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Ir a busy industrial city like Fort Wayne, Indiana, it is 

necessary that any interruption -in electric service be 
remedied immediately. INMA4IA SERVICE CORPORA - 

TION which supplies electric light and power to Fort 
Wayné s war plants. has found that two -way radio between 
the dispatcher's office and service, patrol and repair trucks 
assures the quickest and most reliable means of commu- 
nication in any emergency. To assure even greater re- 

liability, this electronic communication system is equipped 
with RAYTHEON high fidelity tubes. 

That "Plus- Extra" quality that proved RAYTHEON the 
best tube in the past. will be enhanced with all the knowl- 
edge that is being gained from manufacturing advanced 
electronic equipment for the war effort. This wartime 

\k_ 
11 

, 
All Four Raytheon Divisions Hove Been 

Awarded Army -Navy '-E - Plus Stars 

experience will doubly guarantee that you will be able to 

offer your customers the best engineered and precision - 
made elctronic tubes for all applications. In the mean- 
time, RAYTHEON will continue to supply you with all the 
MR tubes that WPB allows, for you to pass on to those 
who need them most. 

Raytheon Manufacturing Company 
RADIO RECEIVING TUBE DIVISION 

:Newton, 11a aehunet t, L... Ongeles New t urk Chirsgu Atlanta 

RAYTHEON 
iiq'Li cu eeY. 

RADIO AND ELECTRONIC TUBES 

D E V O T E D TO R E S E A R C H AND M A N U F A C 1 U R E O F T U B E S F O R T H E NEW E R A O F ELECTRONICS 
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Guthman Engineers recognize that the important 

need in Frequency Modulation receivers is to 

have excellent wide band I F coils. Guthman 

high gain I F coils operate on frequencies from 

4.3 mc to 30 mc, and provide maximum fre- 

1({ 
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0.1 exam 
ELECTRONIC TIMING 
Industry is making increasing use of 

electronic timers in timing or con- 

trolling intervals that are beyond the 

accuracy and scope of mechanical 

measurement. Such applications as 

measurement of the speed of a cam- 

era's shutter, welding control, plastic 

molding, photographic ex posureand 

measurement of urbine speeds are 

typical. 

THERE'S A JOB FOR 

The above diagram of an electronic timing circuit 
shows a capacitor and an adjustable resistor con- 
nected to the grid of a thyratron or "trigger" type of 
tube. As the capacitor discharges, the grid potential 
reaches a point where the tube becomes conductive 
and energizes a relay. 

The relay is generally a fast- acting type such as the 

Guardian Series 175 operating at a speed which min- 
imizes interference with the timing interval. Coil op- 
erating voltages range from 6 to 110 volts D.C. (Also 

Series 175 Relay 

13Y GUARDIAN 
available for A.C. in Series 170). Contacts are rated at 
121/2 amps. at 110 volts, 60 cycles, non -inductive in 

combinations up to D.P., D.T. Bakelite base is molded 
to reduce surface leakage. Has binding post terminals 
in place of solder lugs. Write for Bulletin 175. 

Consult Guardian whenever a tube is used -how- 
ever- Relays by Guardian are NOT limited to tube ap- 
plications but are used wherever automatic control is 

desired for making, breaking, or changing the char- 
acteristics of electrical circuits. 

GUARDIAN ELECTRIC 
1605 1 W. WALNUT STREET CHICAGO 12, ILLINOIS 

CDMPL(Tt LIME Of RELAIS SERVING AMERICAN WAR INDUSTRY 

2 AUGUST, 1944 RADIO 

www.americanradiohistory.com

www.americanradiohistory.com


Published by RADIO MAGAZINES, INC. 

lohn H. Potts . Editor 

Sanford R. Cowan Publisher 

Executive & Editorial Offices 

342 MADISON AVENUE 
NEW YORK 17, N. Y. 

Telephone MUrray Hill 2 -1346 

John H. Potts President 
Sanford R. Cowan .. .....Sec'y- Tress. 
Charles H. Farrell Adv. Manager 
Ann Limberg Adv. Production 
Sylvia Rornkof Orel. .¡tanager 

PACIFIC COAST REPRESENTATIVE 

Loyd B. Chappell, 
427 West 5th St., Los Angeles. Cal. 

OHIO -PENNA. REPRESENTATIVE 

A. Hawley & H. Stuart 
Bulkley Bldg., Cleveland, Ohio 

GREAT BRITAIN REPRESENTATIVE 

Radio Society of Great Britain, 
New Ruskin House, Little Russell St 

London, W.C. 1, England 

AUGUST 1944 

CONTENTS 

Vol. 28, No. 8 

COVER 
Oscillator unit of 50 -kw transmitter at Station WCAU. (Courtesy of 
RCA Manufacturing Co., Inc.) 

ARTICLES 
Design Theory of Loss -Less Wave Guides -Anthony B. Giordano 21 

II -F Crystal Oscillator Circuits -Joseph J. Anlage 26 
Resistors -Their Construction and Behavior, Part 2 -A. P. How- 

ard 30 

L Pad as an Impedance Matching Device in Power Transfer Net- 
works- William hissers, Jr. 34 

Acceleration Chart -Engineering Dept., Sylvania Electric Prod- 
ucts, Inc. 35 

Radio Design Worksheet : No. 28-Sideband Power of an Ampli- 
tude Modulated wave ; Methods of Frequency Modulation ; 

Mutual Inductance Filters 37 

The Terminology of Electromagnetic Theory. Part 2 44 

M I S C E L L A N E O U S 

Transients .. 

TECHNICANA 

High Fidelity Repri duction 6 

Linear Sweep Circuits 6 

Pentodes as A -F Amplifiers 18 

Book Review 35 

This Month 39 

New Products 42 

Advertising Index 68 

RADIO Magazine (title registered U. S. Pat. Off.) is published monthly at 34 N. Cr'stal Street, East Stroudsburg, Pa., by Radio Magazines, Inc. Executive and Editorial Offices at 342 Madison Avenue, New York 17, N. Y. Subscription rates -United States and Possessions, $3.00 for 1 year, $5.00 for 2 years: elsewhere $4.00 per year. Single copies 35c. Printed in U.S.A. All rights reserved. entire contents Copyright 1944 by Radio Magazines, Inc. Entered as Second Class Matter October 31, 1942, at the Post Office at East Stroudsburg, Pa.. under the Act of March 3, 1879. 

(RADION * AUGUST, 1944 3 

www.americanradiohistory.com

www.americanradiohistory.com


J -PLANES ARE FLYING 
J BY WILCOX COMMUNICATIONS 

The major airlines of the nation - and military aircraft of the United Nations - must 

have dependable radio communications. Today, Wilcox Aircraft Radio, Communications 

Receivers, Transmitters and other advanced radio 

equipment are serving on the home front and on 

the war fronts over the globe. For reliability .. . 

look to Wilcox now and in the years ahead. 

M a n u f a c t u r e r s of R a d i o E q u i p m e n t 
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WILCOX ELECTRIC 
COMPANY 

Fourteenth & Chestnut, Kansas City, Mo. 
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Transients 

MASS PRODUCTION 

* The problem of producing large quantities of radio 
receivers at a profit in a highly competitive market is 
one which deserves a great deal more thought than has 
been given to it. We are not thinking, of course, of 
the period immediately following reconversion and the 
resumption of civilian radio production. During this 
period the demand for new radios should outstrip pro- 
duction facilities even though, as seems probable, the 
unit price will probably be higher than pre -war models. 

But it is unlikely that the demand will exceed the 
supply for more than a year or so. And, during recon- 
version, millions who enjoyed war -inflated incomes and 
a degree of economic security are going to find their 
incomes reduced or their jobs gone. Faced with the 
need for economy, it is probable that they will not 
spend as much for new radios as surveys taken at the 
present time may indicate. 

While this condition will unquestionably make it 
easier for manufacturers to build more efficient organ- 
izations and thus reduce costs, it is likewise apparent 
that this advantage will be available to all employers. 
Therefore, in the face of lowered national income, far 
greater competition for the consumer's radio dollars, 
and a buyer's market, there will be a greater need than 
ever before for newer and better methods in the mass 
production of receivers. 

In general, there has been little progress made in 
finding improved methods of producing receivers in 
quantity. To be specific, twenty years ago a visitor 
to a radio factory would find hundreds of women 
sitting at assembly benches or belt conveyors, wielding 
soldering irons. Now, similar hands, perhaps more 
often Luxified, perform the same soldering operations. 
Soldered connections has become such an accepted 
method of wiring radios that a great many production 
men estimate labor costs of new designs on the basis of 
the number of soldered joints in the apparatus to be 
built. 

But why solder ? When we stop to consider the 
large number of mechanical joints which are not 
soldered -such as tube pin contacts -in receivers as 
presently produced the possibility of finding some 
simpler, satisfactory, more economical and faster 
method of production does not seem too remote. Weld- 
ing, for example, has been tried. And it works. So 
likewise have solderless connections, formed by crimp- 
ing tools. While we don't think soldering should be 
completely eliminated -there are servicing problems 
involved, too -surely this traditional method deserves 
more thorough scrutiny. 

And why so much wiring? Elaborate and costly 
wiring harnesses are carry -overs from the telephone 
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communications industry, whence so many radio engi- 
neers have come. In small receivers, at least, it might 
be well worth while to investigate other methods of 
mass production which offer promise of reducing costs. 

Not that other methods haven't been tried. They 
have; but often too soon, when there was no great 
need for radical changes in production methods. Nor 
have some of the alternative methods been given thor- 
ough study and a fair trial. One method, for example, 
employed a plastic chassis with formed grooves into 
which molten copper was poured, reaching points to be 
interconnected. Another method utilized copper strips 
with riveted joints. Still another was to make mechani- 
ical joints to projecting tabs on components, the chassis 
being subsequently suspended in molten solder so that 
all joints were simultaneously soldered. 

There are objections to all the above schemes, some 
of which are patented. But this does not mean there 
is no way out. One company is now producing coils 
by electroplating glass forms, with terminals molded in 
place. Another proposed assembly method, adaptable 
to small receivers, is to interconnect mechanically the 
various components and then seal the chassis by mold- 
ing in plastic. There would be no servicing problem; 
the unit cost could be kept so low that the chassis as 
a whole could be economically replaced in the event of 
breakdown of some component. 

Less spectacular, but available to all manufacturers 
as a tried and proven method of reducing costs in mass 
production, is standardization. It is becoming more 
and more apparent that there is far too great a variety 
of component sizes, values and styles called for on 
design specifications. This is especially true in large 
organizations where many engineers work independ- 
ently on projects. Many such concerns have found it 
profitable to set up a separate department solely for 
standardization. This department makes tests, selects 
suppliers, establishes mechanical and electrical toler- 
ances in cooperation with component manufacturers, 
and gathers specific information regarding the per- 
formance characteristics of components. Results are 
less waste, smaller inventories, and better products. 

Smaller manufacturers can avail themselves of the 
American War Standards, which are a vital contribu- 
tion to mass production efficiency. But these stand- 
ards, being general, need to be supplemented with data 
individually gathered covering factors directly ap- 
plicable to the manufacturer's products and production 
methnlls. 

MOURNING BECOMES ELECTRONICS 
* Has electronic heating been used in crematories? 

J.H.P. 
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HIGH FIDELITY REPRODUCTION 
* High fidelity reproduction is not all 
that has been claimed for it, accord- 
ing to H. A. Hartley in an article en- 
titled "Aesthetics of Sound Reproduc- 
tion" appearing in the July, 1944 issue 
of Wireless World. 

The great objection to present high 
fidelity reproduction, according to the 
author, is that with a wide frequency 
response and a trained ear, distortion 
of the higher harmonics becomes ap- 
preciable, particularly when scratch 
and interference have been eliminated, 
making the distortion more noticeable. 

Mr. Hartley finds that "judicious dis- 
tortion" in the response produces a re- 
sult more enjoyable to the artistic ear. 
Some of the things to be avoided in 
"doctoring up" the response are cabinet 
resonances, air column resonances in 
the cabinet, resonances in the speaker 
and pick -up, tube overload, and bass 
and treble attenuation. The 3000 -cycle 
resonance in a poor speaker, for ex- 
ample, must be eliminated. 

Scratch is not to be eliminated by 
cutting off the top frequencies but by 
maintaining an overall flat response up 
to 10,000 cycles or more. Scratch can 
extend over a range of 2000 to 8000 
cycles, or more. 

The "doctoring" is effected by intro- 
ducing depression in the response 
curve, wherever most effective. It is 
claimed that the ear is less sensitive to 
depressions than to peaks in the re- 
sponse, but that the effect of elimin- 
ating noises created on the surface of a 

Figure 1 
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record is very great when the response 
depression can be made to coincide with 
the unwanted frequency. 

The sharp dip is injected by use of a 
rejector circuit such as is shown in 
Fig. 1. The tuned circuit LC, must 
have low losses. This is possible if C, 
is an air trimmer of about 50µµf and L 
is approximately 3 henries, air cored, 
using wire no smaller than #36 gage. 

By adjustment of the tapped coil, and 
C1, the point of maximum attenuation 
can be adjusted within the range of 
4,000 to 10,000 cycles. Dips of more 
than 40 db are possible, over a fairly 
narrow band. 

Figure 2 

The author recommends the use of a 
tapped coil so that records to be repro- 
duced can be marked in advance to 
show the ideal tap number. 

For old and worn -out records, top - 
frequency cut -off is recommended, as 
shown in Fig. 2. 

C, should be .02 µfd and R' 100,000 
ohms. With R' at minimum setting the 
top- frequency attenuation is high. 

Two rejector circuits in series are 
suggested for further experimentation. 

The article is to be concluded in a 
later issue. 

LINEAR SWEEP CIRCUITS 
* When the ordinary gas triode is em- 
ployed in a cathode -ray tube sweep cir- 
cuit the output is not a perfect saw - 
tooth wave. The voltage rise is not 
strictly linear, but exponential in shape, 
and the voltage drop is not instantan- 

Figure 3 

eous. The tube trace is consequently 
distorted. 

Several types of devices have been 
used to improve the wave shape, none 
of which can produce perfect linearity. 

In the June, 1944 issue of Wireless 
Engineer, Arthur C. Clarke discusses 
such attempts at correction and offers 
several suggestions for theoretically 
perfect circuits. The article is entitled 
"Linearity Circuits." 

In analyzing circuits already used, 
and circuits believed practical, the au- 
thor discusses the following possibili- 
ties: 

a. The thyratron as an automatic 
switching device which discharges a 
condenser when the voltage across it 
has reached a certain value. 

b. The thyratron triggered by a neg- 
ative pulse on the grid. 

c. Auxiliary correcting devices, either 
ahead of or following the tube. 

d. A series combination of induct- 
ances and resistances to limit the 
charging current into the condenser. 

e. The pentode as a contant- current 
device to replace the resistance through 
which the condenser charges. 

f. Negative feedback using the cath- 
ode follower with a triode. 

g. Feedback using the "Bedford" cir- 
cuit producing variable linearity which 
can be controlled and corrected in sub- 
sequent stages. 

None of the above methods can pro- 
duce perfect linearity because so far it 
has been assumed that all circuit com- 
ponents, including tubes, are linear 
devices. Whenever the charging cur- 
rent is proportional to the driving volt- 
age an exponential output is obtained. 

"Once an exponential wave had been 
produced any subsequent linear cir- 
cuits can only differentiate it or in- 
tegrate it -and the differential or inte- 
gral of an exponential function is still 
exponential." 

a. The simple time base is illus- 
trated in Fig. 3. The voltage source E 
charges the condenser through resist- 
ance R in accordance with the formula 
Vc = E(1 - t /CR), where Vc is the 
voltage across the condenser at any 

[Continued on page 8] 
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an". 

Widely used 6y discriminating broadcast 

engineers. Typical is the Phasing Equipment 

installation by WKBN, Youngstown, Ohio. 

Variable air condensers, fixed air condensers, 

gas pressure condensers (for higher voltages), 

inductors (all kinds), chokes, remote motor 

driven tuning controls and other components. 

Send your specifications or problems for 

Johnson suggestions and prices -- no obligation. 

Ask for Catalog 968K 

- 

JOHNSON 
a tamaui name in )2adic, 

F. JOHNSON COMPANY WASECA MINNESOTA 
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0109 
E E R EIN G N 

CR O 
PH 

I ¡cations 

One of a series showing Turner 
App 

in Electronic 
Developments 

The G. E. */z 
RECORDER 

TURNER 
EQUIPPED 

Model 50A C. E. Magnetic Wire Recorder has wide 
application wherever recording of sound for refer - 
ence is important, or wherever analysis of speech is 
desirable. Today, these recorders are used exten- 
sively in military applications on land, on sea, and 
in the air. In the peace to come they may be applied 
in radia and entertainment, in business and in- 
dustry, and in education and numerous specialized 
activities. Turner is proud to he associated with 
their performance. 

TURNER Catalog. 

Write for your 

illustrated copy 

8 

Its Time to Turn to Turner for 
suggestions tend applications in 
your Etectronic Developments. 
Orders are being filled today for 
those whose needs meet priority 
requirements. But it isn't too early 
to start discussing your post-war 
plans. 

Crystals licensed under patents of the Brush Development Company 

THE TURNER CO. 
CEDAR RAPIDS, IOWA, U.S.A. 

TECHNICANA 
[Continued front page 6] 

instant. This formula gives an ex- 
ponential curve starting at O. The rate 
of rise depends upon time constant CR. 

Switch S, which may be a gas triode, 
is employed to discharge the condenser 
at a certain time. The result is a saw - 
toothed wave as in Fig. 4. In practice 
the peak never quite reaches E because 
ordinarily the switch triggers before 

Figure 4 

the condenser is fully charged. This 
tends to improve the linearity by mak- 
ing use of the nearly straight -rise por- 
tion of the curve. The voltage never 
quite drops to zero because of the in- 
ternal resistance of the tube. 

The trigger circuit with tube as a 
switch is shown in Fig. 5. 

Figure 5 

b. The tube may be made to act as a 
switch when a negative pulse is applied 
to the grid. The tube is driven to cut- 
off in any time sequence desired. 

The author finds that, using Fig. 4, 

the point A gives a voltage value of 
ERp /(R -FRp), the value to which the 
voltage falls when the condenser is dis- 
charged. This value will be almost zero 
when Rp « R. The peak will or will 
not reach E depending on the duration 
of the pulse and the time constant RC. 

The author describes the above as an 
"integrating" circuit since the input 
pulse produces a saw -tooth output. The 
integral of a square wave is triangular. 

A "differentiating" circuit is one in 
which the output is the differential of 

[Continued on page 10] 
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Quality that serves the war shall serve the peace 

SYLVANIA 
ELECTRIC PRODUCTS INC. 

RADIO DIVISION EMPORIUM, PENNSYLVANIA 

Marines leap to the attack. News cameramen advan .e with 
them, recording the action. And, in short hours, those pre- 
cious pictures taken under fire are telling their thrilling 
story to American newspaper readers. 

Short-wave radio makes possible the transmission of news 
pictures direct to any part of the world. The blacks, grays 
and whites of a photograph are broadcast as an audible sig- 
nal, varying in strength according to the shading of the pic- 
ture. Thousands of land- and sea -miles away, the electronic 
facsimile recording tube "hears" the picture and reproduces 
it, line by line, on sensitized paper. 

More and more news pictures of this war are recorded by 
Sylvania recorder tubes manufactured to one standard - 
the highest anywhere known. This Sylvania electron tube 
bears the same marked superiority you have long expected 
of Sylvania radio tubes. The Sylvania recorder tube is vital 
to quicker transmission than was formerly possible over 
news -cluttered commercial radio circuits, and it records 
clearer pictures that are more faithful to the original. 

A reputation for radio tube manufacture, attained by serving 
you, brought Sylvania important wartime assignments in 
electronics. The recorder tube is one of many electron tubes 
other than radio that Sylvania now produces. This wide war- 
time experience will bring you ever finer radio tubes and 
cathode ray tubes to help you develop your postwar oppor- 
tunities in the radio and television field. 

RADIO TU3ES, CATHODE RAY TUBES, ELECTRONIC DEVICES, FLUORESCENT LAMPS, FIXTURES AND ACCESSORIES, INCANDETCENT LAMPS 
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TECHNICANA 
[Continued from page 8] 

the input. If the output of Fig. 6 is 
taken across resistance R it appears as 
a series of positive and negative pulses 
of theoretically infinite amplitude with 
an instantaneous wave front. 

DIFFERENTIATED 
OUTPUT 

R 

e 
/YY 

A 

o wF 
aD ¢F 
W 7 
I-O 2 

Figure 6 

c. An auxiliary correcting circuit fol- 
lowing the tube is shown in Fig. 7. 

The circuit is in accordance with the 
expression: E _ (i -}- i1)R -I- 1 /cfildt 

} R1i1. This has a solution of the 
form i1 = AeXit -}- Bealt. The output 
voltage across R1 and C1 is y = i1R1 

1 

} - / i1dt, which gives y = E -I- 

C1 

llet - Azead, where A1, A2, hl, and 
X, involve circuit constants C, R, R1, 
and C1, and initial conditions. 

It is shown that al and .k2 are real 
negative quantities and that Al a2. 
Although the above equation shows 
that the combination of exponential 

Figure 7 

functions means that the voltage can 
rise to its final value E in an infinite 
number of ways, no combination of cir- 
cuit constants can make it linear. 

Nevertheless the auxiliary circuit 
can produce a slight improvement in 
linearity, particularly at the start of 
the voltage rise. 

A form of auxiliary circuit in which 
the integrating circuit precedes the 

[Continued on page 12] 
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LOW LOSS l HIGH 

AT °- MECHANICAL 

HIGH-FREQUENCY A, STRENGTH 

Until now most of the better high frequency insulators have been either brittle 
or subject to deformation at elevated temperatures. With the development of 
glass mat base Formica there is available an insulator that allows only minimum 
losses at high frequencies and at the same time retains the mechanical strength 
and machinability that is characteristic of other grades of Formica. 

For low losses at high frequencies we suggest that you test Formica Grade 
MF 66 which has been found to be the answer for antenna insulators and coil 
forms on airborne and ground installations. It withstands the vibrations and 
mechanical stresses to which military radio equipment is subject. This material 
is resistant to attacks of fungus growth and can be used in the tropics. 

Sample on request. The Formica Story" is a moving picture showing the 
qualities of Formica, how it is made, how it is used. Available for meetings 
of engineers and business groups. 

FORMICA INSULATION COMPANY 
4670 Spring Grove Avenue 
Cincinnati, 32, Ohio 
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T ISMS 

. wiii 
IMMEDIATE DELIVERY 

in moderate quantities from stock 
ANDREW coaxial plugs and jacks are used as con- 
nectors for flexible coaxial lines, and fit many of the 
standard Army and Navy approved cables. They are 
especially useful where a simple panel mounting plug - 
in type of connector is required. 

Machined from brass bar stock, these sturdy plugs 
and jacks provide a positive connection between the 
outer conductors and between the inner conductors. 
Inner conductor contacts are silver plated to obtain 
maximum conductivity. Insulation is the best grade of 
Mycalex. Patch cords are made of low -loss flexible 
coaxial lines of 72 ohms surge impedance. Patch panels 
consist of 24 jacks mounted on a 19" relay rack panel. 

WRITE FOR BULLETIN 
NO. 31 

ONLY ANDREW 
offers this easy 
accessibility for 

soldering. 
You don't hove to solder 

through a window to in- 

stall an ANDREW plug 

or jack. Just remove one 

screw, slide the sections 

apart with your fingers 

and solder. This is a new 

improvement invented 

and used exclusively by 

ANDREW. 

TECHNICANA 
[Continued from page 10] 

tube and the correcting network which 
follows is illustrated in Fig. 8. 

The integrating circuit and tube de- 
liver an exponential wave form to the 
correcting network, which gives some 
slight improvement. The output voltage 
is given as y = K A,e- is -}- 
A2e -X =t which is similar to that ob- 
tained for the circuit of Fig. 7. 

Illustration shows panel with patch cord in place. 

Figure 8 

d. The use of inductances, as in 
Blumlein's time base, is analyzed with 
the conclusion that only an infinite 
number of inductances can produce a 
linear saw tooth, since there are an 
infinite number of frequencies in the 
wave. 

e. The constant- current pentode is 
another possible linearity device. Pro- 
vided the voltage on the pentode is not 
allowed to fall below the knee of the 
plate voltage -plant current characteris- 

OUT OF THE BLACK EARTH 

NATURE has so planned it that out cf black earth 
come beautiful flowers and the foods essential to our very sustenance. 
And so it is that from the darkness of the present hour . , from the 
suffering and sacrifice of world war . . . will emerge a greater degree 
of understanding among men . more freedom for untold millions 

. and advanced ideas to make man's burdens lighter and life more 
enjoyable. Astatic, like so many other manufacturing concerns, has 

been broadened by the experiet:ce of war production, has employed its 
engineering skill and manufacturing facilities to create new products, the 
principles of which will be reflected in Astatic's commercial and civilian 
products of a new day. 

THE ASIATIC CORPORATION 

12 

YOUNGSTOWN, OHIO 

Figure 9 

tic, the current remains constant and 
the output is nearly linear up to 80 -90% 
of the supply voltage. 

f. In a cathode follower the poten- 
tial difference between the grid and the 
cathode remains almost constant so that 
an almost constant current must flow 
through R in Fig. 9, and C must charge 
up linearly. 

[Continued on page 14] 
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Mathematically, here's the inside story 
THE FORMULA in the picture above 

is an expression of bunching as it 
takes place in the Klystron tube. . 

This Sperry tube converts DC en- 
ergy into radio frequency energy by 
allowing an electron beam to become 
bunched, or pulsating, between 
spaced grids. 

The ultra -high- frequency micro- 

G Y R O S C O Y I C S 

RADIO 

waves thus generated can be con- 
centrated into a narrow beam and 
directed with great accuracy. 

Various other forms of the Klystron 
llave been developed by Sperry to aid 
in the amplification and reception 
of ultra -high- frequency waves. Today 
they are vital parts of many a device 
used by our Armed Forces. 

The name "KLYSTRON" is a regis- 
tered trade -mark of the Sperry Gyro- 
scope Company, Inc. Like other 
Sperry devices, Klystrons are also 
being made during the emergency by 
other companies. 

Klystrons are now being produced 
in quantities, and certain types are 
available. Write us for information. 

Sperry Gyroscope Compäl,iy 
GREAT NECK, N. Y. DIVISION OF THE SPERRY CORPORATION 

ELECTRONICS AUTOMATIC COMPUTATION 

* AUGUST, 1944 
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HOWARD 
ararle 

HOLDERS 

ßiII ja flea4 
SPECIFICA lIONS 

Tested, used, and proved 
by the armed forces of our 
country, Howard Crystal 
Holders are ready to serve 
you in peacetime. Dependa- 
bility, accuracy, and assured 
performance are the re- 
sults of precision work by 
HOWARD'S skilled person- 
nel. Send your specifications 
to HOWARD. 

* BUY WAR BONDS * 

hOWARD 
MANUFACTURING 

CORPORATION 
COUNCIL BLUFFS, IOWA 

OUTSTANDING 
QUALITY! 

in 

PROMPT 
DELIVERIES 
on most types 
Send for Catalog 

Electronic Tubes 
. .. Phototubes 

Rectifier; and 
Special Tubes 
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[Continued from page 12] 

In this circuit Vg = E - iR 
1 

E = i(R+RI) - iaR, + f idt 

E, -I- µVg 
is - 

Rp + R, 

These equations, treated simultan- 
eously, yield an output voltage equation 

(E + µE/2 + E1/2) (1 - e ac) 
in which a is a constant involving R, R 
µ, and Rp. This is an exponential func- 
tion similar to that of Fig. 3. How- 
ever, since may be very high, the 
effective charging voltage can be sev- 
eral hundred times E, and if the output 
condenser operates only on the straight 
section of the wave, the output will be 
nearly linear. 

g. Bedford's circuit employs a charg- 
ing pentode V, in Fig. 10. As the volt- 
age falls on the plate of V1, the grid 
of V2 and point A will also fall in 

Figuro 10 

potential. The voltage across V1 re- 
mains nearly constant so that the 
linearity of the output is improved. The 
position A may be varied so that near - 
linearity may be obtained in many ways. 
Perfect linearity is not possible. 

In addition to the above more or less 
practical circuits the author has sug- 
gested three types of theoretical devices 
which may be capable of producing a 
purely linear output voltage, as 
follows : 

a. Non- linear impedances. 
b. Integrating amplifiers. 
c. Logarithmic amplifiers. 

a. For a constant current to flow 
through an impedance in series with a 
power source the relation would be 
7, = kE, in which the impedance is di- 
rectly proportional to the voltage. Such 
an impedance does not appear reason- 
able to expect. 

[Continued on page 16] 
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INVASION BY.. 

According to War Department 
records, rehabilitation of 49,176 
wire miles of communications was 
accomplished by the Signal Corps 
in Sicily alone. 

The magazine, "Steel ", comments 
on the fact that wire communication 
remains basic in this zone. It enjoys 
the advantage of a degree of secu- 
rity not enjoyed by other mediums. 
The editor of "Steel" points out that 
the demand for wire field communi- 
cations wil I continue to be heavy until 
the wars in both major zones are won. 

Imagine the demand for field 
telephone equipment with the whole 
continent of Europe under invasion, 
and Pacific operations constantly 
expanding! 

The men and women of Connecti- 
cut Telephone & Electric Division, 
commended personally by War Man- 
power Commissioner McNutt for 
their splendid record in turning out 
field telephones and other basic 
communications equipment, realize 
their ever -increasing responsibil- 
ities. They are determined to fulfill 
this obligation to our armed forces 
and those of our allies. 

CONNECTICUT 

TELEPHONE & ELECTRIC 

* DIVISION * 
GREAT AMERICAN INDUSTRIES, INC. 

MERIDEN CONN. 

G. A. I. divisions are producing for the 
war effort: Military Trucks, Fire Appa- 
ratus, Communications and Electronic 
Equipment, Aircraft Ignition Com- 
ponents, Cellular Rubber Products. 
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This 

I -F TRANSFORMER 

is a Star 
Performer 

Here is a small (pictured actual size), permeability- tuned, precision - 

built I -F Transformer that is performing brilliantly in a number cf 
important war applications. Now available for more general use, you 

may be able to use it to good advantage on some of your present or 

projected components. In any event, you should have the complete 

story on this simple, precise transformer in your files. 

For complete information, specifications, quotations and delivery 

estimates on this LS-I Transformer, write 

CAMBRIDGE ! CORPORATION 
454 CONCORD AVENUE CAMBRIDGE 38, MASS. 

AVmur TWIST TO 
CRYSTAL CLEANING 

BLILEY ELECTRIC 

THIS is an actual photogragh of 
the centrifugal air drier, or 

"spinner," used in Bliley produc- 
tion to facilitate clean handling of 
crystals during finishing and testing 
operations. Quartz blanks are dried 
in 5 seconds in this device which is 
powered with an air motor and spins 
at 15,000 r.p.m. 

Little things like lint or micro- 
scopic amounts of foreign material 
can have a serious effect on crystal 
performance. The "spinner" elimi- 
nates the hazards encountered when 
crystals are dried with towels and 
makes certain that the finished 
product has the long range re- 
liability required and expected in 
Bliley crystals. 

This technique is only one small 
example of the methods and tests 
devised by Bliley Engineers over a 
long period of years. Our experience 
in every phase of quartz piezoelec- 
tric application is your assurance of 
dependable and accurate crystals 
that meet the test of time. 

COMPANY - - - ERIE, PA. 
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However, for an impedance and a 
resistor in series, as in Fig. 11, there 
would be the relation E _ (I -}- i) 
R -]- iZ. If I is to be constant, it must 
equal E /R, from initial conditions with 
the condenser uncharged. So that E _ 
(E /R -{- L) R -I- iZ. From this ex- 
pression R = -Z. The above implies 
the use of a tube circuit employing 
negative resistance independent of 
frequency. 

b. It is now supposed that there is a 
two -stage amplifier with an integrating 
circuit between stages. The output tri- 
angular wave can be fed back through 
an attenuator into the input square 
wave, so that the input becomes a tri- 
angular wave superimposed upon a 
square wave. 

The square wave component will pro- 
duce the constant current through the 
resistance in the integrating circuit 
and the triangular wave will appear 
across the output condenser of the in- 
tegrating circuit. It is stated that with 
proper adjustment of the feedback, an 
almost perfectly linear output can be 
obtained. 

c. A non -linear amplifying tube must 
have a variable µ. Such tubes are 
manufactured and it is suggested that 

I +i 

Figure 11 

were a tube to be selected having the 
proper logarithmic amplifying charac- 
teristic the theoretically perfect output 
would be obtained. Such a tube may 
have to be designed. 

The amplification factor of such a 
tube would be as follows: 

K 1 // en 

It =--- lgl l--/ 
AZ, cs `` E 

in which eg is the grid input voltage 
from the expression e = E (1 -e-"), 
Z, = Z /(Z -}- Rp), where Z is the 
plate load impedance and Rp is the tube 
plate resistance, and k and A. are con- 
stants. 

A graph of this equation appears in 
Fig. 12. 

The equation becomes indeterminate 
for e9 = 0 so that the expression log 
(1 -eg /E) was expanded to obtain the 

[Continued on page 18] 
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LETTER 
C NTEST 
for SERVICEMEN! 

ELEVEN 1st PRIZE WINNERS 
IN 5 MONTHS IN CONTEST #1! 

Yes sir, guys, the hundreds of letters 

received were so swell that double 
first prize winners had to be awarded 
each of the first four months and 
there were triple first prize winners 

the fifth and last month .. . 

SO - HERE WE GO AGAIN! ... 
Get in on this NEW letter contest - 
write and tell us your first hand experiences with all types of Radio Communications equip- 
ment built by Hallicrafters including the famous SCR -299! 

RULES FOR THE CONTEST 
Hallicrafters will give $100.00 for the best letter received during each of the five months 

of April, May, June, July and August. (Deadline: Received by midnight, the last day of 
each month.) ... For every serious letter received Hallicrafters will send $1.00 so even if 
you do not win a big prize your time will not be in vain.... Your letter will become the 
property of Hallicrafters and they will have the right to reproduce it in a Hallicrafters adver- 
tisement. Write as many letters as you wish. V -mail letters will do.... Military regulations 
prohibit the publication of winners' names and photos at present ... monthly winners will 
be notified immediately upon judging. 

hdIIicrufIr5 RADIO 
BUY A WAR BOND TODAY! 

THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A. 

RADIO * AUGUST, 1944 17 

www.americanradiohistory.com

www.americanradiohistory.com


THE LATEST 
UP -TO- THE -MINUTE RADIO 
AND ELECTRONIC CATALOG 
IN THE COUNTRY TODAY! 

rAaCQd& 
Newest listings of amplifiers, com- 
munications equipment, radio tubes, 

festers, etc. The latest developments in 
intercommunications equipment. Greatly 
xpanded listing of needed tools, espe 
cially for assembly and factory use. Ad- 
vance listings of 1944 radio and electronic 
books; repair and replacement parts; bar- 
gain section of values. A brand new, 
up-to- the - minute catalog that should be 
in the hands of industrial plants, labora- 
tories, government and military services, 
schools, radio servicemen and dealers (on 
L265), everybody engaged in vital war and 
civilian work. 

FREE 1 

Td Lafayette Ra 

dIo 
e 

Cataa t Ra 
- 

will be rushed to 
you upon request. Fill out 
this coupon NOWT 

LAFAYETTE RADIO CORP. 
901 W. Jackson Blvd., Chicago 7, 111. 

1 Dept. F.3 1 

Please rush my FREE copy of the 
1 Lafayette Radio Catalog No. 94. I 

1 NAME 1 

1 1 ADDRESS 
1 t 

CITY STATE 

2;'464 tie ,Qttatk 6,e* 7/Coat ?f/4't ád.sda 

901 W. Jackson Blvd. 265 Peachtree Street 
CHICAGO 7, ILLINOIS ATLANTA J, GEORGIA 
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value p.= k /,A EZl when e9 = O. This 
quantity was placed equal to unity in 
Fig. 12. The curve shown is an arbi- 
trary one based on fixed values of k, 

Z, Z1, and E, but is similar in form 
to that of the iP vy characteristic of 
a variable -µ tube. 

PENTODES AS A -F AMPLIFIERS 
* The disadvantages of triodes as re- 
sistance- coupled amplifiers have led to 
the use of pentodes, giving greater am- 
plification and lower input capacity to 
the preceding stage. 

The somewhat higher harmonic dis- 
tortion often developed in pentode 
operation can be reduced provided good 
circuit design practice is followed. 
Some recommendations are given in an 
article entitled "R -F Pentodes as A -F 
Amplifiers" appearing in the July, 1944 

Figure 12 

issue of Wireless World. The author is 
S. W. Amos. 

The expression for stage amplifica- 
IAR 

tion i ; given as G - , where 
R -FRp 

µ _ tube amplification factor, R = 
loaa esistance, and Rp = plate re- 
sistance of the tube. The maximum 
gain approaches IA as a limit when the 
load resistance is large compared to the 
plate resistance of the tube. This is 
illustrated in Fig. 15. 

An r -f amplifier, such as the 6J7, 
with a plate resistance of 1 megohm, 
acts as a constant -current generator 
and should therefore be used only with 
purely resistive loads for good fre- 
quency response. The amplification 
factor is many times that of a triode. 

In Fig. 13, showing the basic R -C 
coupled r -f pentode as an a -f ampli- 
fier, it is noted that the screen potential, 
Esg, must not gresatly exceed the qui- 
escent value of the plate potential, Ep. 
For a load resistance of 100,000 ohms 
a value of 300,000 ohms is given for 

JOBBERS! 

our pro dort. 
aro distributed 

by exclusive 
Territory 

Arrangement 
only. 

Write for 
attrnrNve 

proposition. 

BUY 
MORE 
BONDS 

Dumont Electro- 
lytic tubulars for 
the duration have 

the following spe- 

cial features . . . 

and are guaran- 
teed to give the 
same high quality 
performance for 
which all Dumont 
Electrolytic Tubu- 
lars have a repu- 
tation. 

SELF HEALING 
LONG LIFE 

ECONOMICAL 

VARNISHED 
TUBES 

DOUBLE SEALED 

SMALL SIZE 

FULLY 
GUARANTEED 

Pats. Pend. 

DUMONT 
ELECTRIC CO. 

I CCITOIS roll UM,' 11QUIIEMENT 
34 HUBERT STREET NEW YORK. N Y 
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To 

R44tReear 
TAKE THESE TWO STEPS 

The right relay, of course, is the one 

which will exactly fit your needs, and 

give you the longest, most depend- 

able service at lowest cost. Here's 

how you can get it: 

1. Write for the Automatic Electric 

catalog. It lists over forty basic types 

of relays, providing every combina- 

tion needed for modern electrical 

control. All technical facts are clearly 

tabulated for your guidance. 

2. If you want help in applying this 

information to your problem, call in 

our field engineer. He will be glad 

to put his experience to work for you. 

Send today for your copy of the 

catalog -or simply ask our field engi- 

neer to bring one over. 

/PQR(/S 
AND OTHER CONTROL DEVICES 

AUTOMATIC 
v7/ ELECTRIC 

AUTOMATIC ELECTRIC SALES CORPORATION 
1033 West Van Buren St., Chicago 7, ill. 

In Canada: 

Automatic Electric (Canada) Limited, Toronto 
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PROFESSORS PREFER... 
JAMES KNIGHTS 

for Efficiency, 
Dependability and Accuracy 
In instance after instance, James Knights is 

called upon to supply precision quartz crystals 
to meet the intricate specifications of university 
experimental work. In many of these cases, re- 

search done in university laboratories with James 
Knights Crystals is contributing directly to war 
communication development. That James Knights 
Crystals are so often considered "first choice" 
with university scientists is proof of their superior 
qualifications under the most exacting condi- 
tions. Why not let the men of The James Knights 
Company help with your crystal problems! 

BUY WAR BONDS FOR VICTORY! 

The JAMES KNIGHTS Co. 
SANDWICH, ILLINOIS 

c1ûIRZlYS TA\ILS 1F®IRZ TIIHIIE CRITIC A\IL 
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DesIgn Theory of Loss-Less 

WAVE GUIDES 

i 

ANTHONY B. GIORDANO 
Polytechnic Institute of Brooklyn 

A rigorous mathematical analysis of wave guides is presented. 

Charts showing the cut -off wavelengths and attenuation con_ 

stants of rectangular and circular wave guides are included 

THE present trend in the realm of 
electromagnetic waves is the utili- 
zation of wavelengths shorter than 

30 centimeters, or frequencies above 
1000 megacycles per second. The 
former have been termed microwaves 
and the latter ultra -high frequencies. 
Line -of -sight propagation of electro- 
magnetic waves, a broadening of the 
communication frequency spectrum, 
and a reduction in the physical size of 
equipment are all consequences of the 
application of microwaves. 

In recent years, hollow tube conduc- 
tors have been investigated as a means 
of guiding signals or intelligence. They 
are commonly known as wave guides, 
and may possess circular or rectangular 
cross -sections, as well as elliptical 
cross -sections which are, essentially, 
distorted circular cross -sections. 

Since the wave guide conveys micro- 
waves from a source to a place of use, 
it performs the same task as the col 
axial transmission line. However, the 
wave guide performs its function with- 
out the need of an inner conductor, 
which is an essential part of the co- 
axial transmission line. Thus, the me- 
chanical difficulties encountered in con- 
structing coaxial lines as the ware - 
length is shortened may be eliminated 
by using wave guides. 

In brief, a hollow conducting tube 
acts as a high -pass filter of electro- 
magnetic field patterns. The field pat- 
terns which exist within a wave guide 
are known as field modes. Each field 
mode possesses its own cut -off wave- 
length as well as its own propagation 
constant. 

Emphasis on the relationship between 
cross -section dimensions and the wave- 
length of the source of excitation is re- 
quired for the proper design of wave 
guides. If the wavelength of the source 
is slightly higher than the cut -off wave- 
lengths of the field modes, the modes 
generated are attenuated in the wave 
guide, each mode having a different 
rate of attenuation. If the exciting 
wavelength is lower than the cut -off 
wavelengths of a few of the modes, 
then these modes will propagate and all 
others will attenuate. However, it is 
possible to generate one field mode by 
selecting a particular mode launcher. 
In general, the wave guide becomes a 
low -loss transmission system of elec- 
tromagnetic waves. 

General Method of Analysis 

The mathematical treatment of wave 
guides involves solving the fundamental 
differential equations of the electro- 
magnetic theory as postulated by Max- 

ItAI)iOj * AUGUST, 1 9 4 4 

well. The outline of the method is as 
follows: 

1. Assume that a perfect dielectric 
occupies the entire inner region of the 
wave guide. 

2. Assume that the metal has infinite 
conductivity, which intimates a loss - 
free system. This is physically realized 
by using metals of very high conduc- 
tivities and short lengths of wave 
guides. 

3. Solve Maxwell's source -free dif- 
ferential equations for the most general 
solution of the electromagnetic field in 
cylindrical coordinates for the circu- 
lar wave guide or in rectangular co- 
ordinates for the rectangular wave 
guide. The proper choice of coordin- 
,ates is an aid to simplification. The 
mathematical treatment is usually car- 
ried out in complex notation ; the imag- 
inary parts of the complex space -time 
components of the electromagnetic 
fields to be discussed will represent the 
real components of the electromagnetic 
fields. 

4. The most general solution of the 
electromagnetic field reveals the exis- 
tence of an infinite number of electro- 
magnetic field patterns. 

5. Substitute boundary conditions re- 
lating to the configuration of the wave 
guide into this general solution. The 

__resulting equations will yield those 
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COMPONENTS OF THE MAGNETIC FIELD 
INTENSITY OF THE TM.,., MODE: 

COMPONENTS OF THE ELECTRIC 'r ILLD 
INTENSITY OF THE TM. m MODE : 

COMPONENTS OF THE MAGNETIC FIELD 
INTENSITY OF THE TEN., MODE : 

2 

COMPONENTS OF THE ELECTRIC FIELD 
INTENSITY OF THE TEN., MODE: 

Fig. 2. Relative directions of the field 

components of the TE,,.,. mode of circu- 
lar wave guides in cylindrical coordinates; 

and z. (Propagation along Z axis). 

22 

Fig. 1. Relative directions of the field 
components of the TM r mode of circu- 
lar wave guides in cylindrical coordin- 
ates; 0, p, and z Propagation along Z axis 

electromagnetic field patterns which 
can exist within the wave guide. Each 
field pattern or mode is grouped as be- 
ing either Transverse Magnetic or 
transverse Electric. 

6. Transverse Magnetic fields are 
those electromagnetic field patterns 
which have only a component of the 
electric field intensity lying along the 
longitudinal or propagation axis. These 
are often known as TAI.,, fields or 

2.0 

1.9 

1.8 

1.7 

1.6 

1.5 

1.4 

1.3 

1.2 

<1.0 
E 

.9 

.7 

.1 

TM., modes or E, modes. (Refer 
to Figs. 1 and 3.) 

7. Those electromagnetic field pat- 
terns which possess only a component 
of the magnetic field intensity along 
the propagation axis are known as 
Transverse Electric fields or TE5,m 
fields or TEn m modes or Hom modes. 
(Refer to Figs. 2 and 4). 

8. The component field vectors shown 
in Figs. 1, 2, 3, and 4 vary with time 
and space. 

Description of Symbols 

The symbols to be used have the fol- 
lowing meanings: 

Ha.,.,; Ha,,,,,,; H..,., = complex space -time components of the magnetic field in- 
tensity of the n,1n mode in a circular wave guide ex- 
pressed in amperes per centimeter. 

= complex space -time components of the electric field in- 
tensity of the n,,n mode in a circular wave guide in volts 
per centimeter. 

= complex space -time components of the magnetic field in- 
tensity of the 11,10 mode in a rectangular wave guide in 
amperes per centimeter. 

complex space -time components of the electric field in- 
tensity of the 11,10 mode in a rectarg:lar wave guide in 
volts per centimeter. 

B-- -....... -.`` 1_ ...... 
\` \` \` ̀  ̀ 

-- ---------------`` A 

I 

I 

1 

I 

I 
I 

1 

I 
1 

I 

I 
1 

1 

1 

I 
1 

I 

1 I 9 3 .4 .5 .6 .7 .8 .9 10 11 1.2 1.3 1.4 1.5 16 1.7 

n12a 

Fig. 6. To obtain the cut -off wavelength of an air- filled rectangular wave 

guide; for given values of HI. n. u cm., I, cm., plot point f. Draw line 0:1. 
Draw arc .lit with O-1 as the radius. From the curve, for the ordinate value 

of B. find the corresponding abscissa value. The abscissa value multiplied 
by 10 yields the cut -off wavelength of the 1,rrn mode in centimeters. 
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C",,; D,,,., = boundary complex constants of the n,nt mode at the input 
and output extremities of the wave -guide. They depend 
upon the mode and the wave guide launching and receiv- 
ing systems. 

= Bessel's function of the first kind, order n. = first derivative of Bessel's function of the first kind, 
order n. 

p = variable along the radius of the circular wave guide and 
varies from 0 to b, where b is the inner radius of the 
circular wave -guide in centimeters. 

= argument of I [(k.,.,)(p)] when p = b. 

= argument of I: [ (k'.,..) (p) ] when p = b. 

Xa = symbol which represents either X.,., or X',,,., and is used 
in conjunction with the design curves. 

w = 271f = angular velocity of the exciting source, where f is the 
excitation frequency in cycles per second. 

I. E (kn,.)(P)1 I'. E14%.,..)(13)1 

= (kn,..) (b) 

= (12%.,,,)(b) 

10 -" 
0 = - e = absolute permittivity of the medium in farads per centi- 

36ir meter, where e is the dielectric constant of the medium. 
For air, e = 1. 

II = 4ír10-9 u = absolute permeability of the medium in henry per centi- 
meter, where µ is the relative permeability of the me- 
dium. For air, µ = 1. 

15 
Ail =-, where C= 

C' 

Y.,.. = j B.,., 

Y'n.,. = á n,w. + j B'.,.. 

speed of light in free space or air in centimeters per 
second. 

= propagation constant of the TM., mode. 

= propagation constant of the TE,,,. mode. 

a.,,. = attenuation constant of the TM., mode in nepers per 
centimeter. 

á.,.. = attenuation constant of the TE.,,. mode in 
centimeter. 

nepers per 

a. = attenuation constant of the n,m mode in db per centi- 
meter. It is a general symbol used with the design 
curves. 

2'2r 
Bn,.n = -= phase constant of the TM., mode in radians per centi- 

X.,n, meter, measured in the wave guide. 

2r 
= = phase constant of the TE., mode in radians per centi- 

meter, measured in the wave guide. 

wavelength of the exciting source measured in free space 
or air, in centimeters. 

wavelength of the TM.,,n mode measured in the wave 
guide in centimeters. 

= wavelength of the TE., mode measured in the wave 
guide in centimeters. 

= the cut -off wavelength of the TM",.. mode referred to 
free space or air. 

= the cut -off wavelength of the TE,,. mode referred to 
free space or air. 

X. = general symbol for the cut -off wavelength of the n,m 
mode. 

X = 

b' = the inner dimension of the rectangular wave guide meas- 
ured in centimeters along the x -axis. 

a = the inner dimension of the rectangular wave guide meas- 
ured in centimeters along the y -axis. 

1-1: Epn,,n 

F.en,., 

l-3 : E.7, 

1-4: Hp,,,, 

1-5: Hen,.. 

D 0 

cos (ne) + D,,.. sin 

sin (ne) - D.,., cos 

[C.,.. cos (ne) + D,,+n Sin 

[C.,,. sin (ne) - D.,., cos 

cos (ne) + D.,,. sin 

(ne)] 

(ne)] 

(ne)] 

(ne)] 

(ne)] 

Y 

AA 
Air 

b' - -- 
COMPONENTS OF THE MAGNETIC FIELD 

INTENSITY OF THE TM,.,n, MODE 

COMPONENTS OF THE ELECTRIC FIELD 
INTENSITY OF THE TM,,,. MCDE: 

Fig. 3. Relative directions of the field 
components of the Ttvt,, ,,, mode of rec- 
tangular wave guides in rectangular co- 
ordinates: .y. ., and z. (Propagation 

along Z axis). 

The Circular Wave Guide 
For an arbitrarily terminated cir- 

cular wave guide, the complex space - 
time components of the TM,,, are 
given in 1 :1 to 1 :5 inc. 

The term B.. a +-Y "' is indicative 
of the reflection caused by the arbi- 
trary termination. If the wave -guide 
is ideally terminated, this term reduces 
to zero. 

The metallic conductivity will be as- 
sumed to be infinite. As a consequence, 

1 -6: Eon,.. = Ez.,n, = 0, when p =b. 
From equation 1 -2 and 1 -3, this con- 
dition is satisfied only when 

1 -7: I. [ (k.,..) (b) l = I. (X.,..) = O. 

There are an infinite number of values 
of X ,, which make this possible. The 

[(k,.) ('Y,..) 
n 

I(yn,w) () 
P 

(e.,wt)l 

(fywl)l ( I. 
[(k,,,..) 

((ka") 

(p)]) 

(P)]) 

[ (k,..)2 ( (P)]) 
n [(-i) () (e'")] ( I. [(k.,..) (p)]) 
P 

I(+i") (k.,..) (PM 
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2 -1: Hpn,,. = C.o. cos (ne) + D.,w sin (ne)] [ (k',,.w) (1'n,w) (e"'")] { -J'. [ (k'.,w) (p)].) 
n 

2 -2: He..,. = [A.,., E 
:',,.n,L B..,w e'y' "'wE] [C.,w sin (ne) -D.,. cos (ne) ] [ (T.,w) ( -) (e*") ] ( In [(k'.,.) (p)1) 

P 

(ne)1 [ (k'.,.)2 (e " ") 1 ( J. [(k'.,.) (P)]) 
n 

(ne)] [( iwr) ( -) (i "'') ] ( I. [(k'.,..) (p)]) 

(ne)] [( -1 ) (k'.,..) (e "'")] ( -J'n [(k',,..) (P)1) 

2-3: Hs.,e, = [.9n,w E 
7'n, nl Bn,w E7'n,wE1 IC.,. cos (ne) + D.,w sin 

2-4: Ep.,w = [. Ín,w E i'"'L + B.,w E'7'"'"'E1 [C.,. sin (ne) - D.,. cos 

2-5: Een,w = [.fÍn, E- '"'L -f-- Bn,w e'r'"'"'s] [C.,w cos (ne) + D.,w sin 

important values of X ,,, are listed in 
Table 1. 

TABLE 1 

n \m 1 2 3 4 
0 2.4 5.52 8.65 11.79 
1 3.83 7.02 10.17 13.32 
2 5.14 8.42 11.62 14.8 
3 6.38 9.76 13.02 16.22 

Referring to equation 1 -1, the sub- 
script n is associated with sin (nO) or 
cos (nO), where n represents the num- 
ber of full cycles of field intensity 
variation which occur in going around 
the periphery of the wave guide. It is 
also the order number of Bessel's func- 
tion of the first kind. The subscript m 
is the rank of the zero values of J. 
(X,,,,,,). Thus X0, represents the argu- 
ment of root value of the Bessel func- 
tion of the first kind, order zero, which 
produces the first zero value of In 
(X,,) or a zero of rank 1. 

From the solution of Maxwell's equa- 
tions, the propagation constant of the 
TM mode evaluates to be : 

1-8: Yn,a, = V (k",w)' -W' (4II) = 
/ E ? s 

V ( kn,.. > ( - ) 
Xn,w 

where 
b 

Thus, when 

2ir 
a). k.,n, = - Viii,-cut-off of the 

X 

mode occurs. 
Therefore, 

1 -9: (A,,w) = 
2, 2/Tb - VEA = - \'Eµ 

Xn,m 
2Tr 

b). kn,w < -V eµ, propagation of the 
a 

TM,,,. mode occurs, so that, 

Yn, = +l ,/ 2^ : 
( .- \'Eµ 1 - k',.,, n, 

1-10: Bn,n, = 

41 2^ \' E 

7 

( µ 
" 

' 
?. 

. 

since a..,, is zero. From equation 
therefore, 

1 -11: X.,,, = 

24 

X 

VOLV 1 

(400 
which indicates that the wavelength meas- 
ured in the wave guide is longer than the 
excitation wavelength. This signifies a 
higher phase velocity of the mode. 

2'r 
c). k.,n, > - Veil, attenuation of the 

TM,,,. mode occurs. 
Thus, 7.0. = ( , Zs -d cµ or 

b X 

1-12: a.,w = 2?r 

since B.,w = O. 

The TM.,n, mode becomes a highly attenu- 
ated exponential field, the rate of attenu- 
ation being determined by a.,w. 

The complex space -time components 
of the TE.,,, mode in a circular wave 
guide are given in 2:1 to 2:5 inc. 

Y 

COMPONENTS OF THE MAGNETIC FIELD 
INTENSITY OF THE TE,,,,, MODE: 

AA 
421111/ 

Y 

COMPONENTS OF THE ELECTRIC FIELD 
INTENSITY OF THE TE,,m MODE: 

Fig. 4. Relative directions of the field 
components of the TE,,., mode of rec- 

1-10, tangular wave guides in rectangular co- 
ordinates; .c, -, and z. (Propagation 

along Z axis'. 

The boundary condition that 
: -' -6: Ee.,w = 0, when p = b, is now 

satisfied when 
?. -7: I" SX'.,n,) = O. The important 

values of X n,w are given by Table 2. 

TABLE 2 

n 1 2 3 

0 3.83 7.02 10.17 
1 1.84 5.33 8.54 
2 3.06 6.71 9.97 
3 1.20 8.02 11.35 

The propagation 
TE,, mode is 

2 -8: Y'n.n, =y (k'.,,,)' - (217 Veµ)', 

constant of the 

where 

= 
b 

Therefore, the cut-off wavelength be- 
comes 

27 
2 -9: (a' ",w)' _ - VEµ = 

Für propagation, 
2-10: 

2?rb - VIP 

/ j ( 22r 

V 
' r 2orVcµ 7 

Ep L J 
a (a'n,n )° 

or 
2-11: a'n,,. _ 

1, 

\rEµ V 1 - - ---- 
For attenuation, 
2 -12: á.,w = 
2?r 

Eµ ` x 

` 2arb 

f 

An excitation source arbitrarily ap- 
plied to a wave guide excites an in- 
finite number of TM and TE modes. 
Some propagate and others attenuate. 
However, a superposition of all the 
modes existing in the wave guide yields 
the resultant wave guide electromag- 
netic field pattern. By selecting a 
proper launching device, a single mode 
can be made to exist in the wave 
guide. This has been admirably dis- 
cussed by Southworth' and by Chu 
and Barrow.2 

Th. Rectangular Wava Guida 
The complex space -time components 

of the TMn,m mode established in a 
rectangular wave guide are: 
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For infinite conductivity of the 
metal, the boundary conditions become: 

Exn,.=O, when y=0ory=a; 

and 
Eye,. =0, when x =Oorx =b' 

From equations 3 -1 and 3 -2, these 
conditions are satisfied when, 

3-1: Ex.,. = (An,. e ye.Ml - el".'") [sin 

3-2: Ey^,M = (An,. B^,M e`yn..L) [sin 

3-3: Ez,.,M =(An,. er-7"'"z + B.,. e'Zro.ms) [sin 

3-4: Hx^,. = (An,M e-1^.Ma + Bn,. E'rn..a) [sin 

3-5: Hy.,,,, = (An,. E i^..L + Bn,. ei7^.MZ) [sin 

nsr MIT 
Therefore, k.= - and 1. _ - and the 

a h' 
propagation constant becomes, 

3-8: yn,. = 
i \a 

a h 
Thus, 

3 -9: (X.,.)` = 

f27t 
/' \ .µ 

V 
n 

:)21- 2a \b'/' 

COS 

COS 

cos 

cos 

cos 

The subscript n is an integer repre- 
senting the number of half cycles of 
field intensity variation which occur 
along the y -axis as y varies from o to 
a. The subscript m has the same sig- 
nificance along the x -axis as x varies 
from o to b' 

For propagation, 
3 -10: Ba,. = 

` 2 \J - L ` na + ` 7 ' J b 

4-1: 

4-2: Hy., 
4-3: 

4-4: Ex.,. 
4-5: Eyn,M 

_ (A^, e-7'n..l Bn,M 

= (.1,,.ro, E-1'^.Ma + Bn,. 

- (in.,,, E i ro.Ml + Bn,. 

= (.-1ro,. E-.)'n,Ma + B n,M 

The boundary conditions of the TE 
modes are the same as those for the 
TM modes. As a consequence, 

r 

15 20 25 30 35 40 
A`/b 

Fig. 5. To determine the cut -off wave- 
length, X,, of the r,.m mode in an air - 
filled circular wave guide correspond- 
ing to radius b cm. and root value .\ /,. 
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3 -6 : sin [ (k) (a) ] = 0, for Ex, = 0 

3 -7: sin [(1.)(b')] = 0, for F.y ",M = 0 

[-(IM) (ynrrorl (EJrl)1 

[-(kn) (Yn,M) 
(es1m/)] 

[ (k'^+/'.) (e'Jde) 

[(+iwA) (k^) (e+1")1 

[(-im0) (1.) (E"")] 
and for attenuation, 

3-11: a,.,. =- 

J r ( 1 r l 
The E111 is the lowest order mode 

possible since modes of the type Eaa, 
E,,,,, and Ea m cannot exist, as is evi- 
dent from the space -time components. 

The complex space -time components 
of the TE modes created within a rec- 
tangular wave guide are deduced to be, 

[sin [(k.,) (y)] cos [(!.) (x)]] [ -(1.) (y,.,,.) (e'1")] 
[sin [(1.) (x)] cos [(kn) (y)]I [ -(kn) (y',,,,) (c.")] 
[sin [(k.) (y) I cos [ (1.) (x)11 [ (k2 ̂  +1'.) (e ") 
[sin [(1.) (x)] cos [(k ̂ ) (y)]] [( +lwT) (k ̂ ) (e"'")] 
[sin [(kn) (y)] cos [(1.) CO]] [( -iT) (ln.) (e*-"")] 
ter nuT 

kn = - ana 1. = 
b' 

Thus, 
4-6: (1,',,.) ` = 

\' Eµ 

` /' 2a + ` 26' )' 
When the mode propagates, 

4-7: B'.,. = 

(2 'o )' [ ) 
6 - / J 

and when it attenuates, 
4-8: a 

`J \/ 
[ 

aT 
( b / ' k 2- "cii ' 

Except for H o, all the TE modes 
rnn 

Design Curves for 
Air -Filled Wave Guides 

The cut -off wavelengths of the TE 
and TM modes in a circular wave guide 
of a given radius can be ascertained 
from Fig. 5. For the rectangular wave - 
guide, refer to Fig. 6. 

The attenuation constants of either 
the TE or TM modes in a circular or 
rectangular wave guide are deduced 
from Fig. 7. 

Bibliography: 
1. G. C. Southworth, "Hyper- frequency 

Wave Guides." Bell Sys. Tech. Journal, 
Vol. 15, April, 1936. 

2. Chu and Barrow, "Electromagnetic 
Waves in Hollow Metal Tubes of Rec- 
tangular Cross -Section." Proc. I.R.E., 
Vol. 26, Dec., 1938. 
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-1.0 15 2.0 30 35 40 45 50 55 

Fig. 7. To determine the attenuation 
stant ,,,, in db per centimeter of the ans 
mode in an air -filled circular or rectang- 
ular wave guide. For a given excitation 
wavelength, X, and the cut -off wavelength 
of the n,m mode, X find the ordinate 
value corresponding to the ratio X /X,. 
This ordinate value multiplied by 20 / 

yields 
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I 

T MAY BE said, in general, that the 
high frequencies have lacked in large 
measure the benefit of good fre- 

quency stability as compared to the 
lower frequencies under approximately 
ten megacycles where crystal control 
has been usefully applied. Whether this 
stability was needed from the trans- 
mitter source or for the control of the 
receiver circuits, crystal control be- 
tween ten and fifteen megacycles has 
been the useful fringe for the funda- 
mental type of oscillator crystal. 

When crystal control is thought of 
for use at frequencies up to one hun- 
dred megacycles and over, multiplier 
stages and buffer amplifiers must be 
used for the accomplishment of the 
higher frequency crystal stability de- 
sired. It would be an advantage to be 
able to obtain a source of crystal -con- 
trolled high frequency voltage without 
the use of additional, and costly, auxil- 
iary intermediate stages. 

Interference 
In the future, this reduction in the 

number of radio - frequency multiplica- 
tions generated for a given frequency 
multiple desired will be necessary for 
the elimination of spurious interference 
to received signals. For example, the 
use of pretuned channels in f -m and 
television receiving equipment will be 
most convenient and, with the wider 
band widths employed in this type of 
service, it may be very troublesome to 
have harmonics of the base oscillator 
interefere with a portion of the higher 
f -m and, especially, television carriers. 
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This thinking, of course, assumes 
that conventional crystal oscillator cir- 
cuits and crystal plates are used for 
this purpose. It is logical to assume 
that the availability and economic 
structure of the production of crystal 
plates will allow the full consideration 
of equipment designed for their ad- 
vantages. In any event, as the services 
are extended to the higher frequencies, 
the possibility of continuing to utilize 
standard self- excited oscillators does 
not yield the frequency stability re- 
quirement so important in the assign- 
ment and allocation of the additional 
services to be accommodated as time 
goes on. 

Crystal oscillator circuits are usually 
considered rather straightforward 
items in design and not unusual or diffi- 
cult propositions. And so they may be 
for the equipment and frequencies 
normally encountered in past ex- 
periences. However, certain fundamen- 
tal problems must be considered for the 
use of crystals in circuits of higher 
frequencies. The chief differences are 
found in the method and manner of 
vibration of the crystal to be used in 
high- frequency control. At the same 
time it may be expected that the oscil- 
lator circuit itself will be modified to 
more suitably satisfy the reactances 
found at the higher frequencies. 

AUGU 

X'A L 

1 
Fig. 1. Tuned plate crystal oscillator 

Circuit Analysis 

Fig. 1 illustrates a familiar crystal 
oscillator circuit in which the plate cir- 
cuit elements Ll and Cl are arranged 
to vary the tuning of the fundamental 
frequency of the crystal element. Fig. 
2 illustrates the impedance network 
formed by the values associated in 
Fig. 1 where 

Z.,., is the effective impedance of the 
crystal at its resonant frequency. 

E,. is the radio frequency voltage 
measured between the grid and 
cathode. 
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An analysis of high- frequency crystal oscillator circuits is given. 
A special circuit for high harmonic operation is discussed. 

Zre 

Z., 

Zr., 

R, 

Fig. 2. Impedance network of tuned plate crystal oscillator. 

represents the impedance of the 
circuit between the grid and 
cathode, consisting of the inter - 
electrode capacity and circuit wir- 
ing. It should be noted that the 
impedance of the crystal is shown 
separately although it may be in- 
cluded with this value. 
represents the grid -to -plate impe- 
dance. 
is a measure of the plate -to- 
cathode impedance. 
is the plate resistance of the tube. 

The circuit shown is to be considered 
as operating in the class A region as 
an oscillator with ED, and µED, essen- 
tially 180 degrees out of phase. As the 
value of Cl is altered in Fig. 1 a region 
will be approached where an inductive 
plate load will be presented to the 

RADIO * AUGUST, 

resonant frequency of the oscillator 
grid circuit and may start oscillation in 
the crystal shown in the circuit. The 
impedance Zp, will be relatively low 
compared to the value to be found asso- 
ciated with ZD,. 

The current Ip, will be found to lag 
µED, and Ep, will be equal to NWD, 
minus Rp Ix. 

It can be seen that 

Eve = E,., + E,, 
so E,, = Z,, 1,, 
and I,, = 1 g Z,e = Ere 

When the plate circuit reactance is 
inductive, in this case Zp and in the 
circuit shown, the coupling impedance 

1944 

Zu, is capacitive, ZDQ will become a 

negative reactance and the effective re- 
sistance of the circuit looking from the 
crystal impedance will permit sustained 
oscillations to occur, provided the cir- 
cuit parameters are so adjusted as to 
allow the proper phase relationship 
between ED, and Iv, to be maintained. 

At this point the crystal will assume 
control of the grid voltage and con- 
tinue to vibrate alternately at the elec- 
tromechanical frequency it has been 
designed for. The major electrical 
the dielectric capacity of the plate as 

well as the direct piezo -electric effect. 
The mechanical system, consisting of a 

discrete mass and stiffness, is electric- 
ally analogous to the inductance and 
capacity. 

These are the useful crystal charac- 
teristics apart from the electrical equiv- 
alent conditions mentioned. This me- 
chanical medium is coupled to the 
phase requirement of the oscillator 
proper through the piezo -electric coup- 
ling voltage generated by the potential 
supplied by the circuit. The value of 
this piezo -electric voltage in the cir- 
cuit depends, in general, upon the 
method of mounting and exciting the 
crystal. Other variations, such as size 
and quality of the crystal and degree 
of skill used in the final adjustments, 
have a direct effect upon the worth of 
the crystal plate for high- frequency 
operation. 

In Fig. 3, the piezo -electric coupling 
coefficient can be determined by the ra- 
tio of capacities given by 
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C3 P= 
Cl + C2 

As the value of P diminishes the reson- 
ant frequency Fr and the anti -resonant 
frequency Fa will diminish in fre- 
quency separation also. See Fig. 4. 

This results in a smaller positive re- 
actance region which will in turn limit 
the amplitude of the developed oscilla- 
tor voltage. 

Equivalent Circuit Values 
In order to work intelligently with 

impedance values of the crystal eh. 

ment, a determination of the equivalent 
electrical values is in order. Equiva- 
lent circuit value measurements for a 
quartz crystal may be obtained by care- 
fully following procedures of substi- 
tuting values of known order in place 
of the crystal equivalent quantities. 
These electrical constants may be ap- 
plied to the circuit analysis and permit 
a precise degree of planning for the 
design of crystal oscillator circuits. 
This will result in knowledge of the 
circulating crystal currents and the equi- 
valent resonant frequency that will be 
obtained when a crystal of known elec- 
trical constants is used in the circuit. 

The crystal manufacturer should be 
able to supply the equivalent circuit 
constants of his various units and 
thereby provide a set of values that 
are more easily coordinated with the 
equipment in which it must be used. 
This procedure will be ideal for 
matching exact frequency calibrations 
between circuits used at different lo- 
cations and where carefully adjusted 
matched frequencies are required. 

Maasuremants 
For such measurements to mean 

much, the effects of crystal holders and 
associated mountings must be kept very 
uniform or variations of this type must 
be held to a minimum. The measure- 
ments can be obtained through the use 
of a variable radio - frequency energiz- 
ing source from which the crystal 
under test is excited. The resonant 
frequency of the crystal is observed by 
checking the maximum deflection of a 
suitably connected vacuum tube volt- 
meter, used with a matching network as 
an indicating source of the resonant 
regions of the crystal plate. See Fig. 5. 

The frequency of the crystal is meas- 
ured and the vacuum tube voltmeter 
readings noted. The matching network 
may require a degree of adjustment 
depending upon the frequency of the 
crystal being measured as well as the 
type of associated components used in 
the crystal hóusing. A non- inductive 
variable resistance is substituted for 
the crystal at this point and adjusted to 
give the same vacuum tube voltmeter 
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Fig. 3. Crystal equivalent network. 

reading at the output of the network 
that existed with the crystal in the 
circuit. The measure of resistance ob- 
tained will be equivalent to the value 
Rl in Fig. 3, representing the equiva- 
lent circuit of a normally mounted 
quartz plate. 

With the crystal replaced in the 
measuring circuit, a curve is now plot- 
ted of the exciting voltage value 
against frequency. The output voltage 
is maintained constant during these 
measurements. This measurement 
must be accurately plotted and prefer- 
ably extend uniformly below and above 
the parallel and series resonance points. 
At this point, a known value of fixed 
capacity is substituted for the crystal 
in series with a value of resistance 
equal to Rl just measured. With this 
combination in the circuit the input ex- 
citation is adjusted until the output 
measurement of the vacuum tube volt- 
meter is the same value as that pre- 
viously obtained with the crystal in po- 
sition. From the curve obtained of in- 
put measurements versus frequency, a 

value of frequency is found at which 
the crystal reactance is equal to that of 
the substituted capacitor. 

It is now possible to compute the 
equivalent circuit inductance of the 
crystal network. This is found from 
the following: 

Fig. 4. Reactance of tuned circuit. 

6Xc 
L= 4irOF 

Where Xc is the reactance of the 
substituted capacity at the measuring 
frequency, and F is the frequency in- 

crement as measured from the series 
resonant frequency Fr. 

The crystal equivalent series capacity 
Cl is found from the formula 

1Y 
Cl = 

(27rFr) 2L 

The crystal shunt capacity C3 in series 
with the airgap capacity of the elec- 
trodes of the crystal unit are shunted 
across the equivalent crystal network. 
The crystal reactance will have a value 
given according to the following: 

Xc= 4?TOFL 
From the foregoing brief analysis 

of the functioning of a quartz plate 
capable of exhibiting a positive re- 
actance necessary for the control of 
an oscillator circuit, this set of affairs 
becomes most important in the high - 
frequency harmonic type of crystal and 
circuit. 

Crystal "Q" 
The ability of the crystal to perform 

this function efficiently is generally 
referred to as the Q of the quartz-plate. 
This may be computed from the follow- 
ing: 

1 

= 
2ar Fr Cl Rl 

eF 
R. F. 

SOURCE I- t- 
Q- I- 

Fig. 5. Circuit for determining equivalent crystal values. 
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ADJUSTED 
TO 

DESIRED 
CRYSTAL 

r 
C) 

o 

It has been shown by previous inves- 
tigation (1) that it becomes increas- 
ingly difficult to excite the higher har- 
monic vibrations where a positive re- 
actance of sufficient order is required 
to have the crystal assume control of 
the circuit. The limits involved may 
be shown as 

P 1 - > - 
? Q 

As explained the ratio of capacities 
found in the grid circuit divided by two 
must be greater in numerical value 
than the inverse quantity of the Q. 
In order to counteract the effect of the 
static shunt capacity C3 across the 
crystal itself, which adversely affects 
the positive reactance desired, a differ- 
ent method of connecting the crystal 
to the oscillator circuit is reortr+l too. 

Fig. 6. Simple 
form of bridge 
oscillator cir- 

cuit. 

See Fig. o. A balanced network with 
equal impedances in the various 
branches, calculated against the crystal 
with its associated reactions, is the im- 
pedance balance required to reduce the 
shunting effect of C3. 

With the effect of this value of capa- 
city removed through a static balance 
of the capacities of the circuit, a posi- 
tive crystal reactance may be obtained 
by careful adjustment of the oscillator 
circuit. At best, the value of C3 is 
always the value of the associated shunt 
capacity, to a larger or smaller degree, 
depending upon the mounting charac- 
teristics of the crystal unit. Its reac- 
tance becomes increasingly less as the 
order of mechanical crystal harmonic 
increases. 

It is at once apparent that in order 
to be able to use, for example, the 

C4 

E--- -- BALANCING 
CAPACITANCES 

H X TAIL 

C+ To resonate to the 
L2 C2 desired crystal harmonic. 

L3 

L3- Feedback coupling coil. 

C4 - Equal to crystal shunt 
reactance. 
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Fig. 7. Bridge 
circuit for high 
harmonic exci- 
taticn The bal- 
ancing capaci- 
ties and C4 are 
low values of 
capacitance; for 
b e s t perform- 
ance, under 5 to 

10 iipf. 

fifteenth harmonic of a six -megacycle 
crystal plate it is necessary that the 
reactance of the components associated 
with the crystal be of an order that 
will permit the crystal to provide the 
necessary amount of control reactance. 
To perform this function, a crystal 
must be prepared with great care in 
the final grinding stages. The plane 
parallel surfaces must conform to a 
symmetry and polish that is unusually 
perfect in view of past technique. 

Fig. 5 is a simple schematic diagram 
of a form of high- frequency bridge os- 
cillator circuit. Its adjustment is crit- 
ical although relatively simple with an 
active crystal. Ll and Cl are designed 
to resonate the fundamental frequency 
or the odd multiple frequencies of a 
thickness mode oscillator crystal. The 
'voltage tap may be adjusted to the best 
position of balance determined by ex- 
periment and depending upon the phy- 
sical construction of the oscillator cir- 
cuit. For high frequency use it is just 
as important to follow compact design 
in the oscillator stage as would be con- 
sidered for amplifier stages at these 
frequencies. 

C.?, in parallel with the plate and 
grid interelectrode and connected 
capacitances, is made adjustable so that 
this part of the circuit may be balanced 
against the crystal and holder reac- 
tances removed from resonance. 

With the circuit in a balanced condi- 
tion, no feedback is permitted until the 
tuned circuit is brought near the re- 
sonant frequency of the crystal. A dis- 
turbance of the balance through the in- 
troduction of a feedback voltage is pos- 
sible at the sharply resonant frequency 
of the crystal. 

Crystal Circuit for 
High Harmonic Operation 

In Fig. T an oscillator circuit is 
shown, as disclosed previously,* which 
is capable of driving a crystal at a 
high harmonic of its fundamental fre- 
quency. The necessary phase shift is 
introduced by the inductance arrange- 
ment and the resonant circuits are 
tuned so that their anti -resonant fre- 
quencies coincide with the resonant 
harmonic of the crystal. This is the 
condition for maximum output and sta- 
bilization against voltage changes. 

In operation, the condenser balancing 
the crystal is turned off its balancing 
value and the circuit is allowed to os- 
cillate uncontrolled by the crystal. The 
grid and plate tuned circuits are next 
adjusted until maximum output results 
near the desired crystal frequency. 
the balancing condenser is then ad- 
justed toward balance and the oscilla- 
tion will usually stop. 

[Continued en page 681 
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RESISTORS 

Their Construction & Behavior 

THE wire -wound resistor possesses 
properties fundamentally different 
from the fixed -composition type 

previously described. Its stability, pre- 
cision, and power -handling ability are 
easily controlled, in distinction to the 
composition type. 

Wire -wound resistors have been sub- 
divided into three general types for 
ease of description : 

a.) Fixed wire- wound, power type. 
b.) Fixed wire -wound, high stability, 

precision type. 
c.) Fixed wire -wound, low operat- 

ing temperature. 
Each stems from a basic limitation 

of the composition resistor in rigorous 
service. 

The fixed wire -wound power type, 
in general, contains materials inorganic 
in nature. For this reason, higher op- 
erating temperatures may be imposed. 

A typical power resistor is the 10- 
watt vitreous or cement coated resis- 
tor, 1g" long and Y8" outside diameter. 
Consider, for a moment, its construc- 
tion as illustrated in Fig. 1. The com- 
ponent parts of the resistor are the 
ceramic tube, resistance wire, terminals 
and coating. 

A refractory tube is selected as the 
vehicle on which the wire is to be 
wound. These tubes are fairly well 
standardized by usage in the resistor 
industry and have also been standard- 
ized by the RMA, as shown in Table I. 
Tubes obtained from ceramic manu- 
facturers-or in some cases made by 
the resistor manufacturer himself - 
are held to close tolerances compatible 
with the ceramic material. 

Resistor Construction 
The resistance wire selected, avail- 

able from four or five sources in this 
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PART 2 

Factors which enter into the 

manufacture of wire -wound 

resistors, and their char- 

acteristics, are described 

country, is chosen for high resistivity, 
low temperature coefficient of resis- 
tance, and low iron content because of 
magnetic and corrosion difficulties. The 
wire is wound spirally on the tube with 
a separation between windings of 4 
of a wire diameter to a wire diameter. 
Brazed to the terminals embedded in 

RESISTANCE 
WIRE 

COATING 
CERAMIC 

CORE rit LY///A!!// 

%/ / // N / // / / H // / I<1Z]lZZZZi=iZZ1 
2 WIRE DIAMETERS 

III 'V 

Fig. 1. Cross -section of resistor with 
typical organic or inorganic coating 

the ceramic tube, the wire and core 
are washed with water and acid to 

remove oxide coatings and other im- 

purities. Good adherence of the coat- 
ing cannot be obtained otherwise. 

Selection of the succeeding coatings 
is of importance if the resistor is to be 

assured a reasonable life. The factors 
in the selection of the coating are am- 
bient conditions to which the resistor 
will be exposed, the temperature at 
which it will operate including the tern - 

perature rise caused by application of 
rated load, and the coefficient of ex- 
pansion of the tube, resistance wire, 
and coating. It is this last factor that 
becomes increasingly important. To 
keep to a minimum the cracking of the 
coating with changes of temperature, 
the coating must be selected to match 
the coefficient of expansion of the wire 
and the tube. 

The materials used in the preparation 
of the vitreous coating are many; 
among them are borax, sodium nitrate, 
oxides of aluminum, lead, magnesium, 
or tin. Color materials such as oxides 
of cobalt, iron, manganese, chromium, 
or nickel are added. The materials 
are selected with respect to the mate- 
rials to be coated and the permissible 
fusing temperature. Ground, melted, 
poured into cold water, the material 
shatters into fine particles insoluble in 
water. From this process the basic 
"frit" is derived. Frit, a glass -like 
substance, is mixed with water and 
some suspension agent. 

Two coatings are usually applied : a 

ground coating and a finished coating. 
The ground coat is sprayed, dipped, or 
dusted in dry form over the resistance 
element. The coat is fired at a tem- 
perature between 800 °C. and 900 °C. 
Essentially, this ground coat serves the 
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METALLIZED 
COATING RESISTANCE 

WIRE 

FERRULE 
AND SEAL 

GLASS 

CERAMIC CORE 

Fig. 2. Cross -sectional view of 
typical glass -sealed resistor 

useful purpose as a prime coat to match 
the thermal expansion of the wire and 
of the outer coat. 

The finished coated is usually applied 
wet and fired at a somewhat lower 
temperature. 

Cement Coating 
A similar coating is called a cement 

coating and is supplied by several 
manufacturers as an alternate high - 
temperature coating. Here the coating 
consists of finely -ground silicon and 
metallic oxide particles, held suspen- 
ded in a water solution. The finished 
coating is applied moist and baked to 
final hardness instead of firing. The 
temperature of baking is lower than 
the firing temperature of the finished 
coat of vitreous enamel. 

The baking temperature or the fir- 
ing temperature is of importance in 
predicting the behavior of the finished 
resistor. Properly controlled in either 
case, the resistor will give satisfactory 
life. Two things happen in the firing 
which are destructive if the tempera- 
ture is not properly controlled: the 
formation of an oxide coating on the 
resistance wire with an attendant 
change of resistance, and excessive 
"walking" of the wire with an atten- 
dant shorting -out of turns. 

Even in normal construction, the 
wire walks a bit. This leads to a mini- 
mum precision to which a power -type 
resistor can be production -built, with- 
out special sampling. The walking is 
caused by the fusing of the coating 
under extreme temperatures and with 
the resistance wire momentarily free 
from its ceramic body and from the 
coating. At this time the wire moves 
and piles up over another bare turn, 
shorting out. 

Several coatings in addacion to those 
described above have been employed 
successfully for other applications. For 
excessive humidity conditions the in- 
organic coating (vitreous enamel or 
cement) has its limitations. These fail- 
ures are caused by the porosity of 
the coating and lead to poor resistance 
to salt water immersion cycling and 
thermal shock. Two substitutes are be- . e 

TABLE I 

RMA STANDARD RESISTOR CORE SIZES 

Outside Inside 
Power Rating Diameter Diameter Length 

(Watts) (inches) (inches) (inches) 

10 5/16 5/32 1 3/4 
20 
25 

12 
1/2 5/16 21/2 

40 3/4 1/2 3 1/2 
50 3/4 1/2 4 1/2 
80 3/4 1/2 61/2 
100 1 1/8 3/4 61/2 
160 11 /8 3/4 8 1/2 
200 1 1/8 3/4 101/2 

ing produced commercially which will 
meet the requirements of the salt -water 
immersion cycling. 

Probably the earlier of the two was 
the introduction of an outer organic 
insulating film. Later this was applied 
in the form of a cement and of a 
paint coat. This coating did not lead 
to the formation of harmful oxides or 
to the troubles encountered in the wire 
walking. Because the coating was or- 
ganic and form at low temperatures, 
often insulated wire could be employed 
with a reduction in space. Its limita- 
tions are the basic limitations of or- 
ganic substances, for high temperature 
operation is not satisfactory with this 
resistor. The construction is essen- 
tially the same as the inorganic, illus- 
trated in Fig. 1. 

The second substitute was a glass - 
sealed ferrule -ended resistor shown in 
Fig. 2. The glass selected has a co- 
efficient of expansion approaching that 
of the ferrule ends. The internal con- 
struction is the same as the other 
types ; externally, however, the coating 
is not intimate with the resistance wire 
hut serves as a sleeving. 

The resistance element is placed 
inside the glass sleeving which has 
been metallized on each end. Over the 
glass end a low melting alloy is formed 
or pressed. When complete the unit is 
submersion- proof. 

At least one manufacturer departs 

from single -layer winding in his con- 
struction of the glass- sealed unit. Here 
a progressive winding, described below, 
can be employed. 

Rating Methods 
Before discussing the limitations of 

each, it is necessary that we examine 
the commercial criterion for the rat- 
ing of resistors. This method of rating 
has lead to derating factors, the sub- 
ject of Fig. 3. 

RMA adopted as standard in Novem- 
ber, 1935, the following : 

"M4- 333 -It shall be standard to rate a 
ceramic tube resistor with inorganic coat- 
ing as that power in watts which will pro- 
duce 250° C. rise at the hottest spot of a 
two- terminal resistor when it is suspended 
in air at least one foot away from the 
nearest object. This measurement shall be 
made at an ambient temperature of 40° C. 

"M4- 334-It shall be standard to rate a 
ceramic tube resistor with organic coating 
as that power in watts which will produce 
125° C. rise at the hottest spot of a two - 
terminal resistor when it is suspended in 
air at least one foot away from the nearest 
object. This measurement shall be made 
at an ambient temperature of 40° C." 

As a result of this convention, or- 
ganic resistors were rated at 40% of 
the inorganic resistors using the same 
size tubes. Subsequent statements have 
redefined the inorganic resistor as 
"suitable for continuous operation at 
a maximum temperature of 275° C." 
and the organic resistnr as "suitable 
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Fig. 3. Derating Cure for higher ambient temperature operation. Curve A is for 
resistors suitable for continuous operation C. at 275 C, max.; Curve B for 200 C. 

and Curve C or 125 C. Resistors. 

* AUGUST, 1944 31 

www.americanradiohistory.com

www.americanradiohistory.com
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RESISTANCE WIRE OR RIBBON 

Fig. 4. Typical bare resistor construction 

for continuous operation at a maxi- 
mum temperature of 125° C." 

Here it is assumed that measure- 
ments are conducted on random sam- 
ples with a sensitive temperature - 
indicating device such as a thermo- 
couple. Basically, the objection to the 
assumptions made by the early stan- 
dardization was that additional to the 
standardizing on the methods of meas- 
urement, core forms were also stan- 
dardized with wattage value. Every 
manufacturer therefore said that a 
1x4" long by 5/16" ceramic o.d. by 
5/32" ceramic i.d. was a 10 watt type, 
regardless of the true wattage rating. 

In general, distinctions were made 
by the National Underwriters' Labora- 
tories and NEMA among organic, in- 
organic, and "bare" resistors. These 
distinctions are carry -overs from other 
allied fields such as the field of wire 
insulation. Organic and inorganic re- 
sistors were rated in similar fashion 
to the RMA definitions above, but 
another class of bare resistor was in- 
troduced to classify those resistors with 
a 350 °C. temperature rise. 

Since the type of coating, thickness 
and chemical content, varied consider- 
ably, there was no true wattage rating 
on resistors. Some recent measure- 
ments made indicate that a manufac- 
turer can increase his wattage one- 
third by proper control of the thick- 
ness of his coating. 

LOW- MELTING 
ALLOY TIP 

RESIN 
CEMENT 

C TUBE 
IC INSULATED 

RESISTANCE WIRE 
(SINGLE LAYER OR 
PROGRESSIVE WINDING) 

Fig. 6. Cross -Section 
of axial type resistor 
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It is these definitions that show the 
other failings of power resistors. Cer- 
tain insulation cannot handle sufficient 
power in small sizes. 

Wire Size 
Wire size has also been a controlling 

factor in the type of coating selected. 
It is generally recognized that wire 
below approximately .0015" diameter 
is mechanically weak. Additionally 
small diameter wire presents problems 
in the firing operations increasing the 
spoilage. 

Here again, the vitreous unit has its 
limitations. The Armed Forces have 
required therefore that .0025" diam- 
eter wire be the smallest employed on 
all power types used in their equip- 
ment. The decrease in wire size is not 
as critical in the case of the organic 
or cement coated, for high tempera- 
tures are not required to form the 
coat. Still, small wire is easily over- 
loaded or broken. In the glass -sealed 
unit, the size of the wire is relatively 
an unimportant consideration. 

The above comments however refer 
to the mechanical strength only re- 
quired of resistance wire. Addition- 
ally, safe current densities limit the 
use of small diameter wire. 

Several interesting variations have 
been introduced into power -type wire - 
wound resistor construction. The bare 
resistor, previously mentioned and il- 

lustrated in Fig. 4, has a thin coating 
of vitreous enamel over the resistance 
element and core. The resistance ele- 
ment instead of consisting of a spir- 
ally -wound resistance wire consists of 
twisted spirally -wound ribbon of re- 
sistance material. The ribbon is 

crimped continuously and then wound. 
These resistors have little, if any, 

ability to resist corrosion of the salt- 
water immersion cycling type. They 
do, however, operate successfully at 
high temperatures (350 °C. rise). Their 
primary lack is the maximum resis- 
tance obtainable under this construc- 
tion. Because the resistance element 
consists of a ribbon instead of wire, 
the resistivity is considerably lower. 
Because the windings must be sepa- 
rated to give proper ventilation, the 
resistance winding space is low. Be- 
cause the wire is exposed, the wire 
diameter must be increased to five 

sufficient mechanical strength. 
In certain protected applications 

with low resistance but high power, 
the designer can save half the space. 

Progressive Winding 

Another interesting variation intro- 
duced recently is a progressive wind- 
ing on resistors. The typical resistor 
is single -layer wound with a one - 
diameter separation and with bare re- 
sistance wire, primarily because the 

typical, wire insulation will not with- 
stand the high temperatures needed in 
manufacturing resistors. The pro- 
gressive winding, shown in Fig. 5, is 
possible only because of two factors: 
one, a good insulation on the wire - 
in this case, a sintered ceramic mate- 
rial -and second, the design of the re- 
sistor is such that no high tempera- 
tures are necessary. 

The resistance element is single or 
progressively layer wound of insulated 
resistance wire on a refractory tube. 
The contact to the metal leads is made 
by embedding the leads and the end 
of the resistance winding in a low 
melting alloy material. This prefabri- 
cated part is slipped into a glazed 
ceramic shell and the ends sealed with 
a resinous cement, melamine or phe- 
nolic. 

This progressive 
higher resistance values than are us- 
ually obtained in the conventional 
styles. The wattage is limited to a 
200 °C. rise due to the organic ends 

winding leads to 

AUGU 

Fig. 5. Progressive winding which 
tends to reduce voltage gradients 

and because of the low melting alloy 
tips. The construction, shown in Fig. 
6, is radically different from the types 
in general use. The limitations of this 
resistor appear to be its somewhat 
lower operating temperature the pos- 
sibility of steep wave fronts or other 
surges breaking down the wire insu- 
lation by causing a momentary over- 
load, and the effectiveness of the 
sealed ends. Types recently tested 
show that the resin employed for seal- 
ing the ends is capable of exposure to 
a wide range of temperatures and 
moisture conditions without any no- 
ticeable damage. 

As a means of summarizing the 
types described, the author wishes to 
list the advantages and disadvantages 
of the types surveyed: 

Inorganic coating (vitreous enamel 
or cement) . . . medium resistance 
range, high power handling ability, 
limited ability to meet salt -water im- 
mersion. 

Organic coating . . . extended re- 
sistance range with small diameter wire 
or insulated wire and non -space wound, 
lowest power handling ability, high 
ability to meet salt -water immersion. 
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Fig. 7. Typical bobbin resistor 

(:lass -scaled coating ... medium re- 
sistance range which can be increased 
with progressive winding, high power 
handling ability, high ability to meet 
salt -water immersion, large in size. 

Bare resistor . . . low resistance 
range, highest power handling ability, 
not satisfactory under salt -water im- 
mersion or extended high humidity. 

Progressive1 y- wound a.riul t y pc . . . 

high resistance range, medium power 
handling ability, not satisfactory under 
salt -water immersion but satisfactory 
under extended high humidity. 

Consider this another way : 

It'atts /cubic inch (1/nus /cubic inch 
1. Bare resistor 1. Axial type 

2. Inorganic 2. Organic coating 
coating 3. inorganic 

3. Glass -sealed coating 
4. Axial type 4. Glass -sealed 

Organic coating 5. Bare resistor 

Precision Resistors 
The precision resistor poses sonic 

additional problems %which are not akin 
to the power resistor. The construc- 
lion of several types of precision re- 
sistors, shown in Figs. î and 8, will 
point out the differences to be encoun- 
tered. 

A precision resistor, without regard 
for its construction, is fundamentally a 
fragile piece of equipment. It is wound 
to an accuracy commercially of U.1':, 
or better and is built to handle small 
power requirements xvith high resis- 
tance values to 10 niegohnis or more. 

The resistance wire is carefully 
selected to be of constant diameter aitd 
resistivity. It is commonly hand wound 
to insure its precision. After the com- 
pleted winding is assembled, the units 
are usually coated or covered for 
humidity protection. 

The more common precision resistor 
is the bobbin style illustrated in Fig. 7. 
Here an even number of sections are 
filled with resistance wire. The direc- 
tion of winding is reversed every pie 

sectiIfi t to Create a 111)11 -Inductive 
elfcct. Non- inductive qualities of wire- 
wound units Nvill be discussed later. 

The second construction, Fig. 8, em- 
ploys a ceramic or paper tube for the 
coil form and interlaces the resistance 
layers tvith insulating paper. The di- 
rection of winding is changed fre- 
quently to create a non -inductive effect. 
This resistor gives better dielectric 
protection, but is effectively larger. 

Several types of coating are em- 
ployed including the usual impregnat- 
ing varnishes and waxes. Several 
covers have been used, including a 
glass tube and a cellulose acetate wrap. 

Upper limit on the wattage is about 
120 °C. ambient (hot spot) tempera- 
ture. The wire insulation employed 
and the impregnating compounds pro- 
hibit the resistor's use above that 
point. 

Types of Wire Used 

nett t pc i %%ire are used ill 
precision resistors: Nichronte or equiv- 
alent with high resistivity and highest 
( of the three) temperature coefficient 
of resistance; constantan with a me- 
dium resistivity, high thermal e.m.f. 
against copper, and lowest temperature 
coefficient of resistivity; and manganin, 
Nvith the sane properties relatively as 
constantan, but a low thermal e.nt.f. 
against copper. 

The weaknesses of precision resis- 
tors as now prepared can be traced to 
the tendency on the part of some 
manufacturers to pack as notch resis- 
tance as possible onto the smallest 
possible spool. This can be clone only 
by decreasing the wire diameter. Some 
units have been built with wire diam- 
eters approaching .111107 ". To say that 
this leads to instability is understating 
the case. With the use of small diam- 
eter wire, the resistance increases as 
the square of the ratio of the wire 
diameters, but the loss of mechanical 
strength and the decrease of dielec- 
tric strength increases at a more alarm- 
ing rate. 

The end result of employing smaller 
diameter wires is a precision resistor 
with limited life. With the decrease 
in insulation thickness, the dielectric 
protection diminishes; with the de- 
crease in metal sizes, winding stresses 
are more readily set up but less read- 
ily removed by the usual ageing pro- 

RESISTANCE 
WIRE 

FILAMENT 

MOLDED 
PHENOLIC 

21l1111S1"Hur 

TINNED WIRE LEADS 

Fig. 9. Low temperature oper- 
ating wire-wound resistor 

cesses; decreasing the wire size gives 
corrosion more chance to set in. 

The Armed Forces are insisting on 
a wire size not smaller than 1.5 -mil 
diameter in their proposed specifica- 
tion on resistors. These specifications 
are not final as vet -but 1.5 -mil diam- 
eter is just on the borderline unless 
further protection is given the finished 
component. Such provisions are in 
the specification, also. 

In general, these resistors are no 
match for salt -water immersion cy- 
cling. Attempts have been macle with 
success to improve the humidity char- 
acteristics of the components. 

The third type of resistor is the 
wire -wound resistor, low operating 
temperature, illustrated in Fig. 9. \lax - 
innlni operating temperature of this 
type is approximately 100 °C., a limita- 
tion imposed by its bakelite shell. 

The resistance elements consists of 
spirally wound wire on a fabric or 
glass forni. This element is moulded 
into bakelite similar to the composi- 
tion type, previously discussed. 

These resistors were introduced be- 
cause the control of a carbon element 
is difficult in the lower resistance val- 
ues and because of the instability of 
the carbon type in general. it is in- 
deed unfortunate that the maximum re- 
sistance obtainable is approximately 
5000 ohms, for in lots noise high sta- 
bility circuit their use would he desir- 
able. 

Non -Inductive Windings 
I here are se%ernl types of non -in- 

ductive construction commercially a- 
vailable to the resistor purchaser, 
wound by the following metholis: 

WontillIIId on page bhp 

Fig. 8. Layer wound precision resistor 
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APROBLEM that often confronts the 
engineer is that of designing a 
network to match one impedance 

against another for maximum power 
transfer. A pi or T network has the 
advantage of allowing the phase shift 
between input and output voltages to 
be predetermined as a part of design 
calculations, but an L section while 
not allowing any precalculated phase - 
shift determination, has the advantage 
of using only two rather than three 
components, and of being more effi- 
cient for a given transformation ratio, 
assuming the "Q" of all relative com- 
ponents to be the same. Numerous 
texts give the equations needed to 
solve for such a network when the 
impedances to be matched are both 
resistive, but in many design problems 
there is a definite need for general 
equations that cover all types of im- 
pedances encountered. 

Avoiding Losses 
To avoid losses the resistive com- 

ponents of the shunt and series arms 
in the pads must be kept as low as 
possible, and following conventional 
network design, the elements can he 

considered to be pure reactance-. 
Fig. 1 shows a generator with im- 

pedance Z, feeding a load of imped- 
ance Z2. For maximum power trans- 
fer the impedance of the load must be 
the conjugate impedance of the gener- 
ator, i. e., if Z, is R, + jX,, then 
Z, must equal R, - jX,. 

The function of the matching net - 
work is to present the generator with 
its conjugate load at AA (Fig. 2A), 
when Z, is connected, and present the 
load Z_ with its conjugate impedance 
at BB (Fig. 2B) when Z, is connected. 

Since both Z3 and Z, are pure re- 
actances, there is no dissipation in the 
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The L pad is a simple and efficient 
means of matching impedances. 
General equations for all types of 

impedances are given. 

network, and all of the power ab- 
sorbed at the input terminals is trans- 
ferred to Z2. Any change in the value 
of Z3 and /or Z, would change the 
value of impedance at .1.1 from its Z, 
conjugate value and decrease the power 
delivered to Z2. Hence, if a conjugate 

© 

R,+jx, 
(z,) 

FOR MAXIMUM POWER TRANSFER 

Z, - R, - J X, 

Fig. 1. Generator with impedance Z, 
feedie.g load of impedance equal to Z 

match is obtained at .-1:1 (ig. 2A), a 
conjugate match is necessarily obtained 
at BB. 

It is possible to write the following 
equation for Fig. 2:1: 

(j)C3) (R_- f-j\_ +iX,) 

R2 +l (X 2+ X 2+ X , ) 

Cross -multiplying and separating the 
real components from the imaginary 
components gives equation (2), while 
taking advantage of the fact that the 
sum of the reals and the sum of the 

imaginarles both equal zero gives equa- 
tions (3) and (4). 
R,R2+ X,X2 -}- X, X,+ X,X.- ]-X :X,-}- X,X, 

+Í (R, .\ 2 +R, \, +R,.l',- X,R2-R_ À 3) 
= 0 ...(2) 

R,R_ +X,X,+ X,X2 +.\,X, +X_XA 
+.\,.\, =0 ...(3) 

j (R,.\ _ +R,X, +R,.\ ,- X,R, -R2X2 ) 
= 0 ...(4) 

Multiplying both sides of equation 
(4) by -j gives equation (5), and it is 
now seen that equations (3) and (5) 
are two separate equations containing- 
the two unknowns X3 and 

Reactance Values 
Straightforward algebraic manipu- 

lation and the use of the quadratic 
equation for solution give two sets of 
values for X3 und X4 as shown in 
equations (6) and (7). 
R,X: +R,X ° +R,X,- X,R, -R_ X 

= 0 ...(5) 
\, = 

.(6.k) 

X, = - 
R,.\_+V R,R_.\,-+R,'R -R,-R_ 

R, 
...(6111) 

= 
R_.\,-V R,R.\,=+R,'R:-R'R'- ...(i:\) 

1z,-R, 

.\,=- 
R,.\_-V R,R: X ,'-}-R,'R:-R'Rï - 

...(iC) 
R, 

if it happens that the values of Z, 
and Z2 are such that the expression 

I Confirmed on page 62] 
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The first section treats direction find- 
ers as specialized radio receivers. The 
methods of testing by RTCA and IRE 
are discussed in some detail. Included 
in this chapter is a six page chart of 
tests and notes relating to direction 
finder equipments. The second section 
consists of a summary of the literature 
of the past several years on wave pro- 
pagation. The contents of this section 
are devoted chiefly to range computa- 
tions for idealized earth surface con- 
ditions. 

ENGINEERING DEPARTMENT 
Sylvania Electric Products, Inc. 

THE now common use of electronic 
apparatus in planes, tanks, and 
battleships has made design engi- 

neers conscious of problems due to vi- 
brations and high accelerations. Most 
vibrations encountered in service are 
not simple harmonic motion, but stand- 
ards have been set tip based on vibra- 
tions of this nature which are satis- 
factory for comparison purposes. Simi- 
larly, the high accelerations found in 
service may not be uniform but here 
again a readily reproducible standard 
is used for test and comparison. 

The forces duc to vibrational or ac- 
celerated motion are commonly ex- 
pressed as the number of times these 
forces exceed that of gravity which is 
used as the unit. Thus, when G = 1. 

the force is equal to that of gravit 
The equation is G = 0.10225f2r in 
\t hicb 

(: = ft. per sec. per sec. = 32.176 ft. /sec! 
J = frequency in cycles per sec. 
r = amplitude of vibration in inches. 

Amplitude of vibration (r) is the dis- 
tance traveled each side of the rest 
point and should not be confused with 
the total distance travelled. 

For Vibratory Motion 
The attached chart is reasonably ac- 

curate and much quicker than calcu- 
lating from the equation. To use it, lay 
a straight edge across the chart con- 
necting two of the known values. The 
unknown will be found at the inter- 
section with the third line. For exam- 
ple, a ruler joining the point on the 
first line corresponding to 11.114" ampli- 
tude with the point on the third line 
for 10G will intersect the center line 
of the chart at 49 cycles which is the 
frequency required to produce approxi- 
mately 111E acceleration with 1).04" am- 
plitude. This is the peak value im- 
pressed on the test object, twice in each 
cycle and in opposite directions. 

For Rotary Motion 
The eliitrt is used similarly to obtain 

the acceleration clue to the centrifugal 
force on a rotating object as in a cen- 
trifuge. in this case the radius takes 

L"-" DIO 

the place of the amplitude and revolu- 
tions per second takes the place of 
vibrations per second. 

It should be pointed out that the two 
methods are for entirely different pur- 
poses. The vibration method tests the 
structure's ability to withstand stresses 
in alternate directions, thus measuring 
resistance to fatigue in the flexed parts 
and resistance of wear at contact sur- 
faces. The centrifugal force method 
measures the ability of a structure to 
withstand acceleration in one direction 
only and applied constantly. 

BOOK REVIEW 
RADIO DIRECTION FINDERS by 
Donald S. Bond. Published t 19441 by 
McGraw -Hill Book Company, 330 W. 
42nd Street, New York 18, New York. 
274 pages. Price $3.00. 

Radio direction finding had its origin 
almost as early :IS nul io communication. 
hut the progress for the first few years 
in this field was relatively small. Ilotw- 
ever, in the past ten years. progress in 
the field has been so rapid that only a 
specialist has been able to keep abreast 
of the literature and of the develop- 
ment. Despite its long history, the sub- 
ject of radio direction finders has been 
treated extensively by only one other 
English author, R. Keen. "Wireless Di- 
rection Finding." Mr. Bond's book is 
a compendium of theoretical and prac- 
tical information underlying the art. It 
treats particularly fully the more con- 
ventional types of direction finding 
equipment. The author has adopted 
much of the worth while mathematical 
theory from the literature. 

The book is divided into seven chap- 
ters and an appendix as follows: 
1. General Considerations 

2. Wave Propagation 
3. Directive Antenna Systems 
4. Aural Null Direction Finders 
5. Performance Characteristic of Loop 

Input Circuits 
6. Visual Direction Finders 
7. Radio Navigation Aids 

* AUGUST, 1944 

The section on Antennas is especially 
noteworthy in that it treats rather fully 
the three important types of direction 
finder antenna ; notably, Adcock, 
Spaced -loop. and the simple loop. Er- 
rors due to oblique polarization receive 
special attention ; comparisons being 
drawn between the various types of di- 
rection finding antennae. The section 
on Aural Null Direction Finders lays 
special emphasis on phase relation in 
Resonant RF Circuits. Phase is im- 
portant in Direction Finders, particu- 
larly when signals from directive and 
non -directive antennae are combined to 
obtain a sense indication. This section 
deals not only with the theoretical as- 
pects of phase, but also errors due to 
adjacent objects, or terrain as well as 
compensation and calculation of devia- 
tion error with and without balancers. 

Some sixty pages are devoted to Vis- 
ual Direction Finders. Visual Direction 
Finders have become extremely import- 
ant in the years immediatly preceding 
the war for the navigation of aircraft. 
Obviously, aircraft traveling at the rate 
of several miles per minute may require 
many position readings in a short space 
of time. Visual Direction Finders 
either singly or in combination offer 
an admirable solution to this problem. 
In this section is discussed particularly 
RC. \, Sperry, and Benclix Direction 
Finders. 

The appendix. which deals with ra- 
diation from a Dipole, Field Strength 
Calculations for Propagation over a 
Plane Earth, and Phase Relations in 
Coupled Circuits is especially note- 
worthy and of considerable importance 
to most readers. 

This book. being the only one pub- 
lished on the subject in English since 
Keen's work on "Wireless Direction 
Finding," fills a need which has been 
felt for a number of years. A great 
deal of work has been done on elec- 
tronic navigation equipment since 
Keen's book was written, and this text 
serves to bring the reader up to date. 
It is recommended both to the practical 
and theoretical worker in this field. as 
well as to engineers generally inter- 
ested in the subject. In addition, it 
should serve as an excellent reference 
book for specialists in the field. 
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ACCELERATION CHART 

ACCELERATION DUE TO ROTATIONAL OR VIBRATIONAL MOTION 
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IIAIJIO DESIGN WORKSHEET 
NO. 28 

SIDEBAND POWER OF AN AMPLITUDE -MODULATED WAVE; METHODS 
OF FREQUENCY MODULATION; MUTUAL INDUCTANCE FILTERS 

SIDEBAND POWER OF AN 
AMPLITUDE.MODULATED WAVE 

The general expression for an ampli - 
I tide modulated wave is 

I = A cos cot (1+K cos pi) 
AK 

= A cos Wt - cos (w+p)t 
2 

AK 
} - cos (w-p)t 

2 
where 

w = 21r X carrier frequency 
p = 2 X modulating frequency 
K = percentage modulation 

If the carrier is completely modulated, 
K = 1. 

From the above expression the am- 
plitude of each sideband is one -half 
the carrier amplitude for complete 
modulation. 

The root -mean -square current is 

/ A' A' 

I- VA = +4 +4 
=V-3 A' 

2 

Power is proportional to 
3 

l' = -A' 
2 

Power of the unmodulated carrier is 
proportional to A2. Thus, the ratio of 
power in the modulated carrier to that 
in the unmodulated carrier is 

1.5A' 1.5 
_ -= 1.5 

A' 1 

whence the peak power capability of 

7 -y 

Figure 1 

the transmitter must be 50% greater 
than the rated carrier power. The two 
sidebands obviously carry one -third the 
radiated power. 

The ratio of antenna current for car- 
rier modulated completely to the un- 
modulated carrier is obviously V 1.5 = 
1.225, so the antenna current increases 
22.5% for complete modulation. 

From the above it follows that two - 
thirds of the radiated power of a com- 
pletely modulated wave does not bear 
intelligence. If the carrier and one 
sideband were suppressed and only one 
sideband were radiated, all the radiated 
power would bear intelligence. Such a 
transmitter would therefore radiate 
four times as powerful a signal with a 
single sideband instead of a carrier and 
two sidebands, assuming the same 
transmitter power capability. Single 
sideband transmission with and with- 
cut carrier suppression has been widely 
used in wire telephony and to a limited 
extent in fixed point -to -point radio tele- 
phone installations. 

Practical methods of carrier sup- 
pression and of isolating one sideband 
Nvill he discussed in future worksheet,;. 

METHODS OF FREQUENCY 
MODULATION 

Ft!). 1 shows a resistance in parallel 
with a reactance which may be used to 
vary the resonant frequency of an os- 
cillator tuned circuit thus achieving 
frequency modulation. First consider 
the circuit of Fig. 1 in which the re- 
sistance r may be a carbon microphone 

Figure 2 

on the plate impedance of a vacuum 
tube. Either may be made to vary in 
magnitude in accordance with a modu- 
lating frequency. 

rXjx jrx 
Z = 

r i jx 
-= 

r+j.r 
Multiplying by : 

we have: 

r' 
=7. 

Since 
j= V -1,1'= -1 and -l'_ t 1 

Thus: 
ex 

Z =r' +j =A +jB r' +x' 
Where: 

rx' ex 
A = and B = r' +x' (r2+.r')' 

SA 2rx(r'+x') 2r'x -= 2r.r' = 
Sx (r'-} r')' (r' +x')' 

When r = x 
SA /Sx = 2r' /(2r')' = 2x' /(2.t')' = 1/2 

2r'(r' +.t') -2r'x' r'(r' -x2) 
SB /S.r = _ 

SB /Sx = r'(r' r') /(r'+r')= çr'O r'1î 
This determines the general shape 01 

the curve of A as a function of r. 
Fig. 2 shows the general shape of this 
expression. 

Figure 3 
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RADIO DESIGN WORKSHEET . . . NO. 28 

Fig. 4. F -M Circuits 

Thus if : r = s, A = x3/2.r' = x/2 
i f: r = 2x, A = 2.x3/5.r' = 

2.r/5 = 0.4.r 

if : r = 0.5s, .4 = 0.5x'/ 1.25.x' _ 
0.5.x/1.25 = 0.2x 

Now, B = 
if:r=x,B=.r/2 
i f : r = 2x, B = 4.r' /4x' = 

4/5x = 0.8x 
if : r = 0, B =.0 

This determines the general configura- 
tion of the curve of B as a function of 
r, which is shown in Fig. 3. 

of the circuit will remain essentially 
constant and the amplitude of oscilla- 
tion will be little affected over a small 
range. This results in frequency modu- 
lation without appreciable amplitude 
modulation. A limiter following the 
oscillator in the circuit could remove 
the amplitude modulation quite readily, 
of course. 

The reactance X in the above form- 
ulae may be either inductive, as shown, 

1 

or capacitive. That is, x = - or 
WC 

x = WI. This method of modulation 
can be applied either to self- excited or 
crystal oscillators. In spite of its sim- 
plicity, this method of modulation is 

relatively unimportant and has found 
little use to date. In future worksheets, 
other methods of frequency modulation 
will be described and then relative ad- 
vantages and disadvantages will be in- 
dicated a.; compared with this method. 

MUTUAL INDUCTANCE FILTERS 

In Radio Design Worksheet No. 20,* 

the mutual inductance bridge was dis- 
cussed. A bridge can be considered as 
a lattice network, which is a common 
type of filter circuit, see Fig. 5. 

An interesting variant of the mutual 
inductance bridge, known as the Camp- 
bell balance, is sòmetimes used in filter 
circuits. Thus if two inductances are 
placed in such position that there is 

is equivalent to 

Figure 5 

From the above it is evident that 
variations of r about the point r = x 
result in a maximum change in B, the 
imaginary component of Z. 

Consequently, if the circuit of Fig. 1 

is incorporated in the tuned circuit of 
an oscillator as shown in Fig. 4, and 
r is varied, the resonance of the circuit 
and consequently the frequency of the 
oscillator is changed in accordance with 
the above formulae. If a normal value 
of r = x is chosen, then the damping 

a 

magnetic coupling between them, an 
increase or decrease in the total induc- 
tance of the combination results, duc to 
the mutual inductance. This is illus- 
trated in Fig. 6. The total series in- 

ductance of the circuit of Fig. 6 is: 

L4 Le 

Figure 6 

L,+L2 ±2M 
where M may be positive or negative, 
finite or zero. Fig. 6 may be repre- 
sented as shown in the T network of 
Fig. 7. 

L, 12 

Figure 7 

The Campbell balance utilizes the 
fact that M may be resonated with a 
capacitor C, as shown in Fig. 8. When 
C and M are in resonance, the loss at 
resonant frequency is infinite, assum- 

L, 12 

fr = Resonant freq. 
of M and C 

Figure 8. Campbell balance circuit 
and resonance curve 

ing neither Al nor C has any dissipa- 
tion or resistance. In actual practice. 
the loss is finite, but can be made very 
high. This is sometimes used to in- 
crease the loss of a filter at a specific 
frequency. Thus, at resonance 

2rfM = 1 /217fc 
C = 1 /4r'f'1l 

Rnnro, Dec., 1943. 
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This Month 
ELECTRONICS CONFERENCE 

A C(n iìrehenSive program ci,%ering tele- 
vision, ultra -high frequency and radio 
developments in the communications field 

i and industrial measurements, electronic 
controls, induction heating, and power and 
medical applications of electronics is an- 
nounced by the Executive Committee of 
the National Electronics Conference to be 
-held at the Medinah Club, Chicago, Oct. 
5 -7. 

Dr. J. E. Hobson, Director of the School 
of Engineering of the Illinois Institute of 
Technology is chairman of the Executive 
Committee of N. E. C. According to a 
statement made by him recently, "The first 
National Electronics Conference is planned 
to provide: (1) a technical meeting for 
the presentation of original papers cover- 
ing fundamental developments in electron- 
ics and the applications of electronic ap- 
paratus, (2) a forum for the review and 
correlation of recent electronic develop- 
ments in their proper perspective, (3) a 
symposium for the interchange of ideas, 
methods of approach and technique between 
scientists and electronic engineers working 
in different fields of application, and (4) 
an educational conference to acquaint engi- 
neers with this relatively new and rapidly 
expanding field. 

"In addition to providing a permanent 
record of technical and application papers 
for reference and study," Dr. Hobson con- 
tinues, "the Conference should serve to 
help integrate and correlate work being 
done in fields rather divergent in their 
applications of electronic devices and prin- 
ciples. Although including the use of elec- 
tronics in communications, the first Con- 
ference will emphasize scientific develop- 
ments and also applications in industry, 
processing operations, power conversion, 
measurements, medicine and similar im- 
portant fields. 

"Keynoter speakers for the technical 
sessions will give broad perspectives of 
progress in the various fields, and expecta- 
tions for future developments. Opportunity 

O will be given throughout the Conference 
for conference -type discussions." 

Comprehensive Program 
A comprehensive program, embracing all 

important fields of electronics has been 
prepared by Prof. Arthur B. Bronwell, 
Northwestern University, Evanston, Ill., 
who is also Chairman of the Program 
Committee. Outstanding engineers and sci- 
entists have promised to prepare technical 
papers for presentation at the Conference. 
Although the program is still subject to 
some minor modifications and changes, the 
tentative program indicates that practically 
all persons interested in one or more 
branches of the broad field of electronics 
will find a program suited to their interests. 

Keynoting the objectives of the Confer- 
ence will be an opening address by Mr. 
Ralph R. Beal, entitled, "Electronic Re- 
search Opens New Frontiers." Mr. Beal's 
position as Research Director for the 
Radio Corporation of America provides 
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Perry Smith of RCA operating an RCA Electron Microscope 

adequate guarantee that a broad perspective 
of the present status of the electronics 
industry will be given, as well as a thought - 
provoking analysis of probable future 
developments. 

Looking to industry as well as to re- 
search for future developments in electron- 
ics, the Conference is assured that Mr. 
W. C. White, Director of the Electronics 
Laboratory, General Electric Co., will 
speak on "Electronics in Industry" at one 
of the Conference luncheons. 

The tentative program of tèchnical topics 
for the Conference includes the following 
papers grouped according to main topic 
divisions : 

(1) Television 
"Color and Ultra -High Frequency Tele- 

vision" by Dr. P. C. Goldmark, Columbia 
Broadcasting System. 

"Reflection Optics in Television" by I. G. 
Maloff and D. W. Epstein, RCA Manu- 
facturing Co. 

"Radio Relay Systems" by C. W. Han - 
sell, RCA Laboratories. 

(2) Ultra -High Frequencies 
"A Lighthouse Tube; a Pioneer U.H.F. 

Development" by E. F. Peterson and E. D. 

1944 

McArthur, General Electric Co. 
"Principles of Klystron Amplifiers" by 

Dr. Robert Haxby, Sperry Gyroscope Co. 
"Developments of Electronic Tubes" by 

I. E. Mourontseff, Westinghouse Electric 
and Manufacturing Co. 

"Wire- Frequency -Range Tuned Circuits 
for High Frequencies" by Dr. D. B. Sin- 

clair, General Radio Co. 
"Ultra -High Frequency Converters and 

Conversion Diagrams" by Dr. Harry 
Stockman, Cruft Laboratory, Harvard 
University. 
(3) Radio 

"A Method for the Generation of Quasi - 

Continuous Frequency Spectra for Use 
with Secondary Frequency Standards" by 

Dr. Harold Goldberg and Richard G. Tal- 
pey, Stromberg- Carlson Telephone Manu- 
facturing Co. 

"A Frequency Dividing Lock -In Oscil- 
lator F -M Receiver" by G. L. Beers, RCA 
Manufacturing Co. 

"Incremental Permeability Tuning," by 
W. J. Polydoroff, Consulting Engineer 

"Audible Audio Distortion" by H. H. 
Scott, General Radio Co. 

[Continued on next page 
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This Month 
"Broadband Carrier and Coaxial Cable 

Networks" by F. A. Cowan, American 
Telephone and Telegraph Co. 
(4) Industrial Measurements and Special 

Devices 
"The Supersonic Refiectoscope ; An In- 

strument for Inspecting the Interior of 
Metal Parts by Means of Sound Waves" 
by Dr. F. A. Firestone, University of 
Michigan. 

"Dynamic Strain Gages" by C. A. Doh - 
renwend, Armour Research Foundation. 

"The Mass Spectrometer and Its Prac- 
tical Applications" by J. A. Hippie, Re- 
search Laboratories, Westinghouse Electric 
and Manufacturing Co. 

"Two -Million Volt X -Ray Unit" by Dr. 
E. E. Chariton and W. F. Westendorp, 
General Electric Co. 

"Industrial Fluoroscopy of Light Mate- 
rials" by Dr. Scott 1V. Smith, Kelley - 
Koett Manufacturing Co. 

"Application of Amplifier Theory to 
Mechanical Stability Problems" by John 
M. Cage, Allis - Chalmers Mfg. Co. 
(5) Industrial Electronic Controls 

"Electronic Mechanisms in Process Plant 
and Industrial Laboratory" by T. A. Cohen, 
Wheelco Instrument Co. 

"Electronic Measurements of Non -Elec- 
trical Quantities in Industrial Processes" 
by H. D. Middell, General Electric Co. 

"Cathode Ray Tubes and Their Applica- 
tion" by Dr. P. S. Christaldi, Allen B. 
DuMont Laboratories. "Electronics in In- 
dustrial Instrumentation" by Walter P. 
Wills, Brown Instrument Co. 

"Design Factors in the Application of 
Relays to Electronic Circuits" by R. 17. 
Herrick, Automatic Electric Co. 
(6) Induction Heating 

"High Frequency Induction Heating by 
C. J. Madsen and R. M. Baker, Westing- 
house Electric and Manufacturing Co. 
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Signal Corps FM walkie -talkie being operated by soldier in training. 
Inset shows Handi -Talkie radio SCR -536 - Signal Corps Photo 

New RCA electronic pre- heater for plastics. 
At the end of a pre -determined heating 
interval, the lid automatically pops up 

"New Methods and Techniques in High 
Frequency Heating" by Dr. Eugene Mittel - 
mann, Illinois Tool Works. 

"The Use of High Frequency Electronic 
Generators to Obtain Controlled Power 
Concentrations for Industrial Heating 
Applications" by Dr. Wesley Roberds, 
RCA Manufacturing Co. 
(7) Electronic Applications in the Power 

Field 
"A Survey of Power Applications of 

Electronics" by A. C. Montieth, Westing 
house Electric and Manufacturing Co. 

"Power Rectifiers and Inverters" by J. 
A. Cox and G. F. Jones. Westinghouse 
Electric and Manufacturing Co. 

"Electronic Power Converters" by Dr. 
E. F. W. Alexanderson, General Electric 
Co. 
(8) Medical Applications of Electronics 

"Electronic Equipment in the Medical 
Profession" by Dr. A. H. Carter, Amer- 
ican Medical Association. 

"Electroencephelography" by Dr. Ralph 
Girard, University of Chicago. 
(9) Recent Theoretical Developments in 

Electronics 
"Theory of Microwave Oscillation Gen- 

erators Using Velocity Modulated Electron 
Beams" by Dr. E. U. Condon, Westing- 
house Electric and Manufacturing Co. 

"Theorem of Lorentz and Its Importance 
for all Problems of Electrons in Magnetic 
Fields" by Dr. Leon Brillouin, Columbia 
University. 

"Transient Response of Wide -Band 
Amplifiers" by Dr. W. W. Hansen, Sperry 
Gyroscope Co. 

The Medinah Club of Chicago, 505 N. 
Michigan Ave., Chicago 11, III., the head- 
quarters for the N.E.C., can accommodate 
approximately 250 persons who wish 

[Continued on page 58] 
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HE'S NO NATIVE. HE FOLLOWED HOGARTH FROM 

HARLEM BECAUSE OF HIS ECHOPHONE EC-1: 

0014 , J 

ir 
ECHOPHONE MODEL EC -1 

(Illustrated) a compact communications receiver 

with evsry necessary feature for good reception. 

Covers fr3m 550 kc. to 30 mc. on 3 Lands. 

Elect-iccl 3andspread on all bands. Six ubes. 

Self- cortaiied speaker. 115 -125 volts AC or DC. 

ECHOPHONE RADIO CO., 540 NORTH MICHIGAN AVE., CHICAGO 11, ILLINOIS 
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New Products 
NEW CAPACITRONS 

A new and complete line of rectangular 
oil -type capacitors has recently been an- 
nounced by The Capacitron Company, 318 
W. Schiller St., Chicago 10, III. Made in 
standard container sizes and in voltage 
ratings up to 6000 V.D.C.W., these new 
Capacitrons will meet Army and Navy 

speciticauon >, uicluding total salt -water 
submersion tests. 

Capacitron Bulletin 104 lists all perti- 
nent data including capacities, voltage rat- 
ings, container sizes, types of terminals, 
and mounting arrangements. 

NEW WIRE -WOUND CONTROL 
A new version of the Type 58 Clarostat 

wire -wound potentiometer or rheostat has 
been recently released by Clarostat Mfg. 
Co., Inc., 285 -7 N. 6th St., Brooklyn, N. Y. 
This is a still tougher control fully 
capable of coping with extreme vibration 

and mechanical abuse such as encountered 
in wartime service, in addition to its elec- 

trical ruggedness. 
The new design differs somewhat from 

the previous Type 58. A metal strap on 

42 

the shaft face provides for the two -posi- 
tion locating pin which cannot break or 
tear off. Also, the metal strap grounds 
the metal cover which is clinched to it. 
The cover is keyed in place on the casing 
and therefore will not loosen or turn. 
Fully dustproof. The bushing is keyed 
into the bakelite case and therefore can- 
not slip or turn when the locking nut is 
drawn up tightly. High -grade molded 
bakelite can eliminate corrosion and elec- 
trolytic action, especially when control is 
used on d.c. 

The center rail and terminal comprise 
one piece. There is also a direct connec- 
tion between winding and the "L" and 
"R" terminal lugs. Terminals are so con- 
structed that melted solder cannot get in- 
side the case to cause trouble. 

There is zero hopoff at terminal. 1500 
volt breakdown insulation between winding 
and shaft. Switch can be added. Mini- 
mum depth. Tandem units with two or 
more controls on common shaft, are avail- 
able. Ratings : linear, 3 watts ; V and W 
tapers, 2 watts; L, N and U tapers, 1.5 
watts. Resistance values : linear, 1 to 75,- 
000 ohms; tapered, 10 to 50,000 ohms. 

VOLTAGE- BREAKDOWN TESTER 
A simple, positive, safe and quick means 

of testing voltage breakdown of materials 
or components is provided by the Type 

1 

P -3 Voltage Breakdown Tester recently 
released by Industrial Instruments, Inc., 
17 Pollock Ave., Jersey City, N. J. 

Operating range of instrument is 0 to 
10,000 volts d.c., or 0 to 8,000 a.c. A 
lower range instrument, Type P -1, with 
sloping panel, has a range of 0 to 4,000 
volts d.c., or 0 to 3,000 volts a.c. The 
voltage is continuously variable over the 
entire range. 

The voltage- breakdown tester operates 
directly from 110 -130 volt, 50/60 cycle line. 
A panel light indicates when instrument is 
"On." Breakdown is indicated by a red 
signal light, while the built -in meter indi- 
cates the direct -reading voltage. Current- 

limiting resistors safeguard the equip- 
ment in the event of a dead short, by 
limiting the current to approximately 50 
milliamperes. Uniformity over the entire 
range on this model P -3, or 5 milliam- 
peres on model P -1. To speed up pro- 
duction testing, drawer- switch type fixtures 
are available. These fixtures have a jig 
to take given components or materials, 
and when the drawer is closed the voltage 
is applied, with absolute safety for the 
operator. External connections are made 
by means of an insulated plug inserted 
in the high -potential a.c. or d.c. jack, with 
the other side grounded. 

The voltage- breakdown tester is housed 
in a fine -grained crackled -enamel cabinet 
measuring 15" x 21" x 28" li. 

NEW COMPARISON BRIDGE 
Speedy to .tine 'f resistor:, capacitors 

or inductors in tcrnu of ohmage, micro - 
farads or henries, respectively, is the pur- 

pose of Type LB Direct- Indicating Com- 
parison Bridge just released by Industrial 
Instruments, Inc., 17 Pollock Ave., Jersey 
City, N. J. 

This production -test instrument is an a -c 
slidewire bridge with vacuum -tube null 
indicator arranged so that resistors, capac- 
itors or inductors can be compared with 
a similar standard. Ranges are : Capac- 
itance, between .0001 and 1.0 mfd.; Re- 
sistance, between 2000 ohms and 20 meg- 
ohms; Inductance, between 5 and 50,000 
henries. The slidewire is uncalibrated ; 

external standards are used. In use, after 
the instrument is set up, the resistors, 
capacitors or inductors tinder test are con- 
nected one by one to the "X" terminals 
and are then rejected or passed by a 
direct reading of the indicating meter. 
Components outside the limits set up will 
result in a meter deflection greater than a 

set value. Operation is simple and rapid 
as the operator reads the meter directly, 
without rotating dials or pressing buttons. 
Limits may be set with any combination 
of high or low value, such as minus 6% 
plus 14 %. 

The instrument comprises the main unit 
with separate meter on stand, the former 
measuring 7" x 8" x 5% ". Net weight, 6 

lbs. 

NEW TERMINAL BLOCK 
The Curtis Feed -Thru Terminal Block 

consists of individual feed -thru terminals, 
molded in bakelite which are permanently 
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Here are TWO NEW TUBES in the Eimac line 

s, 

late Dissipation (watts) mailer brothers of the Eimac 35T and 35TG, these 
Amplification Factor 7 two triodes are filling a needin high -frequency equip - 
Filament Volts 
Filament Current (a, ment of relatively low- powered class. They attain a 
Interelectrode Ca _ 

Grid to Plate 1.6 high order of efficiency on frequency in the VHF range 
Grid to Filar,* 0.2 
Plate to Fil 0.2 and perform equally well at lower frequencies. 

Maximum Rati In every these two are worthy additions to the (Class C ampr y wa y y 
Plate Voltage tbC) 2000 volts 2000 volts Eimac family ... embodying all the Eimac features in- 
Plate Current ,DC' 13 mills 75 mills 
Grid Current (DC1 20 mills 20 mills cluding complete freedom from premature emission 

Maximum Plats failures due to gas released internally. Dissipation (watts) 

Complete data is available without obligation. Write 
for it today. Also ask for your complimentary copy of 

Follow the lea Io Electronic Telesis, a sixty -four page booklet which gives 
the fundamentals of Electronics and many of its appli- 

sto cations. Written in layman's language, this booklet 

10,0°1.11.1.1.- 
will assist engineers in explaining the art to novices. 

11 EITEL-McCULLOUGH, INC., 893 San Mateo Avenue, San Bruno, California 
Plants located ct. Son Bruno, California and Salt Lake City, Utah 

0 

Export Agents: ERA/AR Cs HANSEN, .301 Clay Street, San Francisco I I, Call /. 1. S. i.. 
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PART 2 

The Terminology of 

ELECTROMAGNETIC THEORY 
Because recent developments in the field of microwave radiation and generation have greatly 
widened the engineer's interest in electromagnetic theory, the following alphabetical list of terms, 
ideas, and theorems is presented. It is not so much intended that the discussions be rigorous 
definitions as that they shall give interesting ideas and serve as an introduction to the concepts. 

Curl.- The curl is an operator and 
generally has no properties assigned to it 
except as it works on a vector. In this 
respect it is like the operator (d /dx) or 
sine, which have no meaning except as they 
are prefixed before a symbol. Thereupon 
dy /dx symbolizes the slope of a curve 
which is a plot of y against x and sine e 
represents a number somewhere between 
-1 and +1, depending on the value of B. 

In the same way that the sine works on 
an angle and results in a number which 
we represent by sine e, so when the curl 
operates on a vector such as A, it may 
specify a new vector which we call curl A. 

The sort of vector which curl,A sym- 
bolizes does not depend uponthe mágnitude 
or direction of A but only upon the way 
in which that magnitude and direction are 
changing. For example, if A is a vector 
representing the velocity of a point on the 
rim of a wheel rotating with an angular 

velocity w, then curl A is a vector of 
magnitude 26), which points along the axis 
of the wheel in the direction of the pro- 
gression of a right hand screw which turns 
with the wheel. The curl of a vector is a 
new vector which describes the rotary mo- 
tion of the first vector. It may be calcu- 
lated by 

curl A =i 
(SA: 

- SAy' S 8/1x1 

Sy Ss / + 1 S: S.r 

sAy 

8x Sy 

in rectangular coordinates, or by other 
well -known formulas in other coordinate 
systems. The resulting vector is, of 
course, independent of the coordinate sys- 
tems in which A is specified and in which 
the calculation is made. 

In Maxwell's equation, curl H is set 
equal to I + SD/ t. If D is a constant 
then this becomes just curl H = I and 
corresponds, for example, to a circular 
magnetic field H around a wire arising 
from a current, I = curl H, flowing in the 
wire. 
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D'Alembert's Equation- Differen- 
tial equations which have a particular form 
are often,given names, usually the name of 
a man who made early use of the equation. 
Thus, equations are named after Bessel, 
Poisson, Lagrange, and D'Alembert. Con- 
temporary writers do not always agree on 
these names. Such equations are found re- 
peatedly in the study of physical phe- 
nomena and their properties become well 
known to students of theory so that when- 
ever they appear, certain facts about the 
problem at hand are at once known. 

For example, the well -known wave 
equation, 

1 d' A 
*.12A = - - 

v' dt' 

is one which appears in the study of acous- 
tics, optics, hydrodynamics, quantum me- 
chanics, and electricity. The meaning of 
the letter A will be different in each case, 
but always the equation will represent a 
wave of A moving through a medium. 
Moreover, the reciprocal of the square root 
of the coefficient of the time derivative 
term which we have represented by y will 
give the velocity with which the wave is 
propagated. 

To be able to read satisfactorily mathe- 
matical discussions it is very helpful to 
become acquainted with at least some of 
the properties of as many such equations 
ac possible. D'Alembert's equation is 

1 d' A *'A----= f(x,y,z,t) 
v' d t' 

It is of particular interest because it may 
be interpreted as a basic relation derived 
and defined from Maxwell's equations to 
dictate all antenna patterns when the cur- 
rent and charge in the antenna are known. 
In order, however, for D'Alembert's equa- 
tion to do this, it is necessary that A shall 
not directly represent the electric and mag- 
netic fields but rather shall indicate poten- 
tial functions which when once found 
make possible the calculation of l and H. 
For the electric field the potential function 
is ordinary electric potential and f (x, y, 

t) is a term representing charge and its 
distribution in space and time. For the 
magnetic field, A represents a vector po- 
tential defined in a rather special way and 
the right -hand member of the equation is 
an expression for current density. 

An interesting property of D'Alembert's 
equation is that in the absence of charge 
and current it reduces to the wave evua- 
tion referred to before. When the charge 
and current are constant with time the 
equation becomes Poisson's equation, and 
we find ourselves dealing only with elec- 
trostatic and magnetostatic phenomena. It 
is also noteworthy that certain solutions of 
D'Alembert's equation involves what is 
known as retarded potentials. This corre- 
sponds to the fact that the field at a point 
in space depends upon charge and current 
at other points of space as they existed at 
previous times in order to account for the 
finite time of travel of electromagnetic 
energy. 

Decibel -db. -The importance of a 
variation in a physical quantity is some- 
times dependent only upon the amount of 
variation, but more often it is also de- 
pendent upon the size of the quantity in 
question. The decibel is particularly suited 
to the measurement of the change in a 
physical quantity when the portion of the 
quantity represented by the change is of 
primary interest. It gives a linear measure 
of the effect of such a variation. 

In communication work the decibel is 
most commonly used to measure power ra- 
tios. If the powers being compared are 
P, and P2, the ratio of these powers as 
expressed in db is 

P, 
Power ratio in db = 10 logo - 

P: 

If a certain radio signal is said to be raised 
in level by 3 db its power has been doubled. 
Ten db corresponds to a power ratio of 
10, 20 db to 100, 60 db to 1,000,000, etc. 
The practical value of the unit arises from 
the fact that these ratios of power gain 
or loss as expressed in db come nearer to 
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DESIGNED "TO ORDER" 

TYPICAL OF 

Back the Attack 
BUY MORE 

THAN BEFORE 

FOSTER TRANSFORMERS 
IS THIS AUDIO OSCILLATOR TRANSFORMER PACK BUILT TO A RIGID NAVY SPECI- 

FICATION. IT IS TUNED TO A FREQUENCY TOLERANCE OF PLUS OR MINUS .4 OF 1%. 

PERFECT HERMETIC SEALING IS ASSURED BY THE USE OF OUR NEW VITROSEAL 

TERMINAL CONSTRUCTION FOR THE ENTRY OF THE CONNECTIONS INTO THE CASE. 

Yes, we are designing and building transformers for the armed forces to meet specific 

requirements. This skill of being able to create exactly the right transformer for the indi- 

vidual need will be of great value after the war in the new world of electronic equipment. 

Our experience covers close tolerance vibrator transformers, output transformers, micro- 

phone transformers, saturable reactors, power transformers, audio filters and reactors 

. . designed and custom -built to fit the most exacting individual requirements. 

SPECIALISTS IN BUILDING TRANSFORMERS SINCE 1938 

A. P. FOSTER COMPANY 
TRANSFORMER ENGINEERS & MANUFACTURERS 
719 WYOMING AVENUE, LOCKLAND 15, OHIO 
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TERMINOLOGY 
[Continued from page 441 

counter it than do direct power ratios. A 
60 -db loss in signal comes nearer to re- 
ducing the usefulness of the signal by a 
factor of 60 than it does by a factor of 
1,000,000. The very large ranges of power 
involved in communication work can be 
expressed in terms of decibels without 
using inconveniently large numbers. 

\1lhen db are used to specify the voltage 
or current gain of an amplifier, care must 
be taken in the interpretation. If the two 
voltages to be compared are measured 
across equal resistors, the voltage and cur- 
rent gains or losses in db will be just twice 
the power gain or loss. I f the loads are 
not equal resistors the relation is more 
complicated. 

The neper is another unit which is some- 
times used to fulfill the same purpose as 
the decibel. It is defined by 

1 P, 

11' = -log,- 
2 P: 

To convert nepers to db, multiply by 8.686. 
The decibel was originally used in the 

acoustical measurement of sound levels. 
The British have recently introduced the 
phon as a specific unit of loudness. It is 
supposed to measure loudness as perçeived 
by the ear quite independently of fre- 
quency. The loudness of sound in plions 
is numerically equal to the sound intensity 
in decibels of an equally loud 1000 -cycle 
pure note as compared to the intensity of 
sound at the average lower limit of audi- 
bility, which has been standardized upon 
as 10 -'° watts per square cm. 

*Del.- The symbol 0, which is the 
Greek letter delta printed upside down, is 
commonly used to represent a certain oper- 
ator. In Cartesian coordinates it is 

S S S 

Di - j - k - 
8x 8x 8x 

where i, j, and k are, respectively, unit 
vectors along the x, y, and axes. It is a 
very convenient symbol because of its 
purely formal versatility. It has no mean- 
ing by itself, but when treated like a 
vector quantity and multiplied by a scalar 
quantity in the way that is usual with a 
real vector, then upon performing the dif- 
ferentiation which the formal multiplica- 
tion indicates, the gradient of the scalar 
results. AS = grad S. Likewise, if the 
steps of taking the scalar product of del 
with a vector are carried through, the di- 
vergence of the vector results. If the 
vector product is made the curl is obtained. 

The operator 40, which indicates that 
the symbol following it should be formally 
multiplied by +1 twice, is of particular 
interest. It is called the Laplacian oper- 
ator and -VS = 0 is called Laplace's equa- 
tion. In words A'S means the divergence 
of the gradient of S. Laplace's equation, 
0217 = 0 is the one which tells the poten- 
tial at any point in free space arising from 
stationary charge. The location of the 
charge determines the boundary conditions 
under which a solution of the equation is 
written. 
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A particular advantage of writing La- 
place's equation with A' is that the mean- 
ing is clear, quite independent of the co- 
ordinate system. In Cartesian coordinates 

S' 62 62 

A'is - -+ -i 
in other coordinate systems it is a rather 
more complicated expression. The system 
that is chosen for a given problem is a 
matter of convenience. In a general deri- 
vation, however, we need not commit our- 
selves and relations such as Laplace's 
equation can later be written in terms of 
whatever coordinates we desire. 

* Delta is shown because there is no 
symbol available for del. 

Dielectric Constant -e- If the elec- 
tric field L is defined as the field arising 
from all charge and the electric displace- 
ment D is defined as the field due only to 
free charge, we may reasonably make the 
definition that e is equal to D /E. If only 
free charge is injected into empty space 
then both D and E measure the same field 
and e becomes a number depending only 
on the units assigned to D and E. In a 
dielectric e will take on a somewhat smaller 
value. 

-4 

Charge distribution diagram. 

A qualitative explanation is best given 
in terms of the polarization of bound 
charge. Dielectrics are made up of paired 
positive and negative charges which, how- 
ever, are in general oriented at random so 
as to give rise to no net field. When the 
dielectric is stressed by the presence of 
"real" charge the polarization charges are 
somewhat aligned and the effect of a 
charge distribution on the faces of the 
dielectric is obtained. If surfaces a and d 

carry free charge as indicated and the vol- 
ume between planes b and c is filled with 
dielectric, the bound charges in the dielec- 
tric tend to align themselves so as to give 
the effect of a charge distribution on sur- 
faces b and c. If the field is measured in 
the medium without creating new interfaces 
on which the lines from the polarization 
charges may end, the field E in the medium 
is measured. If a measurement is made 
between planes a and b, a value of the field 
,is obtained that is equal to D in the 
medium. 

Quantitatively we write D = E -I- 47P, 
where P is the sum of the dipole moments 
per unit volume or, more simply, a measure 
of the amount of polarization arising from 
a given field D. It is clearly desirable 
that P be proportional to E so that P = KE 
and D = E (1 + 47K) = eE. This is 
fortunately true or approximately true for 
most media. 

Di*1*ctric Constant in Fr** 
Spac* -eo- In the Giorgi or MKS system 
of units e. and the permeability of free 
space are two numerical quantities which 
must be remembered in order to keep the 
units straight. In that system E is meas- 
ured interms of volts per meter and D in 
coulombs per square meter. Since, in a 
vacuum, E and D measure the same thing 
and since by definition e = D /E, it fol- 
lows that e. is just the ratio of the unit 
sizes. In other words e. represents the 
number of coulombs per square meter 
which corresponds to one volt per meter. 
To evaluate e. we thus need to ask what 
positive charge density on an infinite plane 
will make it necessary to use a potential of 
one volt to hold a positive charge of one 
coulomb in front of that plane. 

This is a simple problem although one 
which needs some care in transforming the 
electrostatic units, in which Coulomb's law 
is normally stated, to units of the MKS 
system. Its solution indicates that in the 
MKS system e. = 8.85 X 10' farad per 
meter. 

In the so- called Gaussian units, e. has a 

value of unity. This is simply because 
there E and I) have units which cause 
them to give the same numerical value of 
a field in a vacuum. This unity value of co 

is very convenient in some calculations and 
causes many people occasionally to employ 
Gaussian units, but it is a rather big price 
to pay for the many other conveniences of 
the Giorgi system. 

Diffraction, Fraunhofer - This 
type of dill ruction is chuructericed by the 
focusing of energy after it passes through, 
or bends around, the edges of one or more 
apertures. As with the optical case illus- 
trated by the telescope, the resolving power 
of a high -gain antenna may be limited by 
Fraunhofer diffraction. 

Suppose two neighboring but very dis- 
tant microwave sources are distinguished 
by the use of a high -gain antenna. If the 
aperture of the receiving antenna is large 
this may be possible. If, however, an ad- 
justable aperture is used and its size grad- 
ually reduced, Fraunhofer diffraction may 
so spread the apparent direction of energy 
reception from each source as to preclude 
their resolution. 

Diffraction, Fresnel--Following the 
terminology used in the study of optics, 
the ability of radio waves to travel in 
other that straight lines, to appear behind 
an obstacle, or otherwise cast shadows of 
unexpected shape is called diffraction. 
If/hen no focusing occurs after the ob- 
stacles are passed, the diffraction is spe- 
cifically referred to as Fresnel diffraction. 

This phenomenon has nothing to do with 
reflection from a layer of ionized air in 

the stratosphere nor with the ability of 
long electromagnetic waves to penetrate 
optically opaque materials. Likewise, it is 
not directly connected with the refractive 
bending of a beam of electromagnetic 
waves as they pass from one medium into 
another. Rather it is a fundamental prop- 
erty of wave motion which always allows 
at least some energy to turn corners. 

The amount of energy which is dif- 
fracted depends upon the dimensions of 

[Continued on page 481 
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"HERE'S A 

DEPENDABLE SOURCE 

OF LABORATORY 

D. C. POWER..." 

The HARVEY Regulated Power Supply 106 PA 
You'll find it ideal for operation with pulse generators, 

measurement equipment, constant frequency applicators, 
amplifiers and any other equipment requiring a constant 
flow of D. C. voltage. 

Designed to operate from 115 volts A.C., the HARVEY 
106 PA has a D. C. voltage output variable from between 
200 to 300 volts and accurately controllable 
to within one per cent. A model of efficiency 
and convenience, it has separate fuses on each 

transformer primary as well as the D. C. output circuit. pilot 
lights on each switch; a D. C. voltmeter for measuring out- 
put voltage and a handy two -prong plug or binding posts 
to permit easy hook -up. 

For complete information on this precision- built, thor- 
oughly dependable source of constant voltage, write for 

the new HARVEY Regulated Power Supply 
bulletin. Address your requests for this useful 
new bulletin to 

HARVEY RADIO LABORATORIES, INC. 
454 CONCORD AVENUE CAMBRIDGE 38, MASS. 

LATE NEWS FLASH 
HARVEY OF CAMBRIDGE 

ANNOUNCES NEW 
REGULATED POWER 

SUPPLY 

TO 1000 VOLTS - TWO RANGES, 
500 

AMPERE... 
7 P A... OUTPUT FROM 50 

FPERD ON 
- 700 AT OF AN AMPERE; 

700 TO 1000 AT 
.2 OF AN 

A 

SPA ON 
BRIM RANGES CONTROLLABLE 

DRELA 
IANDNTIME DELAY ERELAY...S 

ONE PER 

FUSES.. ORDE NOW 
FOR COMPLETE INFORMATION 

WRITE, 
I. ORDERS NOW ACCEPTED... INC. 

WTE PHONE OR WIRE 
HARVEY RADIO LABORATORIES, 

, 
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TERMINOLOGY 
[Continued from page 46] 

the objects in relation to the wave length 
of the radiation and upon the geometry of 
the space being investigated. If an opaque 
obstacle is placed in the path of a beam 
emerging from a small source, the width 
of the shadow is not only greater than is 
to be expected by straight line geometric 
construction but may have boundaries 
which are bordered with further shadow 
bands. 

If a slit of proper width is installed in 
a large opaque plane and one side of that 

plane radiated with energy from a small 
source, it will be found that energy is radi- 
ated through the slit over a much wider 
angle than would be expected. The more 
the slit is narrowed, the greater is the 
angle of coverage. If a small circular 
object of correct dimensions is placed in 
a conical beam, energy will be found at 
a distance behind the object exactly at 
the center of the shadow which the object 
is expected to cast. 

These and other similar phenomena are 
examples of Fresnel diffraction. In optics 
as with radio waves the effects are closely 
connected in magnitude with the wave 
length of the radiation. Thus the optical 
patterns are usually of small extent in 
space. With radio waves all dimensions 

Ingenious New 

Technical Methods 
Presented in the hope that they will 
prove interesting and useful to you. 

Revolutionary Hy -cycle Automatic Arc 
Provides Complete Control of Arc and Heat 

At last, a development that automatically starts the 
arc before the welding electrode actually comes in 
contact with the work! Eliminating the "pecking" 
or "scratching" that so often creates tension and 
operator fatigue. Its many advantages contribute 
largely to saving time and labor because an oper- 
ator can be trained in far less time than usual, and 
higher speeds can be obtained.This by -cycle auto- 
matic arc unit, called "Missing Link," permits the 
operator to weld with any welding rod, bare steel 
or alloy. Rods that could not be used before can be 
burned with ease -such as bare mild steel, dust 
coated, reverse polarity, aluminum, bronze, stain- 
less steel, etc., AC or DC. 

One of its most important advantages is weld- 
ing light gauge. Light gauge requires low heat - 
making many jobs almost impossible for ordinary 
methods. Since the "Missing Link" starts auto- 
matically on as low as one ampere of heat, the 
welding of light gauge sheet can be done with sur- 
prising speed with no time out for "pecking" and 
sticking." 

You all know that our fighting men need the 
finest quality materials that we here at home can 
produce. That goes for Wrigley's Spearmint Gum, 
too. Although our stock pile of quality raw ma- 
terials is getting lower and lower we are main - 
taining our standards of quality. Naturally, we are 
forced to limit production. So we are giving pri- 
ority where it is needed most -and where you 
want us to -our fighting men and women overseas 
only. Because chewing gum is essential to them - 
they are getting all of our limited production of 
Wrigley's Spearmint Gum. 

You can get complete information from Mid -States Equip- 
ment remuanv, 2429 S. Michigan Ave., Chicago 16, Ill. 
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Simplifies welding vertical 
and overhead 

k. 

Makes it easy to weld light 
gauge work 

Y-133 

are much larger and, at least in some cases, 
the phenomenon is more important. 

Divergence -div- Divergence, l i k e 

the curl, is an operator and has no physical 
meaning associated with it except as it 
works on a vector. If, however, A is a 
vector which is a function of the coordi- 
nates of a given space so that it takes on 
a particular value at every point of the 
space, then div A has a definite physical 
meaning. The divergence of a vector is a 
scalar quantity which tells the net amount 
of flow out of a unit volume. 

In the Maxwellian equation, div D - 
47p, the generation of an electric displace- 
ment field by real charge is described. At 
those points in space where there are no 
charges or where there is only bound 
charge, any small volume will contain a 
zero value of the charge density, p. This 
means that div D = 0, and necessarily the 
same number of lines of D enter the vol- 
ume as leave it. Since the volume may be 
made as small as we wish down to atomic 
dimensions, it also means that the lines of 
D are continuous in such regions. On the 
other hand, at a point in space where 
charge does exist, the number of lines of 
D leaving a small volume in which the 
charge is located will exceed the number 
entering by an amount equal to the number 
of lines originated by the charge. At such 
a point p has a finite value and dictates 
that div D shall represent a number show- 
ing this increase in flux. 

The divergence of a vector is useful in 

describing almost any vector field. It is 
commonly illustrated by a reference to 
hydrodynamics where the field represents 
the velocity of flow of an incompressible 
liquid. In that case the divergence is zero 
everywhere except at sources or sinks. In 
Cartesian coordinates 

S S 8 

div= - --}- -. 
S.r Sy 8z 

Electric Dipole -If equal amounts 
of positive and negative charge are dis- 
tributed at random in a given volume, that 
volume as a whole may be said to be un- 
charged. It may also be that in the neigh- 
borhood of such a volume there is no elec- 
tric field or at least none whose source can 
be traced to the mixture of positive and 
negative charge. 

As a matter of fact, this is the situation 
with all uncharged physical bodies. The 
individual atoms of the body contain both 
positive and negative charge but in such 
small units and so well mixed that they are 
not detectable by ordinary methods of 
measuring electromagnetic fields. 

When only a single positive and a single 
negative charge are involved, however, the 
situation is somewhat different. Except 
when they are actually coincident with 
each other such a pair of charges does give 
rise to a field. Because charges (electrons, 
etc.) do occupy finite volumes it is of 
course impossible that they really be co- 
incident ; but, since an element of charge 
may be very small, we can conceive of the 
charges being so close together that ordi- 
nary small volumes will be uncharged even 
though they contain an electric dipole. 

An electric dipole is made up of a posi- 
[Continued on page 50] 
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TERMINOLOGY 
[Continued from page 48] 

tive and a negative charge which are of 
equal strength and are placed at a small 
distance apart so that no net charge is 
present and yet an electric field is gener- 
ated. At distances large compared to their 
separation, r, the field arising from a 
dipole is 

2P cos e p sin e 
E -r, ei 

r' r' 

where e is the angle between a line con- 
necting the charges and a line drawn from 
the charges to the point of observation, p 

is the dipole moment, and r, and ei are 
unit vectors pointing respectively along a 

radial vector drawn toward the point of 
observation and one constructed perpen- 
dicular to that radial vector in a plane de- 
termined by the position of the two charges 
and the point where the observation is 

made. 

The dipole moment is a quantity which is 
often mentioned in talking about dipoles. 
It is the product of the charge (either the 
positive or the negative one) and the dis- 
tance r. As can be seen in the expression 
just given, it is the dipole moment which 
determines the strength of the dipole as 

measured in terms of field strength. 

OR SERVICES WELL RENDERED, I THANK 

THE MEN AND WOMEN WORKERS OF THE 

ELECTRO -VOICE MANUFACTURING COMPANY 

WHO HAVE BEEN AWARDED THE "E" BY THE 

ARMY AND NAVY OF THE UNITED STATES. 

PRESIDENT, ELECTRO -VOICE MANUFACTURING CO., INC. 

&cZ'4-l-f;ee MICROPHONES 
EIECTROVOICE MANUFACTURING CO., INC - 1239 SOUTH RENO AVENUE, SOUTH SEND 
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E kctrostatic Units- .s.u.- F o r 
calculations which concern themselves only 
with stationary charge and therefore do 
not deal at all with magnetism, the electro- 
static system of units is the logical and 
simplest choice of notation that can be 
made. 

The e.s.u. coulomb, defined as the amount 
of charge which will exert a force of one 
dyne on an equal charge one cm away, 
forms the basis of the system. The elec- 
tric field E then becomes just dynes per 
coulomb, potential becomes ergs per cou- 
lomb, and the electric displacement D is 
defined to be equal to E in a vacuum by 
virtue of defining e, equal to unity. 

If an attempt is made to carry this sys- 
tem of units over into the study of mag- 
netic phenomena, a rather awkward ar- 
rangement is obtained and no logical justi- 
fication for doing so can be found. For 
example, an e.s.u. ampere is an e.s.u. cou- 
lomb per second and expressions such as 

F = BIL for the force on a wire carrying 
current through a magnetic field would 
call for the use of electrostatic units of B 
which are inconveniently large, being 
3 X 1010 times as large as a gauss. In 
such a system we would find ourselves 
ordinarily dealing with small fractions of 
a unit of B, which could easily lead to 
errors of statement. 

Electrostatic units are often referred to 
as statcoulomhs, statvolts, statfarads, etc. 

Equation of Continuity- T h e 

V.11:111,11 i uu II!IV I, a niathematiral 
statement to the effect that a quantity such 
as a charge can not magically appear or 
disappear anywhere in space. In its most 
general form it may be stated as 

fff 
ip 

St 
dv =- f f fds -}- f f f Pdz.. 

This equation considers a small volume 
of space dv. The left member expresses 
the total rate of change of material in that 
volume since So /St is the rate of change 
of density and the integral signs indicate 
summation over the volume. The first 
term of the right -hand member represents 
the flow of material into the volume. The 
symbol f represents the component of the 
flow normal to the surface, the minus sign 
indicates the inward direction of the flow, 
and the double integral with ds shows that 
the flow is to be added up over the surface 
of dv. P is the rate of production within 
the volume. Thus, in words, the equation 
of continuity may he stated as: The rate 
of increase of material in a given volume 
is equal to the amount flouting in plus the 
amount produced in. the volume. 

Tn a steady state where density is inde- 
pendent of time we may simply write 
div f = P, which says that the rate of 
efflux is equal to the rate of production. 
The equation of continuity is a useful rela- 
tion in many problems involving vector and 
scalar fields. For example, the basic con- 
tribution of Maxwell to electromagnetic 
theory may be shown to hinge on this 

[Continued on page 52[ 
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MORE DEPENDABLE TUBE PERFORMANCE 

"Precision" is something more than a 
motto at I. C. E. "Precision" I. C. E. tubes 
must be right ...consistently right... 
long -lived and dependable. I. C. E. engi- 
neers don't believe in "good enough ".. . 

they're constantly searching ... experi- 
menting ... striving for even better tube 
performance. 

Right now the war effort is claiming 
most of our production facilities ... but 
we do have a limited number of precision - 
engineered electronic tubes, ready for 
delivery. Whether your problem be radio 
transmitting or industrial application .. . 

we invite your inquiries. 

II EE 
ELECTRONIC TUBES 

INDUSTRIAL & COMMERCIAL ELECTRONICS 
BELMONT, CALIFORNIA 
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TERMINOLOGY 
[Continued from page 50] 

relation. Ampere's circuital law, which 
may be written as curl H = 4.7u /c in 
Gaussian units, does not obey the equation 
of continuity. This may be seen by taking 
the divergence of each side of the equation 
and recognizing that the divergence of any 
curl is always zero, in contradiction to the 
divergence of the current, which is cer- 
tainly not always zero; for example, a 
charge may be allowed to accumulate on 
the plates of a condenser. Maxwell there - 

1 SE 
fore added the term - -, which caused 

c St 
the equation to become completely rigorous. 

tqulvalonc) Theorem- To obtain 
a given electric and magnetic field in a 
source -free section of space, it is not nec- 
essary to maintain a unique array of cur- 
rents and charges. For example, the mag- 
netic field in a region at the center of a 
long solenoid is given in oersteds by 
H = 4wnI /10, where n is the number of 
turns per cm in the solenoid and I is the 
current in amperes. 

The same field is obtained in the region 
under observation even if the position of 
the currents in space are changed by in- 
creasing the radius of the long solenoid. 
Likewise, if a region between two large 
charged plates is examined, an electric dis- 
placement field of V/d is found in which 
V is the potential between the plates and d 
the distance. The same field is maintained 
in the region under consideration by 

J 
6-4S47;14-, 

The superiority of Ken -Rad "self- shielding" metal tubes is best 
exemplified by 10 years' successful manufacture of over sixty million 
Today millions more are demanded by the military This experience 
and capacity becomes available for civilian requirements postwar 
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NE NRAD 
EXECUTIVE OrrICES 

O W E N S B O R O K E N T U C K Y 

EXPORTS IS MOORE STREET MEW YORE 

TRANSMITTING TUBES 
CATHODE RAY TUBES 
SPECIAL PURPOSE TUBES 

RECEIVING TUBES 
INCANDESCENT LAMPS 
FLUORESCENT LAMPS 

charges on plates separated by a different 
distance if the voltage is changed a corn - 

pensating amount. Specifically, the plates 
may be placed so as to form part of the 
boundary of the observed volume. 

Stated more generally in a form which 
is sometimes referred to as an equivalence 
theorem, we may say that any field in a 
source -free region bounded by an imagin- 
ary surface can be produced by a distri- 
bution of electric and magnetic currents 
on that surface. Thus any actual currents 
and charges anywhere in space which gen- 
erate a certain field in a limited region 
may be replaced as far as that region is 

concerned by other electric and magnetic 
currents on the surface of the limited 
region. 

At least one application of this theorem 
is possible in the study of microwaves. It 
has to do with the calculation of the radi- 
ation fields coming from an opening in a 
wave guide or resonant cavity. The actual 
currents from which these radiation fields 
arise are very difficult to know with pre- 
cision. Instead of trying to calculate them 
and then use the Biot - Savart law or some 
more elegant method of field calculation, 
it is sometimes simpler to consider all 
space outside the wave guide or cavity as 
the limited source -free region and replace 
the opening and wave guide surface by 
real and equivalent currents. These may 
be calculated from actual field measure- 
ments at the opening and then the radi- 
ation field computed as arising from the 
equivalent currents. 

Faraday Induction Law - The dis- 
covcr that a rlr,ut in, nctnctic field gives 
rise to an electric potential is generally at- 
tributed to Faraday and the statement that 
around any closed path an electromotive 
force is generated by a changing magnetic 
flux through the circuit formed by that 
path is generally called the Faraday In- 
duction Law. 

Quantitatively, the law may be stated as 

SN E=- - 
St 

where E is the voltage generated in e.m.u. 
volts, and N is the total flux of B through 
the loop in gauss cm.'. A partial deriva- 
tive is written because N in general may 
be a function of coordinates as well as 
time. The minus sign is a matter of con- 
vention and indicates that the field must 
be decreasing to generate a voltage around 
the circuit in the direction that a right - 
hand shrew would turn to move forward in 
the direction of the magnetic field. 

It should be emphasized that the Faraday 
Induction Law applies to any closed path 
whether there is a conductor present along 
that path or not, although only if a con- 
ductor is present can a current be made 
to flow. Thus, in a wave guide or resonant 
cavity which is fed magnetically by circu- 
lating a varying current through a loop 
inside the device, the changing magnetic 
field can cause a voltage or electric field 
to appear at appropriate places and create 
an internal energy flow in accordance with 
Poynting's vector. 

[To be continued next month] 
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Left- MARINE SPEAKER; approved 
by the U. S. Coast Guard, for all 
emergency loudspeaker systems on 
ships. Re- entrant type horn. Models 
up to 50 watts. May be used as both 
speaker and microphone. 

Right -RE- ENTRANT TRUMPET: 
available in 31/2', 4' /2 and 6 sizes. 
Compact. Delivers highly concentrated 
sound with great efficiency over long 
distances. 

Left-RADIAL HORN SPEAKER; a 

3 t 2 re- entrant type horn. Projects 
sound with even intensity over 360 
area. Storm - proof. Made of RACON 
Acoustic Material to prevent reson- 
ant effects. 

Right- AEROPLANE HORNS; super- 
powerful and efficient P.A. horns for 
extreme range projection. 9 and 4 
unit Trumpets available. 

Left- PAGING HORN; extremely ef- 
ficient 2 trumpet speaker for use 
where highly concentrated sound is 
required to override high noise levels. 
Uses P.M. unit. 

Right- RADIAL CONE SPEAKER; 
projects sound with even intensity 
over 360 arca. Cone speaker driven. 
Will blend with ceiling architecture. 
RACON Acoustic Material prevents 
resonant effects. 

SEND FOR CATALOG 

RACON, pioneer and world's largest man- 
ufacturer of loudspeakers, horns and driv- 
ing units, is working at capacity filling 
diversified orders - speakers for Army, 
Navy, Maritime Commission and industrial 
use. Now we are planning ahead. 

Practically all industrial firms are users, 
or potential users of some type public -ad- 
dress, paging or sound distribution system. 
Statistics prove that a properly planned 
sound system installation is a good invest- 
ment which in time generally pays for itself. 

BACONS have always enjoyed a steady, 
high sales volume. We believe they always 
will, for our products are the finest that 

money can buy, or engineering skill pro- 
duce. Receiver units supplied with either 
metal or plastic diaphragms. BACON prod- 
ucts generally cost less than competitive 
brands because a lower power -rated and 
lower -priced RACON will outperform higher 
power -rated units of other make. In other 
words, don't let catalog list -prices fool you. 
Basic costs and rated outputs are the prime 
factors worth considering. 
That's why leading sound - 
men prefer and specify 
RACONS, they are depend - 
able-a safe bet for steady 
sales and satisfied users. 

VICTORY 

BUY 
UNITED 
STATES 

WAR 
SAVINGS 

BONDS 
STAMPS 

RACON ELECTRIC CO. 52 EAST 19th ST. NEW YORK, N. Y. 
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NEW PRODUCTS 
[Continued from page .121 

held in a metal strip in any combination 
desired. Factory production now includes 
blocks having any number of units between 
1 and 16, but, because of their unique 
sectional design, blocks can be supplied 
with any number of terminals needed. 

Terminals have ample clearances and 
leakage distances for circuits carrying up 
to 300 volts, 20 amperes. Center to center 
distance between terminal units is u ". 
No. 8 screws are used on each side of 
terminal units for securing connection. The 
two mounting holes at each end of the 
terminal base take No. 8 machine screws. 
These new blocks, known as Curtis Feed - 
Thru Terminal Blocks are offered by Cur- 
tis Development and Manufacturing Conn 
pany, 1 No. Crawford Avenue, Chicago, 
Illinois- Factory, Milwaukee, Wisconsin. 

Descriptive literature is available upon 
request to manufacturer. 

TAPE INSULATION 
"Fibron," a new many -purpose plastic 

tape of widely divergent applications, has 
been announced by Irvington Varnish & 
Insulator Company, Irvington 11, N. J., as 
the most recent addition to its line of 
insulating products. It is used for insulat- 
ing wire, cables and electrical equipment; 
for splicing cables.; and for protecting 
wiring, piping, and equipment exposed to 
caustic or corrosive fumes, oil, grease, 
acids, alkalis or moisture. 

Fibron Tape is manufactured from 
"Vinylite" resin, a product of the Carbide 
and Carbon Chemicals Corporation. It is 
heat- sealing, flame resistant, and high in 
dielectric and mechanical strength. 

To introduce Fibron Tape, a general 
sample for testing will be sent by the 
manufacturer on request. 

NEW CAPACITOR CATALOG 
The new titr'aLUC I h' I.Icctrolytic Cata- 

lug No. 10 will prove of timely interest 
to those charged with selecting capacitor 
types for a given application. The Cata- 
log presents graphic evidence of the rapid 
advancement in dry electrolytic types in 

recent years, including types to match 
exacting war equipment needs. 

Sprague Dry Electrolytic Capacitors 
have been steadily developed to a point 
where they meet exacting applications. 
These include salt air, reduced pressure, 
low and high temperature extremes, 

During peacetime, as the World's largest loop 
aerial manufacturers, our job was to build the 
highest "Q" loop for every size and kind of 
radio receiver. If you make midgets you get 
the same DX Isoso -loop quality that goes into 
the large consoles. All of our present day 
efforts are devoted to making DX Xtals but we 
would like to discuss your post war receiver 
plans with you. 

XTALS 
GENERAI OFFICES: 1200 N. CLAREMONT AVE., CHICAGO 22, Ill., U.S.A. 

transients, r -f impedance, sealing "shelf 
life," and many more. Also, as fully ex- 
plained in this new 28 -page catalog, they 
are available with special electrical char- 
acteristics and in containers for every 
mechanical requirement. Of particular im- 
portance to engineers and designers, many 
pages are devoted to application notes 
including a number of typical character- 
istic charts. 

A copy of the catalog will be sent on 
request to the Sprague Electric Company 
(formerly Sprague Specialties Co.), North 
Adams, Mass. Ask for Dry Electrolytic 
Capacitor Catalog No. 10. 

NEW GENERATOR 
A new type hand generator with a 

maximum output of 100 -watts has been de- 
veloped by the Carter Motor Company, 
1608 Milwaukee Ave., Chicago. Not only 
is the unit the largest permanent magnet 
hand generator manufactured (thus saving 
about 10 -watts of power usually required 
for activating the field coils), but it re- 
quires no outside electricity of any kind to 
operate. Two men turning improved cranks 
can, by watching the meter, observe that 
the output is held to the correct value. 

The stand comes complete with seats 
and is collapsible, while a chain keeps the 
legs from spreading beyond holding posi- 
tion when the unit is set up. 

The hand generator is made of cast 
aluminum to reduce weight and corrosion 
and delivers a wide range of outputs up to 
500 volts d.c. and a filament output voltage. 
117 volts a.c. output is also available. It 
weighs only 37 lbs. 

H -F GENERATORS ANNOUNCED 
For both induction and dielectric heat- 

ing loads, a complete line of high fre- 
quency generators with ratings of 1, 2, 5, 

10 and 20 kw. in line with NEMA stand- 
ards is announced by Westinghouse Elec- 
tric and Manufacturing Company. 

Completely self -contained, the units re- 
quire only electrical connection to a 60- 
cycle power supply and have no external 
cooling or other auxiliaries. Units of 50 
to 200 kw. capacity can be supplied in 
addition to standard one to 20 -kw. ratings. 
The primary voltage is 220 or 440 volts, 
single phase for ratings of 5 kw. or lower 
and 3 phase for 10 kw. and higher. 

Air -cooled tubes are used in the stand- 
ardized generators. Their use allows com- 
plete portability of the 2 -, 5 -, and 10 -kw. 
units and increased portability of the 20- 
kw. unit. The air blower for cooling the 
tubes provides a circulation of air 
throughout the entire equipment, insuring 
a greater factor of safety and permitting 
a reduction in size. 

The high -frequency oscillating circuit 
varies with the kilowatt rating and fre- 
quency needed. The circuits selected en- 
tail the least number of controls, are simple 
to adjust and operate and have the great- 
est overall efficiency. For capacities 
through 10 -kw. the type of circuit per- 
mits frequency shift as the characteristics 
of the load change during the heating cycle 
in such a manner that the load on the 
tube anode tends to approach unity power 
factor. In the two, five and ten -killowatt 
generators, the load can be coupled to the 

[Continued on page 561 
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NEW PRODUCTS 
[Continued from page 54] 

work without the use of an external 
impedance- matching network when the 
work and generator are close together. A 
separate network is available for greater 
distances to the work and for use with the 
20 -kw. unit. 

Generators are available for frequencies 
of 450 kc, 5, 15 and 30 me for ratings 
through 10 kw. and 450 kc, 2 and 10 me 
for 20 kw. and higher. This range of 
frequencies provides for adequate handling 
of all types of induction and dielectric 
problems. 

Further information on the new high 
frequency generators may be secured from 
Westinghouse Electric and Manufacturing 
Company, Fast Pittsburgh, Pa. 

NEW TYPE STORAGE BATTERIES 
Employing the "vacuum- pack" principle 

which has been extensively used for pre- 
serving and safeguarding foods, an unusual 
type of storage battery, developed by the 
Willard Storage Battery Company, is now 
being mass -produced for use by our armed 
forces. Details of these new batteries and 
their unique packing have just been re- 
vealed. 

Four batteries -three 36 -volt types and 
one 6-volt--are packed in a lead -plated 
metal container from which the air is 
exhausted. The batteries retain their 
charge indefinitely and are ready for im- 
mediate use regardless of the time elapsed 
since their manufacture, or the distance 

they have been transported from the Wil- 
lard factory. 

When the batteries are about to be 
placed in service, the can is punctured 
by a special filling device and the vacuum 
inside the can draws the electrolyte quickly 
into the 18 miniature vent holes in each 
battery. Thus, in a matter of seconds, 
each battery is filled with electrolyte and is 
ready to go to work. It is were not for 
the vacuum -pack idea, each of the 18 

individual cells in each battery would have 
to be filled separately by means of a hypo- 
dermic syringe. 

The batteries themselves are even more 
unusual than the method used in packing 
them. The 36 -volt type, described by Wil- 
lard engineers as the smallest high -coltage 
srorage battery ever built commercially, 
measures slightly over four inches in 
length, just under one and a half inches 
in width and less than an inch in height, 
and weighs six ounces. Its case is made of 
polystyrene plastic -a material which is 
immune to electrolyte corrosion, lighter 
than glass, stronger than hard rubber, and 
readily moulded to required shapes and 
dimensions. 

Major use of these Willard "vacuum - 
packs" is the supplying of power for a 
remarkable aerial radio device, known as 
the radiosonde, which broadcasts records 
of humidity, temperature and pressure 
from stratospheric heights and assists 
greatly in forecasting weather and flying 
conditions. 

COAX SOLDERING SIMPLIFIED 
-\ new and excln-ive feature developed 

Wherever Precisi 
Counts st... 

Products of "MERIT" are passing the test 
Complying with the most exacting requirements for precision 
workmanship and durable construction. MERIT has established 
its ability to produce in quantity and deliver promptly - 
Transformers Coils Reactors Electrical Windings of All Types for 
Radio, Radar and Electronic Applications. 

Today these dependable MERIT precision parts are secret wea- 
pons- tomorrow when they can be shown in detail as MERIT 
standard products you will want them in solving the problems of 
a new electronic era. 
Illustrated: High Voltage Transformers A -2123 (small) and 
A -2124. Designed for high altitudes. Oil -filled and Hermetic sealed. 

MERIT COIL & TRANSFORMER CORP. 
311 North Desplaines St. CHICAGO 6, ILL. 
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by Andrew Co., Chicago 19, Illinois, makes 
soldering of coaxial plugs and jacks an 
easy and `but in the open" job. Built in 
sliding sections, the plugs and jacks are 
easily disassembled and the conductors to 
be soldered are easily and quickly exposed 
by removing one screw and sliding the 
sections apart with the fingers. It is not 
necessary to solder through a window. 
This latest development in coaxial plug 
and jack construction makes soldering 
quicker and allows the workman to do a 
better job. 

TIMING DEVICES 
Haydon Manufacturing Company, Inc., 

Forestville, Conn., continues to announce 
new and valuable timing devices now 
available. The 5900 series comprises syn- 
chronous motor -operated automatic reset 
time delay and interval timers for time 
delays of one second to five minutes with 
fixed or adjustable intervals. 

These units are available with various 
assemblies of actuating arms, reset springs, 
terminal mountings and precision snap 
switches, NC, NO and DT. 

Where specified, for shock and vibration 
applications, the motor can be equipped 
with a special 4193 -2 shift counterweight 
assembly. Timers so equipped are given a 
30 cycle per second IA" amplitude vibra- 
tion test before leaving the factory. 

The 5900 series type, fixed interval reset 
timer for timed periods up to one minute 
may be indefinitely stalled across the line. 
Because of the larger torque built up in 
the motor at slower speeds than 1 RPM, 
where a longer period is required, it is 
necessary to use an auxiliary relay to re- 
lease the timing motor at the end of the 
timed period. 

With the adjustable time delay units 
available (1817 series) a 5 RPM motor 
is ordinarily used to give an adjustable 
delay of 1 -10 seconds, etc. The adjust- 
ment is set by means of a stopnut which 
controls the position of the stop against 
which the motor arm resets at the end of 
return travel. In the adjustable units for 
timing intervals of 10 seconds to 5 minutes, 
a correspondingly slower speed motor is 
used, depending on the timed period re- 
quested by the customer. 

On all timed periods of less than 30 
seconds, the adjustable style units is 
recommended. 

These units are also available (5148 
series) for d -c operation. 

PILOT LIGHT DATA 
A new booklet containing 24 pages of 

pilot light illustrations, diagrams, specifi- 
cations, prices and other pertinent informa- 
tion has just been published by the Gothard 
Manufacturing Company, 1300 North 
Ninth Street, Springfield, Illinois, under 
the title "Gothard Pilot Light Assemblies 
for Panel Board and Instrument Signal- 
ing." 

HELP WANTED 
Electrical Engineer wanted as chief of re- 
search and development section of a Metro - 

politan N. Y. division of nationwide manu 
facturer. Must have a sound educational 
background and outstanding design experi- 
ence on light equipment. Salary open. 
Reply in confidence giving complete per- 
sonal data, experience resume, availability 
for release, etc., to Box 342, Radio Maga- 
zines, Inc., 342 Madison Ave., New 
York 17, N. Y. 
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...GET THIS TIMELY, NEW 
Dry Electrolytic Capacitor CATALOG 
Every day finds dry electrolytic capacitors 
establishing new standards of perform- 
ance in applications formerly reserved 
for other types. Small, light and inex- 
pensive, dry electrolytics have been 
steadily improved to a point where they 
meet the most exacting specifications. 
These include salt air, reduced pressure, 
low and high temperature extremes, tran- 

sients, r -f impedance, sealing, "shelf life," 
and many more. In addition, Sprague Dry 
Electrolytics are available in unlimited 
combinations of capacity and voltage rat- 
ings, with special electrical characteris- 
tics, and in containers for every mechanical 
requirement. You will find this big new 
catalog a handy guide to dozens of stand- 
ard and countless special purpose types. 

SPRAGUE ELECTRIC COMPANY, North Adams, Mass. 
(Formerly Sprague Specialties Co.) 

SPRAGUE 
CAPACITORS KOOLOHM RESISTORS 
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THIS MONTH 
[Continued front page .101 

to make this their Conference headquarters, 
in its single and double rooms. The Club 
will be pleased to reserve rooms in the 
nearby North Side Hotels to accommodate 
any overflow. Those persons planning to 
attend the Conference are urged to make 
their hotel and train reservations at an 
early date. 

Professor 1'. G. Andres, Chairman of the 
Arrangements Committee, announced that 
his committee would be equipped to accept 
registrations for the Conference by Sep- 
tember 1. Important groups in the elec- 
tronics field will be circularized by mail 
and may return the registration card, with 
which they will be supplied, to Prof. I'. G. 
Andres, Illinois Institute of Technology, 
3300 Federal Street, Chicago 16, Illinois. 
Advance registration by mail is desirable 
to facilitate the rapid handling of regis- 
tration during the Conference. 

A refreshing program of activities to 
balance the rather concentrated technical 
conference is also being developed by Prof. 
Andres as part of the regular Conference 
activities. 

Further information concerning details 
of the Conference may be obtained from: 

1)r. J. E. Hobson, Chairman, Executive 
Committee, Illinois Institute of Technology, 
3300 Federal St., Chicago 16, Ill. 

Prof. A. B. Bronwell, Chairman, Pro- 
gram Committee, Northwestern University, 
Technological Institute, Evanston, Ill. 

Prof. P. G. Andres, Chairman, Arrange- 
ments Committee, Illinois Institute of Tech- 
nology, 3300 Federal St., Chicago 16, 111. 

Dr. B. Dudley, Chairman, Publications 
and Publicity Committee, 520 N. Michigan 
Ave., Chicago 11, Ill. Room 1210. 

The National Electronics Conference is 
sponsored by the Illinois Institute of Tech- 
nology, and Northwestern University as 
participating sponsors, and the Chicago 
Sections of the American Institute of Elec- 
trical Engineers and the Chicago Section 
of the Institute of Radio Engineers as co- 
operating sponsors. 

RMA ELECTS COLE 
S. I. Cole, president of Aerovox Cor- 

poration of New Bedford, Mass., has just 
been elected a director of the RMA l'art 
Division for the two -year term beginning 
1944. This prominent condenser manufac- 
turer was a member of the Executive Com- 
mittee of the RMA Parts Division during 
1943. In his new appointment lue brings a 
wealth of radio parts manufacturing and 
distributing experience to the entire radio 
and allied industry. 

NEW TAYLOR EXECUTIVES 
Frank I. Ilajek, formerly Secretary and 

Treasurer and associated with the company 
since its beginning, takes over all phases of 
management by being elected to fill the 
post of President of Taylor Tubes, Inc., 
2312 \Wabansia Ave., Chicago; while 
fames C. Fihne^r, for many years a lead- 
ing electronic tube engineer, has been ap- 
pointed Vice- President in Charge of En- 

You'll Like These r 
Heavily Silver Plated 

TURRET LUGS 
FIRST - they're easy to use. Just 
swage them to the board, and in 
a jiffy you have good firth Turret 
Terminals. 

SECOND - they're convenient to 
solder to and provide perfect con- 
tact. Sufficient metal is used in the 
Lugs to give them strength, but 
not enough to draw heat which 
would increase soldering time. 

THIRD - they're readily available. 
Turret Lugs to meet a wide range 
of terminal board thicknesses are 
in stock. 

Write, phone or wire orders to 

CAMBRIDGE Neer ú « CORP. 

4174- CONCORD AVE., CAMBRIDGE 38, MASS. 
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gineering, in a move to gear the firm to 
the high -speed post -war conversion period 
which is rapidly approaching. 

Frank J. Hajek 

Joseph F. Hajek becomes Secretary and 
Jerry Worrel, Treasurer, of the company. 

With the shift in executive personnel 
comes word that a new and drastically 
unique distributor policy is being worked 
out and will shortly be announced by Rex 
L. Munger. Sales and Advertising Man- 
ager, \ylw but recently returned from war 
duty with Douglas Aircraft Corp., to head 
ups the Sales Department, a post he had 
held for a long time prior to the war. 

RCAC APPOINTS MITCHELL 
Lieut. Col. Thompson H. Mitchell has 

been appointed General Manager of R.C.A. 
Communications, Inc., it was announced 
today by Lieut. General J. G. Harbord, 
Chairman of the Board of Radio Cor- 
poration of America. Colonel Mitchell 
succeeds the late William A. \Vinterbottom 
who had served as Vice President and 
General Manager of RCAC since forma- 
tion of the Company until his death on 
July 8. Confirmation of Col. Mitchell as 
Vice President is anticipated when the 
Board of Directors of RCAC meets. 

APCO CONFERENCE 
The 11th Annual National Conference 

of the Associated Police Communication 
Officers will be held at the Commodore 
Perry Hotel, Toledo, Ohio, September 18, 
19 and 20, 1944. 

The serious Manpower situation, Fre- 
quency Allocation, Inter -City Communica- 
tions and Interference Problems are some 
of the important discussions of this three 
day Conference which will bring together 
the leading Polic Communication men of 
the United States. Also, representatives 
from the Federal Communication Commis- 
sion will have a prominent place on the 
program. 

Toledo was chosen for this important 
war -time conference because of its central 
location and accessibility. Headquarters 
hotel, The Commodore Perry, is one of 
the finest in the State of Ohio. Our mem- 

[Continued on page 601 
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/;story of Communications Number Seven of a Series 

EARLY COMMUNICATIONS BY AIR 

While electronics use the ether and other media, one of the most speedy 
methods of communications in the early days was through the air by 
carrier pigeon. With a finely printed note fastened to the leg, these birds 
faithfully reached home to bring in the latest news events and stock 
market reports. 

Today news commentary reaches into your homes in a flash of a second 
via electronic voice communications making use of the various types of 
Universal broadcast microphones. This being a modern age, the battle 
front is brought into the homes of the informed peoples of the democ- 
racies via military microphones such as those now being manufactured 
by Universal for the Allied Armed Forces. 

< Model 1700 -UB, illustrated at left, is but one 
of several military type microphones now avail- 
able to priority users through local radio jobber 

UNIVERSAL MICROPHONE COMPANY; 
INGLEWOOD, CALIFORNIA 

FOREIGN DIVISION: 301 CLAY STRUT, SAN FRANCISCO 11, CALIFORNIA CANADIAN DIVISION: S60 KING STREET WEST, TORONTO 1, ONTARIO, CANADA 
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THIS MONTH 
[Continued from page 421 

NEW MULTI- CELLULAR SPEAKER 
combining both high and lute' irc- 

quency units in a compact two -way multi - 
cellular loudspeaker requiring less than 
one and one -half cubic foot of space, Altec 
Lansing Corporation, Hollywood, Cali- 
fornia, has provided a point source of 
high quality sound for monitoring, radio, 
public address and recording which prom- 
ises to revolutionize the field of sound 
reproduction. The new speaker, in actual 
performance, is stated to deliver up to 
500% greater efficiencies in these opera- 
tions. It also supplies very high quality 
in home radio, phonograph and f -m repro- 
ductions. Because of its high efficiency 
and small space requirements, it provides 
an ideal sound reinforcement system. 

This new multi -cellular speaker provides 
up to 1200% increased area of distribu- 
tion. In the horizontal plane, it delivers 
12 times the area distribution at high 
frequencies as compared to the usual single 
unit speakers of comparable size. Its hori- 
zontal area of distribution is 60 °. In the 
vertical plane, its area of distribution is a 
full 40 °. 

One of the most important of many 
factors, according to Altec Lansing engi- 
neers, is the multi -cellular high -frequency 
horn construction. The voice coil is wound 
with rectangular aluminum wire and oper- 
ates in a magnetic field of very high flux 
density, which is supplied by a recently per- 

fected type of permanent magnet. The 
aluminum alloy metal diaphragm provides 
mass stiffness and high velocity of trans- 
mission speed at least five times greater 
than through paper cone material. This 
high frequency unit is designed to operate 
as a piston up to frequencies above the 
limit of audibility. The high frequency 

horn is a multi -cellular unit having six cells 
in a 2 x 3 configuration. Each cell covers 
a 20° solid angle, which means a combined 
area of distribution in the horizontal plane 
of 60° and 40° in the vertical plane. The 
high frequency horn is covered with a 
sound deadening material and mounted in 
the face of the low frequency unit. Power 
from the high frequency unit is supplied 
through the pole piece of the low frequenc 
unit. 

4,000 Parts Per Day 
with DI -ACRO Bender 

Here is an example of "DIE -LESS DUPLI- 
CATING" 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. 

Send for CATALOG 
showing DI -ACRO Precision 
Machines and many examples 
of parts made with "DIE- 
LESS DUPLICATING.'; 

Pronounced "DIE- ACK -110" 

r r i.'`a`ac ,r 

' Enclosed pictures in our plant 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) 

346 EIGHTH AVENUE SOUTH MINNEAPOLIS 15, MINNESOTA 
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The three -inch voice coil of the low 
frequency unit is also wound with rec- 
tangular wire, and operates in a magnetic 
field of very high flux density, which is 
supplied by the newly perfected type of 
permanent magnet. Both the voice coil 
construction and the magnetic circuit de- 
sign aid in delivering a very high efficiency. 
The low frequency voice coil assembly is 
mounted in a 15" stiff paper cone resonant 
at 38 cycles. 

The input impedance of the duplex 
speaker is 20 ohms and a dividing network 
of the constant impedance type is used 
with a crossover frequency of 1200 cycles 
for separating the power for each unit. 
This crossover point permits the horn to 
adequately load the high frequency unit 
down to a point where litle power is being 
transmitted. It also eliminates any tend- 
ency to produce distortion effects as well 
as prevent damage to the high f regttency 
unit. The speaker is available separately 
or mounted in a walnut finished cabinet. 
The cabinet provides eight cubic feet of 
air space which permits the speaker to 
radiate efficiently to 60 cycles for a wider 
range of tonal quality. Special cabinets 
for ceiling and sidewall mounting are 
available on request. A small compact 60 

db gain amplifier with 15 -watt output is 

also available for driving the speaker. 
Complete information may be had by 

writing Altec Lansing Corporation, 1210 

Taft Bldg., Hollywood 28, California. 

MUNGER RETURNS 

Rex L. Munger, the W9LIP of amateur 
radio fame, has returned to his old post 
with Taylor Tubes, Inc., 2312 Wabansia 
Ave., Chicago, manufacturers of trans- 
mitting tubes, as Sales and Advertising 
Manager after serving for 2/ years with 
the Douglas Aircraft Co. in Africa and 
the Middle East as Technical Adviser 
and Representative. For a time, never 
far ahead of General Rommel, he had 
some hair- raising experiences; neverthe- 
less, Mr. Munger took time out, whenever 
he could, to visit with radio distributors in 

South Africa, Egypt, Palestine, India, 
Australia, and New Zealand as he passed 
through these countries. 

When the emergency for which he had 
signed up abated, Mr. Munger requested 
his release and headed straight back for 
his old chair at the firm whose name he 
had helped to make famous in the trade. 

NEW MINIATURE TUBES 

11)truu lias just announced that three 
types have been added to its line of minia- 
ture tubes: 6AK5, 6AL5, 6AQ6. 

The 6AK5 is a sharp -cutoff r.f. pentode; 
the 6AL5, a very- high- frequency twin 
diode; and the 6AQ6, a double diode 
triode. These Hytron tubes are now being 
manufactured in accordance with WPB 
authori71(1 i rductim clicdttles. 

CORRECTION 

In the Unit Conversion Table, pub- 
lished in the May issue, we regret that 
the headings for the columns "1 e.m.u. 
=N practical units" and 1 e.s.u. =N 
practical units" became transposed. If 
these headings are interchanged the 
Table will be correct. 
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WADSWORTH 

f A Tested Source 

for the MASS PRODUCTION of 

Small Precision Parts 

Right now Wadsworth is making small precision 

parts for forty -five major companies which normally 

manufacture such products as radio equipment, refriger- 

ators, automotive parts, precision instruments . . . 

Typical example is a minute steel piece that re- 

ceives thirty forming operations, sixteen of which are 

precision milling, although it weighs only 1 /10th 
of an ounce. 

After the war, manufacturers who will need small 

parts of this character will seek Wadsworth's small 

parts facilities in order to hold sales in competitive 

markets. 

Let us discuss with you the postwar production 

of those small parts and sub -assemblies you may 

have found difficult to get in the past or may require 

tomorrow. 

SMALL PARTS DIVISION 

WADSWORTH 
FACILITIES 

Die Making 
Jigs & Fixtures 
Gage Making 
Model Building 

Milling 
Drilling 
Turning 

Stamping 
Screw Machining 
Hard Soldering 
Heat Treating 
line Assembly 

Polishing 
Lacquering 

Photo Etching 
Silk Screening 

Product Decorating 
Metals Laboratory 
Engineering Design 

Product Design 

CURRENTLY 
SERVING THESE 

INDUSTRIES 

Aircraft 
Automotive 

Bearing 
Electronics 
Instruments 

Machine Tool 
Small Arms 

Refrigeration 

THEWajW07-4 WATCH CASE CO., Inc. 
DAYTON, KENTUCKY, SUBURB OF CINCINNATI, OHIO 
PHONE COLONIAL 8194 (CINCINNATI EXCHANGE) 
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 Aerovox molded- in- bakelite mica capaci- 
tors are available in voltage ratings up to 
10.000. Also in widest choice of mountings, 
terminals, meter-mounting brackets, with ce- 
ramic-mounting washers. etc. Intended for 
heavy -duty service such as in low -power 
transmitters, buffer stages, laboratory as- 
semblies, power amplifiers, continuous -serv- 
ice electronic equipment, etc. 

Greater bulk because of augmented I 

dielectric materials. Greater 
te safety re- 

duce r.f. 
terminals for 

duce lossea. 

minimum r 
1'4554 series in 

resistance. 
1000 to 

445 and test. Available with 

meter brackets 
v. D.C. (illustrated). 

mite 

1650 series in 1000 to 10,000 

D.C. test. Slip- through holes for 
with 

mounting or stacking, or 

threaded holes and terminal screws. 

standard. 
Brown bakelite 
able in low-loss (yellow) XM Bake- 

lite. 

Also heat-treated 

immersion 
for stability. 

lso 

10 °° standard 
special order.. 

5 %. 30,, 

or 2 ° on 

See Our Jobber . . . 

Consult him regarding your capacitor re- 
quirements. Ask for Intc'-t rataloq. Or write 
us direct. 

INDIVIDUALLY TESTED 

AEROVOX LORD, NEW BEDEORD, MASS. U S A 

In Canada AEROVOX CANADA LTD , HAMII TON, ONT 

Export: l3 E.4051 . NEW YORK 1F, N.Y. Cable:'ARLAB' 
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TECHNICANA 
l ontinued jrun: paye 18J 

R2, based upon the characteristics of 
the British ACSP3 tube. For the 6J7 
the value of R2 would he 400,000 Ohms. 

Figure 13 

Second harmonic distortion tends to 
he unimportant with the pentode but 
third harmonics are present, as indi- 

DYNAMIC CHARACTERISTIC 

4.1 

ges 

TIME- 

Figure 14 

cated in Fig. 1-1. With increased am- 
plitude of input signal, the plate swing 
tends to flatten out at the peaks. This 
distortion can be reduced by keeping 

250 

200 

__ 150 

700 

50 

STAGE GAIN 

...N.. 
OUTPUT 

ye. /swlNG 

N.,\ 
I 

.N 

N 

8 8 

LOAD RESISTANCE (ONMS) 

250 

200 

50 

Figure 15 

the plate swing low, using the low- 
est plate load that will give the desired 
output. 

A high supply voltage is also desir- 
able to increase the quiescent value of 
Ep and limit third harmonic distortion. 
These points are shown in Fig. 15, 
which illustrates the output obtainable 
for 2% third harmonic content and the 
stage gain change with load resistance. 
For every point the screen potential 
was adjusted to the plate potential qui- 
escent value. Class A operation must 
he maintained at all times. 

Even when large stage gain is not 
required the r -f pentode is recom- 
mended. With negative feedback dis- 
tortion can he reduced to as little as 
0.4% for a stage gain of 40. Voltage 
feedback can be obtained through two 
series resistances to ground, fed back 
at their intersection to the input. The 
resistance values must be carefully 
chosen to avoid shunting the plate load 
and the plate condenser selected with 
duc regard to the lower frequency limit 
desired. 

Openings for 

Radio Engineers 

Electrical Engineers 

Mechanical Engineers 

In the development and 
production of all types of 
radio receiving and low - 

power transmitting tubes. 
Excellent post -war oppor- 
tunities with an established 
company in a field having 
unlimited post -war possibili- 
ties. 

Apply in person or in writing to: 

I'ersiunnrl Nnnnmeer 

RAYTHEON 

Manufacturing Company 

Radio Receiving Tube Division 

55 Chapel St., Newton, Mass. 
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flADIO 

TEAR OUT -MAIL TO RADIO 

GROUP 

SUBSCRIPTIONS 

SAVE YOU 
UP TO 50 %! 

RADIO MAGAZINES, INC. 
342 Madison Ave., New York 17, N. Y. 

Kindly enter the following subscriptions. Remittance is 
attached. 11 to 6 subscriptions may be ordered on this 
form/ . 

One 1 -year subscription $3.00 
Two 1 -year subscriptions $5.00 
Three 1 -year subscriptions $6.00 
Four 1 -year subscriptions $7.00 
Five 1 -year subscriptions $8.00 

Groups of 6 or more subscriptions in the U.S.A. will be accepted 
at the rate of $1.50 each. For Canadian groups add $.50 to each 

subscription ordered. 

PLEASE PRINT 

Name 
Address 

Position Company 

Name 
Address 

Position Company 

Name 
Address 

Position Company 

Name 
Address 

Position Company 

Name 
Address 

Position Company 

Name 
Address 

Position Company 

NOTE: If you do not wish to tear out this order blank, print or 
type a list giving each subscriber's name, address, employer's 
name and their respective positions. Mail it in today! 

RADIO 

You and your co- workers can now save up 

to half the regular cost of a RADIO sub- 

scription by using the Group Plan. The more 

men in a Group the more each saves, up 

to 50 %. Present subscriptions may be 

RENEWED or EXTENDED as part of a group. 

The combination of exclusive, fine and 

timely articles plus this low -rate subscrip- 

tion offer makes RADIO a must -have pub- 

lication. So fellows, form a Group today 

and send it to- 

RADIO MAGAZINES, INC. 
342 MADISON AVENUE NEW YORK 17, N. Y. 
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YOURS 

Fi 

Available from 
local dealers or 
by writing foc - 
tory direct. 

=== == 

/ / ( I I I I 1 \ \ 
l/1111ÌÌÌ1Ì10\\\\ 

UNIVERSAL 
STROBOSCOPE 
This handy phonograph turntable speed indicator, 
complete with instructive folder, is now available 
gratis to all phonograph and recorder owners 
through their local dealers and jobbers. As a 
recorder aid the Universal Stroboscope will assist 
in maintaining pre -war quality of recording and 
reproducing equipment in true pitch and tempo. 
Universal Microphone Co., pioneer manufacturers 
of microphones and home recording components 
os well as Professional Recording Studio Equip- 
ment, takes this means of rendering a service to 
the owners of phonograph and recording equip- 
ment. After victory is ours- dealer shelves will 
again stock the many new Universal recording 
components you have been waiting for. 

UNIVERSAL 
MICROPHONE CO. 

INGLEWOOD, CALIFORNIA 

ENGINEERS... 
FOR DESIGN, DEVELOPMENT AND 

PRODUCTION OF 

Electrical Measuring Instruments 
or Radio Test Equipment or Both 

IF YOU ARE THINKING ABOUT 
YOUR POST -WAR FUTURE - IF 
YOU WANT A POSITION OF 
PERMANENCE 

Here is your chance to become asso- 
ciated with a long- established and pro- 
gressive manufacturing concern well - 
known in the industry for the quality of 
its products 

This company has been successful in 
manufacturing pre -war equipment iden- 
tical with that now provided in the war 
effort. We will have a continuing pro- 
gram of post -war engineering develop- 
ment assuring peace -time security and 
permanence of employment in a major 
field. 

We need men well grounded in the 
fundamentals of electronic engineering 
and who have substantial experience in 
electrical measuring instrument or test 
equipment design. Practical production 
experience also is desired. Salary com- 
mensurate with previous experience and 
ability. 

Our engineering staff is a congenial, 
capable team of technicians with whom 
you will enjoy working. Modern plant 
buildings provide pleasant working con- 
ditions, and this small northwestern 
Ohio college town is an ideal place to 
live and enjoy life. 

n rit, t- 
THE TRIPLETT ELECTRICAL 

INSTRUMENT CO. 

333 Harmon Road, Bluffton, Ohio 

64 

L PAD 
[Continued from page 34) 

under the radical is negative, it will 
be necessary to substitute Z1 for Z, 
and vice versa, as shown in Fig. 3, 

and resolve the general equation. 
The equations so obtained are (8) 

and (9). Their use will give a posi- 
tive value under the radical and allow 
for correct solution. 

Fig. 2. Generator 
with conjugate 
load, I A I , and, 
(B), load with 

conjugate imped- 
ance 

conditions of maximum power trans- 
fer. 

It will usually be desirable to equate 
for all possible solutions, as circuit 
design may often dictate one type of 
network over another, in regard to the 
desirability of d -c coupling, or of the 
effect of the network on other fre- 
quencies that may be present. The 
phase angle between input and output 
can readily be obtained by drawing the 
vector diagram of the circuit, and 

X3 = 
R, X,-[- 1,/ R , R,X,'-FR:'R,-R s'R; 

...(8A) 
R2-R1 

X, = - 
R,X,-FV R,R2.X2'+R,'R,-R,'R2= 

... (8B) 
R2 

X, = 
R, X2- V R,R, X,'-+R,'R,-R; R,' - 

...(9A) 
R2-R, 

X, = - 
R, X ,-V R,R,X,'+R,'R,-R,'R,' 

...(9B) 
R, 

In certain cases it is found that 
even though Z1 and Z2 are reversed in 
the circuit the expression under the 
radical is always positive, allowing use 
of equations (6), (7), (8), and (9). 

Fig. 3. Equivalent circuit used when 
expression under radical is negative 

This gives a total of four different 
values for the L pad that satisfy the 

computing the angle between L1 and 

[Continued on page 66] 

MONICgT 

v_ y 
AVIATION- EQUIPMENT wry= 

9lI 
RADIO 

ELECTRONIC EQUIPMENT 

QUARTZ CRYSTALS 

MANUFACTURING 

ENGINEERING 

DESIGNING 

TO ORDER 

REX BASSETT 
I N C O R P O R A T E D 

F O R T L A U D E R D A L E 

FL O R I DA 
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NINTH EDITION 
Revisions in this edition adapt it even better than ever before for war -training and general use; contains 
added and simplified theory in the simplest possible language; added test equipment which can be 
home - or field- constructed; and a review of mathematics for solving simple radio problems. 

More than 600 pages; durably clothbound; goldstamped. Get it from your favorite dealer, or direct 
from us, pcstpaid; please add any applicable taxes. 

$2.00 in continental U. S. A. Elsewhere, $2.25 

Published by 

Editors and Engineers, 1422 North Highland Avenue, Los Angeles 28, Calif. 
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RESISTORS 
[Continued froh page 33] 

a.) Ayrton -Perry 
b.) Bifilar 
c.) Pie 
d.) Modified Pie 
e.) Straight \Vire 
The Ayrton -Perry method consists 

of two windings, connected in parallel, 
and wound in opposite directions. As- 
suming 100% coupling and uniform 
distributed inductance on each winding, 
the net inductance is zero. This type 
of winding is used in the vitreous, or- 
ganic, at-cl axial types previously dis- 
cussed. The result with careful wind- 
ing is an inductance in the neighbor- 
hood of several microhenries or less 
with a resistance value of 1000 ohms. 

In bifilar windings, two wires (or a 
single wire folded back on itself) are 
wound in parallel on the same form. 
Two ends are joined to form a U- 
shaped conductor, the two remaining 
ends being the terminals. Thus close 
coupling is secured throughout the 
winding. In practice, this winding is 
not as non -inductive as the first 
method, but it is useful where small 
resistances are desired and where small 
size is a requirement. The voltage 

CREI Can Train You at Home 
for a Better Job and 

Secure Career in 

RADIO- ELECTRONICS 
CREI technical home -study training prepares 
you now for the secure radio lobs that pay 
good money for ability! 

V .0 can study at home -in your spare time 
-develop your technical ability- increa r 
your knowledge to keen pace with important 
developments now taking place in the in 
dustry. 

The opportunity for advancement was never 
as great as it is right this minute. Then 
are good -paying, responsible positions await 
ing you in broadcasting, manufacturing, gos 
ernment, aviation . . . jobs that you can get 
ANI) HOLD by combining your own radio 
experience with the CREI planned progran 
of advanced technical traininC. 

Write for Details mi 

About CREI Home Study Courses 

If you are a professional or 
amateur radioman and wont 
to make snore money -let us 
prove to you we hare some- 
thing you need to qualify for 
the BETTER career -job op. 
portunities that can he yours. 
To help us intelligently an- 
swer your inquiry -PLEASE 
STATE BRIEFLY YOUR 
EDUCATION, RADIO 
EXPERIENCE AND 
PRESENT POSITION. 

'- 

Free Booklet Sent 

CAPITOL RADIO 
ENGINEERING INSTITUTE 
Dept. RA -8, 3221.16th St., N.W., Washington 10. D. C. 
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gradient is high because the potential 
difference between the two adjacent 
wires comprising the bifilar winding 
increases as the ends are approached. 

The pie method consists of a single 
wire wound in one direction in one pie 
(or segment) of the spool and in the 
opposite direction on the succeeding pie, 
etc. It is often assumed that there is 
100% coupling between the sections, 
that the number of turns is uniform on 
each pie and that the pies are wound 
in the same fashion. This is not true 
in practice, for the spool segments are 
usually wound non -uniformly and with 
heavy lava or steatite barriers the 
coupling is rarely above 10% to 20 %. 
Units of 1000 -ohm resistance value 
have an inductance of 1 to 10 milli - 
henries. 

The modified pie method is employed 
where each layer of wire is insulated 
by a layer of paper. Here the direc- 
tion of winding is frequently reversed 
to balance out the inductance. The 
failures noted above under the pie 
method hold here. 

The straight wire method is a process 
for embedding a straight length of re- 
sistance wire in a mica form. Here 
the inductance is, obviously, reduced to 
the inductance of a straight wire. This 
method leads to a limitation of maxi- 
mum resistance obtainable. 

It should be pointed out, however, 
that the effects of inductance and 
capacitance need not usually be taken 
into consideration until the audio range 
is passed. Beyond this point dis- 
tributed capacitance and inductance 
cause the effective resistance to vary 
unpredictably. 

Such a statement as this must he 
general for measurements on resistors 
supplied by the same manufacturer of 
the same lot varied from resistor to 
resistor with noticeable and different 
resonant peaks in the low megacycle 
region, and with a serious decrease of 
effective resistance at the frequency in- 
creased above the point of resonance. 

There are many fields yet to conquer 
in resistor construction : improvement 
of the high frequency characteristics 
of resistors, improvement of the sta- 
bility of composition types, improve- 
ment of wire insulation or winding 
techniques to permit a large ringe of 
resistance on wire -wound units. 

L PAD 
[Continued frort page 641 

Numerical Values 
Numerical values can be substituted 

in equations (6) to (9) inclusive, the 
j operator not being used, using the 
conventional "minus" sign for capaci- 
tive reactance and "plus" sign for in- 
ductive reactance. The sign of the 

answer will tell whether the reactance 
solved for is inductive or capacitive. 

Where the impedances Zl and Z2 are 
both resistive, the equations simplify 
to equations (10) and (11), and the 
phase angle between input and output 
voltage is 

cos-1 - vRl R2 

R1 

the phase being retarded when X3 is 
negative, and advanced when X3 is 
positive. When Zl and Z2 (Fig. 2A) 
are both resistive, Z, is always made 
the higher value to insure positive val- 
ues under the radical in equations (10) 
and (11). 

/ 
R5 X.= + R, 

V 
(10A) 

RI-R, 

\. = - VR,(RI-R2) (lOB) 

R2 / \,--/l,V (11A) 
R,-R, 

X, -+ R,(R1 R.) (11B) 

11111T111 
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RADIOTRON DESIGNER'S 
HANDBOOK 

A handbook of Practical 
Circuit Design 

Edited by the Amalgamated 
Wireless Valve Co. of Aus- 
tralia and reproduced in the 
U.S.A. by one of our largest 
radio manufacturers. Presents 
concrete design data and for- 
mulas of hundreds of circuits 
used in receivers, amplifiers 
and power supplies. Numerous 
schematics. Special circuits. 
37 pages of useful charts and 

tables. A valuable book for all radio engineers 
and technicians. 
356 pages, 6.a9, cloth bound -Only $1.00 
I pic.. : r postage in U. S. 1. and t:anndn..1 

THE ENGINEER'S BOOK COMPANY 
P.O. BOX 575, ALEXANDRIA, VA. 

AND é 
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DEVICES 
eon 

>ir i 
BURSTEIN-APPLEBEE CO. 
1012 -1014 McGee St. Kansas City 6, Missouri 

MASCOT 
SLIDE 
RULE 

Fit, the pocket. Quickh solve, an 
problem in multiplication. division. 
proportion. Gives the square, the 
actuare root. logarithm and recipro- 
cals of all numbers. Trig scales give 
sines and tangents of numbers. Fine 
black graduations on white celluloid. 
Complete with instructions. Price 
in fabricoid case $1.00, in leather case $1.25. Moi ' 
back if not satisfied. Special offer to agents and drahi,. 

MONITOR SLIDE RULE -6" DIA. 
Made in white Vinylite. Same scales as 
Mascot Slide Rule. Complete with in- 
structions. Without ease, $2.05. Leather- 
ette case 7Se additional. 

I TAV LA SALES CO., 25 -RK West Sway., New ork 7. 
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Some 

I 

TS A VERY important 
letter in this war. 

It's the name of the War Bonds you 
buy -"War Savings Bond Series E." 

As you know, a Series E Bond will work 
for you for ten full years, piling up inter- 
est all that time, till finally you'll get four 
dollars back for every three you put up. 
Pretty nice. 

,i_/%---- 567B 9, /0_ 
,/ 

/I1 

The first job of the money you put into 
"E" is, of course, to help finance the war. 
But it also gives you a wonderful way to 
save money. 

And when the war is over, that money you 
now put away can do another job, can help 
America owing over from war to peace. 

There'll come a day when you'll bless 
these Bonds -when they may help you 
over a tough spot. 

That's why you should make up your 
mind to hang on to every Bond you buy. 
You can, of course, cash in your Bonds 
any time after you've held them for 60 
clays. You get all your money back, and, 
after one year, all your money plus in- 
terest. 

But when you cash in a Bond. you end 
its life before its full job is done. You 
don't give it its chance to help you and 

the country in the years that lie ahead. 
You kill off its $4- for -every -$3 earning 
power. 

All of which it's good to remember 
when you night be tempted to cash in 
someof your War Bonds. They are yours, 
to do what you want with. 

But .... it's ABC sense that . . . 

They'll' do the best job for you and for 
.America if you let them reach the full 
flouer of maturity.' 

WAR BONDS to Have and to Hold 
The Treasury Department acknowledges with appreciation the publication of this message by 

RADIO 
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CRYSTAL CIRCUITS 
[Continued from page 29] 

The grid and plate capacities are then 
tuned to the crystal frequency and the 
oscillator will then oscillate and be 
controlled by the crystal only. 

The temperature coefficient charac- 
teristics of crystals operated at their 
high harmonics have drift percentages 
directly related to the rate of change 
for frequency with temperature of the 
fundamental frequency of the crystal. 
For example, at ten megacycles, if a 
drift of two cycles per megacycle for a 

Size cf quartz crystal plate in 
comparison with typical acorn tube 

single degree centigrade is assumed, a 
total drift of twenty cycles would be 
obtained. If, at the fifth harmonic or 
fifty megacycles, a measurement under 
the same conditions was made a total 
drift of one hundred cycles would re- 
sult. 

Frequency stabilities much better 
than the above mentioned are very 
possible as well as r -f output somewhat 
above one hundred megacycles, from 
the oscillator stage alone. Tubes such 
as the 952 acorn pentode may be used 
in the circuit of Fig. 7, or other beam 
power tubes capable of more output 
and comparing favorably in electrical 
efficiency at these frequencies. 

*Patent No. 2,259,528. 

UNIVERSAL GETS "E" 
The Army and Navy "E" was awarded 

to the Universal Microphone Company in 
Inglewood, Calif., July 26. 

Engaged 100% on defense orders pre- 
vious to Pearl Harber, since that time the 
Universal Microphone Co. has been on 
mass production of microphones for the 
Armed Forces. 

Established in 1928, the company main- 
tains factory representatives in 12 cities 
as well as an Export and a Canadian 
division. 

The "E" banner award, and individual 
production pins, comes to the West Coast 
factory because of maintenance of high 
efficiency standards, together with a con- 
sistently high production record. 

ADVERTISING INDEX 
ADVERTISER PRODUCT 

terovox Corporation Transformers 
Andrew Co.. Victor J. Co -axial Cables 
Asiatic Corporation, The Microphones 
Automatic Elec. Sales Corp. Relays 

Bassett, Inc., Rex Quartz Crystals 
Bliley Elec. Co. Quartz Crystals 
Burstein- Applebee Co. Electronic Equipment 
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62 
12 
12 
19 

64 
16 
66 

Cambridge Thermionic Corp. Turret Lugs & Transformers 16, 58 
Conn. Tel. & Elec. Div. Electrical Equipment 15 
Cont'l Electric Co. Electronic Tubes 14 
Capitol Radio Engineers, Inc. Educational 66 

Dumont Electric Co. Capacitors 
D -X Crystal Co. Crystals & Loop Antennas 

Echophone Radio Company Receivers 
Editors & Engineers, Ltd. Books 
Eitel- McCullough, Inc. Tubes and Vacuum 
Electro-Voice Mfg. Co., Inc. Microphones 
Engineer's Book Co., The Books 
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54 

41 
65 
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50 
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Formica Insulation Co., The Ianinated Plastics 11 

Foster Co., A. P. Transformers 

Guardian Electric Mfg. Co. Relays 
Guthman & Co., E. I. Tuning Units 

45 
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i 

Hallicrafters Co., The ... . .Communica ' Equip. 17 
Harvey Radio Labs., Inc. Electronic Instru. 47 
Howard Mfg. Co. Crystal Holders 14 
Hytron Corporation Tubes Cover 3 

Industrial & Comm'l Electronics ..Institutional 51 

Jensen Radio Mfg. Co. Acoustic Equipment 49 
Johnson Co., E. F. Transmitter C piments 7 

Ken -Rad Tube & Lamp Corp. Electronic Tubes 52 
Knights Co., The James Quartz Crystals 20 

Lafayette Radio Corp. Radio- Electronic Equip. 

Merit Coil & Trans. Corp. Radio Parts 

O'Neil -Irwin Mfg. Co. Duplicating 

18 

56 

Machines 60 

Racon Electric Co., Inc. Speakers 
Raytheon Production Corp. Tubes 
Raytheon Production Corp. Help Wanted 

Sperti, Inc. 
Sperry G3 roscope Co., Inc. 
Sprague Electric Co. 
Standard Transformer Corp. 
Sylvania Elec. Products, inc. 

53 
Cover 2 

62 

Hermetic Seals 
Radio -Electronic 
Resistors 
Transformers 
Tubes 

55 
Devices 13 

57 
10 

Tavella Sales Co. Slide Rules 
Triplett Elec. Instru. Co. Portable Instruments 
Turner Co., The Microphones 

Universal Microphone Co. Microphones 

Wadsworth Watch Case Co. 
Inc., The 

Westinghouse Elec. & Mfg. 
Co. 

Wilcox Electric Co. 
Wrigley Jr., Co., Wm. 

9 

66 
61 

8 
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Precision Parts 6I 

Communications Equip. ...Cover 4 
Communications Equip. 4 
Institutional 48 
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1 

o sUDIITUTE USE 
HYTRON 6ALS VERY-HIGH-FREQUENCY 

TWIN 

ISM 

T1f PE 6AL4 
(Developmental 

Hytron D27? 

1 

CONSTRUCTIONAL 
FEATURES 

Rugged mount 
Is 

supported by short, 

heavy stein leads as 

well as by top mica. 

Close cathode-to- 

4" 
spacing gives 

high pert 
1 

(Note plots cooling 

Electrostatic 
shield 

3 connects to pin 6. 

Raffle mica shields 
A 

the elements from 

getter spray 
MIniatere stem per - 

5 mite negligible lead 

inductance 
and min- 

imum interelectrode 
capacitances. 

BASING 

Pin 1 - Cathode 1 

Pin 2- Plate 2 

Pin 3- Heater 

Pin 4 - Heater 

Pin 5 Cathode 2 

Pin 6-- Shield 

Pin 1-Plate 1 

The 6AL5 fills the need for a high perveance twin diode with the 
low voltage drop required for many special r.f. circuit applications. 
WPB and the Services consider diode connection of the 6J6 twin 
triode (and other triodes) to be a wasteful misuse. With minor 
changes of socket wiring, the 6AL5 easily replaces the diode - 
connected 6J6. 

Specifically manufactured and rated as a diode, the 6AL5 is 
tested as a diode. Close production control keeps within a narrow 
range the cutoff characteristic in the contact potential region. De- 
signed throughout for efficiency on high and very -high radio 
frequencies, the 6AL5 has a separately connected shield which 
may be grounded to isolate the two diodes and their associated 
circuits. A midget miniature bulb permits extra space savings. 

Possible uses include: Detector and AVC, clipper, limiter, 
FM frequency discriminator, special high- frequency diode, 
power rectifier. 

MANUFACTURER 
OF 

HYTRON TYPE 6AL5 

Very -High -Frequency 
Twin Diode 

ELECTRICAL 
CHARACTERISTICS 6.3 volts 

Heater potentia AC or DC) .............. 0.3 amperes 3 volt 
......... 460 max volts 

Heater current 350 max volts 
ma. ntialt ............ 

60 max its 
Peak inverse otentialt .. 

10 max. D C ma. 
Heater -cathode r platet .... 
Peak plate current pe 

Average plate current per platet 

INTERELECTRODE 
CAPACITANCES 015 mmf. 

015 mmf. 

Plate t to plate 2. 3,g mmf. 

Plate to cathode shield. 
Cathode all ith close -fitting 

Capacitances 
are averages w 

CHARACTERISTICS 
PHYSICAL 

T_51í2 midget 

... ' ' . . 
Miniature button 

midget 

Bulb. .. .. 1.82 inches 
inch max. 

overall.. 
2 

Height overall ... ..... ... o-75 
maximums should x. 

Diameter .... n ' ' 
shown 

absolute; design variations. 
ratings lower to allow for line voltage 

t Maximum sections. 
approximately 

s 
or oe of the two twin diode 

RADIO RECEIVING 
TUBES 

4. 

irt 

t 

S A L E 
M 

"`ttROt OO 
RppQ tVO- pp4_ 

A N N 

Y p p R T MASS. 
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40 pages of new, 

up -to- the - minute 
WESTINGHOUSE 

TILE INDUSTRIAL 
PLASTIC 

FOR 

COMMUNICATIONS 

ENGINEERS 

Here's new and up -to- the -minute data fcr 

designers of communications and electronics 

equipment in concise, easy -to -use form. 

Forty pages of property tables, performance 

curves and design suggestions provide working 

data for selecting the proper grade of Micarta 
for any communications application. Data covers 

both laminated, molded, and formed Micarta. 

Grade.! include those designed for severest wear 

and high dielectric strength. Micarta terminal 

blocks, commutators, bases, coil forms, switch 

spacers and tube sockets, are now standard in the 

industry. in these successful applications, you 

may find the basis for an improved design. 

Reserve your copy of the new Micarta Data 
Book today. Write Westinghouse Electric 8s Mfg. 

Co., East Pittsburgh, Pa., Dept. 7 -N. J_o63s4-la 

GET THIS 

HELPFUL DATA: 

Grades of Micarta -their character- 
istics ... corresponding Army and 
Navy types. 

Properties of Micarta - electrical 
... mechanical ... chemical ... how 
they compare with other materials. 

Designing Help- machining data... 
how to apply directional loads .. . 

molded and formed Micarta design 
suggestions. 

Forms Available - standard shapes 
and sizes . . . plates, rods, tubes, 
angles, channels, zees. 

PLANTS IN 25 CITIES . . OFFICES EVERYWHERE 

ie 
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