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PROVING GROUND FOR EVEN BETTER 

°RAYTNEONs, TOMORROW! 

Electronic tube developments are being reined in the 
crucible of war at an amazing rate. Raytheon engi- 
neers are originating new designs - manufacturing 
techniques are greatly stepped up, and many new 
applications for electronic tubes have been found - 
applications that will contribute much to the postwar 
era of electronics. 

Raytheon's research and great wartime production 
record will doubly protect the tube requirements of 

All Four Raytheon Divisions Have Been 
Awarded Army -Navy "E" Plus Stars 

p)s =r.ar radio and industrial ele.ironi:: equip* -ent 
manifacturers. As before tie va-, the pcsiwar 
Raytheon tubes will reflect the best engineering for 
all applications, as well as all "Plus- Extra" per- 
formance qualities that have ynonymous with 
the name of Raytheon throughout t . e years. 

Raytheon Production Corporation 
Newton, Massachusetts Los Angeles New York 

Chicago Atlanta 

nAYTH low 
i%i74 7kl!er, 

RADIO AND ELECTRONIC TUBES 

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

This year our armed force; need thirty -five 

per cent more communications equipment thar 

in 1943. The men and women of this divisior are tacklinc 

their share of this biggest assignment yet, with the same 

enthusiasm they have shown from the start ... and with three 

years' practical experience behind them. 

They have good reason to be enthusiastic, for pictures, 

news stories, and soldie -s returning from all over the world, 

tell of the heroic use that is being made of the equipment 

we turn out. 

Here is a group of skilled engileers, designers and pro- 

duction people who are proving their ability to handle a 

big and difficult assignment. We -ell about it here because 

we think that is the kind of organization you will want to 

have working on your postwar needs, such as: 

COMMUNICATIONS SYSTEMS SIGNALING EQUIPMENT 

PRODUCTION CONTROL EQUIPMENT AND INSTRUMENTS 

HOSPITAL SYSTEMS ELECTRONIC EQUIPMENT 'RECISION 

ELECTRICAL MANUFACTURING IGNITION SYSTEMS 

CONNECTICUT TELEPHONE & ELECTRIC DIVISION 
GREAT AMERICAN INDUSTF.IES, INC. 

Meriden, Connecticut 
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"GUTHMAN ... Leader in 1NDUCTRONICS' 

EDWIN I. GUTHMAN & CO!?! 
15 SOUTH THROOP STREETCHICAGO 
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Transients 

PRODUCTION ELECTRONICS 

The prime factor in the industrial supremacy of our 
country has been the use of automatic machinery to 
perform manufacturing operations formerly done 
manually. The resulting saving in labor cost has en- 
abled us to produce goods in quantity at a lower unit 
cost than foreign manufacturers who utilized manual 
labor from a much cheaper labor market. Our formula 
was simple, and it worked. Whether it will continue 
to work in the postwar period is open to question. 

Let's see why. During the war, foreign manufac- 
turers have been obliged to adopt our quantity produc- 
tion methods because they no longer enjoy the ad- 
vantage of a cheap and plentiful labor market. Their 
engineers. too, have become proficient in working out 
methods of translating manual operations into me- 
chanical ones. And it is unlikely that these manufac- 
turers will revert to former methods after the war. 
Because our labor costs will undoubtedly continue to be 
higher, and we shall have lost some of the advantages 
of our better knowledge of automatic production meth- 
ods, it appears that new methods of effecting produc- 
tion economy must be devised if we are to be able 
to compete in international markets. And this applies 
to national markets as well, because competition here 
-especially in the radio- electronic field -is going to 
be far greater than it was before the war. 

One answer lies in a more imaginative approach to 

production problems and a wider use of electronic de- 
vices for quality control. Our production engineers 
have learned a great deal about methods of translating 
manual operations into mechanical ones and have been 
most successful in devising intricate machinery to do 
just this. But we need to dig a little deeper ; we need 
first to determine whether the manual operation is the 
best approach to the problem. Take, for example, the 
electronic dish -washer. The design engineer might 
have made a motion study of an efficient housewife at 
work on the dishes and produce a contraption which 
performed the sane manual operations. Instead, work- 
ing with a free imagination, he developed a device 
which cremates electronically the remains of the feast, 
delivering the dishes dry- cleaned and sterilized. Simi- 
larly, the electronic precipitator ; it doesn't remove dust 
from house furnishings, it traps the dust before it gets 
there. 

In factory production control, "Go- No -Go" gages are 
universally employed for mechanical testing. Unless 
these gages are frequently replaced, due to wear, no 
accurate check is obtained and rejects accumulate. This 
job can be done electronically -- -and better. X -ray ex- 
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aminatioo of casting, for porosity, induction hardening. 

welding operations ; these are but a few of the processes 

which point the way to a wider application of electronic 

devices throughout the entire field of industry. 

TELEVISION PLANNING 

While a great deal has been said about postwar 

television receivers, their application in merchandising, 

education and what -not, very little mention has been 

made as to the form in which television is to be pre- 

sented. In particular, we'd like to know what plans 

are being formulated for the presentation of television 

in color, if any, and for stereoscopic television. 

The latter has definite possibilities insofar as public 

appeal. is concerned. The simple method whereby a 

stereoscopic effect is secured by color separation, 

though a failure when tried out in movies because the 

public just didn't care to put on specs, should be ac- 

ceptable in home television receivers. After all, a great 

màny sun -lamps have been sold, practically all of 

which require goggles to be worn. 
The novelty and force of a stereoscopic presentation 

should be vital factors in creating a demand for higher - 

priced television receivers. If within the scope of the 

Radio Technical Planning Board, and not already 

under consideration, it might be worth while to add 

these items to the agenda. 
Now that we've mentioned the RTPB. perhaps we 

should add that there is quite a squabble going on 

within the industry as to just what television standards 
the RTPB is going to recommend. Some say that these 

standards will be frozen at pre -war quality ; others say 

no. In view of the fact that no recommendations have 

yet been issued by the Board, it seems a little unfair 
to prejudge the situation. Furthermore, it should be 

- remembered that the function of the Board is simply 

to make recommendations to the FCC. It would seem, 

therefore, that the proper thing to do would be to 

present any complaints to the latter body. and at the 

proper time. We feel certain that the FCC will give 

sympathetic consideration to any valid objections before 
final action is taken. 

EYEFULL IN GAUSSES 

Now that a Radio -Radar Queen has been selected, 
by not keep going along these lines and choose a 

Radio-Electronics Queen ? 

This stiggestion is based primarily upon the need for 
a reasonably valid excuse to utilize a perfectly good 

paragraph head. -J. H. P. 
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3/8" COAXIAL 
TRANSMISSION 

LINE r------- 

L 
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QUICK DELIVERY can be made on this extremely 
low loss transmission line. Especially suited for RF 
transmission at high or ultra -high frequencies, it 
has wide application (1) as a connector between 
transmitter and antenna, (2) for interconnecting 
RF circuits in transmitter and television apparatus, 
(3) for transmitting standard frequencies from 
generator to test positions, and (4) for phase 
sampling purposes. 

Andrew type 83 is a J/" diameter, air -insulated, 
coaxial transmission line. The outer conductor ma- 
terial is soft- temper copper tubing, easily bent to 
shape by hand and strong enough to withstand 
crushing. Spacers providing adequate mechanical 
support are made of best available steatite and 
contribute negligibly to power loss. 

Accessory equipment for Coaxial Transmission 
Line, illustrated: 

Type 853 Junction Box: Right angle box required 
where very sharp right angle turn is necessary. 

Type 825 Junction Box: Three way T box for 
joining three lines at right angles. 

Type 1601R Terminal: Gas tight end terminal 
with exclusive Andrew glass to metal seal. Incorpo- 
rates small, relief needle valve for discharging gas. 

Type 810 Connector: Cast bronze outer con- 
nector with copper sleeve for inner conductor. 
Andrew Company manufactures all sizes in coaxial 
transmission lines and all necessary accessories. 

Write for Descriptive Catalog 

Type 810 

Type 83 

Type 853 

Type 825 

Type 160IR 

Andrew Type 83 (Vs" diameter) coaxial transmis- 
sion line is manufactured in 100 foot lengths and 
may be purchased in coils of this length or in 
factory spliced coils of any length up to 1/2 mile. 

ANDREW CO. 

363 EAST 75th STREET 
CHICAGO 19, ILLINOIS 
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INDICATOR TUBE AS 
NULL DETECTOR 
* An electron -ray tube may be used to 
indicate zero readings when measuring 
a -c or d -c voltage or insulation resis- 
tance in a bridge circuit and is claimed 
to provide greater sensitivity than a 
rectifier voltmeter used for the same 
purpose. 

The sensitivity of the indicator tube 
is increased by the use of a cathode 
resistor to produce positive feedback, 
instead of the alternate methods of em- 
ploying a separate amplifier. 

This is discussed in the first of a 
series of two articles entitled "Univer- 
sal Measuring Instrument." The first 
installment appeared in the May, 1944, 
issue of Wireless World. 

In an a -c bridge this device will give 
a visible indication of 2 my peak po- 
tential difference anywhere in the au- 
dio band. The circuit is shown in 
Fig. 1. 

Figure 1 

When neither side of the input can 
be connected to ground, a screened 
input transformer can be used. 

When d -c voltages are involved, the 
circuit of Fig. 2 is recommended. The 
grid filter and cathode by -pass capaci- 
tor are required for d.c. A standard 
voltage of 100 volts is supplied to the 
potentiometer. A 120 -v. neon tube 
voltage stabilizer is recommended, and 
the potentiometer must be calibrated 
but a voltmeter can be used, if desired, 
to measure the standard comparison 
voltage. 

Zero input to the grid indicates 
equality between the unknown voltage 
and the output voltage from the po- 
tentiometer. For an accuracy of plus 
or minus 1%, the lowest measurable 
voltage is 0.5 volts. 

A megohm bridge is shown in Fig. 3. 
The unknown resistance X is to be 

¡Continued on page 81 
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flEUJ PROCESS Reduces Record- Making Time 

FROM 
ORIGINAL TO FINAL PRESSING] 

Tested with one of 
America's leading 

commercial record pro- 
ducers, Gray's molded 
modulation records may 

revolutionize popular record 
manufacture. Though the pro- 
cess will not be available until 
after the war, inquiries are in- 
vited from interested manu- 
facturers of records. 
Here is the process: 
The original recording is embossed 
with a diamond stylus on a specially 
prepared metal disk. This can be im- 
mediately played back, without dam- 
age to the original. 
This original serves as a mold to make 
a plastic stamper, under hydraulic 
pressure. No plating is involved. The 
stamping operation does not damage 
the metal original, and a number of 
stampers may be made, if necessary, 
from the one original. 
The third and last step is pressing the 
final commercial records from the 
stamper. These records may be made 
on quite thin plastic, making possible 
filing several in the space now used 
by one standard record. These are 
flexible, easy to handle, and durable. 
The final records may also be made 
on blanks of standard thickness. 
This new process gives high 
fidelity, and is equally efficient 

for all types and 
speeds of records - voice or music. 

r-- 

THE GRAY 
MANUFACTURING COMPANY 
Makers of Telephone Pay Stations Since 1891 

\ Hartford, Connecticut 230 Park Avenue, New York 

W F. !)ihnars, President 
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[Continued from page 8] 

cator tube triode and reduce the gain, 
so the diode rectifier is employed for 
all general -purpose measurement work. 
This circuit is shown in Fig. 4. 

The variable voltage from the po- 
tentiometer is applied as a slide -back 
voltage to the input, thereby reducing 
the anode current to a predetermined 1 

value. This anode current is passed 
through the 10- megohm resistor and 
the drop across the resistor applied to 
the indicator tube. 

The sensitivity of the circuit de- 
pends upon the input impedance, which, 
in turn, depends upon the operating 
conditions of the diode. With zero 
anode voltage, some diode current will 
flow due to the initial energy of elec- 
trons leaving the cathode. This drives 
the anode slightly negative. 

The slide -back voltage should be 
nearly, but not quite, equal to the in- 
put voltage, so the diode will operate 
with some current flowing through the 
load resistor. This current develops a 
practically constant direct voltage 
which corresponds to zero on the indi- 
cator tube. 

6N5 6G5 

o 
o 

1 
T 

c 

- 40C V. 

Figure 4 

If excessive slide -back voltage is ap- 
plied, the anode current will be zero 
and the input impedance will be high- 
er. But the sensitivity of the indicator 
is lower. 

A recommended ligure for the by- 
pass capacitance is .01 pfd. The slide - 
back potentiometer resistance should 
be approximately 20,000 ohms for a 
reasonably low error. The input re- 
sistance may be approximately 0.1 
megohm. 

The accuracy of measurement is lim- 
ited mainly by the stability of the in- 

[Continued on po,ia 12] 
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OUR SIGHT an. -yc 
Today, behind closed doors, I. C. E. strives for perfection in the rush schedules 

of war ... tomorrow, when the fruits of our labors have helped to win the peace, 

you can look to the precision engineering skill of I. C. E. to help mold your 

drafting -board dreams into reality. z Perfected in the merciless crucible of war 

... I. C. E. will have the key to many of your post -war radio - application problems. 

the promise of great things to come 

INDUSTRIAL & COMMERCIAL ELECTRONICS 
BELMONT, CALIFORNIA 
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YES, we'll agree, these and 
other carefully machined, 

silver plated Astatic Co -axial 
Radio Cable Connectors are 
beautiful . . so beautiful 
that you want to hold them . . and "caress" them . . . in your 
hands. But they're more than beautiful! Astatic Co -axial Cable 
Connectors are products of engineering skill. machining precision, 
assembly care and expert finishing . . . all important to the 
efficient functioning of wartime radio communications equipment. 
Measuring up to the most exacting government and equipment - 
manufacturer standards, Astatic Connectors provide sturdy, lock - 
tight, insulated connections for strenuaus wartime service. Yes. 
they're tough as well as beautiful . and they're dependable. 
We, their manufacturers, are proud of them. They'll do a swell 
job for you. Ilse them. 

111111111/"\ 
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. 

ASIATIC, e.0.ó .0.011..10 

THE ASIATIC CORPORATION 
YOUNGSTOWN, OHIO 

TECHNICANA 
I (',mlinurd front pane n] 

Figure 2 

compared with R. For null, it is de- 
sired to have point B at ground po- 
tential. Then E1 -IX = O. Since 

E1-{-E2= 1(X+R), 
E1 

E1 ±E- = -(X -I- R), 
X 

E., 
or E2X = E1R, and R = X -. 

E, 
By making either E1 or E. 100 volts, 

and varying the other, any resistance 
whatever can be measured. For ac- 
curacy, the value of R should be as 
close to the unknown resistance as pos- 
sible, so for high -insulation resistance 
values precise measurements are dif- 
ficult. 

For capacitor insulation resistance 
readings, there is a slow drift due to 
charging of the capacitor. 

At high frequencies the tube capaci- 
ties shunt the anode load of the indi- 

[Conlinued on page I( 
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JOHNSON 

MINIATURE 
SOCKETS 

Pre -eminent in the ceramic socket field, it was to be expected that Johnsoi was 
asked in 1941 fo develop the first miniature ceramic socket (No. 267), or that it 
was quickly approved and widely adopted a year or more ahead of the field, and 
today is going into critical equipments by the hundreds of thousands. 

The same Johnson skill in engineering both ceramics and metal has gone into the 
No. 277, and the associated shields and shield base (usable with other sockets as 
well). These Johnson sockets not only meet standards (deveoped jointly by us, +he 
W. P. B. Socket Sub -committee, Signal Corps, Navy and private laboratories); in 
each of them you may count on that EXTRA value that's typical of products bearing 
the Viking mark. High grade steatite insulation with long creepage and arcing paths 
and low inter- contact capacity; accurately formed and processed contacts of silver 
plated beryllium copper or phosphor bronze, freely floating and with just the right 
tension, feature this series of sockets. 

If you have a socket problem, whether it's engineering, design, 
substitution, or delivery, first try Johnson. 

Ask for NEW catalog 968K 

JOHNSON 

PLUGS and JACKS 
INSULATORS 
SOCKETS 
CONDENSERS 
INDUCTORS 
BROADCAST 

CABINETS 

E. F. JOHNSON COMPANY WASECA 
* JUNE, 1944 
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wherever a lube is used... 

óax exa so!e 

THERE'S A JOB FOR 

BY GUARDIAN 
The filaments of oscillator type tubes require a "warm up" of 20 to 30 
seconds which is usually provided by a time delay relay such as 
Guardian's Type 7-100. In this relay the time delay is adjustable 
between 10 and 60 seconds and is accomplished by means of a re- 

sistance wound bi -metal in sexes with a resistor. The contact capacity 
of the T -100 is 1500 watts on 110 volt, 60 cycle, non- inductive AC. 
The power consumption of coil and time delay during closing of the 
thermostatic blade is approximately 10 VA; after closing, 5.5 VA. 

A similar relay giving almost the same performance but costing 
somewhat less is the Series T -110. This relay may be equipped with 
an extra set of open or closed contacts, if desired. In industrial control, 
both relays may be used in applications requiring the changing of cir- 
cuits aftee a predetermined interval. 

GUARDIAN" 
605 -G W. WALNUT STREET 

. COMPLETE LIME Of RELAYS SERVING 

LR_A * J U N E, 1944 

R. F. SHORT WAVE THERAPY 
Radio Diathermy is usec i therapeutic treatment 
of bruises sprains, dis'azations, arthritis, frac- 
tures, -aspiratory and s sus di . Oscillator 
type tt.bes generate the rsouired high frequency. 

T -100 laminated Time Delay Relay 
Send for Bulle;ir R -5 

T -110 rime Delay Relay (not laminated) 
Send for Bulletin R -5 

Consul' Guardian whneer a tube is used - 
however- Relays ay Gucrdian are NOT lim- 
ited to tuba applications but are used wher- 
ever automatic cortrol is desired /or making, 
breakirg, or changing Fe characteristics of 
electrical circuits. 

ELECTRIC 
CHICAGO 12, ILLINOIS 

AMERICAN WAR IN5YSTRY 
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Distant flashes of lightning were used to magnetize needles 
by Joseph Henry during his ex3eriments at Princeton in the 
1840's. The needles were placed in coils attached to a metal 
rocf and grounded. This little -known incident demonstrated 
to Henry that electromagnetic force was propagated - 
"wave -fasnion." 

Electronic research is an ever- unfolding drama that often 
magically turns into real -life factors -as Stancor engineers 
discover almost daily -and the values of which they build 
into the devices now being perfected for better 
coordination and control of communication. 

.SEND FOR NEW COMPLETE CATALOG 

12 

STANCOR 
7u «4jte'd 

STANDARD TRANSFORMER CORPORATION 

1500 NORTH HALSTED ST. CHICAGO 22 

Manufacturers of qualify transformera, 
reactors. po:: er pa -ks and allied products 

for the elegy !roui, i ndustries. 

TECHNICANA 
(Continued from page 10] 

itial bias on the diode anode, due to 
initial electron velocity., If the heater 
temperature is stabilized with a regu- 
lated filament supply, such instability 
will be largely overcome. 

UHF AS AN AID 
TO METEOROLOGY 
* Reflection of ultra -short waves from 
meteorological discontinuities in the 
earth's troposphere suggests the use of 
u -h -f propagation in indicating weather 
conditions. 

This is discussed in an article en- 
titled "Wireless and Weather" which 
appears in the May, 1044, issue of 
lVircicss World. 

It is well recognized that so- called 
sky -wave reflections increase the range 
of transmission beyond the effective 
area of the ground wave. But with 
frequencies higher than about 50 mega- 
cycles, the sky wave sloes not ordi- 
narily return. 

Under normal atmospheric condi- 
tions the temperature and pressure, as 
well as water vapor content of the air, 

DISCONTINUITY 

REELECTED 
RAY 

WARM AIR 

RECEIVING 
ANTENNA 

OPTICAL 
RANGE 

TRANSMITTING 
ANTENNA 

Figure 5 

decrease with higher altitudes, result- 
ing in a decrease in the dielectric con- 
stant of the air. This corresponds to 
a lit crease in the refractive index. A 
"direct" wave, at a small angle, will 
he refracted toward the earth and in- 
crease the sending range to points be- 
yond the optical horizon, even for 
ultra -high frequencies. 

Under certain conditions the tem- 
perature may not decrease with high- 
er altitudes. The same may be true 
of water -vapor content. When a high - 
frequency wave strikes a sharp dis- 
continuity it may even he reflected back 
to earth. This effect is illustrated in 
Fig. .5. 

In the article the author discusses 
the movements of air masses, such as 
the Polar and Tropical types. When 
such air masses move into the temper - 

[Continued on page 141 
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' Chicago and Southern Air Lines 
defte«dc« 

WILCOX RADIO EQUIPMENT 
The "know how" that comes only with 
years of experience in research, ex- 
periment and proved production, is 
behind every piece of Wilcox equip- 
ment. Its reputation for reliable per- 
formance makes Wilcox preferred by 
major airlines. Military operations in 
all parts of the world today also utilize 
Wilcox installations for dependable 
communications. 

WILCOX 
ELECTRIC 

COMPANY 
Manufacturers of Radio Equipment 

Fourteenth & Chestnut 
Kansas City, Mo. 

Photographs, 
courtesy Chicago & 

Southern Air Lines 
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Get The Story On 

This 

t -F TRANSFORMER 

It may prove mighty useful to you. This small, precision 
huilt, permeability -tuned I -F Transformer, was developed, 
proved and is being used with outstanding :success on a variety 
of vital Mar applications. Now available for more general use., 
it may be just what the doctor ordered for some of your 
present or projected components. Better have the complete 
facts on this simple, precise transformer readily available. 
t.k us about the LS -1 transformer. 

CAMBRIDGE Thermionic CORPORATION 
454 CONCORD AVENUE CAMBRIDGE 38, 'NASSAGHUSETTS 

. . .. Accuracy and 
dependabígiry are 
bull junta every 
Bliley Crys-al Unit. 
Specify BLILEY for 
assured perflormance. 

14 

BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING ERIE, PA. 
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ate climates and come in contact there 
are developed air fronts which are 
usually identified by the presence of 
rain, hail, snow, etc. 

For several hundreds of miles ahead 
of the advancing front there are dis- 
tinctive weather conditions. In par- 
ticular, in advance of a warm front 
there can be expected a sharp discon- 
tinuity between cold and warm air 
niasses, which extends up to 30,000 
feet. 

Figure 6 

It is thought that such conditions 
might be capitalized upon by the de- 
tection and location of the advancing 
front, and measurement of the rate of 
advance, thus predicting the arrival 
of the storm. An experienced meteor- 
ologist would, of course, have to in- 
terpret the data obtained. 

A section through a warm front is 
sh(r,cn ill I in. 6. 

POTENTIAL DIVIDER DESIGN 
* It Is frLAyucntly rcyuiredl to calcu- 
late potentiometer resistance values 
when the output from the potenti- 
ometer cannot vary outside a given 
range for a given change in supply 
current. A simple formula is I = Im,C - Imax e /E, where E = no -load volts 

ith S, and .S, open, e = `on load" 

Figure 7 

volts with Sl closed, n = equivalent re- 
istance of load, and 'max = short -cir- 

cuit current with S_ closed. These 
quantities are indicated in Fig. 7. 

[Continued on page 16] 
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Sylvania Radio Tube "Firsts" 

Sylvania was first to introduce a line of 1.4 -volt tubes, 
which made the camera -type portable radio the rage of 
1938 and later contributed to our military radio service. 

Prior to this Sylvania development, the standard filament 
voltage for battery receivers was 2.0. This meant that two 
dry cells had to be connected in series to provide 3 volts. 
This power was reduced to 2.0 volts by means of a resistor, 
which dissipated one -third of the expensive voltage. 

Sylvania 1.4 -volt tubes operated, without resistor, on a 

single dry cell. Their low filament drain made it possible 
to build combination receivers that took their power from 
either a I10 -volt power line or a single dry cell. 

This development, which is typical of Sylvania's leader- 
ship in engineering of economical standardization, went 
to war in portable radio equipment for close -range mili- 
tary communication. On every front 1.4 -volt tubes re- 
duced by half, the battery weight that our boys have to 
carry. 

Quality that Serves the War Shall Serve the Peace 

IZADIU * J U N E , 1944 

RADIO DIVISION EMPORIUM. PENNSYLVANIA 

SYLVANIA 
ELECTRIC PRODUCTS INC. 

RADIO TUBES. CATHODE RAY TUBES, ELECTRONIC DEVICES. FLUORESCENT 

LAMPS, FIXTURES AND ACCESSORIES. INCANDESCENT LAMPS 
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All. Purpose Pocket Size Volt -Ohm -Milliammeter 
A new modernistic styled, compact unit that provides an answer to all Volt - 
Ohm- Milliammeter requirements. Incorporates all the testing facilities of 
larger, more costly equipment. Self contained batteries. Selector switch con- 
trol for all ranges. Completely insulated black molded case and panel. (Leather 
carrying case available for tester and accessories.) 

V ANDARDS ARE SET V 

_Ok cr "h- 

TRIPLETT ELECTRICAL INSTRUMENT CO. 
BLUFFTON OHIO 

sus -BAR 

ONE -HALF 
ACTUAL 

SIZE 

WITH elas 

DI-ACRO 
BENDER 

No. 2 
\ I any electrical and other 
parts can be duplicated 
without dies, saving Man 
Hours and Critical Materi- 
als and helping to meet rush 
delivery schedules. DI- 
ACRO Precision Machines - Shears, Brakes, Benders - form angle, channel, rod, 
tube, wire, moulding, strip 
stock; bi- metals, dielectrics, 
sensitized materials, fiber 
slot insulation, frequency 
reeds, etc. 

A heavy Copper Bus -Bar for panel board 
and terminal assemblies is illustrated, ac- 

curately duplicated in two planes with 
angles formed both flat and edgewise, across 
the material horizontally and vertically. 

DI -ACRO Bender No. 2 has a forming 
radius up to 6' and capacity of W cold 
rolled solid steel tar or equivalent. 

Send for Catalog 
"DIE -LESS 

DUPLICATING" 
-hawing all model: of DI- 
ACRO Benders. Sfears and 
Itrakes, and many examples 
.1 parts formel de "DIE 

I ESS lll'l14'A'i'INt;" Q- 
PRECISION MACHINES V, 
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"DIE -LESS" 
DUPLICATING 

U'nEIL-IRU1111 MFE CO. 
346 Eighth Ave. So.. 

Minneapolis 1 S. Minn. 

TECHNICANA 
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As an example of its use we are 
given a problem in which two tubes 
together draw 5 ma screen current and 
are fed with a potentiometer from 300 
volts supply. The screen voltage should 
be 80. Strong avc will reduce the 
screen current and the resulting in- 
crease in screen volts must he limited 
to 30. 

Using the formula given we get 16,- 
500 ohms for the upper arm and 9,500 I.) 
ohms for the lower arm of the potenti- 
ometer. 

This formula is developed in an ar- 
ticle called "Potential Divider Design" 
appearing in the May, 1044, issue of 
Wireless IVorrd. 

The formula is used as the basis for 
the construction of a graph, Fig. 8. 
This is used to determine the value of 
a potentiometer cutput voltage when 
only the potentiometer output current 
is known. 

Figure 8 

The curve is a straight line obtained 
from two points. One point is obtained 
by measuring /max by shorting the po- 
tentiometer output with an ammeter. 
For /n,ax, e = O. The second point rep- 
resents the v.,lue of E when 1 - 0. 
This is measured as an open- circuit 
output voltage with a high resistance 
voltmeter. 

Using this graph the output voltage 
can be determined for any value of 
load current. 

CHARACTERISTICS 
OF ANTENNAS 
* R. E. Burgess of the British Na- 
tional Physical Labtoratory discusses 
"Aerial Characteristics" in an impor- 
tant article in the April, 1944, issue of 
Wireless Engineer. 

Mr. Burgess makes tue of Helm - 
holtz's definition of the principle of 
superposition, and Thévenin's theorem 

[Continued on page 60] 

JUNE, 1944 

i 

4 



Thousands of American war planes, their vital 

electrical systems dependant on Formica insu- 

lating parts, have stood up to the humidity and 

heat of the jungle. They stood equally well the 

dry substratosphere cold on the way. 

For Formica is available in insulating grades 
that do nct change dimensions with changes 
in temperature, whose efficiency is not reduced 
by moisture absorption. Some of them permit 

very slight losses at high frequencies - and 

4. FORMICA MET THE TEST 

they will do most of the work of ceramics. 

Yet they are easily and readily machined - 
adapted for fast mass production methods. 

War time experience has provided better insu- 
lating grades of Formica than were ever avail- 
able before. Let us tell you about them now. 

"The Formica Story" is a moving picture in 
color showing the qualities of Formica, how it 

is made and how it is used. Available for 
meetings of engineers and business groups. 

THE FORMICA INSULATION COMPANY, 4670 SPRING GROVE AVENUE, CINCINNATI, O. 
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THE tremendous increase in the use 
of directional transmitting arrays 
during the past ten years is only a 

small scale forerunner of post - war 
transmitter practice. With the shift 
toward higher frequencies and the con- 
templated large -scale expansion of all 
types of radio services, the directional 
array will become more commonplace 
than the traditional single radiator. 

The directive pattern is of two -fold 
purpose; energy directed into a desired 
direction with a gain in relative field 
strength, or, as is more often the case 
for broadcast stations, the prevention 
of radiation of more than a specified 
field strength in the direction of an- 
other station on the same channel. 
This feature also allows for an in- 
crease in power without effectively in- 
creasing the amount of shared channel 
interference. 

Radiatlon Theory 
Numerous articles treating the 

theory and practice of directional ar- 
rays have been published. Most of 
them have been treatises of radiation 

18 

theory based on Maxwell's Equations, 
providing detailed expressions in quan- 
titative relationships of electric and 
magnetic fields associated with an ar- 
bitrary distribution of charge and cur- 
rent in the element tinder study. For 
instance, the total power of radiation 
is computed by assuming the system to 
be in the center of a very large sphere, 
and carrying out the summation of the 
power flow through each element of 
the area. Average intensity is then 
this derived total divided by the num- 
ber of units of solid angle contained 
in the sphere. 

This method of approach assumes a 
specialized study in higher mathe- 
matics beyond the scope of a large 
group Of engineers and technicians in- 
terested in the subject. At the same 
time, it leaves entirely untouched the 
portion of the picture which reveals 
the contribution of each element in the 
array to the resultant pattern obtained 
and the interactions involved in the 
circuit used. The few papers published 
from the circuit theory standpoint, I. 2 

have also assumed a rather advanced 

Fig. 1. Schematic and photo- 

graphic illustration of two -ele- 

ment directional array at station WIRE 

The theory of directional 
antenna arrays is reduced to 
a form which may be han- 
dled by ordinary circuit 
analysis, without the use of 

advanced mathematics 

knowledge of mathematical concepts. 
It is therefore the purpose of this 

paper to reduce the theory of direc- 
tional arrays, especially as applicable 
to broadcast frequencies, to a form 
that may be handled by ordinary cir- 
cuit analysis. An attempt will be made 
by the use of circuit equivalents and 
analogs to show a picture of the func- 
tion of self- and mutual impedances 
and radiation resistance as establish- 
ing the desired matins operandi. The 
mathematical approach will not go be- 
yond algebraic and trigonometric solu- 

ions of complex numbers. 

Definition of Terms 
In urdir better to visualize the spe- 

cial method of attack to follow, it is 

well at this time to set up a definition 
of ternis especially applicable to the 
approach. 

J'elf- impedance: The impedance of- 
fered to an applied voltage at an open 
terminal of the point in question, with 
no influence from any other antenna. 
For instance, the impedance function 
between base and ground of a tower 
radiator, such as is used in broadcast 
installations, may be shown to be an- 
alogous to the impedance function at 
the sending end Of a transmission line 
equivalent in length to the effective 
height of the tower, and open -circuited 
at the receiving end. This antenna 
impedance function is illustrated in 
Fig. 2. 

' l'. S. Carter, "Circuit Relations in Radi- 
ating Systems," IRE Proceedings, June, 
1032. 
2G. H. Brown, "Directional Antennas," 
IRE Proceedings, January, 1937. 
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Circuit Relations in 

DIRECTIONAL BROADCAST 

TRANSMITTING ARRAYS 

I'hc resistive component of the an- 
tenna impedance, which is the impor- 
tant factor of an antenna at resonance, 
must include beat Ioss, dielectric and 
ground losses, as well as the theoreti- 
cal radiation resistance. .\ method will 
be devised to represent the radiation 
resistance as the load resistance of an 
equivalent circuit for purposes of cir- 
cuit analysis. As may be deduced 
from the above discussion, the input 
impedance is equal to the self - 
impedance of the antenna when not 
influenced by another antenna. Self - 
impedance is designated by Z and is 
equal to E, /I,. 

Mutual Impedance: When one or 
more additional antennas are used, as 
in directional arrays, the input im- 
pedance of the first antenna is no long- 
er equal to the self- impedance. The 
system now becomes equivalent to a 
coupled circuit, the number of meshes 
being dependent on the number of an- 
tenna elements. Since a voltage will 
now he impressed across the input ter- 
minals of the first antenna due to the 
current existing in the second antenna, 
we may establish the mutual impedance 
as 

Z,. = -LW!, (I) 
/ì_ is identified as the voltage induced 
in antenna 2 by antenna I %when this 
induced VI )1 is referred to the ref- 
erence IR;int in antenna 2, and I, is 
the current at the reference point in 
antenna 1. In our discussion the ref- 
erence point is the point of current 
loop. 

Voltage and Current Relations 
The voltage and current relations in 

the array may then he defined as 

RADIO 

HAROLD E. ENNES 
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equivalent to that of the usual network 
with mutual impedances, thus: 

= I,Z + I.Z,. 1 (2) 
L, = I,Z,: + 1.7-.. 

where 
etc. = voltages applied to antennas 

,1, 2 ... 
currents in antennas 1. 2 

= self- impedances of ant. 1, 2 
= mutual impedances between 

antennas denoted by sub- 
scripts. 

Driving -Point Impedance: The im- 
pedance offered to the exciting voltage 
of the first antenna when under the 
influence of the other elements in the 
array. Thus: 
Driving -Point Impedance= 

I! 
I.,q - Z12 + -/ , 0 -+ . . (3) 

!, 1, 

and thus becomes equiv:rl,nt to a mul- 
ti- mesh network containing self- and 
mutual impedances. 

Summarizing the theory as presented 
of self -, mutual, and driving -point im- 
pedances, we may establish the direct 
relationship between these characteris- 
tics. For example, self -impedance may 
he measured by open circuiting the ele- 
ments in the array other than the one 
under measurement, making /, zero in 
equation (2). The impedance thus 
measured is then Z and equals E-, /I 
as shown. The self -impedance of each 
element is measured by this method. 
Then, with the second element closed, 
a two -mesh circuit results, and the 
measurement of the driving -point im- 
pedance will show the relationship of 
the self- and mutual impedances. Illus- 
trating mathematically we have 

/I, 1, 
Z,,, 7. 
1.,., Zu 
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E, = 1,7,, -}- I,Z,_ 1 (4) 
0 -1,Z,.+ lam I 

liy simultaneous solution and obtaining 
F, //, we have 
Driving -Point Impedance = 

Radiation Resistance: Since the loss 
of energy from the antenna by radi- 
ation must be accounted for in an 
equivalent circuit analysis, we may de- 
fine this characteristic as a resistance 
which, when inserted at the current 
loop, dissipates an amount of energy 
equal to that radiated from the tower. 
Thus 

R,:= P./1.1 

úQ 
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Fig. 2. Representation of the self - 
impedance function of an antenna 
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12 LEADS I, BY 0 RADIANS 

E,-e,ZO: e e,+j0 
E2=e2/(S cos ó)+ 

e2 a- [(Scos(9)+] 
'+je2 sin [(scosp)+¢] 

TOTAL VECTOR VOLTAGE - ET - E,+E2 

S 

. / 

To P 

P f 

+je2sin [(ScosO) +O] 

e, +e2 cos [(Scos (3) +(] 
2TTS cos (3 +O (RADIANS) 

Fig. 3. In a two -element directional array. 
the resultant field strength is the vector 
sum of contributions from each element 

of the array 
where 

1. = current at current loop 
P. = power radiated from antenna. 

Basic Theory 
It is now in order to review very 

briefly, in the most fundamental man- 
ner possible, the theory of a two - 
element directional array. Thus we 
will neglect propagation effects and 
consider only the directive characteris- 
tic. 

From Fig. 3, it is observed that the 

resultant field strength at P will be a 
vector sum of the contributions from 
each element in the array. P may be 
seen to be closer to antenna 2 by a 
certain number of electrical degrees, 
thus the signal E2 will lead E, by that 
many degrees due to spacing S alone. 
The current /2 also leads in time that 
of /,. by 4' degrees, thus the lead of 
E, will be still greater at P by 4) 

amount. In other words, the resultant 
voltage vectors at P will have a mag- 
nitude dependent on the currents in the 
respective elements, with an angular 
relationship determined by the time 
phasing in electrical degrees of the 
currents in the elements and the dif- 
ference in path length from P to the 
respective antennas. 

From the above discussion we may 
derive a relative field equation to ob- 
tain a picture of the resultant field 
pattern as a function of the parameters 
involved. If the current phase of an- 
tenna / lags antenna current in 2 by 

radians as shown, then the phase dif- 
ference at any arbitrary point P about 
the array is 21r S cos ß d, radians, 
as is evident from Fig. 3. Then the 
relative field at P becomes: 

cos [ (7S) cos ß +0/21.. (7) 
I f 12 lags 1, then the equation becomes 
E,.,.,,.=2 cos [(ITS) cos ß -0/2] 

Thus, in Fig. 4A, if S = a/4 and 
= 90° (,r /2 radians), the resultant 

pattern is a cardioid as illustrated. 12 
leads I, by 90 °, but in the direction of P it takes 90 electrical degrees to 
travel from antenna 2 to antenna 1. 
Therefore the fields add in this direc- 
tion. In the direction of P2, however. 
it may be observed that I, starts !/ of 
a cycle late and loses another !. cycle 

Fig. 4. In IA), pattern 
and 90 . In (B) 
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of two- element directional array when S \ 4 
pattern of array when S ' 2 and 0 180 

in traveling to antenna 2, thus arriv- 
ing at antenna 2 at 180° phase differ- 
ence, cancelling radiation in this direc- 
tion. 

Similarly, Fig. 4B illustrates the pat- 
tern of a two -element array where 
S = a/2 and l = 180° Or radians). 
By following the line of reasoning 
above, it may be seen that the two 
fields will add in the directions of P1 
and P2. At any other angle from the 
line of array, the resultant field is a 
quadrature addition of the two vectors 
as shown in Fig. 3. Equation (7) may 
he evaluated on polar paper for any 
given set of parameters. It is obvious, 
of course, that the evaluation of 
from 0° to 180° is all that is necessary, 
due to the symmetry of the pattern. 

Phasing Networks 
Fig. 1 illustrates by photograph and 

schematic drawing the two- clement di- 
rectional array as installed at WIRE 
in Indianapolis. 

The transmitter is the RCA 5 -I), the 
final tank circuit being essentially as 
shown in Fig. 5. L_, L., and Ca form 
a low -pass T network, and may he de- 
signed to match any transmission line 
70 to 500 ohms for any operating fre- 
quency desired. All modern broadcast 
transmitters arc similar in design in 
this respect and require no special 
matching network between final tank 
and transmission line. The matching 
network is therefore used at the coupl- 
ing point of transmission line and an- 
tenna. In broadcast installations. lines 
are nearly always operated under non - 
resonant conditions, and this is as- 
sumed in all following discussions. 

The network into which the final 
tank circuit is loaded is therefore the 
necessary phase- shifting and power - 
dividing network. Fig. 6 has been pre- 
pared for the special case where input 
and output impedances are equal as 
mentioned, and may be used to design 
a network that will shift the phase d, 
amount between 0° and 180° for any 
Z°. Data is given for both T and Pi 
sections. It should be remembered that 
a phase shift occurs in the transmis- 
sion line of a uniform angle (under 
non -resonant conditions) of 360° for 
each electrical wavelength of line. 
However, due to a necessary spacing 
S required for a desired pattern, it is 
seldom feasible to use a line of exact 
length for a certain phase shift, hence 
the need for a phase- shifting network 
under absolute control. 

Design Data 
Although this article is by no means 

intended to be a comprehensive treat- 
ment of design technique for directive 
systems, this bit of design is presented 
with the hope that it will stimulate a. 
healthy interest in the problems re- 
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lating to phasing of elements in an an- 
tenna array. 

As an example of the use of Fig. 6, 
assume 

7_ = 100Q 
= 30° 

for a T section: 
XL,= X1 : =Z ° /a= 100/3.6 = 27.77e 
X c = - Zo /b =-.- 100/0.5 = 200012 

Assume a frequency of 1000 kc 
XL= 01, 

:. L= XL /27 f = 27.77/6.28 (10`) _ 
4.42(10') = 4.420H 

and X =1/0C 
:. C =1 /2lTfXc =1/6.28(101')= 

0.159(10- ") =0.159 µµf 
Therefore : 

XL, =XL2 =4.42 µHI for 0 = 30 °, 
X0 = 0.159 µµf J when Z.= 10012 

A T or Pi network of the type illus- 
trated in Fig. 6 (where the series re- 
actance is inductive) \eill cause a lag- 
ging current of 4 degrees. For the 
same effect except that the current is 
made to lead instead of lag, the series 
reactance is made capacitive and the 
shunt arms inductive.* 

Equivalents & Analogs 
For purpose of special observation 

we may set up an analog (not neces- 
sarily equivalent) of a two -element ar- 
ray as in Fig. 7. Mesh I to the left of 
the common input terminals A -B, rep- 
resents the main radiator, and mesh 2 
represents the phasing unit and an- 
tenna 2. The mutual coupling is desig- 
nated by M, which results in an addi- 
tional impedance mutual to the two 
meshes and not represented in the cir- 
cuit. 

The problem is then to set up an 
analog of the entire circuit that will 
prove mathematically feasible to illus- 
trate certain relationships in the cir- 
cuit. This analog must represent the 
losses due to the ,capacity from the 
base of the tower to ground, dielectric 
hysteresis and ohmic resistance. Re- 
active components of the antennas at 
resonance are balanced out, and non - 
resonant transmission line, coupling 
and matching networks need only he 
assumed to contribute slight additional 
losses to be lumped in our analog with 
resistance loss. Such a circuit may be 
set up as in Fig. 8. 

It is obvious that this circuit is not 
an "equivalent" of a two -element ar- 
ray. It is, however, an analog set up 
to illustrate the mathematical relation- 
ship in common circuit form where the 
radiation resistance is represented as 
the load resistance of a network, modi- 
fled by the mutual. impedance of the 
circuit. 

It may be observed that with mesh 2 
open- circuited, Z12 will be zero (short 
circuit), and Z1t = RL + RR. Simi- 
larly with mesh 1 open- circuited, 

* Radio Engineers' Handbook (1943), 
Terman, pp. 210 -212. 

722 = RL1 - RR'. \- \'ith both meshes 
closed, Z12 will have a magnitude de- 
pendent on the spacing of the elements, 
and the resistive component of this im- 
pedance will vary with spacing as 
shown in Fig. 9. This is a composite 
graph of the mutual impedance func- 
tion of vertical broadcast towers 
wavelength high. based on findings of 
G. H. Brown ( "Directional Antennas," 
IRE Proceedings, Jan., 1937). For 
convenience the mutual impedance in 
the form 712 X0,2 has also been 
plotted in the form R12 7+" jX12 in or- 
der to show the function of the resis- 
tive component with spacing. 

Effect of Antenna Coupling 
It is obvious that tinder practical 

conditions, the coupling of a second 
antenna will modify the resonant fre- 
quency of the first antenna due to the 
reactive component of the mutual im- 
pedance. This must be compensated 
for just as the reactive component of 
the antenna is balanced out in loading 
adjustments. Therefore, this leaves its 
concerned only with the resistive com- 
ponent of the mutual impedance under 
properly loaded conditions at reso- 
nance. Thus, we may in this example 
substitute R11, R12 and R22 for Zl 
Z12, and Z22 respectively. 

It is possible now to visualize the 
effect of the coupling of elements in 
the array on the resultant impedances 
and currents involved. The effective 
radiation resistance may he seen to he 
raised or lowered depending on the 
spacing, since from Fig. 9 it is ob- 
served that the resistive component of 
the mutual impedance is positive or 
negative at varying spacings. Conse- 

Fig. 5. Tank circuit schematic 

quently, if the currents are held tu a 
given value for varying spacing, the 
intensity of radiation perpendicular to 
the array will remain constant, but the 
total power will vary due to the effect 
of the mutual impedance change. In 
other words, the power in the an- 
tenna = 11% _ /2 (R11 + R12). The 
power radiated is the /2 R drop 
across the radiation resistance RR 
which may be large or small (depend- 
ing on antenna efficiency) in ratio to 
Rt, and R12. This, of course, is simply 
one theoretical picture of an abstruse 
problem. 

If R11 + R12 is plotted on linear 
paper with spacing S as the abscissa, 
the contour of the power function will 
be traced. If 1' is taken as the power 
in one element to establish a given 
electric field and is taken as unity, and 
P' is the power necessary for the two - 
clement array to maintain the ideal 
status quo of twice radiated field in 
maximum lobe (hence 4 times the 
power), then P' =2R+ R12 / R11 
and the gain = 4 /P'. Thus, at the 
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Fig. 7. Analog of two -element array 

spacing where R11 R12 (note that 
R12 may have to be subtracted rather 
than added), is a minimum as indicated 
on the graph, then the optimum spac- 
ing for maximum gain will be shown. 

For example if R11 = 100Q and 
R11 + R12 = 80 ohms, then Y1 = 
2 X 80/100 = 1.6 and the gain = 
4/1.6 = 2.5 times. 

Rigorous Application 
The circuit of Fig. 8 could be set up 

to include all the reactive components 
of the impedances for rigorous treat- 
ment and field application. Fig. 10 
illustrates the usual method of treat- 
ing the antenna array and its image, 
giving a picture of the gain of an an- 
tenna of arbitrary length above ground 
over that of the same antenna in "free 
space." 

The currents in the array elements 
may then be represented as: 

12= F11/01 
Therefore 

where 

I: 11=- /0 f 

F J 

(8) 

/1= rms current at current loop in 
ant. 1 

./s= same for antenna 2 
F= fraction showing relation of 

current magnitudes 
= phase angle of currents in 

1 & 2 

Applying equation (2) to the net- 
work of each element, including the 

Fig. 10. Vector diagram of two - 
element array to represent field 
strength contributions at point P 
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images: 

Fig. 8. Analog of array for mathematical analysis 

E,= I,L11+1:Z1:+/3Z11 I /./1. 
E: = I,Zu+1:Zn+laZ:,+1.Zu 
E, = I,Z+12Zr.,+1:Z33+/.'/.,. 
E. =1,T_,.+I27.u+1,7.+I.7,.. 

(9) 

The image currents are: 
Is.= -Il 
1. - -12 J 

Substituting equations (8) 
in (9), we have: 

(10) 

and (10) 

/:, = Il Z. + F(`. /0+8,:)- Z. -F (íl. /0+0,4) 1 

Z1, Z. 
E, = 1: ( - /-0+eu) + Z- - ( - /-0+ea) - Zu) 

1: F 

E, = I, - "/.,, - F(Z>t, /0+en) -I "/.:u + F (7.,. /0+es.) I 

r Z,. Z. 
J 

E, = /. ( - /-0+el.) - %1. + ( - /--0+0u) + Z..) 
F /' 

1 

(11) 

120 E'60 
ó 

2D`NI 

á 
o 

20 

4,I -60 

J'L 160 

140' 

Nip100 

120' 

100 

L 
---r,2D 

40' 

-- 
o 

/' 
m 

20' 

A ̀ ̀.....' 40' 

60' 

1 
TOWER HEIGHTS 180' 

et2 
100' 

I 

1421 MAGNITUDE OF 
MUTUAL IMPEDANCE 

120' 

I PHASE ANGLE OF /22: t40 
MUTUAL IMPEDANCE 

160' 

_180 
0 0.1 02 03 04 05 06 0.7 0e 09 1.0 

'n S WAVELENGTHS -- 
Fig. 9. Characteristics of mutual impedance of two- element array 

IUNE, 1944 * 

M 



where 012, 023 etc. = phase angles of 
mutual impedances Z12r Z23 etc. 

In visualizing equation (11) the fol- 
lowing relations must be kept in mind: 
Z etc. = R. + jX etc. 
Z. etc. = R. + 1X,, etc. (l 

R. etc. = IZI cos O. etc. 
X. etc. _ IZ1 sin e etc. J 

Also, from the symmetry of the two 
elements and their images, we may 
conclude that : 

(12) 

R = Rn =R,,= R.. R = R;,, and R = R etc. 
(13) 

Total Power 
Each element has a power equal to 

/2 R where R is the resistive corn - 
ponent of the clement impedance as 
given under the relations in (12) and 
as discussed previously. P is the power 
input to the array 1 and 2; then, since 
an equal power exists in the image 
(assuming a perfect ground, which is 
permissible for this analysis, especially 
at broadcast frequencies) the total 
power input may be considered as 2P. 
Thus, substituting from (13) and (12) 
in (11) and adding the powers of each 
element, we have: 
2P = 1,' (2R - 2R + 2F'R - 

2F'R + 4FR cos sis - 4FR1. cos 9s) 

and from the fundamental law 

I = v P/R 
the current in element I becomes: 

prove somewhat confusing at first 
thought, even though we must refer 
the radiation resistance to the current 
loop. It is perhaps unfortunate that 
so many examples given in the liter- 
ature assume the common center -fed 
doublet for theoretical discussion. 

If we return to the transmission line 
analogy, however, as briefly mentioned 
before, we may arrive at a more com- 
plete picture of this relationship. 

The impedance function as modified 
for vertical tower theory has been seen 
to be* 

Z. = 120 log //a (15) 
1 = height in feet 
a = radius at base 

The above equation is applicable to 
an antenna of the general shape of 
Fig. 11 -.9. The equation for antenna 
11 -B is 

21 
Z. = 120 (log - -1) (16) 

a 
and for 11 -C is 

Z. = 120 log 21 /a (17) 
a = radius at maximum width 

Antenna Radiation Theory 

Carrying out our transmission line 
analogy to antenna radiation theory, 
we may see that the antenna function 
is equivalent to a transmission line of 
a certain Z0 that is terminated in a 

P 

(R -R ) (F' +1) +2F cos $ (R,. -R,.) 

Equation (14) may then be used to 
find the current in each element when 
the resistive components are known, 
since the current relationships of all 
the elements are known. The field 
strength at point P of Fig. 10 at an 
azimuth angle i will be the vector sum 
of the currents in each element. Ex- 
pressing the currents in terms of /, 
and performing the addition: 

E = (K) I, [1 + (F /4)+S° cos ¢) - (1 /211° sin ¢) - (F /$+S° cos + 2H° sin #) i 

where (K) is the necessary constant 
involving the distance and frequency 
of operation, and 

S° = spacing in degrees 
H° = height in electrical degrees 

Transmission Line Analogy 
As is well known, the input im- 

pedance of a half -wave vertical radi- 
ator fed at the base is quite high, being 
of the order of 200 to 600 ohms. The 
relationship between the radiation re- 
sistance and the resistive component 
of the total antenna impedance might 

*S. A. Schelkunoff : "Theory of An- 
tennas of Arbitrary Size and Shape, 
IRE Proceedings, Sept., 1941. 
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(14) 

certain impedance ZR that is not equal 
to Zo, and having resistive and re- 
active components such that ZR = 
RR + jXR. Thus reflection occurs on 
the line, and at the same time a cer- 
tain amount of power is transferred 
to ZR which is the load of free space 
as seen by the end of the antenna. It 
is possible then by use of the Compen- 
sation Theorem to terminate the trans- 
mission line in Zo and replace the dif- 
ference in impedance by a generator. 
We then have the equivalent circuit 
of Fig. 12. 

By the Superposition Theorem the 
generators at the sending end consid- 
ered by themselves will produce a volt- 
age at an arbitrary point down the line 
such as ab, of .4 -rr, thus showing that 
this voltage will decrease as the dis- 
tance down the line increases. The 
voltage caused by ER, the generator at 
the receiving end (denoting the reflec- 
tion on the line), will cause a voltage 
across ab of B +rr, showing that this 
voltage will increase as the receiving 
end is approached. Therefore, the vlt- 
age at ab is 

E.1 = A'.' + B.r' 
Similarly, the currents will have the 

relationship 
I.o,n= CC +De'r' 
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Fig. 11. Shapes of transmitting antennas 

It is obvious that the first point of 
minimum current occurs close to the 
sending generator where the reflected 
current is small, and the principal cur- 
rent is also small (corresponding with 
the current node in the "voltage -fed" 
antenna). The first maximum point is 
farther away, where, although the sec- 
ondary current is larger, the principal 
current is also large and the effective 
current is at a maximum (see graph 
of current relations in Fig. 12.) 

End Effect 
It must be remembered that as the 

energy of the principal wave is trans- 
ferred to the boundary sphere, it must 
thenceforth travel in different modes 
of transmission. Therefore, along with 
the normal reflection of the principal 
wave, secondary waves in the boundary 
sphere adjacent to the antenna will 
generate reflected waves to match 
those in the field. In this manner, it 
is possible to visualize the so- called 
"end effect" of the antenna. This end 
effect then is seen to consist of "radi- 
ation" and a "reactive field." 

If we find the ratio I ruin /I max 
of the first minimum amplitude to the 
first maximum amplitude, we find that 

(Continued on page 52] 
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Fig. 12. Antenna current relations 
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HETERODYNE 

FREQUENCY 

METER 
FOR some time, a very definite need 

for accurate, reliable, and com- 
pletely portable frequency measur- 

ing equipment has existed. Mobile re- 
lay transmitters, emergency portable 
mobile equipment, as well as high - 
frequency relay (link) stations, are all 
required to maintain an accurate check 
on their operating frequency. With 
these needs in mind, the heterodyne 
frequency meter to be described has 
been developed. This equipment fea- 
tures unusual frequency stability under 
adverse conditions of vibration, tem- 
perature and humidity and may be 
easily, quickly and accurately recali- 
brated while in the field. 

LA 

6 ,o. 

R 2 
47K 

CV 
100 MMF. 
SILVER 
MICA 

The Type SR -90 Heterodyne Fre- 
quency Meter is a completely self -con- 
tained instrument designed to facili- 
tate the measurement of unknown 
radio frequencies falling within the 
range of 1 to 60 megacycles, these 
measurements being accomplished with 
an accuracy of .002% or better. The 
power supply consists of two 45 -volt 
B batteries and four 1/ -volt A bat- 
teries which are contained in the case. 
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Oscillator Design 
The variable frequency oscillator 

employed in this equipment is a high 
stability device, tuning over a funda- 
mental frequency range of from one 
to two mc. A type 6K8GT tube is used 
in an electron -coupled ultra -audion cir- 
cuit, the output of which is rich in use- 

500 MMF. SILVER MICA 

RS 
C7 I 1 15K 1 p 

C5 1000T 150K y Cab 1.5MK. 

MMF. 
pCMOKE 

SILVER 
b LJ 

SMMR 
SILVER MICA 

MICA 

50 MME. 
SILVER MICA 

V2 
%2 R2 

15K 

Y7 

%TAL 
100 
KC. 

00 KC. 
INDUCTANCE 

121 

MME. 

R12 
4.0 
MES. 

S1 

/ 0.PS.T. TOGGLE 

S5 
! 

C3 
0.5 E. 

52 

C15 
0.1 
MF. 

PP ON JACK SO MME. 
SILVER MICA 

J1 

T1 
OUTPUT 
TRANSE 

10.000 
MME. 
MICA 

Cae I T 

I I i 

C14 
10 ME. 150V. 

CA 
5 MMF SILVER MICA 10,000 MF. 

ce 
50MMF. + 
SVCCAR 

IICJ 

1000 MME. 
SILVER MICA 

V4, X4 

R27 
50K R6 

15K 

CIO 

z 

+6,x6 

10000 MM . 

MICA 

53S 

S.P.S.T. TOGGLE 

54 

C19 

Fig. 1. Schematic diagram of heterodyne frequency meter. Tube types are given in text 
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ALBERT H. CARR 
Chief Engineer, Fada Radio 

and Electric Co., Inc. 

Design data, constructional 
features, and applications of a 
highly precise frequency meter 

ful harmonics. Harmonics up to the 
thirtieth are employed in extending the 
frequency range of the instrument to 
60 mc. 

The frequency -determining element 
of this oscillator consists of an induc- 
tor (see Fig. 1) wound with silver - 
plated Nilvar wire on a threaded and 
glazed ceramic form of very rugged 
construction. Both the wire and the 
form employed have practically zero 
temperature coefficient, which results 
in a very high order of frequency sta- 
bility vs. temperature. 

This inductor is rotated directly by 
the main tuning dial, which is divided 
into two hundred divisions over an 
arc of 360 degrees. In conjunction 
with an 0 -10 division decimal indica- 
tor, this arrangement permits direct 
reading to an accuracy of one part in 
two thousand. To cover the range of 
from 1 to 2 mc, this dial must be 
turned through seventy complete revo- 
lutions. Each revolution is indicated 
on a consecutively numbered dial 
which is located behind the front 
panel. Only the figures indicating the 
actual number of variable inductor 
turns in use are visible to the operator 
through a window in the panel above 
the main dial. 

The capacitive element of this oscil- 
lator circuit is provided in three forms. 
The main clement consists of a 100 µµf 
silver -plated -on -mica capacitor, C -27, 
of substantially zero temperature co- 
efficient. This capacitor is located at 
the lower left hand side of the vari- 
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able inductor in order that it may be 

subjected to substantially the same 
temperature variations as the induc- 
tor itself. Physically, immediately for- 
ward of this capacitor is located an 
adjustable ceramic capacitor, C -26, 
whose characteristics are such that its 
temperature coefficient is negative. Lo- 
cated toward the front of the chassis 
and below it, is a variable air trimmer 
capacitor, C -23, of 50 µµf capacity. 
This unit has a positive temperature 
coefficient, and by use of the proper 
proportion of this and of the adjust- 
able ceramic capacitor, any required 
coefficient of temperature compensa- 
tion may be obtained with the proper 
total value of capacity in the circuit. 
Finally there is provided on' the front 
panel a variable air capacitor, C -22, of 
approximately 5 ¡q,,f capacity which is 
employed to "zero -set" the variable 
frequency oscillator. This small capa- 
citor provides the means by which the 
variable frequency oscillator may al- 
ways be set to a definite frequency 
for a given dial indication. 

For calibration purposes, a quartz 
crystal oscillator of very high stability 
is employed. This oscillator employs 
one type 6SS7 tube in a conventional 

44 

Top view of fre- 

quency meter chassis 

circuit. The crystal employed is an 

RCA Type VC -5, whose drift is less 

than ten cycles total over the temper- 

ature range of -24 to +70 degrees C. 

This oscillator has a fundamental fre- 
quency of 100 kc. Proper utilization 
of its harmonics permits calibration of 

the variable frequency at intervals of 

100 kc over its fundamental frequency 
range of 1 to 2 megacycles. 

Provision is made for bringing the 

crystal oscillator frequency to exactly 
100 kc by means of a "zero -set" con- 

trol, C -21, located on the front panel. 
A suitable harmonic of the 100 -kc os- 

cillator may he selected to heat against 
a primary standard of frequency, such 
as WWV, and the former brought to 
exactly zero heat with \\ \\'V by ad- 
justment of C -21, which is a small vari- 
able capacitor connected directly across 
the 100 -kc crystal to provide a tuning 
range of approximately plus or minus 
200 cycles, which is more than sufficient 
in view of the very low drift of this 
type of crystal. 

The Multivibrators 
Directly coupled to the 100 -kc oscil- 

lator is a 6SL7GT dual triode em- 
ployed as a 10 kc multivibrator, V-4, 
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whose frequency is controlled by the 
crystal oscillator. The 10 kc multivi- 
brator is followed by an isolation am- 
plifier, V -5 left, which in turn is fol- 
lowed by a 1 -kc multivibrator, V -6. 
The output of the 1 kc multivibrator 
is fed into a harmonic amplifier, V -5 
right, which is peaked for maximum 
response over the range of 1 to 2 
megacycles. The use of the amplifier, 
V -5, increases the harmonic voltage 
output of the multivibrators to a point 
sufficient to allow calibration of the 
variable frequency oscillator at inter- 
vals of 10 or of 1 kc in the range of 
1 to 2 mc. The multivibrators may be 
used only in conjunction with the crys- 
tal oscillator inasmuch as their fre- 
quency is directly controlled by it. By 
a suitable switching arrangement the 
calibration intervals for the variable - 
frequency oscillator become progres- 
sively 100, 10 or 1 kc, and by means 
of curves provided the frequency of 
any signal, the harmonics, fundamental 
or sub -harmonics that fall between 
these points can be very accurately de- 
termined. 

The 10 -kc multivibrator is directly 
connected to the 100 -kc oscillator and, 
when in proper adjustment, its fre- 
quency of oscillation is completely con- 

Bottom view of he- 
quency meter chassis 

trolled by the 100 -kc oscillator. A 
small amount of the output of the 100 - 
kc oscillator is fed into the grid cir- 
cuit of the first multivibrator section 
by coupling condenser C -5. It is pos- 
sible to control the frequency of oscil- 
lation of the multivibrator by several 
methods, such as variation of the ex- 
citation voltage, variation of the capa- 
citive elements of the circuit and va- 
riation of the resistive elements. 

Inasmuch as the frequency of oscil- 
lation is determined by the time con- 
stant of the resistive and capacitive 
elements of the multivibrator circuit, 
variation of any of these would accom- 
plish the same purpose. Variation of 
the resistive elements of the grid cir- 
cuits was selected for this equipment 
because of its relative simplicity and 
stability. Two controls are provided, 
both located at the rear right -hand 
side of the chassis immediately ad- 
jacent to the dust cover. Their re- 
sistance is decreased as they are ro- 
tated in a counter -clockwise direction. 
These controls should he kept at simi- 
lar settings; i. e., each should have 
approximately the same value of re- 
sistance in the circuit as determined 
by degree of rotation. 

A fourth 6SL7GT dual triode tubs . 

V -3, is employed as a combination 
mixer and a -f amplifier. A portion of 
the output of both the variable fre- 
quency oscillator and the crystal os- 
cillator- multivibrator "string" is fed 
into this mixer -amplifier at the proper 
level to obtain a suitable mix. With 
care it is possible to beat these signals 
to a frequency difference of less than 
one cycle per second. 

The output voltage is varied by 
means of the gain control located di- 
rectly below the main tuning dial on 
the front panel. Suitable curves are 
supplied with the instrument to allow 
rapid and accurate check of calibra- 
tion accuracy. 

Calibration 
The following procedure is indicated 

to correctly calibrate this equipment: 
The calibrating oscillator and the 

variable frequency oscillator should be 
turned on and allowed to warm up for 
a period of 30 minutes. Assuming the 
variable frequency oscillator to be set 
to 1000 kc, as the tuning dial is ad- 
vanced another beat note will he heard 
as the 11th harmonic of the crystal is 
approached. This note should he care- 
fully set to zero beat and its dial set- 
ting checked for accuracy. The 10 -kc 
multivibrator should be turned on and 
a 10,000 cycle audio note should be 
weakly heard in the phones. The main 
tuning dial should be carefully returned 
over the range between the setting 
where the 11th harmonic of the crys- 
tal was determined and the point where 
the 10th (1000 -kc) harmonic was lo- 
cated. At every 10 -kc interval there 
should now he heard a harmonic of 
the 10 -kc multivibrator. This multi- 
vibrator is in proper adjustment (i. e., 
adjusted to exactly 10 kc) when it is 
possible to count nine beat notes be- 
tween each and every harmonic of the 
100 -kc oscillator. In the event that 
either more or less than nine beat 
notes occupy this space, adjustment of 
the multivibrator compensating con- 
trols is indicated. 

In case there are more than nine 
10 -kc harmonics present it is an indi- 
cation that the frequency of multivi- 
brator oscillation is too high, i. e., the 
resistive- capacity combination is charg- 
ing and discharging too rapidly. 
Therefore an increase in the amount 
of resistance in the frequency- deter- 
mining circuit is indicated. By turn- 
ing one of the multivibrator adjust- 
ments slightly to the right (clockwise) 
an abrupt change in the tone of the 
beat note should be heard, indicating 
that the frequency of oscillation has 
changed. 

The aforementioned procedure of 
counting the beats between adjacent 
100 -kc harmonics should again be 
tried. If further adjustment in the 
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same direction is indicated, the other 
resistor should be varied until another 
change is heard in the tone of the note. 
By varying first one and then the other 
of the resistors, it should be possible 
to keep their value approximately the 
same, which is the desired condition. 
If the frequency of oscillation is too 

low, i. e., there arc less than nine beats 
between 100 -kc harmonics, the resis- 
tance should he varied in counter- 
clockwise direction. 

If, by mishandling, the resistances 
become turned too far in the counter- 
clockwise direction, the multivibrator 
will become inoperative. The controls 
should be returned to a position ap- 

proximating 50% of their rotation, and 

adjustments attempted again. 

The procedure for determining the 

calibration of the 1 -kc multivibrator 
is somewhat different from that out- 

lined above inasmuch as the 1000 -cycle 

tone generated by this unit is of much 
greater apparent intensity than that 
generated by the 10 -kc multivibrator, 
requiring much greater care to ac- 

curately determine the actual point of 
zero beat. As zero beat is approached 
with the 1 -kc multivibrator turned on, 

a flutter will be noticed in its tone and 
as the frequency difference becomes 

less, the heat difference may be 

counted. Perfect resonance is indi- 

cated by the "flutter" entirely disap- 
pearing. At this point the 1000 -cycle 

tone becomes clear and steady, but 
flutters again if the dial is rotated 
further. in order to check the calibra- 
tion of the 1 -kc multivibrator, it is 

necessary to count nine of these res- 
onance points between each of the 10- 

kc resonance points previously deter- 
mined by the 10 -kc multivibrator. 

The procedure in adjusting the 1 -kc 

multivibrator is similar to that stated 
heretofore except in certain details. 
instead of counting the beat notes ex- 
isting between adjacent 100 -kc har- 
monics, it is necessary to count those 
existing between adjacent 10 -kc har- 
monics. Two variable resistances arc 
also provided for adjusting this multi- 
vibrator. 

It should be remembered that when 
the 1 -kc stage is turned on that there 
will he present in the phones a 1000 - 

cycle note of strong intensity. This 
note is present at all times that the 
1 -kc stage is in operation and it is 

necessary to use care to detect the 
variation in it that is indicative of 
approaching zero -beat condition. Like- 
wise more care is necessary in adjust- 
ing this stage because of the close 
proximity of one heat to another. 

The variable frequency oscillator 
calibration may now he checked at any 
point on the dial (which is a multiple 
of 1 kc) against the calibration curve. 

Operation 
Assuming that the required thirty 

minutes of warm -up time have elapsed, 
the following procedure is recom- 
mended: 

A radio receiver capable of tuning 
to 5 megacycles should be tuned to 
\VWV and this station carefully tuned 
in. Loosely couple the output post of 
the equipment to the antenna terminal 
of the receiver by means of an insu- 
lated unit having one end fastened to 
the output post and its free end 
wrapped around the receiver antenna 
lead -in for a few inches. Feed the out- 
put of the crystal calibration oscillator 
into the receiver. There should be little 
if any frequency difference between 
the 50th harmonic of this oscillator 
and \V\VV. By tuning this frequency 
difference may be brought to absolute 
zero. It is desirable to observe the 
heat for several minutes in order to be 
sure that absolute zero frequency beat 
has been obtained, following which the 
radio receiver should he disconnected. 
The 100 -kc oscillator is then tuned to 
exactly 100 kc. This oscillator, if not 
subjected to rough handling, will main- 
tain its calibration over long periods 
of time. 

The variable frequency oscillator 
may now be turned on, and inasmuch 
as its filament has been lighted during 
the initial warm -up period, as well as 
during the period \when the 100 -kc os- 
cillator was being adjusted, it should 
be stable. The variable frequency os- 
cillator should he tuned to approxi- 
mately 1000 kc, as determined by the 
calibration chart supplied. As this dial 
setting is approached, a beat note 
should he heard in the phones. This 
\will he the heat between the variable 
frequency oscillator and the 10th bar- 

monic of the crystal calibration oscil- 

lator. When the dial is tuned to the 

proper position as indicated by the cali- 
bration curve, the heat note may be 

brought to exactly zero by means of the 

control located on the front panel. Zero 

setting adjustment having established 
the variable frequency oscillator at ex- 

actly 1000 kc., rotate the dial to the 

reading corresponding to 2000 kc. Zero 

heat should be observed. 

Measuring Frequency 

In order to determine the frequency 
of an unknown signal being received, 
the following procedure is indicated: 

The unknown signal is accurately 
tuned in on a radio receiver. Prefer- 
ably this receiver should be of the type 

that employes a resonance indicating 
device such as an "S" meter of a "Magic 
Eye." The "S" meter type is to be pre- 
ferred for this use inasmuch as a much 

more accurate determination of exact 
resonance is possible with it. 

The output of the frequency meter is 

now fed into the antenna, the variable 
frequency oscillator timed to close to 

zero beat with the signal to be meas- 
ured, as indicated by the receiver, and 
the gain knob of the SR -90 adjusted 
its signal is approximately the same 
strength as the received signal. The 
most satisfactory "mix' will be ob- 

tained when these signals are of equal 
strength. As zero heat between the 
incoming signal and the variable fre- 
quency oscillator is now approached, 
it will be possible to count the beat dif- 
ference between the two signals directly 
on the receiver's S -meter or "Magic 

" 

In the event that it is necessary to use 
a radio receiver for this purpose that is 

not equipped with an indicating device 

[Continued on pane 681 
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Complete heterodyne frequency meter. ready for operation 
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Engineer, Sperry Gyroscope Company 

A comprehensive survey of the various types of wire and cable used in radio equipment, with analyses and sound, practical information regarding their selection to meet specified service conditions 

Magnet Wires 
There are two general classes of 

magnet wire insulations, enamel films 
and textile wraps, used both singly and 
in combination. Enamel films may be 
subdivided into two types : (1) Oil - 
base enamel, much akin to varnish, ap- 
plied by clip coating, and (2) synthetic 
enamel, a formal acetal resin com- 
monly known as " Formex" or "Form - 
var," applied by extrusion. Textile 
wraps are utilized in several materials 
of which the most popular are cotton, 
silk (now largely supplanted by ny- 
lon), glass, and asbestos. Magnet wires 
are manufactured in A.W.G. sizes 
ranging from #4/0 to #46 inclusive 
but are restricted by \ EMA5 Stand- 
ards, which govern the entire industry, 
to the range of #8 to #40 inclusive. 

Both types of enamel film are or- 
ganic in nature and as noted hereto- 
fore are considered as A.I.E.E. Class A 
insulations subject to a maximum oper- 
ating temperature of 105 °C. (221 °F.). 
The oil -base type is reddish -black in 
color and produced in two thicknesses 
known as "single" and "heavy" respec- 
tively. In the synthetic type, the natural 
film is clear translucent, imparting a 
deep orange shade to the insulated 
wire. The latter is also made regularly 
in two colored varieties, green and yel- 
low, and in four thicknesses known as 
"single," "heavy," "triple," and "quad- 
ruple," respectively. Synthetic enamel 
is superior to the oil -base type in every 
respect, is in far greater demand to- 
day, and will probably entirely sup- 
plant the latter in the near future. 
For the present, however, "oil- base" is 
considered safer in the "single" thick- 
ness form since the dip -coating method 
of application provides a more uni- 
form film than the extrusion process. 
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PART 2 

The various textiles used for mag- 
net wire insulation fall within all three 
A.I.E.E. standard classes (O, A, or B) 
depending upon the material and the 
impregnation. Cotton, silk and nylon 
being organic materials are rated as 
Class O if untreated, with a temper- 
ature limit of 90° C. (194° F.), or as 
Class A after impregnation. Glass and 
asbestos insulations arc inorganic in 
nature and, when impregnated with 
an organic binder, arc rated as Class 
B for operation at temperatures up to 
130° C. (266° F.). 

Selection: - It would appear from 
the foregoing that greatest economy 
should be realized in design through 
the use of Class B insulation because 
of their higher permissible operating 
temperature. This is by no means true, 
since the insulation thickness is of far 
more importance. Differences in thick- 
ness of less than 0.001 inch in the wire 
insulation will often amount to consid- 
erable volumetric . differences in the 
finished coil. The larger the coil, the 
larger the machine; and the larger the 
machine, the greater the weight and 
cost. Reduction of weight and size to 
the absolute minimum compatible with 
good design practice is very important 
in most applications, particularly so 
for equipment destined for installation 
in aircraft. 

Unfortunately, the magnet wire in- 
sulations that provide the least build- 
up of diameter are Class A materials. 
These are the enamel films which in 
general are much thinner than any 
form of textile insulation, but included 

among the textiles are the only Class 
B materials available -glass and as- 
bestos. Obviously, then, the most eco- 
nomical design can be obtained only by 
careful and judicious balancing of 
winding space factors against oper- 
ating temperature, choosing that insu- 
lation which, in the desired gauge size, 
results in the smallest finished coil. 
A chart of space factors for the vari- 
ous types of magnet wires in A.W.G. 
sizes from #8 to #40 inclusive, based 
upon a square lay, is shown in Fig. 5. 

There are several other factors 
which should be given consideration in 
selecting the type of magnet wire in- 
sulation best suited for any specific 
application. Of these, the most im- 
portant are dielectric strength, tough- 
ness or abrasion resistance, flexibility, 
stability under pressure and vibration 
at elevated temperatures, and imper- 
viousness to the solvents used in im- 
pregnating varnishes. The relative im- 
portance of such factors will depend 
upon the application and will not be 
discussed here since adequate informa- 
tion is available from commercial cata- 
logs and bulletins published by the va- 
rious manufacturers. An excellent 
treatise on the subject, with particu- 
lar emphasis on synthetic enamel and 
including an extensive list of refer- 
ences, will be found in a technical 
paper by Patnode, Flynn and Weh.° 

Impregnation:- Magnet wire coils 
should always be thoroughly impreg- 
nated with a good quality insulating 
varnish, prior to assembly, for the fol- 
lowing reasons: 

1. To remove all traces of occluded 
moisture and thereby eliminate the 
most potent cause of corrosion leading 
to eventual failure in service. 

2. To fill all interstices of the coil 
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with a solid dielectric and thereby seal 
the winding against re - entrance of 
moisture. 

3. To bond the winding into an in- 
tegral unit and thereby prevent rela- 
tive movement between individual 
turns or layers in operational service. 

Impregnation may be accomplished 
by any of three methods -dipping, cen- 
trifugal force, or vacuum pressure. 
Dipping is the simplest process but 
less effective than the others with re- 
spect to both dehydration and pene- 
tration. 

Coils to be impregnated by dipping 
are first preheated for a period of one 
to four hours, depending on the size 
and shape, to expel internal moisture. 
The preheating temperature must be 
carefully controlled between 100° C. 
(212° F.), the boiling point of water, 
and 105° C. (221° F.), the softening 
point of enamel films. After preheat- 
ing, the coils are immersed while still 
hot in the insulating varnish and left 
there until all bubbling ceases or pref- 
erably longer. They are then removed, 
allowed to drain in air, and baked at 
the recommended high temperature in 
a well -ventilated oven until complete 
curing of the varnish is effected. 

An improvement over the dipping 
method is obtained by the centrifugal 
process in which the coils are rotated 
at high speed while immersed in the 
liquid varnish. The centrifugal forces 
so developed tend to force the varnish 
into the windings to a greater depth 
than occurs by simple immersion, rival- 
ling that afforded by vacuum impreg- 
nation. In addition, much less time is 
required for this process since the 
whirling motion accelerates the speed 
of penetration and provides subsequent 
drainage of the coils after the varnish 
is pumped from the immersion tank. 
Preheating and final baking are the 
same as for the straight dipping proc- 
ess. 

Impregnation by vacuum pressure is 
recognized as the best method now 
available. Excellent dehydration is 
achieved by first evacuating the im- 
pregnation chamber and then admit- 
ting the varnish to the chamber under 
vacuum pressure. The preheating can 
be performed either before or during 
the evacuation cycle, depending upon 
the type of equipment employed. If 
done simultaneously, however, the 
chamber must be cooled before varnish 
is allowed to enter. After impregna- 
tion, the coils are drained and baked 
as described above. 

There are two general types of in- 
sulating varnishes in use today: (1) 
Natural or oleoresinous; and (2) syn- 
thetic resinous. The first type, which 
is much the older, dries slowly from 
the surface at temperatures up to 
about 110° C. (230° F.), whereas the 
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second type solidifies rapidly from 
within at temperatures up to about 
135° C. (275° F.). As pointed out by 
G. J. Hepp,7 substantial improvements 
in performance are possible with the 
internal drying varnishes in many ap- 
plications. The ultimate impregnant, 
however, is yet to be developed. It 
must have temperature stability con- 
sistent with that of inorganic mate- 
rials such as asbestos and fiber glass 
so that a new high -temperature rating2 
for electric equipment can be estab- 
lished. Higher permissible operating 
temperature would of course mean sub- 
stantial reductions in the size and 
weight of machines and much effort is 
being directed toward this end. Defi- 
nite progress is reported in a recent 
technical paper by O. Kiltiee on the 
design of aircraft transformers capable 
of operating at 225° C. (437° F.). 

Litz Wires 

Construction: -Coils for use in radio 
and allied circuits operating at fre- 
quencies in the conventional broadcast 
and short -wave spectrum are often 
made of Litz wire. This type, some- 
times called "Litzendraht, differs 
from regular magnet wire in that the 
conductor consists of a number of 
strands each individually insulated to 
increase the effective surface area. 
The finer the stranding, the larger the 
effective surface area and the smaller 
the increase in resistance at high fre- 
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quency due to "skin- effect." Modern 
Litz wires utilize enameled strands 
laid up either parallel or twisted and 
covered with a serving of cotton, silk, 
or nylon textile. 

Selection: -The choice of an appro- 
priate Litz wire for a given application 
by mathematical methods alone is com- 
plex and unreliable at best. Experience 
in the art of coil design has proven 
much more satisfactory. Out of over 
100 different types of stranding con- 
struction that have been developed, 
not more than 15 to 20 are used to any 
extent today. The theory neverthe- 
less is interesting and has been given 
by Butterworth° and amplified by 
Beattie10 through the use of nomo- 
grams (abacs). 

Lead Wires 
Construction : - Flexible leads from 

the magnet wire coils of any electrical 
component to soldering terminals 
thereon or brought through the case 
for external connection are called lead 
wires. Such wires usually have fine - 
stranded conductors, for reasons of 
flexibility, in A.W.G. sizes from #14 
to #22 or smaller. The insulations 
employed thereon vary widely, depend- 
ing upon the application, from simple 
textile servings or feltings of cotton, 
silk, or asbestos as on magnet wires to 
combination forms of rubber (natural 
or synthetic) and textile braids in dif- 
ferent colors as on radio hook -up 
wires. 
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Selection: -Lead wires may be di- 
vided into two classes with respect to 
service- internal and external. Inter- 
nal leads must be primarily heat re- 
sistant to withstand the very high op- 
erating temperatures inside the frame 
or case of the machine. An extreme 
heat problem is found in transformer 
leads which must not disintegrate in 
contact with molten potting compounds 
and waxes poured at temperatures of 
400° to 500° F. For such purposes, in- 
organic insulations such as impreg- 
nated felted asbestos or treated fiber 
glass braiding will be found most sat- 
isfactory. 

External lead wires do not require 
such extreme heat resistance but must 
be very flexible, non- inflammable, and 
highly resistant to abrasion, crushing, 
oil vapors, fungus growth, and vermin. 
Protracted exposure to sunlight and 
adverse weather conditions must not 
promote deterioration or obliterate the 
colors or other coding employed. 
These requirements are best met, in 
low -voltage applications, with straight 
textile insulation such as cotton, silk, 
or nylon serving covered by an im- 
pregnated and lacquered cotton braid. 
For potentials higher than 30 volts, 
the textile under- serving should be re- 
placed by an adequate primary insula- 
tion such as cellulose acetate butyrate 
tape, varnished cambric, or synthetic 
rubber compound. 
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Fig. 5. Space factor in per cent for various wires 
and insulations, using square or perfect lays. 

Courtesy of General Electric Co+npuu' 

Radio Hook -Up Wires 

Construction tiun : -All wiring used for 
interconnecting the various compo- 
nents in the radio chassis and for simi- 
lar types of service is known as radio 
hook -up wire. Both stranded and solid 
conductors are used in A.W.G. sizes 
commonly ranging from #14 to #22. 
A recent and definite trend in the di- 
rection of smaller sizes down to #28 
for aircraft radio instruments is ap- 
parent but these sizes are not yet 
widely manufactured. Aircraft power 
and lighting circuits, on the other 
hand, utilize larger sizes up to #4/0. 

The different types of insulation 
which have been used on hook -up 
wires are legion. Natural rubber com- 
pounds in the various grades covered 
by the National Electric Code" have 
been prodominant in this field for 
many years, however, because of their 
superior electrical and physical prop- 
erties. In general, the higher the per- 
centage of crude rubber or latex in 
the compound, the better the perfor- 
mance. Compounds with from 20 to 60 
per cent of crude rubber have been 
commonly employed in both standard 
and heat -resistant grades. 

Although rubber compounds possess 
high dielectric strength and insulation 
resistance, fairly low dielectric con- 
stant and power factor, and excellent \\ ,,,1,,,,,,11, . IM 

IMINIMEIM 
simmilosammmo \ 

.... ll1 üiiiiii 
Fig. 6. Insulation resist- 
ance vs. temperature graph 
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tensile strength, elongation, and recov- 
ery, they do have definite limitations 
in other respects. The most serious 
of these are the lack of resistance to 
oils and the high rate of deterioration 
(aging) through exposure to heat, sun- 
light, and weather. Because of these 
factors, much effort has been directed 
in the last decade toward the develop- 
ment of synthetic, rubber -like mate- 
rials. 

Original attempts to create synthetic 
rubbers were logically based upon the 
chemical structure of the natural prod- 
uct but all materials of such character 
were. found to be very inferior in per- 
formance. The method of attack then 
was shifted to find materials of other 
compositions having rubber -like prop- 
erties. These efforts were richly re 
warded first by the discovery of Neo- 
prene (1933) and closely followed by 
the related materials Koroseal and 
Vinylite. Neoprene is much tougher 
than natural rubber and therefore is 
excellent for cable jackets but has very 
poor dielectric properties and so should 
not be used for primary insulation. 
Koroscal and Vinylite V are moder- 
ately good dielectrics and can he com- 
pounded to provide adequate tough- 
ness for jacketing service. All three 
are considerably superior to natural 
rubber with respect to imperviousness 
to oils, solvents, sunlight, and other 
detrimental influences. 

Chemical research in this field has 
been greatly accelerated by the gov- 
ernment synthetic rubber program 
brought about by the present conflict. 
Several new types have been discov- 
ered and are now being produced in 
huge or limited quantities as required 
to meet the needs of the Armed Porces. 
Each type has its particular niche of 
application and is equal or superior to 
natural rubber for the specific service 
intended. Although the use of these 
new materials is mandatory for the 
duration of the war, there is little 
ddubt that they will continue to occupy 
important positions in peacetime pro- 
duction. 

Rubber substitutes may he classified 
into two categories : (1) Synthetic 
rubbers, and (2) plastic elastomers. 
The first group includes the various 
types of thermosetting materials which 
require vulcanization by heat after ap- 
plication to the conductor in the same 
manner as natural rubber. In the sec- 
ond group arc the thermoplastic ma- 
terials which have clastic properties 
but otherwise bear little or no kinship 
to natural rubber. The compounds of 
both groups that are of importance to 
the wire and cable industry have been 
well described by E. D. Youmans12 
with respect to their chemistry, prop- 
erties, and principal field of applica- 
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Fig. 7. Outside diameters of radio hook -up wires 

tion. All of these materials are popu- 
larly known by trade names, the most 
common of which are given in Table 3. 

In general, the compounds which are 
restricted to jacketing service will 
withstand severe usage but are poor 
electrically. Conversely, those listed 
for insulation service only are excel- 
lent dielectrics but relatively poor me- 
chanically. Where both applications 
are shown, the compound may be re- 
garded as intermediate, neither excel- 
lent nor poor in any important respect. 

The primary insulation used on 
radio hook -up wire is ordinarily ap- 
plied by extrusion. A single exception 
is Tenite II which, although also ex- 
trudable, is customarily applied in the 

form of thin spiral tapes bonded to- 
gethed by heat. Extruded thermoplas- 
tic insulations such as Vinylite V and 
Koroscal are often used as the sole 
covering and are available in nine or 
ten colors for circuit identification. 
Tape insulated conductors must be cov- 
ered by textile or otherwise protected 
to avoid unwrapping and other me- 
chanical damage with ordinary usage. 

Some hook-up wires are provided 
with a layer of inorganic insulation, 
such as impregnated felted asbestos, 
over the primary insulation to de- 
crease the fire hazard. This secondary 
insulation is of doubtful advantage in 
electronic circuits and may even be 

[Continued on page 64] 

TABLE 3 

RUBBER SUBSTITUTES 

Application Trade Name Chemical Formulation 

Neoprene 

Synthetic Rubbers 

l'olychloroprene 

Butadiene- Styrene Copolymer 

Jacketing only 

Buna S (GRS) Insulation and jacketing 

Butyl Rubber Isobutylene -Diolefin Copolymer Insulation only 

Thiokol Organic Polysulfides Jacketing only 

Plastic Elastomers 

Koroseal Polyvinyl Chloride 1 n :elation and jacketing 

Vinylite V Polyvinyl Chloride Acetate Insulation and jacketing 

Tenite I I Cellulose Acetate Butyrate I I I :elation onl 

*Vistanex l'olyisobutylene I,I-ulation only 

*Polythene Polyethylene Insulation only 

Restricted at present to high- frequency -applications by government alloctti,, 
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Factors Involved In 

CHOOSING TUBE TYPES 

A. C. MATTHEWS 

THE usual data characteristic chart 
published by the tube manufacturer 
is entirely inadequate for use by 

the design engineer. While the chart 
provides necessary information as to 
base diagrams, dimensions, characteris- 
tics under average operating conditions 
and absolute maximum or design cen- 
ter ratings, it does not show the effect 
of different load conditions, currents, 
or values of tube parameters under all 
operating conditions. These are of ut- 
most importance to the design engi- 
neer. In some cases many tubes appear 
to be quite similar in the chart, yet 
in actual operation they are quite dif- 
ferent, with one being definitely su- 
perior to the others for a specific ap- 
plication. An attempt will be made to 
point out some of these limitations and 
show how the desired information can 
be obtained from characteristic curves. 

Plate Characteristic Curves 
The "family" of plate characteristic 

curves is the most widely used pres- 
entation of tube characteristics, par- 
ticularly for receiver tube applications. 
It should be pointed out at this time 
that characteristic curves represent 
only average results and therefore va- 
riations are likely to exist between 
tubes. It is desirable then to allow a 
margin of safety in the design to ac- 
commodate these expected variations. 
A typical plate "family" is shown in 
Fig. 1. The pláte current is plotted 
against the plate voltage for a par- 
ticular value of grid bias. Each curve 
therefore shows the plate current with 
a fixed grid bias at any desired plate 
potential. A series of such curves for 
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PART II 

Practical considerations in the selection of proper 
vacuum -tube types for various applications are discussed 

different grid potentials comprises the 
plate "family." 

Now assume it is desired to operate 
the tube with a maximum plate poten- 
tial of +250 volts. It will be found 
by inspection of the plate family that 
the point of zero plate current occurs 
with a grid bias of -16 volts. This 
is the cut -off bias and must be known, 
if it is desired to operate the tube as a 
Class B amplifier. (For Class C op- 
eration, two times cut -off bias is used). 
Note that the plate current cuts off 
fairly sharply with plate potentials less 
than +250 volts. Such information is 
not obtainable from a data sheet, and 
since it is important in determining 
the usefulness of a tube as an oscil- 
lator, the value of the curves are ap- 
parent. For good operation as an os- 
cillator a sharp cut -off is desirable. 

Because the amplification factor 
(EL), plate resistance (rp), and the 
transconductance (Gm) are not con- 
stant over a wide range of operating 
voltages, it is desirable to determine 
their actual value at a particular op- 
erating point. This information is not 
ordinarily obtainable from a data 
chart, although it can be readily ascer- 
tained from the characteristic curves. 

As an example of how to determine 
these parameters at a particular oper- 

ating point, take the plate characteris- 
tic of the 7A4 triode, and assume the 
plate potential to be +250 and the grid 
bias -8 volts. A vertical line is drawn 
from the +250 -volt point on the Ep 
axis. The intersection of this line with 
the -8 volt bias curve determines the 
operating point. The plate resistance 
can be found by drawing a line tangent 
(BC in Fig. 2) to the -8 volt bias 
curve so that it intersects the curve at 
point (A). Since the plate resistance 
is equal to the reciprocal of the slope 
of the characteristic curve, it is only 
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Fig. 2. Determination of plate resistance 

necessary to divide the plate voltage 
change between points BD by the cur- 
rent change AD to determine its value 
for this particular operating point. 

deb 69 volts 
r, _ -= = 7555 ohms 

die .009 amp. 

It should be noted that the slope of 
the Ep Ip curve is not constant; there- 
fore, rp will vary with changes in sig- 
nal voltage if operation extends be- 
yond the straight portion of the char- 
acteristic. 

The amplification factor (µ) can be 
determined as shown in Fig. 3, by 
drawing a horizontal line BC, repre- 
senting constant plate current, through 
the operating point A. Since is equal 
to the ratio of a change in plate volt- 
age to a change in bias voltage for a 
given constant plate current, it is only 
necessary to draw vertical lines equally 
spaced on each side of point A to the 
Ep axis. The change in grid bias along 
BC divided into the change in plate 
potential as noted at DE is the IA of 
the tube. 

deb 80 
P = - = -= 20 

de, 4 

The t ransconductance (Gm) can also 
be determined from the plate family. 
By definition, Gm is equal to the change 
in plate current obtained with a change 
in grid voltage, while the plate poten- 
tial remains constant. The line BC in 
Fig. 4 represents a constant plate po- 
tential through the operating point A. 
Now draw two horizontal lines inter- 
secting the constant plate voltage line 
at equal distances on each side of the 
operating point (A), extending to the 
Ip axis. The change in plate current, 
DE, divided by the change in grid bias. 
BC, is equal to the Gm. 

di, 143-43 .010 
G,,, = -= = -= 

de, 4 4 
2500 ma /volt or 

micromhos. 

In the determination of the above 
parameters it is important to use points 
equidistant each side of the operating 
point in order to minimize errors duc 
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Fig. 3. Determination of amplification 
factor 

to curvature of the plate characteristic. 
It should be remembered that the above 
curves assume no series resistance in 
the plate circuit. 

Resistance Loads 
Another useful function of the plate 

"family" is the determination of the 
correct bias for operation in resistance - 
coupled amplifiers. It is obvious that 
if a resistance load is employed in the 
plate circuit, the voltage at the plate 
will vary with changes in plate cur- 
rent due to the signal. Therefore, it 
is necessary to construct graphically a 
load line on the characteristic curve to 
obtain the correct operating point. 

As an example, assume the maxi- 
mum plate supply voltage to be +250 
volts, and a resistance load of 100,000 
ohms to be used. A line representing 
this load is drawn on the plate family 
by connecting a point at the maximum 
plate voltage (250) and zero plate cur- 
rent, with a point at zero plate volt- 
age and a current equal to 2.5 ma. 
(I = E /R). This is shown in Fig. 5 
as AB. A resistance -coupled amplifier 
is operated as Class A so no grid cur- 
rent is permitted. For this reason we 
draw a vertical line CD where the load 
line intersects the zero -bias curve. 
This establishes the point of lowest in- 
stantaneous plate voltage at 30 volts, 
and since the maximum is determined 
by the power supply, which is 250 
volts, the average or operating point 
should be midway between the two, at 
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Fig. 5. Load line construction 
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Fig. 4. Determination of transconductance 

EF, which is 140 volts. Having ob- 
tained the operating point and noting 
that it lies on the plate current curve 
for -6.5 volts bias and that the plate 
current is 1.2 ma, it is then possible 
to use Ohm's law to calculate the bias 
resistor. 

The vertical line GH which passes 
through the load line where it inter- 
sects the -13 volt curve (twice op- 
erating bias) establishes the maximum 
plate voltage swing, since a larger sig- 
nal would exceed the operating bias 
and cause grid current to flow. The 
peak signal output will then be equiva- 
lent to one -half the difference between 
points D and H on the Ep axis. 

Pentagrid Converters 
In the design of equipment using a 

pentagrid converter tube the value of 
a curve showing conversion conduc- 
tance vs. oscillator grid current is evi- 
dent. Such information (Fig. 6) 
clearly shows the effect of oscillator 
strength on converter gain and is of 
great assistance to the designer. 

The subject of tube characteristic 
curves can not he thoroughly covered 
without going into lengthy detail but 
it is hoped that the above examples 
have shown how characteristic curves 
can be much more reliable as a guide 
to tube operation than any data chart. 
Data charts do, however, save a lot 
of time in the preliminary selection 
of a tube type. The final choice, how- 
ever, should always be made after a 
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Fig. 7. Average characteristics 
of diode rectifier with load lines 

a thorough stu11 of the actual charac- 
eristic curves. 
Diode Detectors 

A family of average characteristics 
for a typical diode detector is shown 
in Fig. 7. Each curve is obtained by 
varying the d -c load resistance and 
measuring the diode current with a 
constant signal input voltage. Several 
values of input are used to complete 
the family. For purposes of illustrating 
how these curves are used in the de- 
sign of a detector we will assume a 
load resistance of one megohm is to 
be employed. A load line (AB) hav- 
ing a slope representing the chosen 
value of resistance (1 megohm) is 
drawn on the family of curves as 
shown. 

Starting at zero voltage and current 
as one point, the line extends to the 
left to -30 volts and 30 microamperes 
as the other point. (One megohm at 
30 volts equals a current of 30 micro- 
amperes). Now suppose an unmodu- 
lated carrier voltage with an ampli- 
tude of 10 volts rms is impressed on 
the diode. This establishes the oper- 
ating point at the intersection of the 
load line and the 10 volt curve. The 
cl -c voltage resulting from the carrier 
is used for AVC purposes. When 
modulation is applied to the carrier 
the operation is more complex, par- 
ticularly when the modulating fre- 
quency varies. 

Fig. 8 shows a typical diode sche- 
matic. Here it can be seen that so far 
as audio frequencies are concerned the 
one -megohm load resistor is shunted 
by the avc, the diode condenser and 
the input circuit of the following audio 
stage. The fact that the circuit com- 
ponents are not all resistive makes the 
load impedance vary with frequency. 
A few simple calculations will show 
that the effective load impedance will 
vary from 610,000 to 210,000 ohms as 
the frequency is increased from 50 to 
5000 cycles. These new values of load 
impedance are drawn as dotted lines 
in Fig. 7 and indicate the range over 
which the impedance will vary under 
the specified conditions. From these 
we can secure enough points to draw - 
a curve showing the diode output as 
a function of carrier voltage input. 
See Fig. 9. Note that with the 210,000 
ohm load (operation at 5000 cycles) 
the current is cut off with low signal 
inputs, causing distortion with a high - 
percentage modulated carrier. 

From the above it should be possible 
to design a detector circuit which will 
have very little distortion. 
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Fig. 9. Diode detector characteristic showing distortion 
with low signal input and high percentage modulation 
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Rectifiers 
An ideal rectifier would be one 

which would present zero impedance 
to the current flow in one direction 
and infinite impedance in the opposite 
direction. While the high- vacuum tube 
does not entirely fulfill these require- 
ments, it serves satisfactorily as a 
means for obtaining d -c voltages in re- 
ceivers and small transmitters. 

Half -wave rectifiers, when used 
singly, are generally confined to cir- 
cuits where the current demands are 
relatively low. The output is direct - 
pulsating current with the frequency 
being the same as the a -c supply vtlt- 
age. Full -wave rectifiers are more gen- 
erally used where higher output cur- 
rents are required and since the ripple 
frequency is twice that of the a -c sup- 
ply voltage a smaller filter can be used 
to smooth the direct- pulsating current 
into d -c. 

The maximum a -c voltage for rec- 
tifier tubes is generally given as an 
rms voltage at a specified current. 
The peak inverse voltage is also often 
given. For half -wave rectifiers, this is 
1.41 times the rms voltage applied to 
the plate, while in a full -wave recti- 
fier it is equal to 1.41 times the total 
rms secondary voltage (two times half - 
wave operation) minus the voltage 
drop in the conducting portion of the 
tube. The voltage drop is usually neg- 
ligible in comparison to the secondary 
voltage. 

The maximum peak plate current is 
dependent upon the type of filter em- 
ployed. With a high -inductance choke 
input the peak current is only slightly 
greater than the average load current; 
but with a low- inductance choke or a 
high- capacity condenser input the peak 
current should he checked, since it is 

¡Continued on page 58] 

Fig. 8. Typical diode detector 
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RADIO DESIGN WORKSHEET 

NO. 26- PHASE- MODULATED WAVES 

* The generalized expression for an alternating current is 

e = A cos (cot -]-e) (1) 

I f this wave is modulated by a voltage 

KA cos pt (2) 

there results e, = A cos wt (1 +K cos pt) 

Now, if B in equation (1) were to be varied in accordance with the signal 

of equation (2) the result would be e2 = A cos [ot + e (1 + K cos pt) ] ... (3) 

Equation (3) by ordinary trigonometric transformations can be expanded to 

e2 = A cos (tot +e) cos (Ke cos pt) -A sin (4+6) sin (Ke cos pt) 

Expanding the cosine and sine terms in accordance with their power series 

e2 04 96 
cos e= l-- +-- - +. 

2 24 726 

e3 95 07 
sin g= e- -+ - --+ 

6 120 2520 

yielding, 
AK' e' AK' e' 

A cos (01+0) -- AKe sin (0+9) cos pt cos (0t +e) cos pt + sin (01 +9) cos' pt + 
2 6 

Now, 
sin (x +y) = sin x cos y + cos x sin y 

sin (x -y) = sin x cos y - cos x sin y 
sin s cos y = % sin (x +y) + 

1/2 sin (x -y) 
cos (x +y) = cos x cos y - sin x sin y 

cos (x -y) = cos x cos y + sin r sin y 
cos x cos y = / cos (x+y) + 

1/2 cos (x -y) 
\ \'hence : 

.4Ke AKe 
AK sin (c+t +e) cos pt = 

2 
sin (wt + e + pt) + sin (tit + e - pt) 

Also 
cos' pt = '/z cos 2pt + / 

and 

A K' e AK' e' Al(' e' 
cos (4+0) ces' pt = cos (01 +9) + cos (01 +0) cos 2pt = 

2 4 4 

.4K' 9' AK' e' 
cos (01 +e) + [/ cos (wt +e +2pt) + / cos (64+e -2pt)I = 

4 4 

[Continued on nerf page] 
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RADIO DESIGN WORKSHEET . . . NO. 26 

AK' e' .9K' e' .9K' e cos (wt +e) + cos (64+e +2pt) + 
4 8 8 

and there results 

cos (tot +e -2pt) 

.4Ke .4K e e,= A cos (r+t +e) - sin (art +e +pt) - -- sin (wt +e -pt) - 
2 2 

.4K3 e' AK'e' .4K. e 
4 

cos (41+e) - 
8 

cos (64+e +2pt) - cos (64+e -2p4) +.... 
8 

Collecting like terms yields 

4A- A'K'e' .4K e .4K e 
e' = 

4 
cos (W1+0 - sin (6+t +e +pt) - sin (6t +e -pt) - 

2 

AM e' .4K' e' 
cos (64+e +2pt) - cos (64+e -2pt) +.... 

8 8 

which is the equation for a phase -modulated voltage. This voltage \vavc con- 
tains a carrier 

46-AK's' 
cos (6t +e) 

4 

a pair of first -order side frequencies, 

AK e 
sin (ct +e -pt) 

.4K e 
sin (64 +e-pt) 

2 

a pair of second -order side frequencies, 

AK' e' 

u 

m 
1 

u Y 
O O O o iA 
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I I 
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Ñ 1M V' 
+ + 

IlI 

1-2p1) 

u 
o u ío0 

O 

+ + + + 

I 

m 
+ 

W 

8 

O¡ 

+ 

= f 50 KC 

10 -KC MODULATING FREQUENCY - 
16 IMPORTANT SIDEBANDS 

W 
O 0 

W) 
0 a0 O 

Ñ Ñ M o O O o in N 
I I I I I 1 I Q + + + + + + + 

I1II1lIlII 1I1lI1'III1I111111111 - Of = t 50 KC - 

5-KC MODULATING FREQUENCY- 
28 IMPORTANT SIDEBANDS 

Figure 1 

and 
AK' e' 

cos (wt +e -2p1) 
8 

All are symmetrically disposed about 
the carrier. This process might have 
been carried on to yield an infinite 
series of side frequencies. 

From the above equations and as 
illustrated in Fig. 1, the extent of the 
phase deviation in a pure phase -modu- 
lated wave is proportional both to the 
amplitude and frequency of the modu- 
lating signal. Thus, a 500 -cycle signal 
would produce 10 times the phase 
change of a 50 -cycle signal. This is 
an important characteristic of phase - 
modulated waves. This is often com- 
pensabed for in practice by pre- distor- 
tion networks which attenuate the high 
signal frequencies with respect to low 
signal frequencies before modulation 
takes place in phase -modulation trans- 
mitters. 

Fig. 2 shows a physical interpreta- 
tion of phase modulation. The carrier 
vector rotates in an anti -clockwise di- 
rection at a constant average velocity. 
but modulation causes it to quiver dur- 
ing rotation in accordance with the 
modulating signal. Phase and fre- 
quency modulation have many impor- 
tant similarities as well as some im- 
portant differences. This will be dis- 
cussed in a later worksheet in which 
the two types of modulation will be 
compared. 

0 IS THE MAXIMUM EXCURSION OF 
CARRIER VECTOR OA DUE TO MODULATION 

< } 
A 

0 

Figure 2 
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This Month 
CIVILIAN RADIO PRODUCTION 
NOT YET AUTHORIZED BY WPB 

Contrary to published reports, the War 
Production Board has not authorized the 
production of any new radio receiving sets 
for civilians and there is no prospect of 
such authorization this year, the Radio 
and Radar Division of WPB said today. 

Production of radio receiving sets for 
civilians has been prohibited by WPB 
since April, 1942. The military electronics 
equipment program for 1944 is approxi- 
mately 50 per cent above 1943 production, 
the Radio and Radar Division pointed out, 
so the prospect of resumption of civilian 
radio set production is remote. 

Assembly of a limited number of radio 
receiving sets by manufacturers for mili- 
tary users for morale purposes, such as 
overseas recreation centers and hospitals, 
has been authorized, the division said, 
which may have given rise to reports of 
resumption of civilian production. 

No steps in the direction of authorized 
production of civilian radio sets would be 
taken without first consulting the radio 
industry through the WPB Industry Ad- 
visory Committees, the Radio and Radar 
Division Pointed out. 

o 

POST WAR TELEVISION 

Once standards have been set by the 
Federal Communications Commission, 
every major city in the United States will 
have a television station just as quickly 
as transmitter deliveries can be made at 
the end of the war, it was predicted to- 
night by Jantes H. Carmine, vice presi- 
dent in charge of merchandising foi 
Philco Corporation, in an address on 
television before the Poor Richard Club 
at the Franklin Institute. 

It may be possible to produce and sell 
table model television receivers for as 
little as $125 after the war, Mr. Carmine 
said. Larger "projection -type" sets, giv- 
ing a picture 24 inches by 18 inches may 
cost up to $400, he indicated. 

o 

PHILIPS APPOINTS LLOYD 

North American Philips Company, Inc., 
announces from its executive offices, 100 
East 42nd Street, New York, the appoint- 
ment of Warren D. Lloyd as Commercial 
Manager of its Medical Division which 
manufactures X -ray apparatus, X -ray 
tubes and accessories. 

Mr. Lloyd has had over 18 years ex- 
perience in the medical x -ray field, the 
last 14 years as New York Office Mana- 
ger of the General Electric X -ray Cor- 
poration. 

The Medical Division of North Ameri- 
can Philips Company, in its plant at Mt. 
Vernon, New York, also manufactures 
X -ray Quartz Crystal Analysis Apparatus, 
which has helped make possible mass 
production of quartz crystals for military 

communications; X -ray diffraction appa- 
ratus, for the quantitative and qualitative 
analysis and identification of many sub- 
stances; Searchray (X -ray) for industrial 
::nd research applications, and other elec- 
tronic devices. 

The company plans the expansion, as 
manufacturing restrictions are lifted, of 
its X -ray, electro- medical, and other allied 
products program. 

MUHLEMAN NOW 
ERWIN, WASEY EXECUTIVE 

M. L. Muhleman, formerly editor and 
publisher of RADIO MAGAZINE, has joined 
Erwin, Wasey & Co. in an executive ca- 
pacity in the Electronics Division. He 
will devote his efforts largely to the ad- 
vertising and market research of the 
North American Philips Company, manu- 
facturers of Electronic Tubes and Meas- 
uring Devices, Industrial and Medical 

[Continued on page 38] 
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Spot welding connections betweer cathode -ray tu,e ele- 
ments and lead -ir wres 
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Thîs Month 
X -Ray Equipment, High Frequency Heat- 
ing Apparatus, and Tungsten and Molyb- 
denum Products. 

Mr. Muhleman has liad more than 
twenty years' experience in the radio - 
electronic field. He was a radio technician 
in the U. S. Marine Corps during World 
War I, and subsequently, spent two years 
at sea as a commercial operator. 

In 1921, he joined the editorial staff of 
Radio News magazine and has since been 
editórial director of Radio Engineering, 
Projection Engineering and Communica- 
tion and Broadcast Engineering, radio edi- 
tor of Aviation Engineering, editor of 
All -Wave Radio and Radio Service -Deal- 
er, and a member of the editorial board 
of Scientific American 

[Best of luck, Bud, in your new job.-- 
J. H. P.] 

MECK ADVANCES 
MONTGOMERY 

li'illiam Montgomery, who has been 
serving as production coordinator in the 
greatly expanded war program of John 
Meck Industries, radio equipment manu- 

WILLIAM MONTGOMERY 

facturers, Plymouth, Ind., has been named 
executive engineer for contact with gov- 
ernment agencies, it is announced by John 
Meck, head of the organization. Asso- 
ciated with Meck for more than three 
years, Mr. Montgomery was general sales 
manager before the war. 

WADSWORTH WATCH CASE 
EXPANDS CONTRACT SERVICE 

Extensive development of contract serv- 
ice for diverse industries as an important 
part of postwar expansion is announced by 
the Wadsworth Wat_h Case Company. 
This branch of the business will now 
be known as the Small Parts Division. 

Among industries currently served are 
aircraft, automotive, bearing, electronics, 
instruments, machine tool, small arms, re- 
frigeration and many other including forty - 
five manufacturers for whom one hundred 
and seventy -five various items are pro- 
duced. 
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Widening demand is indicated in an in- 
creasing number of fields for quantity 
production of the very small metal parts 
with extremely close tolerances which are 
difficult problems for average plants. 

Wadsworth Small Parts Division under- 
takes this work at any point of manu- 
facture, or from start to finish, together 
with complete inspection. Service in- 
cludes design and building of all dies, 
jigs, fixtures, tools and gages, offers a 
broad range of machine tools and presses, 
and is equipped to do finishing in wide 
variety. 

LITTELFUSE NAMES DENISE 
Appointment of Garet W. Denise to be 

General Manager of Littelfuse Chicago 
Plant Operations has just been announced 
by Littlefuse Incorporated, manufacturer 
of aircraft fuses and the wide range of 
instrument fuses and accessories, circuit 
breakers, thermocouples, fine wire prod- 

GARET W. DENISE 

ucts, etc., at 4757 Ravenswood Ave., Chi- 
cago 40, III., and El Monte, Calif. 

RCA APPOINTS SADENWATER 
The appointment of Harry Sadenwater, 

one of the pioneers in radio's history, as 
broadcast equipment sales manager for 
RCA in the Eastern region was announced 
today b T. A. Smith, Standard RaÌdio 
and Sound Equipment Sales Manager and 
M.. F. Blakeslee, Eastern Regional Man- 
ager. 

Mr. Sadenwater, who will headquarter 
at the RCA sales offices at 411 Fifth 
Avenue, New York City, will be responsi- 
ble for the sale of broadcast transmitters 
and associated equipment to eastern radio 
stations. He brings to his new position 
exceptionally wide experience in installa- 
tion and operation of many types of radio 
communications equipment. Prior to his 
present appointment he was manager of 
services for RCA Laboratories at Prince- 
ton, N. J. 

HUTCHINS RETURNS 
Henry A. Hutchins, National Union 

Radio Corporation Sales Executive who 
took leave of absence to serve with the 
U. S. Navy, has been returned to civilian 
life after 20 months of service, according 
to an announcement this week by S. W. 
Muldowny, President of the Corporation. 

Mr. Hutchins has resumed his National 
Union activities with headquarters at the 
concern's executive offices in Newark, 
New Jersey. 

UTAH APPOINTS STEVENSON 
I 'f .t !IL: Counsel 

fur the Utah Radio Products Company, 
was today named as Secretary of the 
Company, according to an announcement 
from Fred R. Tuerk, President of the 
Company. 

Mr. Stevenson lias been identified with 
the Company for the past seven years. 
W. Dumke, who has been Secretary as 
well as Vice President in Charge of Pro- 
duction, requested that, owing to the 

W. J. STEVENSON 

pressure of war production, he be relieved 
of secretarial duties. In addition to be- 
ing an officer of the Company, Mr. Dumke 
is also a Director. 

SCIENTIST REFUTES 
MAGNETIC FLOW THEORY 

The theory of magnetic current -which 
if true would revolutionize century -old 
concepts of electricity -was refuted by a 
Pittsburgh scientist who claimed that 
rigidly -controlled experiments had proved 
that magnetism does not flow in the same 
manner as electric current. 

Dr. Jacob E. Goldman, of the Westing- 
house Research Laboratories, speaking be- 
for the American Physical Society, re- 
cently said that the experiments, conducted 
along the exact lines of those of Pro- 
fessor Felix Ehrenhaft, Viennese physicist 
and leading proponent of magnetic current, 
had produced conclusive, negative results. 

[Continued on page 58] 
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New Products 
MINIATURE INDUCTOR COILS 

\luuaim, in- 
troduced by Barker and \Villiamson, 235 
Fairfield Ave., Upper Darby, Pa., offer a 
wide range of engineering possibilities in 
high frequency radio and other electronic 
applications. 

They are regularly supplied in diameters 
from %" to 1% ". "Air Wound" con- 
struction assures maximum rigidity and 
accuracy, with lightest possible weight. Q 
characteristic is amazingly high due to the 
almost total absence of insulating material 
in the electrical field. 

Any type of mounting can be supplied, 
and the little coils can be equipped with 
fixed or variable, internal or external 
coupling links, and many other features 
to match practically any specification. 
There are 5 standard diameters and each 
diameter is available in any winding pitch 
from 44 to 4 turns per inch, or less if 
required. Wire sizes range from No. 14 
to No. 28 and almost any desired type 
of wire can be supplied. Design adapta- 
tions are limitless. Samples will be sent 
to quantity users. New, illustrated catalog 
on request to manufacturer. 

FREE STROBOSCOPES 
The Universal Microphone Co., Ingle- 

wood, Cal., has re- issued the Stroboscope 
for bulk distribution to the trade. The 
firm published the device some years ago 
on a "cost price" base, but the present 
edition will be distributed gratis. 

Printed on heavy stock with complete 
instructions, the setup will include indi- 
vidual folders in which to preserve and 
file the Stroboscope. 

Distribution will be from the factory in 
Inglewood with sufficient space on each 
for trade imprint of individual firms. 
Universal's factory representatives may be 
contacted by jobbers, while dealers in turn 
can get their supply from wholesalers. 

Although, in general, this procedure 
will result in speedy delivery of the givea- 
ways, in instances where this routine is 
not practicable, the trade can contact the 
factory direct. 

Designed to work at 33 1/3 and 78 rpm. 
under a light of 25, 50 or 60 cycles, the 
stroboscope is the generally accepted 

RADIO 

method of determining the exact turn- 
table speed for high quality reproduction 
of phonograph records and transcriptions, 
thus enabling reproduction with true pitch 
and tempo. 

Radio and recording studios, as well as 
individual owners of phonographs, radio- 
phone and recorder combinations are the 
natural prospects for dealers to pass on 
the Stroboscope in building up a pros- 
pect or mailing list. 

NEW LAFAYETTE CATALOG 
The publication of a catalog supple- 

ment No. 95 containing a listing of a wide 
assortment of radio and electronic parts, 
has been announced by the Lafayette Radio 
Corporation. 

Several hundred diversified radio com- 
ponents including tubes, resistors, volume 
controls, wire, batteries, coils, condensers, 
speakers, switches, relays, radio cabinets, 
radio panels, blank metal chassis, servicing 
manuals, transformers, technical books, 
and many more miscellaneous items are 
listed. These are available in stock for 
immediate delivery, however, the quanti- 
ties of the items are limited and subject 
to prior sale. 

Copies may be obtained by writing im- 
mediately to the Lafayette Radio Cor- 
poration, 901 West Jackson Blvd., Chicago, 
Ill., or 265 Peachtree Street, Atlanta 3, 
Georgia, asking for Catalog No. 95. 

NEW UNIVERSAL BRIDGE 
A new Universal Bridge, Model 1010, 

has been announced by White Research, 
899 Boylston St., Boston 15, Mass., which 
incorporates mans exceptional features. 
Resistance range is from 10' to 10" ohms; 
capacitance range, from 10 -' to 100 of ; 

inductance range, with no d -c flowing, 10 -° 

to 100 henrys and, with superimposed d.c. 
0.1 to 100 henrys. 

Inductance of iron -cored chokes and 
transformers can be measured with up to 
500 ma of d.c. flowing. Facilities for 
measurement of frequency, Q, and potter 
factor are included. 

The bridge contains a 1-ntegohm decade 
in steps of 1 ohm, which is brought out 
to terminals so that it may be used 
externally. 

FUNGUS -RESISTANT LACQUER 
Communications equipment that soon 

became useless in tropical climates is now 
being protected from high humidity and 
fungus growth by a new lacquer, devel- 
oped by Maas & Waldstein Company, 
manufacturer of industrial finishes. 

When our troops first entered the 
tropics, moisture saturated ground signal 
equipment and provided an ideal breeding 
ground for fungi. These growths, ab- 
sorbing and holding water like blotting 
paper, covered parts of equipment and 
caused short circuits. 
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At the request of the Signal Corps for 
assistance on this problem, Maas & 

stein developed a lacquer that is moisture - 
resistant, has high dielectric strength, and 
retards the growth of fungi. It is now 
being used on Signal and other commun- 
ication equipment at our tropical bases. 

The new lacquer, marketed as Dulac 
Fungus -Resistant lacquer No. 86 -, may 
also be used to treat communications 
equipment before it is assembled and 
shipped to the tropics. Complying with 
U. S. Signal Corps Specification No. 71- 
2202-A, it is a clear, quick- drying lacquer 
that may be applied by spraying, brushing 
or dipping. 

NEW G -E ELECTRONIC RELAY 
\ new cicctrunir rclay fur amplifying 

the very limited current transmitted by 
delicate control contacts or high resistance 
circuits, thus materially increasing the 
application range of many control devices, 
has been announced by the Industrial Con- 
trol Division of the General Electric Com- 
pany. Operated by any material having a 
resistance of from 0 to 500,000 ohms, or 
even greater if necessary, the new relay 
is especially suitable for controlling liquid 
levels in tanks and boilers, sorting metallic 
parts by size, detecting broken threads in 
textile machines, and as a limit switch 
requiring extremely light pressure to 
operate. 

Small and light in weight, thus facilit- 
ating easy installation, the new relay con- 
sists of a standard type electronic tube, 
a supply transformer, and an electro- 
magnetic relay -all mounted in a totally 
enclosed, weather- resistant enclosure suit- 
able for wall or machine mounting. 

In operation, the electromagnetic relay 
in the device is kept energized as long as 

the controls connected to the input grid 
circuit of the electronic tube remain open. 
The instant these contacts close, the relay 
is de- energized. A built -in time delay 
feature prevents chattering when the con- 
tacts in the input circuit are momentarily 
closed. A contact arrangement on the 
electromagnetic relay permits the device 

[Continued on next page] 
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New Products 
to be used either to make or break a load 
circuit when the actuating contacts con- 
nected to the input circuit on the elec- 
tronic relay are closed. 

PORTABLE SUPERTESTER 
MULTITESTER BY 
RADIO CITY PRODUCTS 

The 1: (.1' Model 422 Supertester is 
equivalent to 27 individual instruments in 
one compact unit -with very low and very 
high ranges. Excellent for general cir- 
cuit testing -speeds up trouble shooting- - 

and combines many important measure- 

ments in one small case. Features are: 
Current measurements in both A.C. and 
D.C. up to 25 amperes ; Voltage measure- 
ments in both A.C. and D.C. up to 5,000 
volts ; High Voltage not applied to selector 
switch nor to general test circuits. 3 -inch 
square meter with movement of 200 micro- 
amperes or 5,000 ohms per volt sensitivity 
on D.C. voltage measurements. Resist- 
ance measurements up to 10 megohms. 
Batteries are replaceable without a sold- 
ering iron. Supplied complete with bat- 
teries in natural wood case -6%" x 7" x 
23!" -with carrying strap handle. 

Complete details of this tester and 
other RCP radio, electrical and electronic 
testing instruments are contained in the 
new RCP Catalog No. 128 of standard 
commercial models. Copies are available 
on request to Radio City Products Com- 
pany, 127 West 26th Street, New York 1, 

N. Y. 

NEW METERS 

A complete line of "Dale" electrical 
voltmeters, ammeters, micrommeters, and 
milliammeters are available in standard 2" 
and 3" AWS case construction. The d -c 
instruments embody all requirements nec- 
essary for exacting and rugged Luse. 

A solid bakelite bridge construction of 
sturdy conventional design forms the body 
of the movement. Incorporated also are 
soft iron pole pieces which guarantee a 
uniform scale distribution. A special type 
of balance system has been employed to 
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assure a good balance for all positions 
of mounting. 

The instruments are manufactured in a 
modern air conditioned factory designed 
especially for producing meters under 
ideal conditions. 

Complete facilities and engineering tal- 
ent is available to develop and produce 
special instruments. 

These meters are manufactured by Dale 
Instruments Electronic Development Co., 
2055 Harney Street, Omaha 2, Nebraska. 

NEW RESISTOR CATALOG 
Just oft the pre" i' the mictc 1944 Cata- 

log "Resistors by Haines" showing and 
detailing the Haines basic line of Vitreous 
Enameled Wire-Wound Army -Navy type 
resistors. Copies are available to inter- 
ested manufacturer's representatitives and 
purchasing Agents. Write Haines Manu- 
facturing Co., 248 -274 111cKibbin St., 
Brooklyn 6, N. Y. 

EMERSON BOOK 
"Small Radio, Yesterday and In The 

World of Tomorrow," titles an impres- 
sive book on that subject and on the 
vast strides of electronic development dur- 
ing the past two years, which is now 
being issued by the Emerson Radio and 
l'houograph Corporation. 

BETTER SUPPRESSORS 
l'oatt:u America can look forward to 

vastly superior short -wave radio reception 
if auto makers adopt the war -developed 
technique which eliminates radio interfer- 
ence from the engines of mechanized 
weapons, it was declared by Delmar G. 
Roos. vice -president in charge of engineer - 
iuv for \\'illys- Overland Motors. 

The resultant improvement in the field 
of high frequency broadcasting would be 
of sufficient magnitude, he pointed out, 
to warrant enactment of legislation which 
would assure peacetime application of this 
radio development to all new automobiles. 

Such a legal requirement, Mr. Roos 
added, would bring about the "suppression" 
of all cars and trucks on the highway 
within a period of five to seven years and 
thus, by releasing a vast number of short- 
wave bands previously denied the public, 
would clear the way for infinitely better 
auto and home radio reception. 

This technique, Mr. Roos disclosed, has 
been in effective operation for more than 
a year on tanks, "Jeeps" and half- tracks. 
Previously, it was difficult to transmit and 
pick up dispatches on certain short -wave 
bands, especially when these vehicles were 
traveling in convoy or close battle forma- 
tion, owing to the radio interference ema- 
nating from their electrical equipment. 

SURGE RESISTORS 
Developed for the X -Ray and other 

high - voltage applications, Shallcross Type 
290 Wire-Wound Surge Resistors match 
modern requirements for high- resistance 
units capable of handling high voltage, 
while dissipating normally 200 watt - A 
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typical application is their use in the con- 
stant potential d -c output of a high volt- 
age Kenetron rectifying system to stabilize 
the performance of the apparatus to which 
this high potential is being applied, the 
resistors operating either as bleeders or as 
voltmeter multipliers. 

These surge resistors are wound on 
high -grade non -hygroscopic ceramic forms 
with insulated nichrome wire, single layer 
space -wound. The wire is protected with 
a special finish which reinsulates, resists 
heat and can assure operation at 450° F. 
Any resistance from 1,010 to 3,000,000 
ohms are available. Descriptive literature 
is available from the Shallcross Manu- 
facturing Company, Jackson and Pusey 
\ , cone . t dlingdale, Penna. 

CETRON CE -305 

The CE -305 gas -filled thyratron tube 
has been introduced by Continental Elec- 
tric Company, Geneva, Illinois, to fill a 
need for a medium current tube that will 
stand higher- than -usual voltage. Prior to 
the introduction of this type, no gas -filled 
tube in this current and voltage range had 
been available. 

The CE -305 finds its principal applica- 
tions in the industrial field, where it is 

particularly suited to the following appli- 
cations: 

1. Resistance welder control 
2. Motor control 
3. Controlled rectifiers 

Being gas- filled, it is especially suitable 
where large temperature changes are in- 
volved. The CE -305 is quick- heating. 

It uses a standard 4 -pin base and has a 
maximum peak inverse rating of 1,700 
volts. It has a d.c. output current rating 
of 2 amperes. Additional technical details 
are covered by data sheet No. 116, which 
will be .sent on request to manufacturer. 
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HOGARTH DOESN'T MIND -HE'S USED TO HAVING 
A CROWD AROUND HIS ECHOPHONE EC -1 

ECHOPHONE MODEL EC -1 

PIlJstrated) a compact cornmunicati:rs -eceiver 

. irh ever, necessary feature for gocd re:eption. 

Covers from 550 kc. to 30 mc. on 3 bands. Elec- 

t- cal bardspread on all bands. Six -i bes. Self - 

coitained speaker. 115 -125 vols AC or DC. 

ECHOPHONE RADIO CO., 540 NORTH MICHIGAN AVE., CHICAGO 11, ILLINOIS 
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You remember him, the kid .text 
door who tinkered with short wave 

radio. Weil, he's in uniform now, 
calling his C from foxholes in Italy and stearring 

Pacific jungles. Maybe, he's a radio operator on a bomber 
...perhaps, he's an instructor. Whotever it is, you can be sure 

that his knowledge and experience are serving to help build a 
wartime communicltions system. Yes, from the hams came ready 

trained instructors, operators and e_gineers at a time when skilled 
technicians were vitally needec. 

The racio amateur will be back one of these days, 
hack to his much -loved tinkering. He'll want new equipment to add to his 

:hart wave rig.... He'll be looking for a JENSEN speaker because he wants highest 
fidelity in music, code and voice reproduction. There is no finer 

a`oustic ecaipmer_t than JENSEN reproducers. 

:lrllrJ//;. 7:rXa,[J..<//JìrJdf 
rG¡`rJIC .LCaelJf <lIIJlC'J2L 
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A MAJOR RESISTOR IMPROVEMENT 

The ou-standing superiority of Sprague Koolohni 
Resistors in practically every important character- 
istic cou d -and did- result orly from an entirely 
differen- engineerinc approach to basic prob- 
lems -frorr the wire up. Research proved that 
the resistor was no better than the insulation on 

the wire.. Koolohm ceramic insulation applied to 
resistance wire permitted such valuable engi- 
neering = entures that, in less than four years, these 

resistors have set higher standa-ds of performance 
on hundreds of tie most exacting applications. 
Standard units include 5- to 150 -watt power 
types, toboin types and meter multipliers. Write 
for Catalog - today! 

S P H A G U E E L E C T R I C CO. 

RESISTOR DIVISION 
NORTH ADAMS, MASS. 

SPRAGUE Efl Ô 

SOLVING 
PROBLEMS o 

UNWIELDY SIZE 

REDUCED WATTAGES 

CHANGED VALUES 

HIGH AMBIENTS 

MOUNTINGS 

SHORTS 

...and many more ! 

J{D RESISTORS 
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Ingenious New 

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

New Air Tool Drives "blind" Rivets 
Accurately ... Automatically 

Installing "blind" RIVNUTS quickly with pre- 
cise, positive upset while working entirely from 
one side is now possible with the recently developed 
Auto RI V- Driver. Completely automatic, the tool 
runs a threaded mandrel into a Rivnut, upsets it, 
backs the mandrel out and stops the tool. Operators 
simply press a throttle; make no manual adjust- 
ments for any operation. Rivnuts are installed 6 to 
8 times faster than formerly; rejects are almost 
completely eliminated. 

The tool can be adjusted to upset at any depth 
required. Once set, adjustment is tamper- proof- 
every Rivnut is driven accurately and uniformly. 
An indicator on the tool handle lights when the 
upset is correct; does not light if Rivnut is im- 
properly headed. 

Powered by compressed air, the Auto RIV- Driver 
weighs just 41/4 pounds; is 91/2 inches long; balanced 
for efficient handling by women operators. 

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. 
Doublemint and "Juicy Fruit" chewing gum, too. 
Our stock pile of raw materials that goes into the 
making of Quality chewing gum is getting lower 
and lower. Until we can again build up our raw 
material inventory, we are sending all of our lim- 
ited output of Quality chewing gum to our fighting 
men and women overseas, only. 

You can get complete information from 
the Independent Pneumatic Tool Co., 
600 W. Jacktan Blvd., Chicago 6, 11I. 
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Rivnuts (mfd. by B. F. Goodrich 
Co.) ore internally- threaded tubu- 
lar rivets which can be installed 
"blind" while working entirely 

horn one side of the lob. 

Automatic action, positive depth 
control and visual indicator as- 
sure correct and uniform instal- 
lation of rivnuts with new Auto 

RIV -Drivez 

Y-117 

The Transmitter -R. D. Kell, A. V. Bed- 
ford, and M. A. Trainer- Proceedings 
IRE, Vol. 22, No. 11, Nov. 1934, page 1246. 

Radio Vienna -P. M. Homell-Commu>ii- 
cation & Broadcast Eng., Vol. 1, No. 3, 
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CO YOU would like a sensitive relay for that 
remote control circuit! 

Sensitivity is important for many relay applica- 
tions. And if that is all you want, there's no prob- 
lem. It's easy to build a relay that will "operate" 
¿ n a small amount of power. 

But sensitivity without contact reliability is use- 
less. So what you really want is a relay that is 
not only sensitive, but also has the contact pres- 
sure needed for reliability under actual service 
conditions. 

Sensitivity and contact reliability are opposing 
factors. To get a high measure of both qualities 
in one relay calls for an exacting balance be- 
tween electrical, mechanical and magnetic design 
factors. We've been building such relays for years 
-to meet hundreds of requirements, from com- 
plex telephone switching circuits to simple con- 
trol functions on aircraft and radios. 

Next time you need a sensitive relay, let the 
Automatic Electric field engineer show you how 
to get sensitivity plus contact reliability. No 

e, matter what the nature of your problem, there is 
an Automatic Electric relay that will give you both. 

CONTROL DEVICES 

AUTOMATIC 
ELECTRIC 

The Automatic Electric Class B Relay shown here combines high sensi- 
tivity and contact reliability. It has a highly efficient magnetic circuit, 
long wearing mechanical structure, independent twin contacts, and 
capacity for any number .J springs up tt 26. Contact pressures average 
20 grams per contact. Compare this with "sensitive" relays having con- 
tact pressures of less than five grams. 

For high sensitivity and contact reliability in small space, your best bet 
is the Class S Relay shown here. Especia'ly designed to meet the severe 
conditions of operation on fast modern aircraft, it is also recommended 
where space is at a premium. Because of the great demand for Class S 
Relays for vital war products, we urge that you avoid its use except 
where no other relay will serve. 

1, 

AUTOMATIC ELECTRIC SALES CORPORATION 
1033 West Van Buren Street Chicago 7, II . 

n Canada: Automatic Electri_ 
(Canada) Limited, Toronto 

PARTS AND ASSEMBLIESFOR EVERY ELECTRICAL CONTROL NEED 
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a t -1.- DIFFERENTIAL MICROPHONE 
Model T -45 is its U.S. ARMY DESIGNATION 

Developed by ElectroVoice engineers in collaboration with the Fort 
Monmouth Signal Laboratory. this Dift ial "Lip Mike" carries the 

voice clearly and distinctly above the roar of battle. Ambient sounds 

and reverberation are reduced to negligible levels. 

Frequency response substantially flat from 200 -4000 cps. 

0 Low harmonic distortion 
Cancellation of ambient noise, but normal response to user's voice 

Self- supporting, to free both hands of the operator 
Uniform response in oll positions 

Usable when gas mask, dust respirator or oxygen mask is required 
, Unaffected by temperature cycles from -40° F. to +185' F. 

110 Ability to withstand complete immersion in water 
It Physical strength to withstand 10,000 drops 

Weight, including harness, cord and plug, less than 2 ounces. 

aChG-FoiC2 MICROPHONES 
Our full line includes Carbon, Dynamic and Velocity models . . . all 

at popular prices . . . for public address, industrial sound, 

sound recording and speech transmission applications. 
Consult your local radio parts jobber. 
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Give critical plants the protection of 

Browning Signal System with its bal- 

anced- capacitance electronic circuit, 

which saturates vulnerable areas and 

releases guards for productive duty. Pre- 

Pearl Harbor installations have proved 

efficient, dependable, economical. 

I L L U S T F A T E D L I T E R A T U R E U P O N 

Browning Frequency Meters are accurate 

to .005%. Pre -check public utility and 

other emergency radio systems. Assure 

signal clarity. 

R QUEST 

BROWNING 
LABORATORIES, INCORPORATED 
WINCHESTER, MASSACHUSETTS 
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SPECIAL 
PURPOSE TUBES 
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Eimac Vacuum Pump 
To create the nearly perfect vacuum 
within Eimac tubes and put vacuum 
pumping on a mass production basis, 
Eimac Engineers developed a whole 
new vacuum technique and much 
special equipment. 

One of the devices resulting from 
these years of research and develop- 
ment is the Eimac HV -1 Diffusion 
Pump together with the special va- 
porizing oil which it requires. 

Today this pump is being made 
available to manufacturers and re- 
search laboratories throughout the 
world. You can obtain full informa- 
tion and technical data without cost 
or obligation by writing direct to 
the San Bruno plant address below. 

This Eimac HV -1 pump is one 
good reason why Eimac tubes are 
unconditionally guaranteed against 
premature failures which are caused 
by gas released internally. This rea- 
son plus outstanding performance, 
great stamina and others have made 
Eimac tubes first choice of leading 
Engineers throughout the world. 

Follow the leaders to 

(o- 

Jo.ei-)1 

(o. 

P.6 

0 
D -ss 

544-h 
-`_: 7: 

31' 

014 
Ask for o copy of 
Electronic Telesis 
the sixty-five page booklet 
that explain, the lnnda- og 

f language. his 
booklet u-ill aunt engt- 
neen in explaining these 
jam to others. Yours with. 

obligation. - 

1 

EITEL-McCULLOUGH, INC., 816 San Mateo Avenue, SAN BRUNO, CALIFORNIA 

Plants located at. San Bruno, California and Salt Lake City, Utah 

Export Agents: FRAZAR & HANSEN, 301 Clay Street, San Fraatisr9. 
California, U. S. A. 



DIRECTIONAL 
ARRAYS 

[Continued front paye 23] 

the maximum value of this ratio occurs 
where sin 27r /À (l-d) unity, where 
l = total length and d = distance from 
the sending end. The minimum value 
then occurs when cos 2,7 /X (1 -d) - 
unity. 

From the relationship of the cur- 
rent and impedance functions of trans- 
mission lines we may obtain : 

I.,cn/I.,.. RR /Z. (18) 
where modified to illustrate the rela- 
tionship in a half -wave radiator which 
we are discussing. RR is the resistive 
component of ZR and may be seen to 
be referred to the point of maximum 
current. 

Thus equation (18) and either equa- 
tion (15), (16), or (17) may be used 
to illustrate the relationship of radi- 
ation resistance to the characteristic 
impedance of the antenna 

For example, assuming a tower of 
the type of Fig. 11 -A, 400 feet high 
and 8 feet across at the base (there- 
fore 4 feet radius). From equation 
(15) .1 Z.= 120 log 400/4 = 120 log 100 = 

240 ohms 

The image antenna now gives a free 
space Zo = 480 ohms. Assume the 
ratio I ,,, ¡ /i ,q,. to be measured at 
the operating frequency at 0.25. Then. 
from equation (18) 

0.25 = RR /480 
RR = 120 ohms. 

Conclusion 
As is apparent to the reader, no new 

theory has been contributed to the field 
of antenna study in this paper. The 
method of attack, duc to its simplicity, 
is too awkward for use under practical 
conditions. It is hoped, howev- r, that 
due to this very character' .c, the 
more general reader will ha,_ gained 
a better picture physically and mathe- 
matically of what happens in an an- 
tenna and a directional array. The 
use of equivalents and analogs for an- 
tenna array analysis should lead into 
further interesting possibilities. 

DX VICTORETTES 
The DX \'ictorettes, an organization of 

gir war workers in the DX Crystal Com- 
pany plants in Chicago, raised three hun- 
dred dollars by holding dances and par- 
ties. The girls donated the money to the 
"smokes" and travel funds for wounded 
veterans at the Hines Hospital, Chicago. 
Irv. Kupcinet, Chicago Daily Times col- 
umnist, presented the check to C. G. Beck, 
Hines Hospital Manager. 

P24G1!'aGtd 

"MERIT" 
t.1LP,CZtGd 

94ce Raáio. Pen& 
... PARTS manufactured ex- 
actly to the most precise 
specifications. 
Long manufacturers of com- 
ponent radio parts, MERIT 
entered the war program as 
a complete, co- ordinated 
manufacturing unit of skilled 
radio engineers, experienced 
precision workmen and 
skilled operators with the 
most modern equipment. 
MERIT quickly established 
its ability to understand 
difficult requirements, quote 
intelligently and produce in 
quantity to the most exact- 
ing specifications. 
Transformers- Coils -Re- 
actors - Electrical Windings 
of All Types for the Radio 
and Radar Trade and other 
Electronic Applications. 

CC 
- Since 1924 

MERIT COIL & TRANSFORMER CORP. 
311 North Desploines St. CHICAGO 6, ILL. 
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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 P A 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 HA 

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 

R V E 
bulletin. Address your requests for this useful 
new bulletin to 

OF CAMBRIDGE 

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

BB 

ôÖo 

HARVEY 
UHX-25 

A 25 -Watt 
General Purpose 
Radio Telephone 

Transmitter 

Available for operation between 1.5 M. C. and 30 M.C. 

HARVEY "AMPLI- STRIP" 

11066 

FOR I -F AND AUDIO 
AMPLIFICATION 
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 Standard laboratory instrument design 
and workmanship. 
Wheatstone Bridge Type RN -1. Four 
resistance dials. Nine positions each. 
9X 1, 9X 10, 9X 100, 9X 1000 ohms . 

with decade multiplying dials. 
Ratio resistance guaranteed to plus 
minus .05 °0. Resistance coils to .1°°. 
Moving coil galvanometer. Sensitivity 
of 1 micnanpere per division. 4 V2 v. 
internal battery. External battery and 
galvanometer connections. 
Resistance Decades Type DR. .9 to 
999.999 ohms. Accuracy plus, minus 
.1%. 
Manganin wire coils. Bifilar -wound on 
ceramic tubas. 
Self-cleaning multi -blade phosphor - 
bronze spring wiper switches. 
Standard walnut cases. 

BRIDGES and 
DECADE BOXES 

Largescale requirements on the part of 
a major Government contractor for equip- 
ment "'equal to and interchangeable with" 
present D.C. Wheatstone Bridges and Resist- 
ance Decades led us to set up for line pro- 
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that we can promise prompt delivery be- 
cause we are in continuous production on 
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We also offer Direct-Reading Capacitance 
Decade Boxes. le. or .5 °0 accuracy. In- 
corporating paper or mica dielectric capaci- 
tors. Available in .01, .001 and .0001 mfd. 
steps. Total copa:ities of .111, 1.11 and 11.1 
mfd. 

NEW CATALOG . . . 

Covers essential le.boratory and production -test 
instruments. Rugged, practical, accurate. mod- 
erate in cost. Write for your copy. Consult us 
regarding your instrumentation problems. 

n 
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Tinker, Evers and Chance were famous for Stamina, 

Efficiency and Fine Performance. So are all RACON 
Products! 

There's a RACON speaker, horn and driving unit for 
every conceivable sound distribution application. Only 

RACON can supply, when needed, another famous 
three -in -one combination - Weatherproof, Stormproof, 

Acoustic Material which is impervious to any weather 
condition and prevents resonant effects. 

Now that industrial war plants can obtain sound in- 
stallations, remember that RACON's should be used 

to afford peak efficiency. 

MARINE HORN RE- ENTRANT TRUMPETS P.M. UNITS 
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rated from 50,000 to 150,000 volts D.C. 
Choice of capacitances, from .001 to .1 mid. 
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cations, Aerovox Type '26 capacitors may 
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requiring exceptionally high operating volt- 
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DATA .. . 

New catalog, listing an outstanding line of heavy -duty 
capacitors for radio, electronic and industrial functions. 
sent on request to engineers and others engaged in radio 
and electronic work. Write on business stationery. 

INDIVIDUALLY TESTED 

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

Is Canada AEROVOX CANADA LTD., HAMILTON, ONT. 

Export: 13 E. 40 Si.. NEW YORK 16, N.Y.- Cable:'ARLAB' 
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Time -Base Marker 
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war work -ideal for post -war problems. 

to Important Features 
1 Triggered sweep -individually triggered by each 

signal. 
2 Time -base marker; one microsecond intervals. 
3 Sinusoidal horizontal spot deflection at power 

line frequency with adjustable phase control. 
4 Extended frequency range - vertical amplifier 

flat to 10 megacycles. 

5 High vertical deflection sensitivity (.66 volts/ 
inch). 

6 Precisely compensated attenuator for vertical 
amplifier. 

7 Calibration meter to permit direct determination 
of amplitude of any voltage component in signal. 
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9 Complete absence of cross -coupling between 
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likely to exceed the tube rating. Rec- 
tifier operation characteristic curves 
for choke or condenser input to the 

filter are shown in tube manuals. 
Knowing the d -c voltage and current 
requirements it is only necessary to 
find where these values intersect the 
rms volts per plate curve to determine 
the voltage required in the transformer 
&condary. 

[To be concluded] 

THIS MONTH 
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The theory, held by nearly all scientists, 
is that magnetism has force and power, 
but no movement -unlike electric current 
in which electrons flow along a copper 
wire. Professor Ehrenhaft's theory that 
magnetic current can he generated by a 
permanent magnet, if proved correct, 
would mean the establishment of an en- 
tirely new source of power and would 
necessitate a complete revamping of cur- 
rently -held theorie, in phy,ir.. 

Describes Experiments 
Dr. Goldman, who is in charge of per- 

manent research at the Westinghouse Re- 
search Laboratories, addressed the meet- 
ing at the conclusion of a talk given by 
Professor Ehrenhaft who outlined the ex- 
periments which led him to believe in the 
existence of magnetic current. 

The Westinghouse physicist described to 
the meeting a series of four experiments 
on which his conclusians to the negative 
were based. 

In the first, Dr. Goldman said, he placed 
a solution of sulfuric acid in a glass tube 
between the poles of a horseshoe- shaped 
permanent magnet. The iron surface of 
the poles was covered with paraffin in 
order to prevent a chemical reaction be- 
tween the iron and the water, which would 
result in the liberation of hydrogen. 

"In this experiment, bubbles soon ap- 
peared in the solution," Dr. Goldman re- 
ported. "If these bubbles were the result 
of liberated oxygen caused by a magnetic 
current passing through the water, then 
it would seem that there was a movement 
or flow of current from one pole of the 
magnet to the other. But since the mag- 
net did not lose any of its strength, we 
concluded that these bubbles were caused 
by dissolved air and oxygen in the solu- 
tion." 

In the experiments conducted by Dr. 
Ehrenhaft, the Viennese scientist said the 
permanent magnet lost 15 per cent of its 
strength while in a similar acid solution, 
thus leading the physicist to conclude that 
actual magnetic particles had flowed from 
the poles into the solution. 

Acid Solution Boiled 
To test his first conclusion, Dr. Gold- 

man continued, a second experiment was 
made. The acid solution was boiled to 
drive off the dissolved air and oxygen. 
Then the paraffin- coated poles of the 
magnet were again immersed in the solu- 
tion. This time no bubbles appeared, Dr. 
Goldman said, supporting the conclusion 
that no magnetic current had passed be- 
tween the poles of the magnet, and that 

[Continued on page 62] 
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History of Communications Number Five of a Series 

NIGHT COMMUNICATIONS ON THE HIGH SEAS 

MC DEL I- 30-S 

MICPOPHONE 

In those early days when our Navy was first organized night communica- 

tion was made by lantern from the masthead. This was the only com- 

munication between ships at sea during through which many times news 

from home was transmitted. 

Today, through the use of Universal Microphones and voice communica- 

tion components, vital communications of War are speedily transmitted 

equally as well from small sea -craft and battle cruiser to home port. 

Many new types of Universal microphones shall be developed from the 

experience obtained from the production of military units, for the private 

citizens in the marine pleasure -craft in the days after Victory is ours. 

Model T -30 -S, illustrated at left, is but one 
of several military type microphones now avail- 
able to priority users through local radio jobbers. 

UNIVERSAL MICROPHONE COMPANY 
INGLEWOOD, CALIFORNIA 

1O1EI6Y DAIS ON: 301 CLAY STREET, SAN FRANCISCO 11, CAIIFORF A CANADIAN DIVISI311: 560 KING STREET WEST, TORONTO 1, ONTARIO, CANAD 
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WITH 
THE 
NEW 

Dumont Electrolytic 
tubulars for the 
duration have the 
following special. 
features .. and are 
guaranteed to 
give the same high 
quality perform- 
ance for which all 
Dumont Electroly- 
tic Tubulars have 
a reputation. 

SELF HEALING 

LONG LIFE 

ECONOMICAL 
VARNISHED TUBES 

DOUBLE SEALED 

SMALL SIZE 

FULLY GUARANTEED 
Patent Pending 

BUY 

WAR 

BONDS 

Mull 3 OF 

CAPACI TORS FOR EVERY REQUIREMENT 
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34 HUBERT STREET 

NEW YORK, N. Y. 

TECHNICANA 
[Continued from page 161 

to show that the impedance of an an- 
tenna system is the same for recep- 
tion and transmission. He does this 
by logical argument that the two 
theorems apply to the antenna as a 
linear system. 

This is interesting because it has 
been frequently suggested by other au- 
thors that the impedance, effective 
height, and polarization may not be 
the same for transmission and recep- 
tion. 

It is also shown that the effective 
height of an antenna is the same for 
both conditions. The Reciprocal 
Theorem of Helmholtz is invoked in 
this discussion. The effective height 
of a simple receiving antenna is given 
as the ratio of the induced emf ap- 
pearing at its terminals to the incident 
plane polarized field intensity produc- 
ing it. 

For a complex antenna system the 
effective height is defined in terms of 
the direction of transmission and 
polarization. 

The author also discusses critically 
the four methods of calculating an- 
tenna impedance: (a) The method 
based directly on the Maxwell field 
equations, (b) The Poynting vector 
method, (c) The induced emf method, 
and (d) The transmission line method. 

The simplifying assumptions custom- 
arily used in these four methods are 
(a) sinusoidal distribution of current, 
(b) zero current at the end of an open 
aerial, (c) concentration of current 
and charge along the axis, and (d) 
perfect conductivity. 

HARMONIC SYNTHESIS 
* A machine for the addition of har- 
monic waves is described in an article 
in the March, 1944, issue of Proceed- 
ings of the Physical Society, London. 
The author, A. Shilton, was at a loss 
for a simple means of demonstrating 
to his students at Brighton Technical 
College the resultant wave shapes 
formed by the addition of harmonic 
components. 

The machine he devised performs 
the synthesis mechanically by use of a 
system of cams and pistons. A main 
crank shaft drives the cams, which 
are driven by interchangeable gears. 
An oil -filled cylinder collects this data 
from all the pistons and records the 
data on a revolving cylinder as the 
sum of all motions transmitted to it. 

The frequencies to be added depend 
on the gear ratios selected to drive the 
cams. The amplitudes of the com- 
ponents are adjusted by the use of 

different cams. The phase relation- 
ships are varied by adjusting the orien- 
tation of the cams with respect to their 
driving gears. 

The chief difficulty in construction 
was in obtaining oil -tight pistons and 
cylinders. ,To do so they were fitted 
to an accuracy of .0001 ". 

The machine constructed by the au- 
thor appears to have used three gear - 
cam arrangements, but undoubtedly the 
system could be enlarged to permit the 
addition of any number of harmonic 
components. 

STANDARD FREQUENCY 
SOURCE 
* H. L. Clark and H. Johnston of the 
General Electric Company describe a 
standard 60 -cycle frequency source 
which is accurate to within .02% in 
frequency, in an article appearing in 
the May, 1944, issue of the General 
Electric Review. 

With an input varying between 105 
and 125 volts at 50 to 70 cycles, the 
output up to 25 watts contains less than 
2f; harmonic content. 

The oscillator is controlled with a 
" \lagnivar" tuning fork which has 
low thermal expansion, low amplitude 
coefficient of stiffness, and low tem- 
perature coefficient of stiffness. The 
f requency- temperature coefficient of 
the tuning fork is therefore less than 
plus or minus .0004 % / °C. A change 
in amplitude of 1% produces a fre- 
quency change of approximately 
.001%. 

The low harmonic content is ob- 
tained by the use of filters and inverse 
feedback in the power amplifier. 

A vibration of the tuning fork, 
which is equipped with a small alnico 
magnet on each tine, generates a volt- 
age in the tuning fork pick-up coil. 
This is applied to one of the grids of 
a 6SN7 through a step -up transformer 
and capacitor. This voltage is ampli- 
fied and applied to the tuning fork 
driver coil. This maintains the vibra- 
tion. 

The output of the tuning fork pick- 
up coil is also fed into the second grid 
of the 6SN7 through a capacitor. 
There the voltage is amplified, stepped 
up by a transformer, and rectified in 
one of the diode sections of a 6B8. 
The rectified d -c is applied to the first 
grid of the 6SN7 as bias. 

SAVING POWER OF CW 
TRANSMITTERS 
* I ht u ,11;11 cvc transmitter is "on" 
during periods of dots and clashes (so- 
called "mark ") and off during the 
periods in- between ( "space "). Consid- 
mitter would only be on for a very 
short time at the moment a dot or dash 
erable power can be saved if the trans- 

[Continued on page i 

JUNE, 1944 * 1ZA13I(.21 



QUARTZ CRYSTALS 

roo l 
FREQ. -KC 

CHANNEL 

A X BASSET T, 1NC. 

FT. AU°EQ OAIF,iIA 

1 I I 
TYPE 100 

2,000 KC to 10,000 KC 

Tolerance .005% - .01% - .02% 

Two Mount in Octal Socket 

Shown Actual Size 

TYPE 300 
2,000 KC to 10,0110 KC 
Tolerance .005° - .01 00 - .02 °0 
Plugs in 5 Prong Socket 

TYPE 200 
1,000 KC to 10,000 KC 
Tolerance .005% - .01% - .02% 
Banana Plugs Spaced .750" 

Shown 
Actual 

Size 

These crystals are manufactured to the highest standard of 
quality by the most modern equipmen` and precise means known 
to the art. All units are scientifically adjusted by X -Ray and, 
before shipment, are thoroughly tested for frequency, drift, and 
activity, throughout your specified temperature range. 

Shown 
Actual 

Size 

TYPE 400 
4,000 KC to 10,000 KC 
Tolerance .005 °0- .Ol°,-.02% 
Straight Pins .500" Spacing 

When ordering simply select the type that meets your require- 
ments as to physical dimensions consistent with the crystal fre- 
quency. Specify the desired tolerance, operating temperature 
range and permissible drift from nameplate frequency through- 
out this range, and the type of oscillator tube and circuit in which 
the unit will be used. 

Telephone, telegraph, or write for prices on any quantity from one to ten thousand units of any type. 
Our engineering department will be very happy to co- operate with you. 

__ 
AVIATION_ EQUIPMENT 
/1.-1.--- f--- /yY e_ =h G' 

-.A% 

e. -_ 
1 RA 010 

REX BASSETT 
I N C O R P O R A T E D 

FORT L. AUDE R DAL E, FL ORIDA. 
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MR. LITTLE and 

MR. BIG 
One wants radio and electronic com- 

ponents and equipment in dozen units 

-the other calls for hundreds. One 

needs help on priorities -the other 

has a ticklish technical problem. One 

can use ncn- critical parts -the other 

asks for made -to -order apparatus. Big 

or little, v,hatever the requirements, 

Lafayette Radio Corporation acts as a 

friendly coDperative agent. As leaders 

in the field, we have the confidence of 

leaders. We. service industry, govern- 

ment agencies, the military forces, 

schools, laboratories, dealers, etc. Why 

don't you, too, get acquainted with 

the Lafayette Radio Corporation's 

method of doing business? 

Ote f Write or wire for our new 8 -page cir- 
cular listing needed radio ports, available for 

immediate delivey ... coils, controls, speakers, 
condensers, rely ,'s, switches, resistors, trans- 
formers, etc. All merchandise subject to prior sole. 

DEPT. F -6 

901 W. Jackson Blvd. 265 Peachtree Street 
CHICAGO 7, ILLINOIS ATLANTA 3, GEORGIA 
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TECHNICANA 
[Continued from page 60] 

Is to be started and the moment it is to 
be finished. Such pulses should then 
at the receiver be made to open and 
close a relay or to start and stop a 
local oscillator. Such a system is pro- 
posed by R. C. Whitehead in an ar- 
ticle entitled "Morse by Pulses" ap- 
pearing in the Wireless World for 
April, 1944. 

The author shows how the total time 
of radiation at full power for trans- 
mission at 24 words per minute would 
be reduced to 1/66. For greater sig- 
nalling speeds it would be reduced less 
and for slower speeds more. 

The system consists in having pulses 
transmitted when the key is closed and 
when the key is opened and to have 
these pulses operate a relay at the re- 
ceiving end as desired. In order to 
have the receiver distinguish between 
the two pulses they must differ in some 
fashion. They could be of different 
carrier frequency, have a different 
modulation frequency or be of differ- 

:SC 

,Ì5V, 

. 50V 

O V. 

OUTPUT 

l 

Figure 7 

ent duration. The author chooses the 
latter; the rest of the article is de- 
voted to showing how the pulses are 
generated and how they are separated 
in the receiver. This story is too in- 
volved to be repeated here, so that 
we can only give an abbreviated de- 
scription. 

Let us call the pulse which is to be 
given at the beginning of a dot or dash 
the "mark" pulse and the pulse at the 
end of a dot or dash the "space" pulse. 
'l'he mark pulse is to be twice as long 
as the space pulse. Fig. 7 shows the 
diagram of the pulse generator at the 
transmitter. If the key is in the up or 
"space" position and has been there 
for some time, the condenser Cs is 
charged and the grid of the tube is at 
chassis potential ; the cathode potential 
is so high that the tube is biased be- 
yond cut -off. When the key is pressed, 
the condenser Cs will first be dis- 

charged through Rds and Rg; this has 
no effect upon the circuit. However, 
when the key is down, Cm will be 
charged through Rdm and Rg and the 
charging current through Rg will 
cause a voltage drop so that the grid 
becomes temporarily positive and plate 
current can flow. The grid cannot rise 
above the cathode potential due to the 
grid current through RS. When the 
charging current decreases and the 
plate current also diminishes, an emf 
will be induced in the transformer 
winding in the grid circuit in opposi- 
tion to the potential difference across 
Rg. The tube is then suddenly cut off. 
The length of the pulse is determined 
by the time constant of the circuit. As 
the key is lifted another pulse of short- 
er duration is generated, since the val- 
ues of Rds and Cs have been so chosen 
as to provide the shorter time constant. 

At the receiver the two pulses are 
applied to a clipper tube which insures 
that they shall all have the same am- 
plitude. The pulses applied to an in- 
tegrating circuit result in the longer 
one being able to raise the potential 
of a condenser sufficiently to fire a 
gaseous triode, while the shorter pulse 
cannot. 

The narrow -pulse admitter is a tube, 
similar to a 6L7, which is so biased 
that both grid No. 1 and grid No. 3 
must be made positive to make plate 
current flow. By means of differenti- 
ating and delay circuits it is arranged 
that only a narrow pulse can produce 
a momentary positive voltage simul- 
taneously at both the No. 1 and No. 3 
grids. This tube then draws current 
for a short while and the resultant mo- 
mentary voltage drop across the plate 
load is caused to drop the plate volt- 
age of the gaseous triode sufficiently 
to tsfintni.h it. 

THIS MONTH 
[Continued from page 58] 

the bubbles bad been caused by the action 
of dissolved air and oxygen. 

"In the third experiment," he reported, 
rrtlie paraffin coating was removed and the 
iron surface of the magnet poles brought 
into direct contact with the acid solution. 

"Here there were violent bubbles caus- 
ed by the liberation of hydrogen as a 
result of the chemical reaction between 
the iron and the acid solution. But the 
magnet still retained its original strength, 
indicating that no magnetic current was 
being drawn off from the poles." 

Magnetic Flow Unproved 
As a final check, Dr. Goldman said, the 

entire pole structure was covered with 
paraffin, except the pole faces which were 
left bare, and then immersed in sulfuric 
acid of a much higher concentration. It 
was allowed to remain in solution for 
many hours. 

[Continued on page 66] 
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HERMETIC SEALS 
NOW IN 

ktkoe ro</uch°h 

Arm your equipment to meet tough military conditions -any- 
where -with these improved Hermetic Seals that seal out dust, 

humidity, moisture and fungus from transformers, relays, 

vibrators and other sen-itive component parts. 

FUSED INTO ONE PIECE. Vacuum tight hermetic bond. Resists 

corrosion. Has thermal operating range of -70 °C to 200 °C. 

Insulation leakage resistance, 30,000 megohms, minimum, 

after Navy immersion test. 

SOLDERING TEMPERATURE NOT CRITICAL. Simple, easy to at- 

tach by means of high frequency, oven- soldering, or standard 
soldering iron. 

WRITE, WIRE OR PHONE TODAY for information. Send us 

complete details on your problem so we can offer specific rec- 

ommendations and furnish samples. 

INCORPORATED perti 
É RESEARCH, DEVELOPMENT, MANUFACTURING CINCINNATI, OHIO iR 
T I or 

USED IN RELAYS AND VIBRATORS 
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RADIO WIRE & CABLE 
[Continued from page 311 

detrimental as a contributor to moist- 
ure absorption under high - humidity 
conditions with consequent decrease of 
leakage resistance. In any event, the 
increased diameter is definitely objec- 
tionable. 

A textile outer covering in the form 
of a wrap or braid of cotton, silk, ny- 
lon, rayon, or fiber glass is commonly 
employed. There are arguments both 
for and against such a covering as 
follows: 
Advantages 

1. Improved abrasion resistance. 
2. Support for thermoplastics per- 

Do You 

Need 

Trained 
Help? 

For many years we have been 
training and placing men for 
electricity, radio, and electronics. 
Write and tell us about the jobs 
you have open. Whether in im- 
mediate need of help or not, 
registering your company with 
our Placement Service gives you 
first choice of available National 
trained men in your vicinity. 

NATIONAL SCHOOLS 
Est,; ?ishcd 1 c' 

4000 South Figueroa Street 

Los Angeles 37, California 

AND 

ELECTRONIC 

DEVICES 

id 

e,. 

61; 
013 
atb 
EtE 

BURSTEIN-APPLEBEE CO. 
1012 -1014 McGee St. Kansas City 6, Missouri 
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mitting use at higher ambient tem- 
perature. 

3. Enables wide selection of color 
combinations through use of tracers. 

Disadvantages 
1. Increased diameter and weight. 
2. Decreased leakage resistance 

under high- humidity conditions. 
3. Decreased resistance to fungi 

and vermin. 
4. Increased inflatnmabiilty (or- 

ganic materials only). 
The last three disadvantages may be 

reduced to little consequence through 
the use of suitable impregnants and 
lacquer coatings. It is usually consid- 
ered therefore that a textile covering 
is desirable provided that the additional 
diameter can be tolerated. 

Selection: -From the foregoing, it 
should be evident that no single type 
of hook -up wire will meet every re- 
quirement. Four to six types ju- 
diciously selected, however, should suf- 
fice. 

Of first importance is the primary 
insulation. Buna S and butyl rubber, 
although relatively new in this field, 
will he the materials most generally 
available for the duration. These syn- 
thetic rubbers are much like the nat- 
ural product, having excellent dielec- 
tric properties hut rather poor resis- 
tance to oils. The vinyl polymers and 
copolymers, on the other hand, are 
highly oil resistant and have been used 
successfully for several years. Re- 
cently. critical shortages of the latter 
materials have developed hut these will 
be alleviated by an expansion of man- 
ufacturing facilities now in process. 
Cellulose acetate butyrate tape is ad- 
vantageous with respect to diameter 
increase but offers inadequate resis- 
tance to moisture and abrasion, both 
probably clue to the method of applica- 
tion rather than the material. 

The two most important dielectric 
properties of any insulating material 
are dielectric strength and insulation 
resistance. In radio - frequency circuits. 
power factor and dielectric constant 
also assume importance from the stand- 
point of energy losses. All of the ma- 
terials designated for primary insula- 
tion have adequate dielectric strength 
but wide variations are to he found 
in insulation resistance, power factor, 
and dielectric constant. Vistanex and 
polythene are exceptionally low - loss 
materials but their present use is re- 
stricted by government allocation to 
high - frequency applications. Next 
best are Buna S and butyl rubber and 
following these are the vinyl com- 
pounds. 

Temperature is a vital factor to be 
considered in all synthetics as well as 
in natural rubber. The allowable tem- 
perature rise with respect to maximum 

ambient temperature for the more im- 
portant rubber and rubber -like com- 
pounds are included in Fig. 1. Any 
attempts to exceed these limits are ill - 
advised since the natural and synthetic 
rubbers will deteriorate rapidly and 
the plastic elastomers will soften and 
deform. The dielectric properties also 
are adversely affected by increasing 
temperature. As shown in Fig. 6, the 
d -c resistivity (meg. cm) of a typical 
vinyl compound at 60° C. (140° F.) is 
only about 1 /100th of the value at 
30° C. (86° F.). It is also important 
that the insulation shall not crack at 
sub -zero temperatures. The vinyl in- 
sulations have been limited in this re- 
spect hut compounds that will with- 
stand reasonable bending at -50° C. 
( -58° F.) have recently become avail- 
able. It appears also that Buna S and 
butyl rubber have satisfactory cold 
bending properties approaching those 
of natural rubber. 

The selection of an appropriate tex- 
tile material for the insulation cover- 
ing involves many considerations. Per- 
haps most important is the addition to 
the diameter and Fig. 7 has been pre- 
pared to illustrate the approximate 
overall diameters that may he expected 
for fiber glass and cotton braids over 
vinyl insulation (curves 4 and 5) 
throughout the range of A.W.G. sizes 
#8 to #22. The additional curves for 
vinyl compound without textile rein- 
forcement (3), for cellulose acetate 
butyrate tape covered by a glass braid 
(2), and for the bare conductor (1) 
are included from the standpoint of 
general interest. With vinyl insulation, 
textile reinforcement is particularly 
desirable in that the maximum per- 
missible operating temperature is 
thereby increased from 60 °C. (140 °F.) 
to 75° C. (167° F.). Such improvement 
is obtained irrespective of the material 
used. The glass- braided type although 
smaller, non -inflammably. and resis- 
tant to fungus growth has poor abra- 
sion resistance, develops objectionable 
corona discharge at frayed ends on 
relatively low voltages, transmits . 
moisture rapidly along the surface by 
"wicking" action, and can not be col- 
ored successfully. Circuit identifica- 
tion may be obtained by the insertion 
of colored rayon tracers against the 
natural white background of the glass 
fibers but the braid is then rendered 
inflammable. Cotton braid produces 
larger diameters but is highly resistant 
to abrasion, does not develop excessive 
corona, and can be coded in solid 
colors as well as tracers. It can also 
he impregnated to resist flame, moist- 
ure, fungi, and vermin. 

In the field of synthetic textiles, 
there are two additional materials 

(Continuer) on page 'l 
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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. (1 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 
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Position Company 
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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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Wanted 
ENGINEERS 

Radio 
Chemical 
Electrical 
Electronic 
Mechanical 
Metallurgical 
Factory Planning 
Materials Handling 
Manufacturing Planning 

Work in connection with the manufac- 
ture of a wide variety of new and ad- 
vanced types of communications equip- 
ment and special electronic products. 

Apply for write), giving 
full qualifications, fo: 

C. R. L. 
EMPLOYMENT DEPARTMENT 

Western Electric Co. 
100 CENTRAL AV., KEARNY, N. J. 
Applicants must comply with WMC regulations 
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Here's How You Can Figure... 
-On a BETTER Job 
and a Secure Career in 
RADIO - ELECTRONICS 
t'REI home study training in Practical Radio- 
Electronics Engineering equips you with the 
ability to go after -and get-a better, secure 
engineering job. 
:After the war, will come the period of the 
"survival of the fittest." Employers can then 
once again afford to be "choosey" in selecting 
he best- trained men for the best jobs. 

In our proven course of training, you learn 
not only how .. . but why! Your ability to 
solve tough problems on paper, and then fol- 
low up with the necessary mechanical opera- 
tion is a true indication that you have the 
confidence born of knowledge . confidence 
in your ability to get and hold an important 
i'rb with a secure. promising future ... These 
i,bs are waiting today for radiomen with up- 
v, -date technical training. 
Investigate CREI home study training now, 

and prepare for security and happiness 
in the coming New World of Electronics! 

Write for Details 
About CREI Home Study Course 
It you arc a professional or 
.,mateur radioman and Train 
to make more money-let as 
prove to you we have .rotnr- 
thieg you need to qualify for 
the BETTER career-job op- 
portunities that :on be yours. 
To help us intelligently an- 
swer your inquiry -- PLEASE 
STATE BRIEFLY YOUR 
EDUCATION, RADIO EXPERIENCE AND 
PRESENT POSITION 

CAPITOL RADIO 
ENGINEERING INSTITUTE 
Dept. RA -6. 3224.16th St.. N.W. Washington ID. D.C. 
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worthy of mention -rayon and nylon. 
Rayon braids are exceptionally fine in 
appearance but are much less resistant 
to abrasion than cotton. Nylon, al- 
though not being used commercially 
for braiding, is known to possess ex- 
cellent abrasion resistance but is not 
heat or flame resistant and appears to 
be incapable of impregnation and 
coloring. Both of these synthetics af- 
ford diameter increases intermediate 
between those of fiber glass and cot- 
ton. 

Textile outer coverings, when em- 
ployed should always be coated with 
a transparent, flexible lacquer to obtain 
a hard, smooth, glossy surface of high 
resistivity. It is important that the lac- 
quer shall be chemically inert to avoid 
reaction through contact with metallic 
and painted surfaces in the equipment 
under elevated temperatures. Exces- 
sive thickness also may lead to crack- 
ing and flaking. Satisfactory results 
should be obtained with a coating of 
good quality cellulose- acetate lacquer 
not over 0.010 inch thick. 

Conclusion 
There can be but one conclusiol to 

be drawn from this article -the fact 
that no perfect insulation is yet avail- 
able. Considerable progress has al- 
ready been made in the development 
of new and better dielectric materials 
for electric conductors and there is 
good reason to believe that even great- 
er improvements will be disclosed in 
the near future. Full cognizance of 
the limitations of present types of 
radio wire and cable is essential to the 
design of economical and reliable elec- 
trical equipment. 
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ing, March 1944, Vol. 63, No. 3, pp. 84-88. 

9. Wireless World: Dec. 8 and 15, 1926, 
PP. 754, 811. 

10. Wireless il7orld: Dec. 19 and 26, 
1928, pp. 834, 864; Jan. 9, 1929, pp. 43 -45. 

11. "1940 National Electric Code." 
Standard of the National Board of Fire 
Underwriters, New York, N. Y. 

12. "Plastic Insulations for Conductors" 
by E. D. Youmans. Electrical World, 
August 7 and Sept. 4, 1943. 

CORRECTION 
The formula for voltage drop calcu- 

lation which appeared in the first in- 
stallment of this article should have 
read: 

Rt = R,, (1 + ato [1° - t,]) 
where : R. = resistance at operating tem- 

perature a° C. R = resistance at initial or ref- 
erence temperature t,° C. 

ato = temperature coefficient of 
resistance at initial or ref- 
erence temperature (as se- 
lected). 

Also, in Fig. 1, curves 4, 5, and 6, 
apply likewise to other materials, as 
indicated in the caption under Fig. 1 

in this installment. 

THIS MONTH 
[Continued from page 62] 

"The liberation of hydrogen caused vio- 
lent bubbling," Dr. Goldman explained, 
"but at the conclusion of the experiment 
the strength of the magnet was the same 
as at the beginning. This result, combined 
with the findings from the previous three 
experiments, led us to conclude that there 
was no flow of magnetic particles between 
the poles and that the hypothesis of mag- 
netic current is not supported by the evi- 
dence." 

WESTINGHOUSE AGAIN TO 
MAKE RADIO RECEIVERS 

The Westinghouse Electric and Manu- 
facturing Company, which discontinued the 
manufacture of home receiving sets in 
1928, plans to re -enter this field as soon 
as war conditions permit, according to 
Waiter Evans, Vice President in charge 
of the Company's Radio Division, Balti- 
more, Maryland. 

"We feel that for several reasons the 
postwar period offers an unusual oppor- 
tunity to return to such production," he 
said. "With the obsolescence and wear- 
ing out of a large portion of the approxi- 
mately fifty million sets in use at the start 
of the war, the requirements of the public 
will place demands on the industry far 
above the prewar volume. Westinghouse, 
to meet war demands, has enormously 
expanded its radio capacity. It is now 
turning out fifty -one times the radio equip- 
ment it produced in the prewar years. 

When peace comes again, instead of 
closing down these greatly expanded facili- 
ties, with resulting unemployment, we will 
turn them to the building of home radio 
receivers. Further, in the period since 
radios were last built, there have been 
great technical improvements growing out 
of the war work, to which the public 
is entitled in the post -war models. 

"We will, therefore, manufacture stand- 
ard receiving sets and frequency modula- 
tion, including phonograph combinations 
and, as soon as possible, home television 
equipment. These will be distributed to 
retailers through the Company's national 
distributing channels." 
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He won't dodge this- 

Don't youdodge this! 

The kid'II be right there when his 
C. O. finally gives the signal .. . 

There'll be no time to think of 
better things to do with his life. THE 
KID'S IN IT FOR KEEPS- giving all 
he's got, now! 

We've got to do the same. This is 
the time for us to throw in everything 
we've got. 

This is the time to dig out that 
extra hundred bucks and spend it 
for Invasion Bonds. 

Or make it $200. Or $1000. Or 
$1,000,000 if you can. There's no 
ceiling on this one! 

The 5th War Loan is the biggest, 
the most vitally important financial 
effort of this whole War! 

A 1 'A 
5r" WAR LOAN 

11,17 

ßgcA,øeIMycAV- BUY MORE THAN BEFORE 

RADIO 
* This is an official U. S. Treasury advertisement- prepared under the auspices of Treasury Department and War Advertising Council 
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FREQUENCY METER 
lc;ontiwued from page 27] 

of this nature, it will be necessary to 
count this beat difference by ear. Zero 
frequency difference will be indicated 
by the absence of "flutter." With zero 
beat established between the received 
signal and frequency meter, the signal 
frequency may be read from the fre- 
quency meter calibration curve, if the 
signal is in the range of 1 to 2 mc. If 
it is not, then its frequency is the near- 
est known multiple of the frequency 
meter if higher in frequency, or the 
nearest known sub- multiple if it is lower 
to frequency. Signal frequency may 
be roughly determined by receiver cali- 
bration. 

If it is desired to measure the fre- 
quency of transmitter at the point of 
transmitter location, the following pro- 
cedure will be satisfactory : 

The frequency meter may be located 
in reasonable proximity to the trans- 
mitter whose frequency it is desired to 
measure, but in no case should the 
equipment be located so close that the 
field of the transmitter is in excess of 
one (1) volt. It is preferable that the 
field he approximately one -half volt in- 
tensity. In the event of a strong field, 
i.e., 1 volt or more, it is very probable 
that no external coupling to the unit 
will be necessary. If the field is of low 
intensity, a coupling (antenna) wire 
should be attached to the output post of 
the equipment and the input signal from 
the transmitter adjusted to the proper 
mixing level by means of the gain con- 
trol on the front panel. The variable 
frequency oscillator may then be turned 
to zero beat with the transmitter signal 
and its dial position noted. The fre- 
quency of the transmitted signal may be 
read directly from the calibration curve, 
assuming the frequency meter calibra- 
to have accurately established immedi- 
ately prior to measurement. 

It must be borne in mind that the fre- 
quency as determined from zero beat- 
ing of the heterodyne frequency meter 
against an external signal will be : 

a). A sub -harmonic of the 100 to 
2000 kcs. range of the SR -90 -A equip- 
ment where the external source is 
known to be below 1000 kc. 

b). As indicated by SR -90 -A when 
the external source is known to be in 
the range of 1000 to 2000 kc. 

c). A harmonic of the SR -90 -A 
where the external source is known to 
be above 2000 kc. 

The ambiguity of measurement in 
(a) and (b) may be resolved from the 
use of a receiver of calibration suffi- 
ciently accurate to determine with 
which sub -harmonic or harmonic the 
measurement is concerned. 
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"Right On The Button" 

r) 

MUTUAL CONDUCTANCE 

DISTRIBUTION CURVE - TRANSCONDUCTANCE 

Conscientious electronic equipment 
manufacturers avoid special selection of 

tubes. When a battlefront tube replace- 
ment is made, they want "on the button" 
performance. They allow for possible addi- 
tive effects of tolerances for other compo- 
nents - and for the many minor differ- 
ences of equipment assembly, wiring, and 
adjustment. Also they realize it is imprac- 
ticable to manufacture all electronic tubes 
of a given type exactly alike. Yet they 
demand and deserve close observance of 
their tolerances for each tube charac- 
teristic. (See A and C on the distribution 
curve.) Hytron insists on still tighter fac- 

EXCLUSIVE MANUFACTURER 
OF 

tory specifications. (Compare At and C'.) 
Hytron goes still further. Based on past 

experience - its own and others' - when- 
ever practicable a "bogie ", or desired 
goal, for each characteristic is set. (Com- 
pare B.) Controlled design and production 
aim at producing the majority of tubes with 
this preferred value, which is not necessar- 
ily and arbitrarily midway between toler- 
ances. It is rather the ideal for peak per- 
formance- dictated by experience and at- 
tainable if exact duplication were possible. 

Specify Hytron for tighter specifications - for "bogie " -controlled production - 
for uniform performance. 

RAp10 RECEIVING 
TUBES 

. .. . .. .. - 4 .tSt ió v `` Y PORT' MAS 

S A L E M A N D N E W B U R 

BUY 

ANOTHER 
WAR BOND 



H E R M E T I C S O L D E R - S E A L I N G 

MAKES PRESTITE 

TERMIN BUSHING 

ACTUAL SIZE 

High altitudes . .. humidity conden- 
sation ... thermal shocks ... cannot 
affect the performance of Solder - Sealed 
apparatus. The 100-;, hermetic bond 
assured by the metal -to- PRESTITE 
seal assures trouble -free service of 
terminal bushings. 

The bushing consists of a PRESTITE tube on 
which are Solder -Sealed a terminal cap and a stud. 
Si-T:i'.ar bushings are available without hardware for 
Steer- Sealing to other parts on the manufacturer's 
own. production line. 

Solder- Sealed PRESTITE assemblies offer im- 
mediate help to manufacturers in many available 
standard forms. They also open up many new and 
added possibilities in postwar uses. For complete 
information, send for booklet B- 32.14. Westinghouse 
Electric & Manufacturing Company, East Pitts- 
burgh, Pa., Dept. 7 -N. 305142 

Westinghouse 
ANTS N 25 CITIES ... OFFICES EVERYWHERE 

CO k1MUI.ICATIONS EQUIPMENT 

INSTRUMENTS 

D-C CAPACITORS 

E-'PERSH. CORES 

DYNAMOTORS 
RECTOX RECTIFIERS 

INSULATING MATERIALS 

;Other PRESTITE methods of 
taking leads through partitions 

APPARATUS ENCLOSING SOLDER - 

SEAL BUSHING combination in- 
sulatur, covtr and terminal 
board has a hollow construc- 
tion which permits placing small 
devices inside. 

SOLDER -SEAL ASSEMBLY - for vi- 
brator packs, but can be used 
in similar apparatus, combinint. 
jack and terminal board. 

SOLDER -SEALED BUSHING -- for 
use with thicker gage covers of 
larger size transformers and 
capacitors. Bt.shing is Solder - 
Sealed to a metal ring which is 
soldered to the container cover. 

PRESTITE is a dense nonporous ceramic com- 
pacted under high pressure and vacuum by the 
patented PRESTITE method of -manufacture. 
This eliminates minute air pockets in the 
material, thus minimizing distortion in voltage 
gradients and eliminating internal corona dis- 
charges. PRESTITE is impervious to moisture 
and all chemicals except hydrofluoric acid. The 
quality of PRESTITE is consistently uniform, 
thus eliminating the need fcr the exaggerated 
safety factors common in other ceramics. 


