as knobs, terminals, 
etc. Get the facts about this unusual custom 
service... CALL ON CREATIVE. 

4034 (4.1,1As4N 
,;rtSPâ 

'ah4,?:s;te 

PLASTICS CORP. 
968 KENT AVE. BROOKLYN 3, NEW YORK 
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John F. Rider Award 

At a formal military ceremony 
held at Fort Monmouth in Febru-
ary John F. Rider, Lt. Col. Signal 
Corps (retired), was presented with 
the Legion of Merit medal. Part of 
his citation for the Legion of Merit 
decoration reads: ". . . rendered 
exceptional administrative service 
to the Signal Corps Publication 
Agency. . . . His ability to organ-
ize and effectively utilize available 
personnel materially contributed to 
the preparation, production and 
distribution of vitally needed tech-
nical manuals containing instruc-
tion for the installation, operation, 
maintenance and repair of signal 
equipment. From 26 November 1943 
to May 1944, he planned and per-
sonally supervised the production of 
a backlog of 60 vitally needed tech-
nical manuals covering radar equip-
ment already In theatres of opera-
tion but without adequate instruc-
tions for their installation, opera-
tion, maintenance and repair . . ." 

Prince Honored 

The 1945 Lamme medal of the 
American Institute of Electrical En-
gineers has been awarded to David 
C. Prince, vice-president, general 
engineering and consulting labora-

tory, General Electric Co., Schenec-
tady. The award was made "for his 
distinguished work in the develop-
ment of high voltage switching 
equipment and electronic con-
verters". 

Poly Opens Lob 

Polytechnic Research and Devel-
opment Co., Inc., 66 Court Street, 
Brooklyn, N. Y., has opened its con-
sulting engineering laboratory co-
incident with a change in name 
from P. I. B. Products, Inc. The 
new corporate style has been adopt-
ed to better identify the expanded 
operations of the organization. 
Established during the war for the 
manufacture of microwave test 
equipment for the armed services, 
the company now makes available 
its research and development facili-
ties in the field of applied physics 
for application to the technical 
problems of industry. 
The organization is headed by Dr. 

H. S. Rogers, president of the Poly-
technic Institute of Brooklyn and 
of the Brooklyn Chamber of Com-
merce, and is under the technical 
direction of F. J. Gaffney, formerly 
in charge of measurement and test 
equipment development at the MIT 
Radiation Laboratory. 

Plastics Progress Report 

A two-day meeting of operators 
interested in low-pressure molding 
and fabricating held at the Edge-
water Beach Hotel in Chicago Feb-
ruary 1 and 2, drew over 240 regis-
trations and revealed keen interest 
in newly developed methods for 
producing plastic products of large 
size and contour. 
The meeting, arranged by Society 

of the Plastic Industries, was under 
the joint direction of J. E. Stokes 
of Bakelite Corp., and Robert à. 
Brinkema, industrial designer. 
Highlights were the display of 
products; and a series of six talks 
given by leaders in this new phase 
of the industry. 
The speakers and their subjects: 

William I. Beach, "Post Forming 
Developments During the War and 
Their Application to Peacetime 
Products"; John D. Lincoln, "Low-
Pressure Molding During the War 
and Its Possibilities in the Future"; 
Egmont Arens, "Future Trends in 
the Low-Pressure Field"; William J. 
Connelly, "Present Trends of the 
Low-Pressure Industry"; Philip L. 
Rhodes, "The Naval Architect Looks 
to Plastics"; Roy B. Anderson, 
"Protective and Decorative Finishes 
for Low-Pressure Laminates". 

If your sights are on FM... If you're looking ahead in TV! 
Martin Codel's TELEVISION DIGEST & FM 
REPORTS goes weekly to hundreds of 

alert executives who want to keep a 

step ahead of these swiftly moving arts. 

It interprets trends, digests and analyzes 

Partial List of 

Manufacturer-Subscribers: 

AMERICAN PHENOLIC CORP. 

BLAW-KNOX CO. 

CANADIAN MARCONI CO. 

DUMONT LABORATORIES 

FEDERAL TELEPHONE & RADIO CO. 

GENERAL ELECTRIC CO. 

PHILCO CORP. 

RADIO CORPORATION OF AMERICA 

STROMBERG-CARLSON CO. 

TRANSMITTER EQUIPMENT MFG CO. 

WESTINGHOUSE ELECTRIC CO. 

ZENITH RADIO CORP. 

. . . and scores of others who use 
the service religiously in their plan-
ning, working, and prospect and 
customer contacts. 

the news, cuts through the maze of 

Washington data, digs out and spot-

lights FM and TV opportunities. It's 

tailor-made for the man who wants au-

thoritative information from the Wash-

ington fountainhead of radio news. 

TELEVISION DIGEST & FM REPORTS may fit 

your need. Write today for a sample of 

the current mailing, including weekly 

supplement, and find out. No obligation. 

These, and similar supplements, accompany the weekly news-

letters: 

* Directories of FM and TV License and CP Holders, with detailed data about each 
* Directories of FM and TV applicants, detailed and kept up-to-date. 
* Cumulative Logs of Conditional Grants and CPs for New FM Stations ( issued regularly). 
* FCC Rules and Engineering Standards Governing FM and TV, with charts, etc. 
* Allocation Plan for FM Broadcasting Stations ( plus all assignments to date). 
* FM Allocation Maps ( full set specifying commercial FM channels by cities). 
* Television Allocation Maps (set of 13 marking TV allocations by cities). 

manyplus yur other o rnrslongs, nh ie m d directo ries,F  a tabulat ionsne d T fel d charts come n ts reveali ng 0 nwshn arc fo e and 
who will be 
for which ready- reference binders are provided. Supplements are issued and revised 
regularly. 

and FM Reports 
1519 CONNECTICUT AVE. N.W., WASHINGTON 6, D. C. 
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C =e===aredire Ale SPECIAL J STS IN 

SPECIAL CRYSTALS 

,1CRYSTAL RESEARCH 
ei 

29 ALLYN 

LABORATORIES INC, 
ST.., HARIFORD, 3, CONN., PHONE 7•3215 

SMALL PUMPS CORRECTLY ENGINEERED 
FOR YOUR NEEDS 
Eastern has designed and built pumps 
to meet manufacturers' specific needs 
for many years. Some of these needs 
have been complex, where the design 
of a completely new pump was neces-
sary to solve a pumping problem never 
before encountered. Others were run-of 
the-mill, where one of Eastern's stand-
ard pumps from a line of over 600 dif-
ferent modifications was recommended 
with the knowledge that it would do 
the job required of it. Only a company 
with mechanical, electrical and chemical 
engineers on its staff could know the 

VOLUTE CENTRIFUGAL PUMP 

correct solution to so many and varied 
pumping problems. Eastern has such a 
diversified engineering staff. Thus your 
pumping problems, especially where 
small size and light weight combined 
with high performance and economy of 
operation are factors, are assured of 
quick solution. Special pumps when 
designed and approved. can be put 
into production when a reasonable 
quantity is involved. 

Illustrated here is a new Eastern Cen-
trifugal Pump. Write for NEW catalog 
showing many other Eastern Pumps. 

Model U-34 illustrated, is designed for handling mod-
erate volumes at relatively high heads, utilizing a 
minimum of space. It may be used for continuous duty 
operation. It is an excellent transfer pump. Close-
coupled with open impeller mounted directly on motor 
shaft extension without use of an internal pump 
bearing. Available with mechanical rotary seal only. 
Standard models available in Monel Metal, Stainless 
Steel, Cast Iron, and rough or finished Bronze. Quota-
tions on other alloys on request. Power: Heavy duty 
General Electric ball bearing motor in various frame 
enclosures and for almost all current requirements 
either 1/3 H.P. or 1/4  H.P. as the application demands. 
Weight: 36 lbs. Size: 12 1/4 " x 61/4 " x 61/4 ". Pump per-
formance shown on chart illustrated here. 

EASTERN ENGINEERING COMPANY 
94 FOX STREET NEV HAVEN 6, CONN. 

British linateurs 

Resu e Operation 

Radio amateurs in Great Britain 
have just received the all-clear 
from the General Post Office to 
resume restricted operation. Trans-
mitting apparatus impounded in 
1939, when the war started, is be-
ing returned and the reissue of 
transmitting licenses has com-
menced. 
These licenses record several 

changes in conditions, the most 
fundamental being the official ac-
ceptance of amateur status (in the 
past the licenses have been for "ex-
perimental" stations not for "ama-
teur" stations). This means that 
British amateurs will be able legal-
ly to operate within the exclusive 
international bands of 7 and 14 mc 
and that the traditional "Test" call 
may be replaced by the more com-
mon "CQ" call. 
At present operation is restricted 

to the frequency bands 28-29 mc 
and 58.5-60 mc., but it is expected 
that the popular 7 and 14 mc bands 
will soon be released. Power inputs 
to the last stage of 100W are nor-
mally allowed and special applica-
tion may be made for 250W per-
mits. The Radio Society of Great 
Britain expects that radio experi-
menting will be more popular than 
ever (there were some 5,000 li-
censed amateurs in Great Britain 
before the war) . 

British Battle, and 

Tele Licenses 

The charge for radio receiving 
licenses in Great Britain which 
hitherto has been ten shillings 
($2) is soon to be raised to one 
pound ($4) and another special li-
cense covering both sound radio 
and television is to cost two pounds 
($8). These increases have been 
found necessary to fulfill the con-
dition, laid down years ago, that 
the cost of all broadcasting services 
for home listeners should be met 
from the sale of receiving licenses. 
The general increase in costs dur-
ing the last six years, and the im-
provement of facilities now to be 
undertaken, have largely accounted 
for the higher expense of broad-
casting. At present two general 
programs, radiated on one national 
and a chain of regional transmit-
ters, are available, and a third pro-
gram of a, more specialized nature 
is scheduled to start later this year. 
The television service which, it is 

announced, will recommence in 
London on May 1st will require ad-
ditional income which will, to some 
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Weston 

4  provides the simpiest, quickest means 
for determining circuit conditions, loads 
taken by motors and other electrical 
equipment — all during normal operation 
without circuit interruption. The clamping 
jaws are simply placed over the conductor 
or bus, and current reading taken. 

27 meters in one — with selected AC 
and DC voltage, current, and resistance 
ranges. With DC voltage sensitivity of 
20,000 ohms per volt, it is ideal for testing 
photo-cell and sensitive relay circuits, 
alarm systems, electronic equipment etc., 
as well as smoR motors and controls, light-
ing circuits, etc. Can be used with current 
transformers and voltage multipliers. 

48 direct-reading, pocket size meter cali-
brated to measure light values in foot-
candles, and tn "seeing tasks". Equipped 
with the WESTON VISCOR filter, it 
measures all light values direct, without 
correction factors. Models for other 
requirements. 

For complete information on these, and 
other time saving WESTON instruments 
write . . . Weston Electrical Instrument 
Corporation, 628 Frelinghuysen Avenue, 
Newark 5, New Jersey. 

Albany Atlanta • Boston • Buffalo • Chicago • Cincinnati • Clevelan,1 • Dallas • Pm r Detroit • Jacksonville • Knoxville • Los Angeles Meriden Minneapolis - Newark • New 

Orleans • New York Philadelphia • Phoenix Pittsburgh • Rochester • San Franciscc • Seattle • St. Louis Syracuse • In Canada, Northern Electric Co., Ltd., Powerlite Devices, Ltd. 

ELECTRONIC INDUSTRIES • April, 1946 155 



Can You 
it— Measure Up // 

to a good-paying radio-elec-
tronics job with a secure 

peacetime future? 

"Post- War" is NOW! Don't be caught 
unprepared! Add CREI home study train-
ing to your present experience and step 
ahead of competition to a better job! 

What's ahead for you in the field of 
Radio- Electronics? One thing is certain, 
Radio-Electronics is surging forth as one 
of America's foremost industries, offering 
promising careers for radiomen with mod-
ern 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 begin-
ning. Student C. Whitehead writes: "Your 
course has been of great value to one in 
that the knowledge I have gained has en-
abled me to meet technical situations satis-
factorily and has given me the confidence 
to accept greater responsibility. 

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. Investi-
gate now the CREI home-study course best 
suited to your needs, and prepare for se-
curity and happiness in the New World of 
Electronics! Write for all the facts today. 

JUST OFF THE PRESS! 

• WRITE FOR NEW, FREE 36- PAGE BOOKLET 

If you have had professional or 
amateur radio experience and 
want to make more money— 
let us help you qualify for a 
better radio job. TELL US 
ABOUT YOURSELF so we can 
plan intelligently a course best 
suited for your needs.—PLEASE 
STATE BRIEFLY YOUR BACK-
GROUND OF EXPERIENCE, ED-
UCATION AND PRESENT POSITION 

CAPITOL RADIO 
ENGINEERING INSTITUTE' 

!tome Study Courses in ¡'radical Radio-
Electronics Engineering for Prof es-

simia! Self-Improvement 

Dept. El-4, 3224- 16fh St., 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 Industry 

small extent, be met from the com-
bined radio and television license. 
A still pattern and a sound tuning 
signal for testing purposes has been 
radiated from Alexandra Palace 
since February 1, and the question 
of the extension of television to the 
provinces is still being considered by 
the government television advisory 
committee. The transmission will 
operate on the same system and 
frequencies (Marconi-E.M.I., 41.5 
mcs 45 mes) as hitherto but minor 
technical improvements will be 
made. 

tine b eria 11 Cited 

A second Legion of Merit award 
has been made to a CBS man for 
war achievement. A. B. Chamber-
lain, chief engineer of the Colum-
bia Broadcasting System, was cited 
for "breaking a tremendous design 
and production deadlock at a time 
when airborne radar equipment 
was urgently needed by the Fleet 
to combat enemy air action. Cham-
berlain served as assistant head of 
the Design Branch, Electronics Di-
vision, Bureau of Ships, from April 
to October, 1945. He had left CBS 
in May, 1942, for Navy duty as lieu-
tenant commander. He returned 
to inactive status last December. 

TONES 2400 SERIES 
PLUGS and SOCKETS 

A new series of Plugs 
and Sockets designed 
for highest electrical 
and mechanical effi-
ciency. Improved 
Socket Contacts pro 
vide 4 individual flex-
ing surfaces which 
make positive contact 
over practically their 
entire length. 

The Contacts on both 
Plugs and Sockets are 
mounted in recessed 

pockets great-
ly increasing 
leakage dist-
ance, increas-
ing voltage 

S24 rating. Mold-- 06-SB  
cd BM 120 

Bakelite insulation. Plug and Socket con-
tacts are silver plated. The finished ap-
pearance of this series will add consider-
ably to your equipment. 

The 2400 Series are interchangeable with 

all units of the corresponding No.400 Series. 

Send today for general catalog No. 14 
listing and illustrating our complete line 
of Plugs. Sockets and Terminal Strips. 

flOWfIRD B JonEs compfinw 
2460 W. G€ORG6 ST. CHICAGO 18 

ALWAYS HOLD TIGHT 

EASY AND FAST 
TO ASSEMBLE 

LOW IN COST 

WITHSTAND 
HIGH TEMPERATURE 

DO NOT DAMAGE 
NUT OR NUT SEAT 

Used as 

locknut on heavier 

assemblies. 

Used alone 

as self-locking nut 

on lighter assemblies. 

• Send details of your application for 
recommendation and free samples. Ask 

for literature describing Palnut double-
locking principle, advantages, types, etc. 

THE PALNUT COMPANY 
83 Cordier St., 
Irvington 11, 

N. J. 
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ELIMINATE 
ede 7i«te eeigeeoti«9 
ELEMENTS 

Se Za« Peezeift9 
Don't stop long run jobs to set up for short 
run piercing jobs. A Wiedemann Turret 
Punch Press can do it with greater accu-
racy . . . at long run low cost. 

Don't interrupt long run production to 
make 1 or 10 or 100 pieces of a kind, pan-
els, chassis, outlet boxes, special gaskets, 
louvres, copper buss, and other pierced 
sheet metal parts. Use a Wiedemann! 

A 
WIEDEMANN 

seesieégie4 
EVERY COSTLY 

PIERCING OPERATION 
*Layout time is completely eliminated or greatly 
reduced because of easily operated material 
positioning gauge tables . . . only one man is 
needed to handle the largest sheets in the press. 

* Conventional equipment takes 15 or 20 minutes 
to change punches and dies. With a Wiede-
mann. punches and dies operate on an easily 
rotated turret ... a few seconds is all that is re-
quired to rotate turret from one punch to another. 

*11 to 32 diem at your fingertips for instant pierc-
ing . . . all dies are locked into position by 
means of index pins after correct dies are lo 
cated on turret. 

*No sheared punches or dies from inaccurate 
set-ups ... holes are punched clean. 

*No waiting for die set up man. A Wiedemann 
is always ready to run without 
tearing down any set-up. 

*Long run jobs can be started on 
your Wiedemann while produc-
tion dies are being made. 

Send today for Wiedemann Bullet= 
No. 92 to get the complete story 
of Short Run Piercing Economy. 

WIEDEMANN 
MACHINE 

Wi COMPANY 
1833 SEDGLEY AVENUE 

PHILADELPHIA 

32 PA. 

4 e 
L. 

ïmge: 

• — 
— — 

Wit, a Wiedemann Type R-7, is done 
punching either dire 

ct/y blue prints or from charts with from out any layout work 
being necessary, merely by tu,ning two 

coordinate settings. handwheels to obtain accurcrte X and Y 

This high speed positioning of mate-

rial is accomplished on a bal/ bearing 
spacing table /or sheets up to SO" wide 
by 1011" long. Any poine on sheets up 
to 1/4" thick can be located under the 

l 
puncflinq station for piercing o 
or making ouvres or I:mock-outs. penings, 

There are no stops o set . . • from 12 to 32 no 

opera,* on piercing. en eas-ily rotated turret for meant 

Changing from one punch M another 
instantaneous. is a matter of seconds . - • practically 

The R-413 Power D-iven Turret 
Punch Press is furnished with 
12 puncher and d:es up to 11/4" 

diameter, mounted in a in; turret turret. An accurate, positive 

indexing device locks the revolv-
ing turret, when tie punch and 
die selected for use are located 
centrally under the rani. This 
/ocking and unlocking à done 
by c small lever shown on the 
side of the machine; this lever 
beiag interlocked with the clutch 
trip mechanism to prevent opera-
tion of the machine unless the 
turnd is properly positioned and 
the index lever locked in place. Ç5. 

WIEDEMANN TURRET PUNCH PRESSES & TG AA BULGE Es 
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ELECTROX RECTIFIERS 
Get the extra dependability and longer life, inherent in Electrox Rectifiers 
—full and half wave low capacity copper oxide rectifiers, for test sets, 
instruments, and other electronic applications which must stand up under 
exacting service. 

Made by one of the oldest manufacturers of dry disc rectifiers — time 
proven— trouble-free— they cost no more! 

At your parts supplier, or write 
for descriptive Circular 446 

eir Ec"rROX 

- 2077 Reading Rd. Cincinnati 2, Ohio 

SCHAUER MACHINE CO. 

PAR-METAL. .. a specialized manufacturing 
plant employing modern high-speed methods. 
Nevertheless, Par-Metal products have a defi-
nite quality of Craftsmanship—a -handmade" 
quality born of genuine skill and long 
experience. Write for Catalogue. 

PAR-METAL PRODUCTS CORPORATION 
32- 62- 49th STREET ... LONG ISLAND CITY, N. Y. 

Serving the 
Electronics 

Field 
Exclusively 

Export Dept. 
13 East 40th Street 
New York 16, N. Y. 

WIDE READING 

(Continued from page 100) 

taneously with the discriminator 
characteristic the frequency of the 
generated oscillation, measured on 
the abscissa, is shifted in the oppo-
site sense, the right-hand charac-
teristic being applicable to the 
lowest frequency and vice versa. 

It will be seen that the diode 
voltage output for extreme posi-
tions of the capacitor center plate 
is increased by the variations of 
the discriminator characteristic 
from the voltage difference between 
points A—A to the voltage differ-

ence between points B—B; it ap-
pears to be doubled. The dotted 
lines represent the variations of 
the oscillator frequency and its 
equivalent diode voltage output. 

An effect similar to that in a 
push-pull circuit tends to eliminate 
distortion due to the non-linear 
frequency-capacitance relation in 
a tuned circuit, because the two ca-
pacitors are varied in opposite 
sense; this only holds if the two 
resonant sections are closely bal-
anced. Further, as both sides of 
the moving plate have an effect 
of about equal magnitude, the 
movement has to be of only half 
the amplitude for a comparable 
sensitivity increasing the linearity 
of the system. The "push-pull" 
capacitor construction is described 
in detail. 

Calibration curves indicate that 
a deflection of 0.003 inch results in 
a diode voltage of 2.5 volts; the de-
flection-voltage curve is linear 
within this range, the total har-
monic content amounting to less 
than one per cent. 

PATENTS 

(Continued from page 110) 

taneous phase difference between 
the two input currents; it is a 
linear function of time and may 
therefore be taken as a measure of 
time in plotting the phase and fre-
quency of the resulting wave R. The 
angle A2 which represents the in-
stantaneous phase difference of the 
resulting current R with respect to 
the larger current VI is almost 
equal to half the angle A1 most of 
the time. (If the two currents were 
of equal amplitude, the angle A2 
would be equal to A2/2 at all times 
according to a geometrical law.) 
Therefore, the phase variation A2 
of the resultant current R with re-
spect to the phase of the stronger 
current V1 is also proportional to 
time over a large range of the 
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4,000 Parts Per Day 
with DI-ACRO Bender 
""Eneky,ed are pictures taken 
in our plant which prove the 
DI-ACRO Bender will do a real production job. We are 
making 4,000 completed parts per day which is competitive 
to most Power Presses." (Name on request.) 
Here is an example of "DIE-LESS DUPLICATING" typical 
of a great variety of formed parts readily made with DI-ACRO 
Precision Machines,—Benders, Brakes, Shears. Picture below 
shows an acute right angle bend and photograph above shows 
the finished part formed to die precision. Women operating 
DI-ACRO UNITS maintain a high out-put on production work. 

348 EIGHTH AVENUE SOUTH • MINNEAPOLIS 15, MINNESOTA 

Send 
for 
Catalog 
• 

D1-ACRO is pronounced "DIE-ACK-RO" 

ANOTHER NEWARK STORE! 
Located at 212 Fulton St., New York 7, N. Y., another big 

Newark Electric Company store has been opened to serve your 
radio and electronic needs. Stop in at the new downtown New 
York store, which is managed by HY Kahn, and you will find 
the sa me competent personnel that has made buying at other 
Newark stores a pleasure. 
NEWARK BARGAIN SHEET AVAILABLE—Mail us your name 

and address and we will send you Newark Electric's famous bar-
gain sheet each month. Write today. Address Dept. El of nearest 
Newark branch. 

0 0C.G0 

Newark fill'Telf Company 
115 Ill I o 323 e4 liadISon St. 

1,4 45th St  
NEW K 19 CHICAGO 6 YOR (SAW PONCHER) 

(ADOLPH GROSS)  

TERMINALS 
for 

ELECTRIC WIRES 

SMALL METAL STAMPINGS 
in accordance with your blueprints 

PRECISION PARTS 
from Modern Equipment 

PATTON-MacGUYER CO. 
17 VIRGINIA AVENUE PROVIDENCE 5, R. L 

ClAss Of Stmera 

Th. I. • full••••• 
T•1••••••• or Gee. 

renedeZte:Vit 
dewed b• • eultel• 
...be above or pre-
•ad.r. the add•••• 

WESTE\ 
UNI01\ 

ur • ... r clala m Mleye. mod ,,,,, • ...WM.; tirr: 

A A84 

THE BENWOOD-L I NZE CCe 

ST LOUIS MO= 

CAN YOU BUILD A RECTIFIER ONE AND ONE HALF INCHES 

TO WITHSTAND HEAVY OwERLOADS SELF HEALING 

HERETOFORE CONSIDERED IMPRACTICAL 

We did . . . We 

design and build 

rectifier stacks — 

in all shapes and sizes 

—and for a wide variety 

of applications, many hereto-

fore considered not practical. 

SELENIUM 
Highest efficiency.. Long life.. 
Lowest reverse current. . Free-
dom from moisture damage. 

9 

COPPER SULPHIDE 
Smallest sizes for all power rat-
ings . . Capable of withstanding 
heavy overloads. . Self-healing 
. . Rugged.. Operate at high-
est ambient temperatures. 

We have had twenty-five 
years experience in the 
study of metallic rectifier 
applications . . . When-
ever you have a problem 
of converting AC to DC 
— consult B-L. 

B-L Metallic Rectifiers are 
designed for power ratings 
from milliwatts to kilowatts 
—in every shape and size. 

Typical Applications 
Battery Charging 
Theatre Equipment 
Electroplating 

Relays 
Telephones 
Magnetic Chucks 

Electrolysis 
Generator Control 
Magnetic Separators 
Magnetic Brakes 

and many other applica-
tions where DC is required 
from AC power supply. 

THE BENWOOD-LINZE COMPANY 
1815 LOCUST STREET ST. LOUIS 3, MO. 

Long Dis1ance Telephone CEntrol 5830 

Designers and manufacturers of Selenium and Copper Sulphide 
Rectifiers, Battery Chargers, and DC Power Supplies for 

practically every requirement. 
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Annotenchtg 

New 
CONCORD 
RADIO 

CATALOGS 

angle Ai (see Fig. 2). This is equival-
ent to a constant frequency differ-
ence between these two currents, 

«\ frequency being the derivation of 
phase with respect to time. 

Ready Soon! The presses are roaring now, pouring 
out the thrill•packed pages of the first great, post-war 
COMPLETE CONCORD Catalog—leaturing 

RADIO SETS • AMPLIFIERS 
RADIO PARTS 

ELECTRONIC EQUIPMENT 
Soon it will be in your hands, presenting the 
complete lane of brand new post-war designed 
CONCORD Radio Receiving Sets and Amplifier5 
—incorporating a host of new improvements. 
new developments, modern cabinets, and su-
perb quality throughout—plus page after page 
of nationally • known standard top-quality 
radio and electronic equipment, supplies and 
amateur equipment. Mail the coupon below 
NOW—to be sure your FREE copy will be 
mailed to you as soon as off the press. 

N 

Ready Now! 

ew CONCORD 
---.=z; Bargain Book of 

RADIO PARTS 
SUPPLIES 

- EQUIPMENT 
Just off the press: The newest Concord Bar-
gain Book listing hundreds of money-saving 
bargain* in hard-to- get, standard-make 
radio parts and electronic equipment. Select 
your needs from remarkable values in Con-
densers. Resistors, Meters. Transformers, 
Volume Controls. Relays, Switches. Genera-
tors, Microphones. Speakers. Tools. etc. etc 
Mail coupon for your copy now. 

RADIO CORPORATION 
LAFAYETTE RADIO CORPORATION 

CHICAGO 7 ATLANTA 3 
901 W JACKSON ILVD. 263 PEACHTREE ST 

Conrord Radio Corporation, Dept. J-46 
901 W. Jackson Blvd., Chicago 7. Illinois 
Please mall immediately FREE copy of the 
New Radio Parts Bargain Supplement—and 
place my name on the list to be one of the 
first to receive the new CONCORD COMPLETE 
CATALOG. 

Name . 

Address   

City  State 

DIALS • PANELS • PLATES 

27r(tz-fi)t 
ç. 

R if 

\t1 
41-Af 

\b. 

Fig. 1—Adding two nearly equal currents 

However, at the instant of oppos-
ing phase of currents Vi and V2r 
A2 changes its polarity within a 
very short period of time; it as-

‘Dt‘5 esS 
13041 

LATE 

made to your precise engineer-
ing specifications in etched 
metals and finishes. 

METAL ETCHING CO. 
21-03 44th AVE. 

LONG ISLAND CITY, NEW YORK 

Arcegeeil Sexe 

To utilize the possibilities of 
new circuits for finer instru-
mentation. 

The VX Series of sub-minia-
ture vacuum tubes. 

Measured characteristics of 
the VX-41 Tetrodes. 

Filament current 
Filament voltage 
Grid current 
Grid resistance 
Plate current 

10 M.A. 
1.25V 

10-14 amp. 
10 16 ohms 
250 microamps. 

If these characteristics suggest a solu-
tion to o circuit or instrument problem, 
consult us. A technical bulletin show-
ing circuit applications is yours for 
the asking. 

Available as Pentodes, Triodes, 
Tetrodes, Diodes. 

THE VICTOREEN 
3800 PERKINS 

CLEVELAND 

INSTRUMENT CO. 

AVENUE 

14, OHIO 

The Victoreen Hi-Meg vac-
uum Sealed Resistor offers a 
new standard of precision 
and stability for resistance 
values in a range of 100 to 
10,000,000 megohms. Espe-
cially needed where low 
operating currents require 
extremely high resistances. 
The only resistor that covers 
this range of values with rel-
atively low temperature and 
voltage coefficients. 

Write for technical data on 
VX Tubes and Resistors. 
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sumes the values of almost plus 90 
deg., A'o, zero, and almost minus 90 
deg., A"2, in rapid succession, as will 
be realized when considering the 
dashed line section of Fig. 1. This 
sudden phase reversal corresponds 
to a momentary very great change 
in frequency. 

Fig. 2—Phase angle as function of time 

60 120 

PHASE 
ANGLE .4, 
OC TIME 

The relative phase A2 of the re-
sulting current with respect to the 
stronger input current is plotted in 
Fig. 2 as a function of Al which 
is proportional to time. Fig. 3 illus-
trates the constant frequency f3 
during most of the time and the 
frequency shift occurring at the 
instants of opposing phases of the 
two input currents. The amplitude 
of the frequency shift pulse and its 
direction are such that the mean 
or carrier wave output frequency 
from the limiter is equal to fi, the 
frequency of the stronger input 
current VI. Therefore the momen-
tary large frequency shift will be 
in a direction from the average fre-
quency toward and beyond the fre-
quency of the stronger input cur-
rent Vi and if the relative magni-
tude VI/V., of the two input cur-
rents is reversed, the direction of 
the momentary frequency shift is 
also reversed. Consequently an ex-
tremely small change in relative 
amplitudes of the two input cur-
rents around the condition of 
equality will reverse the direction 
of the la,rge peak frequency shift. 
Mathematical analysis Justifies 

the approximate findings derived 
by inspection of the vector diagram. 
It indicates that if two currents of 
almost equal amplitudes VI and Vo 
and of different frequencies fi and 
f2, respectively, are passed through 
a limiter, the peak frequency devia-
tion D (see Fig. 3) of the limiter 
output current is given by the ex-
pression: 

D = X 
V1 _ Vn 

f2 _ f 

2 

This equation gives a factor, mul-
tiplying the frequency difference 
fo- fi to obtain the frequency shift 
D, equal to 10 and 20 for Vo/VI val-
ues of .9 and .95, respectively, i.e. a 
doubling of the frequency shift for 
a 5 per cent amplitude change. 
The direction of the frequency 

deviation reverses as either the dif-
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STANDARD 
CRYSTALS 

Send for New Catalog 

STANDARD PliZo COMPANY 
193f; 

Quartz Crystals and Frequency Control Equipment 
Office and Deretopment Laboratory 

SCRANTO>:, P . CARLISLE, Ps., P. O. Box 161 

  Represent alijes   

COOPER-DiBLASI 

259 WEST 14th STREET, f.EW YORK II, N. Y. 

HAL F. CORRY 

3522 GILLON AVENUE DALLAS S, TEXAS 

THE FOSTER COMPANY 

409 LUMBER BLDG., MINNEAPOLIS, MINN. 

GERBER SALES COMPANY 

94 PORTLAND STREET„ BOSTON 14, MASS. 

A. SIDNEY HARDY 

650 BOULEVARD N. E., ATLANTA, GA. 

CARLISLE, PA. 

HARRY A. LASURE 

2216 WEST Ilth STREET, LOS ANGELES 6, CALIF. 

L. D. LOWERY 

1343 ARCH STREET, PHILADELPHIA, PA. 

MANUFACTURERS SALES TERMINAL, Inc. 

222 COLUMBIA BLDG., SPOKANE, WASHINGTON 

HARRY B. SEGAR & COMPANY 

E.LICOTT SQUARE BLDG., BUFFALO, N. Y. 

E. J. WALL 

1896 EUCLID AVENUE, CLEVELAND IS, OHIO 

Make Soldering a PRECISION Job 

VULCAN 
ELECTRIC 
SOLDERING 
TOOLS '-e e "- 

EsqUAAN) 

Produce, conduct 

and deliver 

CONSTANT AMPLE HEAT 

SCREW TIP — for high efficiency — 10 SIZES 

PLUG TIP — for low cost replacement- 5 SIZES 

The VULCAN Pygmy (pencil type) is used where 
space is cramped. 

VULCAN ELECTRIC COMPANY 
DAN VERS. 13, MASS. 

Makers of a wide variety of Heating Elements for assembly into manu-
facturer's own products and of Heating Specialties that use electricity. 
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Radio 
Headquarters 
for 25 
years 

We ship at once— parts, 
equipment, whatever you need! 
This house began its career almost as 
early as Broadcasting itself! Today, 25 
years later, we're the world's largest radio 
supply house! Standard Lines: National, 
Hámmarlund, R.C. A., I Iallicrafters, Bud, 
Cardwell, Bliley, and all the others! 

SUPERSPEED SERVICE Orders 
shipped out saine day received, 
on most goods. 

ENGINEERING SERVICE If your 
engineering problem requires 
special equipment, we'll make it 

Latest bargain flyer 
includes test instru-
ments, record chang-
ers, communication 
receivers, ham trans-
mitting tubes and a 
host of electronic 
items you need today. 

Oh ne at et or; so of n LI/ /1 // r ) /. 

axgete Kaorlo the Famous 

letbie Wire 
Zdevision inc. 
NEW YORK 13 BOSTON 10 NEWARK 2 

Cut out coupon, paste on penny post card, mail today 

R.W.T. Dept. ND-6 
100 AVENUE OF THE AMERICAS, NEW YORK '13 

Genllemen: Send me FREE r.vey of your Latest Bargain Fi re 
C.36, pa« ked with recent elearoniceepdpment elnd components. 

NAME  

AC/OBESE  

CITY  ZONE STATE 
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ference in amplitudes, V2_Vi, or 
the difference in frequency, f211, 
changes sign, i.e. as the smaller cur-
rent becomes the larger or the 
lower frequency becomes the higher 
frequency. It will be readily under-
stood from the description of these 
phenomena that they may serve to 
indicate, measure or control rela-
tive frequencies or amplitudes of 
currents having slightly different 
amplitudes. 

Fig. 4 is a block diagram of a 
frequency deviation indicator. Its 
operation is self-explanatory. If the 
amplitude ratio is maintained con-
stant and close to unity, the curve 
on the cathode-ray oscillograph will 
be similar to that shown in Fig. 3. 
The direction of the peaks up or 
down on the oscilloscope screen, will 
indicate whether the transmitter 
frequency is above or below the fre-
quency of the standard source, 
while the oscilloscope sweep fre-
quency required to reproduce one 
cycle on the screen will be a direct 
measure of the frequency difference 
between transmitter and standard 
frequency source, as may be in-
ferred from Figs. 1, 2 or 3. The peak 
amplitude also increases with in-
creasing frequency difference. 

Ç. geouevcr Of 6.= FREQUENCY' OF LIMITER 
SMALLEE cueftwr) j OUTPUT CURRENT 

/ e  
r  

Ae - FREQ. 
OF LARGER 
CURRENT 

ecy PEARS 
OF 

FREOUENCY 

7f7; 

4. 

ca 

PHASE ANGIE A, oc TIME 

r--

Fig. 3—Resultant frequency as function of time 

Automatic control means provide 
a constant amplitude input to the 
limiter for varying transmitter 
powers. Alternatively, the standard 
frequency source output may be 
adjusted by the transmitter output 
so as to keep the current ratio V2/Vi 
constant. By replacing the cathode 
ray oscilloscope by rectifiers, com-
bining their output differentially 
and using it to control the trans-
mitter frequency, automatic fre-
quency control may be achieved. 

If in the diagram of figure 4 the 
amplitude 1T2 varies while the fre-
quency f2 is constant, similar curves 
will be observed on the cathode ray 
oscilloscope screen. Therefore, am-
plitude variations may be observed 

1011g gild 

Satlepe111 

Lju 
J 

copA P own s 
Ask any service man with years of radio set 
repair experience and he'll tell you most sets 
"go bad" because of the failure of some insig-
nificant component. That's why it's important 
to give more than ordinary consideration to the 
selection of capacitors. Engineer a unit with 
Hi-Q components and you have strengthened 
every link in the chain of satisfying perform-
ance. Hi-Q ceramic capacitors are individually 
tested at every step of their manufacture. 
They'll stand up under the severest condi-
tions of temperature, humidity, vibration and 
shock. Send for samples and complete data. 

CERAMIC CAPACITORS CAPACITORS 
CN type with parallel leads 
CI type with axial leads 

WIRE WOUND RESISTORS 
Sizes and quantities available 
promptly to required specifications. 

CHOKE COILS 
Uniform in quality — rugged con-
struction tested for performance. 

ELECTRICAL REACTANCE 

CORPORATION 

FRANKLINVILLE, N.Y. 
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BIG 
CATALOG 
FREE 

11110THER NEW 

e 
MODEL & 

INSTRUMENT 

• . allowing on adjustable nr 

fixed time delay between 

operation of control circuit avid 

subsequent opening or closing 

of load circuit. For use where 

WRITE 

automatic cdrorol of industrial 

processes or rricchinery will rei 

duce manu cd supervision or im-

prove proc'ud Automatic or 

Controlled Reset available. 

FOR DETAILS 

THE R. W. CRAMER COMPANY, Inc. 
Main Street, Centerbrook, Conn. 

WANTED 
TUNGSTEN SCRAP • TANTALUM SCRAP 

MOLY SCRAP • PLATINUM SCRAP 

NICKEL SCRAP 

Send Sample or Description 

MARTIN COLEMAN 
596 BROADWAY, NEWARK 4, NEW JERSEY 

18 YEARS IN RADIO 
Latest developmenis in radio and elec-
tronic parts and devices, newest "Ham" 
gear, "Gadgets" to delight the experi-
menter, bargains in war surplus 
goods, all in new catalog for you. 

1.1M IMM1 • MM. •MO •••• 

BURSTE I N.APPLEBEE CO., 
10 ,2 McGee, Kansas City 6, Mo. 

Send me FREE new E-A Catalog. EL. IND 

I AM 
CONN.i,1105 IN INDW“RY 

NAME_ 

ADDRESS 

TOWN STATE_ _ 

RESISTOR DATA 

5139 West 25th Street, Cicero 50. Illinois. 

Division of The National Lock 

Washer Company, Newark, N. J. 

KURMAN  
NOTE THESE 5 

IMPORTANT 

FEATURES: 

(1) Small and light, weighs less 

than 2 cueces. 

(2) Balanced armature assures sta. 

Inlay at high speed nperation. 

(3) . 035 watt operation, ideal for 

low•powrr circuits. 

(4) Coil will safely stand 1 watt 

continuons duty without over-

heating. 

(5) Coil impregnated against mois-

ture and temperature attacks. 

Contacts are single Dole, double 

throw, rated at 1/4  amp., 110V A.C. 

non inductive load. 

Ef, cm', ', It le details. ark frit 
1:1111elin 13-16 

Write for details on 

l<URMAW LINE or RELAYS 

K L RM AN IV IC RO P HO NE II UM ME RS 

Just 

Published 

Every resistor user needs 
this new Lectrohm Data 
Book and Catalog. It is 
right up to the minute with 
illustrations, diagrams and 
scientific data of reference 
nature. Here is comp'.ete 
data on Lectrohms wide se-
lection of Vitreous Enam-
eled Resistors, including 
fixed, adjustable, -Rib-on-
edge" and ferrule terminal 
types—power line and R. F. 
chokes, brackets, bushings, 
solder pots, etc., with illus-
trations and complete de-
scription. Write for your 
copy now! 

RELAYS 
SERIES 13 

SENSITIVE D.C. 

MIDGET 

,t .11; \pt I It II., . 111,1 ton, 

It, nInnnurrniit. Il, luir Ill-

arid NI:timid, tilling 

III tilt it, .Ii, :It y,tir Senil e. 

KuRnion ELEuRIc 
35-18 37th STREET • LONG ISLAND CITY I, N. Y. 
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WE'RE BLUSHING 
WITH MODESTY 

Because of what others are 
saying about the new 

NET PRICE CATALOG 
-Very interesting, well compiled, and the net 
prices appealed to us.' 

— S.L.H. Co., Salt Lake City, Utah 
"A masterpiece of its own.” 

— CS. Co., St. Louis, Mo. 
"Congratulations because you certainly have 
done a swell job! We were very much surprised 
to find that your line was as complete as it is. 

— L.A.B. Co., Baltimore, Md. 
"Truly a work of art." 

— J.E. Co., Staunton, Va. 
"The best we ever laid eyes on." 

— II. Industries, Chicago, Ill. 
"It's a humdinger." — T.R. Co., Chicago, Ill. 
"A very valuable asset to our file, and you may 
feel confident that we will use it to good ad-
vantage. 

— I.C. Products Corp., South Bend, Ind. 
"Certainly unique. Congratulations to you on 
stepping away from the customary ways of doing 
things." — W.F. Mfg. Co., Cincinnati, Ohio 
"Wish to compliment you on its skilful arrange-
ment." — 1.5.G. Mfg. Co.. St. Louis, Mo. 
"Something we have been looking for for some 
time. — M. Inc., S.n.annah, Ga. 

FREE 
Let our "Net Price 
Catalog" be your 
guide to fasteners and 
prices. An up-to-date 
encyclopedia and spe-
cification chart for 
every purchasing agent 
and engineer. 

MANUFACTURERS SCREW PRODUCTS 
272 W. Hubbard St., Chicago 10, III. 
Its Faster to Phone — WHitehall 4680 

Standardize ors STRONGHOLD 

PASTE THIS COUPON ON YOUR LETTERHEAD 
MANUFACTURERS SCREW PRODUCTS 
272W. Hubbard St., Chicago 10, 111. 
Pease send me a copy of the new 
STRONGHOLD "Net Price Catalog." 

Name  

Position   

Company  

Address   

City, Zone, State  

E Please send a few samples of your products  
jPlease quote prices as per attached request  

CI Check here if you woula also like t. free copy of our''Pocket Library of Engineering Data," a 
handy, finger-tip reference to technical informa-

. tion every user of fastener products should have. 
& am ma ma ....... air 

Rl 

or controlled by a suitable adapta-
tion of the above described appara-
tus. 
Automatic volume control of 

keyed audio frequency current, dif-
ficult to achieve otherwise, may be 
effected with this system. Another 
application of the principle is the 
control of a switching system to 
use either the stronger or the 
weaker of two currents; this may 
usefully be employed to choose the 
stronger current in a diversity re-
ceiving system. Operation of a re-
ceiver of amplitude modulated tele-
phone signals or of on-off telegraph 
signals is explained. It is also pos-
sible with a circuit involving the 
limiting procedure described to re-
ceive the two sidebands of a modu-
lated signal but with a carrier sup-
pressed and to reinstate the carrier 
at the point of reception. 

C. W. Hansell, RCA, (F) April 18, 
1941, ( I)) October 30, 1945, No. 2,-
388,052. 

Horn Leaves Nary 

Captain Charles W. Horn, USNR, 
who has been special assistant to 
the Chief of Naval Communica-
tions, has left Government service. 
He will enter private business as a 
consultant on technical radio engi-
neering matters for clients in Mex-
ico and other countries south of 
the United States border. 

INSTRUMENT 
HOUSINGS 

PANELS • CHASSIS 
wm.airgeeewies 
gee' 

For RADIO, 
ELECTRONIC, 
& ELECTRICAL 
PRODUCTS 
• 

STAMPINGS, 
ALL METALS 

• 
Also Stamped 
Automotive 
Products 

- 

A complete manufacturing service: Fabricating, 
Stamping, Screw Machine Work, Assembling. 

Precision work, experienced fabrication, depend-
able service Send Specifications for Estimates. 

STAMFORD METAL 
SPECIALTY COMPANY 
Wietai atc Euere 2::),Jeufttrisi.e 

430 BROADWAY, NEW YORK 13 

—IN ALL 

RECTIFIER 

APPLICATIONS 

e DC means s C Selente,m Con-

version and Selenium Control. Sele-

nium Rectifiers are available in 

many different ratings and sizes 

...each designed to perform an 

exact and vital function. Selenium 

Rectifiers we small in size, light 

weight, efficient, economical and 

adaptable to all mechanical ar-

rangements. Selenium Rectifiers 

have no moving ports and require 

no maintenance. They are simple 

...rugged and provide instantan-

eous and silent operation. A few of 

the many reasons why DC means 

SC... Selenium Conversion and 

Selenium Control. If you use DC... 

get the facts on S".:. 

SEND FOR a LaLEYINS 

SELENIUM CORPORATION 
of AMERICA 

1719 WEST PICO BOULEVARD 

LOS ANGELES 15, CALIFORNIA 
• 0, InasTeumehT 

EXPORT DIVISION: TRAZAR A HANSEN mom ”scren cét“ 

.1 Cl•V ff.". SAM re•NCIICO 

Ina CANA. C•ISI•DIAN 1.1 MAte•MlS 110 10110n ,0 (J,•11.0 C•N•t. 
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TELEVISION TODAY 

(Continued from page 106) 

over territory where GE and Globe 
Wireless will operate an experi-
mental radio relay network. The 
network will carry FM radio, tele-
vision, business machine reports 
and radio photos in a two-way 
operation. 

Phifro Develops Neer 

"Sui(ease-Type" Comerte 

A new 35-1b. television camera 
and lightweight suitcase-type con-
trol equipment, so designed that a 
television crew can carry their stu-
dio with them and have it operat-
ing in a few minutes, has been de-
veloped by the Philco television 
engineering laboratories. 

"A unique feature of this new 
equipment," reports Frank J. Bing-
ley, chief television engineer of 
Philco, "is that several television 
cameras can easily be operated from 
a single portable master control 
unit. Also, these new cameras give 
us a clearer, sharper picture than 
the heavy and awkward prewar 
equipment. 
Declaring that one reason for 

using this new lightweight video 
equipment at football games was to 
compare its performance with older, 
heavier television cameras, Bingley 
stated that the new camera out-
performed prewar models by a wide 
margin. "It gave us brilliant tele-
vision pictures, with better defini-
tion and detail," he pointed out. 
"The new equipment was particu-
larly useful for the close-ups of 

MANUFACTURERS OF RADIO, ELECTRICAL 

AND ELECTRONIC COMPONENTS 

VUFAR Wo/Ociation 
7300 HURON RIVER DRIVE DEXTER, MICHIGAN 

MANUFACTURING 
FACILITIES 

Now Available * 

We're ready to help you with your 
postwar plans. With a 5-Star Army-
Navy " E" Award, the Air-Track Menu. 
facturing Co., has a modern, well-
equipped plant in Maryland to assist 
110U. 

• Complete production facilities, in. 
eluding production engineering to 
manufacture and assemble quality 
radio, radar, electronic or electro-
mechanical devices. 

• Complete facilities to machine and 
fabricate mechanical parts. 

• Complete facilities to construct 
electrical assemblies requiring com-
plicated wiring layouts, perfom re-
quired mechanical and electrical 
tests. 

• Complete facilities to sub-contract 
work within these limits. 

'Pr-Track Manufacturiqg Co. 
A Di pisizen,n. 

eeltchhe é4,9,rpo.dync mic 

WArneld 9200 
5009 Calvert Road  

College Park, Maryland 

MADE FOR 
SIGNAL CORPS 

Frequency Range: 2 to 4.5 mc in five quickly 
,•lecto..1. frequencies. 

Poweo Output- 90 watts CW, 22l/2 watts voice. 

Power Input 12 volts DC at 42 amps or 24 
volts DC at 30 amps. 

Tube Line-Up: Master oscillator type 1613; IPA 
type 807; PA PP type 814's-, modulator 
type 1613; VR-10S's as voltage regulators. 

Complete with Component onten•ia relay, dynamotor, less 
antenna and stornge batteries. Immediatey available of 

o remarkably low- price. Write for further details. 

Sales re -led la carom...roans On ponies. 
manalcrctorers. d burots and dealers. 

RAYTHEON 
MANUFACTURING COMPANY 

IC,•fra Agents for Wor Assets Corp.) 

255 18th Street • Baohlyn 85, N. Y. 
702 Betlett Building • 215 Wegt 7th St. 

Let Angeles 14, Calif, 
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TAB 
SPECIAL BUY 

(Limited Quantity) 

All items are new unless specified otherwise* 

ELECTRONIC VOLT- OH MMETER BRAND 
NEW U. S. ARMY TYPE 1-107-F PRECISION 
UNIT. Rugged design housed steel case 6"x 
91/4 "x41/2 " leather carrying handle. Contains 
Simpson 4" highly damped 400 microamp Al-
nico meter. Clear visible scale large numerals 
easily readable at all points. All voltage ranges 
ten megohms sensitivity; reads 0-3 volts in .05 
v steps; 0-10 volts in .2 y steps; 0-30 volts 
in .5 y steps; 0-100 volts in .2 y steps; 0-300 
volts in 5 y steps-OHMS Rol from .02 to 
1000 ohms; Rx10 from 2 to 10000-_,; Rx100 
from 20 to 100000,,-; Rx100 from 20 to 1 
mega; Rx10000 from 2000 to 10 meg 
(center scale is 10) Unit complete with 3 
test leads; batteries and instru tions. Cost 
govt $65. "TAB" special $29.70 Additional 
V.T.V.M. Loctal tube I LE 3/SP Sig C $1.15. 

Cathode Ray Tube, new qvt. insp. 3BP1  $6.95 
Cathode Ray Tube, new gvt. insp. 5AP1   9.95 
Cathode Ray Tube, new gvt. insp. 5BP1   9.95 
Cathode Ray Tube, new get. insp. 5BP4   9.95 
Rectifier 872 new gvt. insp. ( L.P. $7.50)   4.50 
Eimac or H.K. VT-127A with connectors   4.95 
RCA 6AC7-1852 new get. insp. ( L.P. $1.75)  .65 
G.E. Neon 1/4 W.NE 16 ( L.P. 424) Four for 1.00 
Trumbull circuit hkr. D.P. 25 amp.   .97 
Heineman riiruit bkr. S.P. 20 amp. 110v 60 cy .97 
G.E. Switchette CR1070C103F3 Five for   1.00 
Micro Switch 10A 125V SPDT Pin type 2 for 1.00 
Relay Sens. Sigma 5AH 200-3.5 ma. SPOT  2.25 
Relay Sens. W.E. 3500-_,SPDT 5A contacts   .97 
Relay 105 Ward L. 115V6OCY. SPOT 20A cts  1.90 
G.E. DW44 R.F.Thermomtr. 0-1A 2l/2" EP case 3.95 

TRANSFORMERS HIGH VOLTAGE 

Brand new Kenyon 115 V. 60 cy- Sec. 3200 
V 1/2  amp Bargain "TAB" price $9.75 Ship 
wt 40 lbs. Two units 6400 V.1/2  A. C.T. 
"TAB" priced $18.00. 

Chokes G.E. Wheeler 4 Hy1/2 amp.30-lbs 10 $2.95 
Impedance Ouncer Jefferson 100 Hy.3100,,....69 
Crystal Oct. JANIN 21 Sylvania Sil. C. 3 for. 1.00 
Socket octal amphenol 78-58T-HF ins 8 for .48 
Resistors 100 ass't. 1/2 &1 W BT 50 to 2 megr 2.50 
G.E. R.F. Thermo-mtr 0-5A 21/2" B'case  3.50 
AC Voltmtr WSTGHSE 150V60cY 21/2 " Er- 2.95 
DC Voltmtr GE 2000V 1000--pr V.21/2" B'  8.95 
DC Voltmtr Weston 4000V 1000V 3" B' 11.95 
L&N precision resistors bi-filiar W.W. eon-id 
1/10 of 1% acc'y. Ideal for Lab Bridges. 
Sizes 1, 10, 100. 1000 ohms at 454. Kit 
of TEN each range (40 units)  16.00 

Resistor Prec. 4 meg,c-..4KV.WW 1/2  of 1%  6.15 
Resistor Pre. 10 meg -.-10KV.WW 1% accy  3.00 
Resistor Pre. 12 meg-_--10KV.WW 1% accy  3.60 
Co-AXIAL 52&72-RG8&11U cable 100 ft...  12.00 

AUTOSYN BENDIX 
Brand new gov't sealed and inspected packed 
in overseas cans synchro-transmitters A.C. 115 
V. 60 cy. operation. 
Type-Heavy duty continuous operation.-High 
torque 46 oz."-105'. 
Precision accuracy made for gun fire control 
cost gov't $90. Wt. each 5 lbs 

"TAB" SPECIAL TWO FOR $18.00. 

*Used; like new. tested. $1 Min. orders FOB. N.Y.C. 
Add Postage all orders and 25% deposit. WHitehall 
3-3557. Send for catalog 300. Don't wait, rush orders 
as quantities are limited. 

"TAB", Dept. D4 

Six Church Street, New York 6, N. Y. 
Our Central Location 

football action which have proved 
so popular with the television audi-
ence of Philco Station WPTZ in the 
Philadelphia area." 

Bingley said that one reason for 
the improved picture quality ob-
tained from the new camera is that 
it is designed to utilize the latest 
types of television camera tubes. 
Also, both the new Phiko camera 
and its auxiliary units contain en-
tirely new electronic circuits, in-
cluding many advances based on 
wartime radar research. 

Westinghouse Tests 

Stratocision Unit 

Westinghouse Electric Corp. has 
been flight testing its Stratovision 
plan for broadcasting television 
and FM from airplanes. Accord-
ing to reports submitted to FCC 
which is monitoring transmissions, 
results have been fully up to ex-
pectations. A Martin plane carry-
ing a 250-watt transmitter has 
been flown over Wilmington, Phila-
delphia and New York and at 
25,000 ft. usable signals have been 
transmitted over an airline dis-
tance of 240 miles. Three channels 
are being used at various frequen-
cies between 100 and 550 mc, one 
for FM, one for television and a 
third for communication incident 
to the test. Operation on three 
additional channels up to 2,000 mc 
has been authorized. 

"WWII,- Undergoing 

Equipment Tests 

WGHF, the new FM-FAX broad-
casting station located atop 10 East 
40th street, New York City, owned 
and operated by Captain W. G. H. 
Finch, USNR, is now undergoing. 
station equipment tests under the 
direction of Chief Engineer Herbert 
C. Florance. WGHF operates on a 
frequency of 99.7 mc. 

Finch Honored by Truman 

The president of Finch Telecom-
munications, Inc., Capt. W. G. H. 
Finch, USNR, has been awarded the 
Legion of Merit by President Tru-
man for "exceptionally meritorious 
conduct in the performance of out-
standing service for the Govern-
ment of the United States." Captain 
Finch was Head of the Counter-
measures Design Section, Electronic 
Division, Bureau of Ships, United 
States Navy. 

STRAIN RELIEFS 

HEATER PLUG CONTACTS 
CUBE TAP CONTACTS 
Complete line for ail applications.t. 

Many sizes ready for shipmen and 
When writing for literature  

esse state wire size. sampl. plea  

HEYMAN MANUFACTURING 

COMPANY 

520 Mochlgon Ave Kenilworth, N 1 

F M RECEPTION 
/ 

esieee/€111 eg FM 
SHUR INTERCEPTOR is simple, 
/ sturdy, versatile 

SHUR ANTENNA MOUNT anchors 
oat any surface, anywhere 

SHUR-ANTENNA-MOUNT INC. 
r.,  Division Wiliest, Division 
SEA CLIFF, N. T. PCIATER BLDG., CANSAS CITY, No. 
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WHAT'S NEW 

Continued front page 114) 

Cathode Has; Tube 

A lu in. direct viewing cathode ray tube 
has been developed by Rauland Corp., 4245 
No. Knox Ave., Chicago, Ill. The tube uses 
electromagnetic deflection and focusing and 
permits a max. anode voltage of 12,000 
volts.—Electronic Industries 

Amplifiers 

Newcomb Audio Products Co., Los An-
geles, Cal., has developed the K-Series high 

quality amplifiers for PA systems. Rang-
ing from 30 to 60 watts, the amplifiers have 
a flat frequency response within 1 db from 
20 to 20,000 cps. They are provided with 
an overload indicator and have a choice of 
six different output impedances. Tonal bal-
ance is controlled by dual acting individual 
tone controls.—Electronic Industries 

Amateur Transmitter 
A 1000 watt amateur station in the form 

of a desk has been developed by Kluge Elec-
tronics Inc., 1031 N. Alvarado St., Loa 
Angeles 26, Cal. The transmitter is designed 
for 5-band operation, has variable frequency 
control in each band and is for phone and. 
cw. Built-in speaker, crystal-controlled fre-
quency monitor and built-in clock are in-
cluded. It can be operated on 110 or 220 
volts.—Electronic Industries 

Distortion Meter 
Pickering and Crowe Audio Laboratories, 

Oceanside, N. Y., are manufacturing the 

model 502 intermodulation distortion me-
ter, which shows two to four times as 
much distortion as the usual harmonic 

method and agrees more closely with listen-
ing tests. The instrument measures distor-
tion from 0.1 to 50% with 2% meter ac-
curacy and provides test frequencies of 100 
cps. and 7 kc. It consumes 100 watts at 
110-120 r., 50-60 cps. ac.—Electronic In-
dustries 

Circuit Breaker 

Aireon Mfg. Corp., Kansas City, Kans., 
has designed a circuit breaker for use in 
home electrical systems. The device has 
both ovrrload circuit breaker action and 
manual "Off-On" switch. Models are suit-
able for ac and dc.—Electronic Industries 

EISLER 
IS WELL EQUIPPED 

TO MAKE YOUR 

TRANSFORMERS 
EISLER OFFERS 

• COMPETENT ENGINEERING 

• PROPER SUPERVISION 

• QUALITY MATERIAL 

• RIGID TEST & INSPECTION 

• GOOD DELIVERY 

• SATISFIED CUSTOMERS 

Capacities 1/4 to 300 KVA. Lighting—Distribu-

tion—Furnace—Auto—Phase Changer—Air or 

011 Cooled—Power—Special Transformers. 

Write for Catalog 

CHAS. EISLER 

EISLER ENGINEERING CO. 
778 So. 13th St. Newark 3, N. J. 

(near Avon) 

magnetic 
iron 

powders 

The high magnetic performance, exceptional Q and 

high permeability assured by Mepham magnetic 

iron powders (hydrogen reduced) is daily advanc-

ing them into wider use in high-frequency, tele-

communication and magnetic applications.... 

Strictly controlled production and attractively low 

prices suggest consultation with the Mepham 

Technical Staff.... No obligation. Send for literature. 

G. S. MEPHAM CORPORATION 
Established 1S02 • East St. Louis, Illinois 
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TYPE 4F 

Series 4 design characteristics are 
compactness (1 5/8" x 1 3/8" x 
1 5/32"), speed 2 - - 3 milliseconds, 
medium sensitivity ( 10 milliwatts 
minimum - - 30 to 50 milliwatts 
for aircraft performance) and pre-
cision. Moderately low cost. 

Series 5 relays are 1 3/4" x 1 3/8" 
x 1 7/16", extremely sensitive 
(.0005 watts minimum - operation 
on input from thermocouple)---
maximum resistance to shock and 
vibration — precise in operation. 

Both Series available with en-
closures and plug-in bases, and in 
hermetically sealed enclosure. 

Other Sigma relays in produc-

tion, and still others under de-
velopment, include both more 

specialized and complicated 

types, as well as simpler and 

more. economical designs for 

both A. C. and D. C. operation. 

Our Sales and En-
gineering Depart-

ments are at 
your service. 

Sigma Instruments, INC. 
CY.,./rzeii,iee RELAYS 
74 Ceylon St., Boston 21. Mass. 

Hill Organizes 

lama tear Section 

Radio amateurs, "the only hob-
byists on earth who require a gov-
ernment license," now can look for-
ward to the close cooperation and 
full support of the industry they 
helped establish. With "ham" ac-
tivity at its all time peak and with 
the number of amateurs expected 
to number between 250,000 and 
500,000 within a few years, the 
Radio Manufacturers Association 
has formed a new Amateur Radio 
Activities Section with William J. 
Halligan as chairman. 

Its purpose is to act as a clear-
ing house of information concern-
ing new products needed by ama-
teurs, to establish standards of good 
engineering practices relative to 
amateur radio equipment, and to 
work closely with the American 
Radio Relay League in the support 
of amateur radio in legislative and 
regulatory matters. 
. The section already has been 
fully organized into subcommittees 
dealing with five different phases of 
amateur cooperation. These include 
equipment, equipment parts, fre-
quency and power regulations, pro-
motional and development of ama-
teur radio in foreign lands. Vice-
chairman of the section is Frank 
Holstrom and committee heads are 
William A. Ready, Robert Almy, 
George Grammer, Walter Jablon 
and Robert Adams. 

Motorola Tests 37, 

73 and 160 Megacycles 

For a week 160 mc signals have 
been climing hills, ducking around 
limestone quarries and sliding into 
deep valleys with the abandon 
widely claimed as the exclusive 
characteristic of the former low 
frequency FM band. 
The test was carried out by Dan-

iel E. Noble, general manager of 
Motorola's Communication Division, 
to answer some questions about the 
design of systems for channels in 
the new mobile bands, 72-76 mc 
and 152-162 mc. Extensive Motorola 
tests in the Chicago area, extending 
over many months, had established 
the superior characteristics of the 
high frequency channels in flat 
areas. There remained the question 
of what to expect in areas where 
hills and valleys would offer pos-
sible barriers to the high frequency 
carriers. 
Three 250-watt transmitters, with 

antennas 100 feet above ground, 
were installed on the roof of the Formerly Wholesale Radio Laboratories 

N 

1 
TRANSFORMERS 

SATURABLE REACTORS 

CHOKES 

Especially designed and built 

for YOUR product 

Small and Medium 

production quantities 

Write for Quotation 

Today 

ELECTRICAL EQUIPMENT Inc. 

1622 Mass Ave. 

Cambridge 38, Mass. 

IMMEDIATE DELIVERY! 
WRL Mulfitester 
e Sturdy Steel Case 
• 30-60 Degree Angle 
• Stand it up or Lay 

It Down 
CAT. NO. 16-491 

$18.75 
TEST LEADS Ln 
CAT. NO. 17-459 $.60 

Ranges: DC volts-0/5/50/250/500 V, AC Volts-
0/10/100/500/1000V, DC Mills-0/10/100 Mills. 
Ohmmeter—Low Range 0-500 Ohms. Nigh Range-
0-100.000-4 Meg. 3" Meter with sturdy D'Aronsval 
movement. Size 51/2  x 8 s 31/2 . 

Phono Amplifier Kifs 
Complete with tubes, speaker, 
stamped chassis, resistors and 
condensers. Many other kits also 
available. Cat. No. 7-271. & dm E 
$9.50 ea. Lots of 3, ea.... e7. ma 

On our toes at all 
times to give you the 
best in radio and 
electronic devices of 
all kinds. Immediate 
delivery to all parts 
of the world from 
the heart of America. 

WE INVITE INQUIRIES FROM 
AGENTS, IMPORTERS, BROKERS l 

FREE! 52 Page Packed with savings in radio. 
Catalog electronic, and general merchan-

dise. Send for your copy today. 
Handy Tube Base Calculator 25c 
Giant Radio Reference Map 15c 

Address Dept. El - 4, Council Bluffs, Iowa 

WRL LOW PRICED 
TRANSMITTER KITS 

15, 35, 70, and 150 
Watt types 
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Permanent 
MayneIs 

All Shapes, Sizes and Alloys. Alnico magnets 
cast or sintered under G. E. license. Chrome, 
Tungsten and Cobalt magnets stamped, 

formed or cast. 

THOMAS & SKINNER 
STEEL PRODUCTS CO. • INDIANAPOLIS, IND. 

42 YEARS' EXPERIENCE 

The Home Power ServaLt 

also handles many other 

jobs efficiently, dependably 

For quiet opera-

tion, dependable 

performance. long 

life. maximum 

power per ounce of weight 

and per inch of space, ti 

SM Fractional H.P. Mo-

tors. Models from 1/10th 

to 1/200th 11.P. Speeds of 

3,000 to 20,000 R.P.M. 

Voltage from 6 to 220 

AC-DC Large volume 

production to vour exact 

sperifications. 

DEPT 51 
1308 ELSTON AVE. • CHICAGO 22 

Manufacturers of special small univer-
sal, fractional H. P. motors, dyna-
motor:, shaded pole motors, heater 
motors, generators. 

Design, Engineering, Production 
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Allied's 1946 
CATALOG 

LARGEST AND MOST COMPLETE 

STOCKS... Under One Roof 

You'll find this new Buying Guide 
extremely helpful and valuable today! 
Places over 10,000 items at your 
finger tips—for research, mainten-
ance and production. Includes parts, 
tubes, tools, books, test instruments, 
public address and communications 
equipment. Concentrates all leading 

makes here in one large central stock 
to give you faster, more efficient, more 
complete service—saves you time, 
work and money. Whatever you 
need... it pays to check with Allied. 
Write, wire. or 'phone Haymarket 6800. 

Se,c,Tedz«, e« Zadee evid Seectuusie4 

ALLIED RADIO CORP. 
833 W. Jackson Blvd., Dept. 32-D-46, Chicago 7, Illinois 

FREE 
Seed "en a 
NOW 

Now You Can Get 

TERMINAL BOARDS 
Custom Made to Your Specifications 

Don't waste time drilling and cutting 
terminal boards end mounting terminal 
lugs—let C.T.C. do it for you. Just 
send your complete specifications and 
we'll make up the boards to meet your 
most exacting requirements. 

You'll get the boards in less time 
than you think, and 
they'll be coin-

plete, ready to use, with quick solder-
ing C.T.C. Lugs firmly anchored in 
exact position, and linen bakelite 
boards perfectly cut and finished. 

Here's a sure way to save time and 
money in the laboratory or on the pro-
duction line. 
Why not let us quote on your specifi-

cations today. 

CAMBRIDGE THERMIONIC CORPORATION 
441 Concord Avenue • Cambridge 38, Mass. 

Graystone Hotel in Bedford, Ind., 
one operating on each of the three 
test frequencies, 37, 73, and 161 mc. 
The 30-watt mobile unit on each 
frequency followed predetermined 
routes north, south, east and west 
for 40 miles, while data were re-
corded to show talk-back to central 
and talk-out to the mobile units. 
The three cars traveled more than 
one thousand miles each, with data 
recorded every few seconds. All 
three cars talked back to headquar-
ters consistently out to 30 to 35 
miles. When a deep valley and an 
intervening hill would stop the sig-
nals from the 161 mc car, the 73 
mc and 37 mc signals stopped. 

Addressing a group of Indiana 
Police Communication engineers at 
the conclusion of the tests, Daniel 
E. Noble stated: "The tests were not 
conducted to prove anything; they 
were made objectively with the pur-
pose of answering questions about 
new band propagation in rough ter-
rain. An examination of the data 
does not disclose a definite trend 
favoring one frequency over any 
other in the test group, but selected 
data will prove a performance supe-
riority for each of the frequencies 
under test. This is further proof 
that any differences are largely 
marginal and purely academic. It 
would seem that in the Bedford 
area, the field strength differences 
introduced by terrain roughness are 
greater than field differences caused 
by the change in frequency. In flat 
terrain, the 37 mc signal will pro-
vide a greater range of communi-
cation than the higher frequencies, 
but at the cost of a very poor sig-
nal-to-noise ratio. 

"The tests are significant to FM 
broadcasting. If tests in other rough 
terrain areas are comparable to the 
Bedford tests, the upper band to F 
Bedford tests, there can be no doubt 
about the wisdom of the FCC's de-
cision to allocate the upper band to 
FM. I have consistently favored the 
upper band for FM broadcasting, 
although I expected some reduction 
in coverage in rough areas. The 
Bedford tests indicate that there 
will be no significant reduction in 
coverage even in the rough areas." 

'Tomorrow Show" Sh ¡lied 

Chicago's "Products of Tomor-
row" exposition has been indefi-
nitely postponed. It was scheduled 
to open in the Coliseum April 27. 
Postponement results from the 
cloudy production picture and the 
difficulty of predicting delivery 
dates of merchandise. 
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DESIGNED TO MEASURE POWER OUTPUT 

• at 4ixed impedance and fixed frequency 

• at ;ixed frequency and variable toad 

• at fixed load and variable frequency 

•ii 

• 

esiiiM sr 

• 

• 

OP-182 
Power Ronge.: 0.1mw to 5 watts. 

Impedance: 40 values, 
2.5 to 20,000 

Aecurocy: v 

ALSO 
• to determine interna impedance 

optimum load 

• to measure insertion loss of o network 

• to measure no se pick-up level 

• to test band width, selectivity, fidelity, 
sDrsitivity 

or 

The DAVEN OP Series Power Outp,t Meters offei o selecfion 

of foe'. models for me asurng the e•qect of power and laad 

on aird o amplifiers, filters, Oscillators and simieor equip-

ment os well as for standard radio receiver tits. Types 

OP-132 and OP- 961 are widely accepted :'or Their wid, 

flexibility, accuracy and durabilit-. Types OP-: 93-A and 

OP- 192-B are especially adapted for noise pick-up level 

work ir testing radio recekers, whe-e the use of headphcnes 

is desii•ed. A special ihree-positiot switch enables use of 

headphones circuit, meter circuit or both simuftaneos sly. 

OTHER SPECIFICATIONS 

INDICATING METER 

Rectifier type AC, calibrated 1 to 51:mw and 0 to 7 DB. Refer 
ence level 0 DB 

METER MULTIPLIER 

OP. 82, OP- 193-A, 0P- 1531— Extend meter power ,eading, 0.1 
to 170 X scale; DB reading, — 10 to + 20 GB in 10 Da sterol_ 

OP-961 — Extends meter power reading, 0.1 TO CDO X scale; 
DB -trading, — 10 to + 33 DB, ir 2 DB steps. 

MOUNTING 
OP- 182. — Black metal panel, hand r,bbed walnut cabinet, 
12"cii-x4-

OP-96i—Slack metal panel, ventilated metal case, 12"x7":61/2 -• 

OP•193-8 — Block bakelite panel, oortable cabinet 
with , removable cover. 13-i:4- 1,7 341 -x51/4 -

HAVE YOU A DAVEN CAULOG IN YOUR FILES? 

THE DAVE 
1 9 1 CENTRAL AVENUE 

NEWARK 4, NEW JEKSET 

OP-193-A— OP-193-8 
Pot..er range • 0.1mw to $ watts 

Impedance. 
OP- 193-A- — 18 values, 400 to 20,000 
0f- 193-B — 40 values, 2.5 to 20,000 

Accuracy; 590, 

Special Feature: Provision for ese of 
headphone andar meter. 

COMPANY. 

OP-961 
Power Range: 0.1 he 50 watts. 

Impedance' 40 values. 
23 to 20,000 

Accuracy: 2Pe. 



television receivers 

RCA-10BP4 
Directly Viewed 

Kinescope 

RCA-5T P4 
Mirror-Backed 

Projection 148cope 

For table-model, console and large-screen 

RCA now has available four new and im-
proved Kinescopes of standardized ty pe that 
meet practically all television receiver design 
requirements. These RCA-developed Kine-
scopes feature higher quality, longer operat-
ing life and far greater brilliance and definition 
than the prewar ty pes. The use of high-volume 
precision equipment in their manufacture, 
coupled with RCA's extensive wartime ex-
perience in the design and mass production 
of cathode-ray tubes is reflected in the lower 
pricing of all four types. 

RCA-STP4: The RCA-5TP4 (5" face) me-
tallic film Projection Kinescope more than 
doubles screen brightness of 16" x 20" pro-
jected pictures. The "mirror-backed" screen 
also improves picture contrast and detail. 
Combined with the Reflective Optical Sy stem, 
the 5TP4 permits viewing at higher ambient 
light levels. 

RCA-I0BP4: The RCA-10BP4 with its 10-
inch face is the star performer of the directly 
viewed line of Kinescopes. It is characterized 
by high definition and picture contrast 2 to 3 
times greater than prewar types. Deflection 

and focus are accomplished magnetically. An 
outside conductive coating, when grounded. 
serves as a filter capacitor. The new, high-
voltage Duodecal 7-pin base is used. 

RCA-7DP4: The RCA-7DP4 Directly 
iewed kinescope is a compact tube with a 
7- diameter face particularly adaptable to 
table-model receivers. It incor-
porates the same features as the 
IsCA-101IP4 but employs elec-
trostatic focusing and a loner 
amid,. potential. 

RCA-7GP4: Specifically de-
signed for inexpensive table-model 
receivers, the 76P4, also having 
a 7" face, has exceptionally high 
deflection seneivity, a high-effi-
ciency screen and operates at a 
relatively loa anode potentiaL 
Both deflection and focusing are 
accomplished electrostatically. 
The Ion-price and high-perform-
ance characteristics of the 7GP4 
make it unusually attractive for 

RCA-7DP4 
Directly Viewed 

Kinescope 

RCA-7GP4 
Directly Viewed 

Kinescope 

receiver designs aimed at the mass market. 
RCA Tube Application Engineers are ready 
to consult oith sou non on the adaptation 
of RCA Preferred lype kinescopes to your tele-
‘ision receher design requirements. If you uish 
aid in the application (OF these or other RCA 
tube types, write RCA. Commercial Engineering 
Department. Section D - 7D, Harrison. N. J. 

COMPARATIVE SPECIFICATIONS 
0,64 10064 7064 7064 

11.41.1r Ve11s 6.3 es 6.3 6.3 
11.roter Amps 06 04 04 0.6 
A.,odiVe111" 27,000 10,000 5,000 4.000 
focus El•thenlorit MtenehC 5.0.0,1.5, 314<frestefi• 
Dellereis• Maenthe 1,11494411« Magnet.. Elerwesietie 
De114aien Angle SO. Se 30i 
Resler Size (ppprox.) 2 3/4. • 33/8 6• » IC 4' In 3 I/2 C s S 1/2. 
Ilufb Die. (nuut.j 5 1/6. 10 5/11• 7 3/16. 7 1/6. 
Length ( max., 12 1/11. le 14 7/16. 14 7/5. 
136. Ousdiessl Ihredetol Deoderal Dilt•plel 
Fluor*  Whit. 1/Mne who., Whi,. 
Perlialent• hietlivr• 14.841.0.1 Met:11Ln, Medium, 

•-ota..pe sent« maximum wale. 

The Fountainhead of Modern Tube Development is RCA 

TUBE DEPARTMENT 

RADIO CORPORATION of AMERICA 
HARRISON, N. J. 


