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DICTAPHONE ELECTRONIC 

DICTATION and .. . 

RAYTHEON TUBES 

If you're a radio serviceman or engineer, 
you'll appreciate the ingenuity and develop- 
ment work which produced this new Dictaphone 
Electronic Dictating Machine which is available 
for essential uses. And if you're a busy execu- 
tive, as well, you'll praise it as an aid to getting 
things done more easily, more quickly and more 
conveniently. Not only does it record dictation, 
but over- the -desk conversations and both ends 
of phone -calls too! 

Raytheon high -fidelity tubes used in this re- 
markable new machine consistently deliver 
clear, realistic reproduction and give long, 
dependable performance ...just 
as they will in the future for this 
and an infinite variety of other 
electronic devices. 

When peace comes, Raytheon 
tubes will be more readily avail- 
able. And they'll be even finer 
than Raytheon's pre -war tubes, 

Listen to 
"MEET YOUR NAVY" 
Every Saturday Night 

ENTIRE BLUE NETWORK 
Coast -to -Coast 

181 Stations 

for their design and construction will have been 
proved by the toughest test of all - the acid test 
of battlefront performance. We can promise, 
too, if you're a serviceman or dealer, that the 
Raytheon tube line will be the most beneficial 
line for you to handle. After Victory it will pay 
you to switch to Raytheon high -fidelity tubes! 

Increased turnover and profits ... easier stock 
control ... better tubes at lower inventory cost 
... These are benefits you will enjoy after the 
war as a result of the Raytheon standardized 
tube type program, which is part of our con- 

tinued planning for the future. 

Raytheon 
Manufacturing Company 

RADIO RECEIVING TUBE DIVISION 

Newton, Massachusetts Los Angeles 
New York Chicago Atlanta 

RAYTHEON 
ELECTRONIC AND RADIO TUBES 

)1,tt 
All Four Divisions Have Been Awarded 

Army -Navy "E" with Stars 
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MYKROY "51 

Glass- Bonded 
Mica Plastic 
High Frequency 

Insulation for 
INJECTION 
MOLDING 

THE perfection of MYKROY #51, glass - 

bonded mica ceramic insulation, which 
can be injection molded, and the processes 
developed for handling it rapidly and 

uniformly has opened a new field of appli- 
cations. It is now possible to produce 
injection molded plastic ceramic parts of 
MYKROY having shrinkage characteristics 
of less than .001" per inch. In addition, 
parts molded from MYKROY #51 can be 

machined by grinding, drilling, tapping 
or cutting. 

Electrical characteristics of MYKROY 

#51 are of the highest order and do not 

shift under any conditions short of actual 
destruction of the material itself. This, plus 

chemical and physical stability -high re- 

sistance to oil, gas and water -resistance 
to acute temperature changes -high co- 
efficient of thermal expansion and excel- 
lent metal bonding properties, make it one 
of the best insulating materials ever de- 
veloped for general and high frequency 
applications. 

MYKROY _,::51 is already being molded 
into a large variety of parts for use 

throughout the entire Electronic and Elec- 

trical engineering field. It may be the 
answer to your own insulation problems. 
So ask for detailed information. Request 
a copy of the special MYKROY INJECTION 
MOLDING BULLETIN .x¡.103. 

WRITE FOR MYKROY 
INJECTION MOLDING 

BULLETIN # 103 
A comprehensive manual con- 
taining complete working data 
including mold designing criteria. 

MYKROY SHEET 

BULLETIN # 102 
Contains full information about 
the largest size sheet (191/4" x 
293/4 ") of perfected mica ceramic 
insulation now available. 

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

M A D E E X C L U S I V E L Y B Y = 70 CLIFTON BOULEVARD CLIFTON, NEW JERSEY 
pvc. Chicago 47: 1917 NO. SPRINGFIELD AVENUE .. TEL. Albany 4310 

Export Office: 89 Broad Street, New York 4, N. Y. 
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QualIty in QuantIty 
WITH 

COMPLETE control of the design, se- 
lection of all materials, and methods of 

manufacture of all parts to the final assembly, 
inspection and delivery, -Jefferson Electric 
Transformers are laboratory correct whether re- 
quired in small lots or hundreds of thousands. 

War -time demands have further emphasized 
the ability to maintain high uniform standards 
of quality on a mass production basis. Under 
the stimulus of War effort, advanced types cf 

machinery, and improved manufacturing tech- 
nique, you can count on still better Jefferson 
Electric products for your post -war needs. 
Consulting now with Jefferson Electric trans- 
former engineering specialists will save time 
for you later ... JEFFERSON ELECTRIC COM- 
PANY, Bellwood (Suburb of Chicago), Illinois. 
In Canada: Canadian Jefferson Electric Com- 
pany, Limited, 384 Pape Avenue, Toronto, 
Ontario. 

TRANSFORMERS 
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Why Western Electric 

equipment leads the way 

1. Western Electric products ,oare de- 

. ed by 
largest 

ization devoted 
_worlds research and develop- 
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There can be no question that both AM and FM are 
slated for important jobs in the world of tomorrow - 
in broadcasting, aviation, mobile and marine radio. 
And Western Electric will offer you the finest equip- 

ment of each type- backed by 76 years of leadership 
in making communications apparatus for almost every 
purpose. 

á 

MOBILE RADIO MARINE PAD O 

Western Electric has specialized 
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As a result of intensified wartime research at Bell 
Telephone Laboratories, of improved manufacturing 
techniques and increased production facilities at 
Western Electric, many new things are now being pro- 
duced which will have peacetime applications. 

In the years of progress that lie ahead for radio, count 
on Western Electric to lead the way ! Buy all the War Bonds you can 

... and keep all you buy! 

TELEVISION SOUND SYSTEMS ACOUSTIC INSTRUMENTS COMPONENT PARTS 

knowledge in all of these fields 
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Transients 

BETTER BROADCASTS, PLEASE 
Sri )ne obstacle to the growth of a market for higher - 
priced radios has been the dullness of most of the pro- 
grams now being broadcast. Those which once caught 
the attention of the public because of their spontaneity 
have pretty generally settled down into mediocrity. 
Words are uttered with machine -like precision, and 
programs are timed to split -second accuracy. Present - 
day stars are those of long ago and their glitter is begin- 
ning to tarnish. Even news broadcasts are presented in 
such a perfunctory manner that they seem like past, 
rather than present, history. 

We don't believe this state of affairs has come about 
because of lack of imagination on the part of broadcast 
program producers. But they haven't forgotten the 
repercussions which followed the memorable Orson 
Welles broadcast of a few years ago, the only one we 
know of which became front -page news. So they tread 
softly now. And also, because spohsors of most pro- 
grams are more interested in quantity than quality of 
listeners, it is safer to stick to sure -fire material as fore- 
told by the inevitable polls. 

Practically the sole refuge for the discriminating lis- 
tener is symphonic music. And even here, when live 
talent is presented. he is obliged to suffer through the 
remarks of some commentator unless he wants to get 
out of his comfortable chair and turn the set off, only 
to find that he has missed the start of the next number 
when he turns it on again. A voice -operated relay would 
come in handy here, or the device which DeFovest was 
reported to have used, though not for this purpose, 
which consisted of a photocell relay operated by a flash- 
light from his chair. 

Granting that no radical changes can be made in the 
character of present -day programs without endangering 
the mass market on which post -war receiver production 
depends, it does seem that there is room for improve- 
ment from a technical standpoint in the manner of pre- 
sentation. What we'd like to hear are broadcasts which 
are less "dead" acoustically, thus providing a closer 
approach to realism in reception and, for the same rea- 
son, a greater dynamic range in broadcasts of orchestral 

6 

music. And it would pay dividends to do a little cautious 
experimentation to test the public acceptance of newer 
types of programs. There has to be a first time for 
everything -and there should be a last time for much 
that is now on the air as soon as a satisfactory substitute 
can be found. Which shouldn't be too hard. 

ANGLO- AMERICAN CO- OPERATION 

*In a recent editorial in Electronic Engineering, men- 
tion is made of a report on "Post -War Planning and 
Anglo- American Relations" by H. Whitehead, Ltd., 
London, one section of which gives the results of a sur- 
vey concerning the desirability of Anglo- American co- 
operation in exploiting Export markets. Replies varied 
from full cooperation (26% ), interchange of personnel 
(10%), exchange of information (13% ), and agree- 
ments against competition (5%). Few were inclined 
toward standardization of engineering specifications, or 
cooperation in research. 

To us it seems understandable that the prospects of 
international cooperation in research are rather remote, 
at least insofar as commercial projects are concerned. 
It is tough enough to get research cooperation in a single 
large organization, not to mention an entire industry. 

But some degree of standardization should be pos- 
sible. We have gone through a lot of it during the past 
few years, and a good many headaches have been elimi- 
nated in the standardizing process. In fact, it is difficult 
to see how there can be any possibility of unified ex- 
ploitation of such markets unless there is some degree 
of standardization. For example, consider our vacuum 
tube, which the English call a valve. The difference in 
terminology causes no trouble, because practically every- 
one knows it exists. But when we find that English 
tubes won't fit American sockets, and that technical data 
011 similar tubes are presented differently (transconduct- 
ance at zero bias for English tubes and at operating bias 
for our tubes, for instance), we run into trouble. 

Of course, there is plenty of standardizing remaining 
to be done here. And it wouldn't be a bad idea to get 
together with our Allies before we find that we have to 
go through the same process all over again. -J. H. P. 
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FOR OVERLOAD PROTECTION 

IN ELECTRIC SHOCK TREATMENTS 

Series L Overload Relay 

wherever a tube is used... 

Offnrr Electric Shock Therapy apparatus 
has been widely prescribed for treatment 
of psechialric patients for more than five 
years. From the very first experimental 
model to present -day production units, 
Guardian Overload Relays have been 
used exclusively to protect the patient 
from dangerous current surges. 

Reear BY GUARDIAN 
In certain types of mental disorders it is possible to 
shock patients back to normal by passing an electric 
current through brain tissues. Naturally the patient 
must be protected against the possibility of excessive 
current surges. Such protection must be positive - 
dependable. In providing this protection, Guardian 
Series L Overload Relays have established a perfect 
record for safe, dependable performance in hundreds 
of thousands of known treatments. 

The Series L Overload Relay provides accurate pro- 
tection against surges and overloads. Standard coils 

GUARDIAN 

Offner Electric 

Shock Therapy Apparatus 

attract on 150, 250, 500, or 750 milliamperes; coils for 
operation on other current values are available on 
specification. 

The large, oversize contacts used on this relay can 
take severe overloads without damage. They are rated 
for 1500 watts on 110 volt non -inductive A.C. and in 
A.C. primary circuits of any inductive power supply 
delivering up to and including 1 kilowatt. Contacts 
lock open and cannot be reset until overload is removed. 
For further information, write for Series L bulletin. 

Consult Guardian whenever a tube is used -how- 
ever- Relays by Guardian are NOT limited to tube ap- 
plications, but may be used wherever automatic con- 
trol is desired for making, breaking, or changing the 
characteristics of electrical circuits. 

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

A COMPLETE LINE OF RELAYS SERVING AMERICAN WAN INDUSTRY 
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What is a Shock Mount Worth? 
LIVES DEPEND UPON airborne radio 
and electronic equipment. Yet the rec- 
ord shows that this type of equipment 
has failed repeatedly in aircraft because 
the shock mounts have been ineffective 
under severe service conditions. Well 
designed instruments have been liter- 
ally shaken to pieces, failing to deliver 
performance and service life built into 
them. Tubes which should last hun- 
dreds of hours have failed in 5 to 10 
hours. The vibration control was not 
adequate for the valuable equipment 
it was supporting. 

SHOCK MOUNTS RESPONSIBLE 
FOR SUCH FAILURES ARE EXPEN- 
SIVE AT ANY PRICE, WHEN BAL- 
ANCED AGAINST THE FAILURE OF 
A COMBAT MISSION, OR THE POS- 
SIBLE LOSS OF AN AIR CREW. 

The answer to this problem is avail- 
able through an entirely new principle 
of vibration control and shock absorp- 
tion. Through the use of the Robinson 

Vibrashoce suspension principle, any 
airborne equipment can be protected 
better than ever before thought pos- 
sible. Vibrashock suspensions are 
tailor -made for each type of equipment, 
and are guaranteed to absorb over 90% 
of all vibration within the aircraft 
operating range. 

Service reports reveal that the 
over -all efficiency and service life of 
equipment supported by Vibrashock 
have been greatly increased through 
reduction of operational failures and 
difficulties. 

SUCH MOUNTS. CAPABLE OF 
PROTECTING VITAL EQUIPMENT 
THROUGH THE MOST ARDUOUS 
COMBAT CONDITIONS, ARE PRICE- 
LESS IN TERMS OF RESULTS. 

Robinson engineers are ready to run 
comparative tests to show you how 
scientific shock mounting can improve 
the operational performance of your 
equipment. 

8 

ROBINSON 
AVIATION, INC. 

730 Fifth Avenue, New York 19, N. Y. 

First National Building, Hollywood 28, Calif,. 

'Trade Mark 
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The Most Complete Line of 

U. H. F. Cables and Connectors... 

In the production of polyethylene dielectric cables Amphenol 
ranks first. This is the solid, flexible dielectric which was 
developed by the Army, Navy and Air Corps for wartime 
electronic use. Amphenol lists thirty -two sizes and types 
approved by the Army and Navy and most satisfactory results 
are obtained thru the use of Amphenol low -loss connectors 
designed specifically for these cables. 

Complete assembly components may be obtained from 
Amphenol. For manufacturers using U.H.F. cables and con- 
nectors in quantity there is a definite advantage in having 
them assembled by Amphenol's highly expert Cable Assembly 
Department. This assures accurate and skilled workmanship 
and a definite saving of materials and labor. 

Your request for Catalog D will bring you the latest infor- 
mation on high frequency cables and connectors. Complete 
information on Amphenol assembled units will be furnished 
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SYLVANIA NEWS 
ELECTRONIC: EQUIPMENT EDITION 

FEBRUARY Published ill the Interests cf Better Sight and Sound 1945 

Type 1AB5 Used as 
Mixer, RF Amplifier 
At 50Mc. and Above 
Sylvania Electric's 1 AB5 tube is a fila- 
ment type pentode for use as a mixer or 
RF amplifier in circuits requiring a tube 
of greater mutual conductance than the 
1LN5. 

The IAB5 is especially designed for 
operation at frequencies of 50Mc. and 

higher. Its combination of characteristics 
results in higher effective input resistance 
at these frequencies. 

The tube has an 8 -pin base of the Lock - 
In type, and a Short T -9 bulb. It is de- 
signed to operate on a filament voltage of 
1.2. Full technical data are available from 
Sylvania Electric. 

DID YOU KNOW... 

That new long, small diameter fluorescent 
lamps soon to be placed in production at 
Sylvania Electric will be of the instant start- 
ing type? Using no starters, they will need 
less maintenance. 

* * * 

That the taking of tube characteristics by 
photographing an oscilloscopic trace permits 
the measurement of tube performance which 
could not otherwise be obtained? This is the 
method used in the Sylvania Laboratories. 

Set-Owners Place FM First in 
Sylvania Survey of Radio Sets 

91% of Consumers Interviewed Say They 

Want This Feature in Postwar Receivers 

Preliminary reports of the nationwide survey being conducted by Sylvania 
Electric indicate a high degree of interest in frequency modulation. Of the 
thousands of set - owners who have been personally interviewed, 91% have 
indicated their desire to have FM incorporated in their postwar receivers. 

I 70% said that they were willing to pay 
an additional sum in order to get this 
feature. 

Television. while also a subject of con- 
siderable interest, ranked behind FM in 
the tabulation of survey results. 49% of 
those interviewed stated that they wanted 
television reception after the war. The 
same percentage indicated their willing- 
ness to pay extra for it. 

Graph shows perry rllages of set -owners 
stating that they want FM and television 

in their posttrilr .vls. 

SYLVESTER SURVEY 

"[Would you be willing to go as high as 
S300 to have FM and television included 

in your radio set ?" 

INFLUENCE OF COST 

As a guide to set manufacturers in their 
postwar planning. the Sylvania survey is 
also eliciting information on the amounts 
which consumers would be willing to pay 
in order to have FM and television. The 
results of this phase of the survey will 
be published in subsequent issues of 
SYLVANIA NEWS. 

SURVEY CONTINUES 

While the analysis of the results of per - 
sonal interviews is going on, Sylvania 
Electric is continuing its survey. and 
broadening its scope. through the me- 
dium of a series of questionnaire -type 
advertisements appearing in leading na- 
tional magazines. 

The purpose of these advertisements is 
to gather additional information on con- 
sumer preferences and interest, not only 
in various types of radio and television 
receivers, but also in the possibility of 
using electronic devices in their homes. 

SYLVANIA VELECTRIC 
SY'LVANIA ELECTRIC PRODUCTS INC., Radio Division, Emporium, Pa. 

MAKERS OF RADIO TUBES; CATHODE RAY TUBES: E'_ECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, ACCESSORIES; INCANDESCENT 
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HARVEY) REGULATED POWER SUPPLIES 
OF GAMRRIDßé 

for use with CONSTANT FREQUENCY OSCILLATORS 

A MPLIFIERS PULSE GENERATORS MEASUREMENT EQUIPMENT 

The HARVEY Regulated 
Power Supply 206 PA 

This new HARVEY OF CAMBRIDGE development is de- 
signed for use with equipment requiring a constant D.C. 
voltage source in the 500 -1000 volt range. It operates 

in two ranges -500 to 700 at % of an 
ampere; 700 to 1000 volts at .2 of an 
ampere. The voltage change caused 
by current change is less than one per 
cent in both ranges. Write for com- 
plete specifications. 

u' 

J 

The HARVEY Regulated 
Power Supply 106 PA 

performs smoothly and dependably in the 
lower voltages. It has a D. C. output variable 
from between 200 to 300 volts that is regu- 
lated to within one per cent. It operates on 115 

volts, 50 -60 cycles A. C., introduced by a con- 
venient two -prong male plug. For complete 
information, write for bulletin. 

HARVEY 
OF CAMBRIDGE 

HARVEY RADIO LABORATORIES, INC. 
454 CONCORD AVENUE CAMBRIDGE 38, MASSACHUSETTS 
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Today we look upon a moving, 
active, thinking world. Things are happening -fast. Science has rushed 

ahead fifty years. Dreams are becoming realities. Truly we are coming closer 
to the stars. The Astatic Corporation is a factor in this moving, living plan, 

and from Asiatic research laboratories come new and improved products for 
a new era. Not the least important of these is a zephyr -light pickup for phono- 
graph equipment, which will reproduce the living voices and the instrumental 
artistry of the entertainment world with a clarity, beauty and true -to -life 
realism heretofore unknown. As FM will contribute to the improvement of 
radio reception, so will Astatic sound detection and pickup products advance 
the fidelity of phonographic recordings to bring the great American audience 
closer to the stars. 

"You'll HEAR MORE from Astatic" 

12 

TECHNICANA 

RECEIVER SENSITIVITY TESTS 

* l lie sensitivity of a receiving set is 
ordinarily measured by use of a stand - 
ard signal generator connected through 
a dummy antenna. The field strength, 
in microvolts per meter, corresponding 
to the generator output voltage, is ob- 
tained by calculation. 

For short wavelengths (below 20 
meters) a more direct method may be 
employed by using a transmitter cali- 
brated to produce any desired field 
strength at the receiver antenna. 

This method is described by Messrs. 
J. S. McPetrie, W. E. Perry, and L. H. 
Ford in an article entitled "Sensitivity 
Calibration of Receivers" which was 
released in the January 1945 issue of 
Wireless Engineer. 

Whereas, with a broadcast receiver, 
sensitivity is based on a 30% modulated 
400 -cycle signal, with a receiver output 

DIRECT 
WAVE 

REFLECTED 
WAVE 

WWI 
- `. . . . 

TRANSMITTING 
ANTENNA 

RECEIVING 
ANTENNA 

i 

Figure 1 

of either 50 or 500 milliwatts, the au- 
thors employ 100% modulation at 1000 
cycles. The sensitivity is given as the 
field strength necessary to produce an 
output just detectable through the noise 
produced by the receiver. 

The author's method was to construct 
a transmitter feeding a conventional di- 
pole antenna. The field strength at the 
receiver antenna then depends upon the 
transmitting antenna current, I, the dis- 
tance between the two antennas, D, and 
the antenna heights, H, which are made 
equal. 

For wave lengths a below 20 meters 
formula A can be used: 

240 H'1 
E = volts per meter. 

D' 
This formula is very nearly correct 
when H>0.1X and D is sufficiently great 
that the reflected wave is at grazing 
incidence. 

Formula B is employed for wave- 
lengths below 2 meters. Referring to 
Fig. 1, the path length of the reflected 

[Continued on page 14] 
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A NEW STAR IN THE ELECTRONIC FIELD 

EXCELLENCE IN PRODUCTION 

The stage is set for something new in Universal's line of prod- 

ucts. Next month will bring the appearance of a new microphone 

to meet markets made by present and postwar demands. This 

will be the first microphone of its kind offered by Universal since 

the War. Universal has, since before Pearl Harbor, been man- 

ufacturing microphones and electronic voice communication com- 

ponents for the U. S. Army Signal Corps. 

We are still pleased to manufacture all the microphones our 

fighting men require and we are pleased to make a new micro- 

phone to fill their and essential home front needs. 

4.1 Emblems of quality in war production 

UNIVERSAL MICROPHONE COMPANY 
INGLEWOOD, CA'_IFORNIA 

FOREIGN DIVISION: 301 CLAY STREET, SAN FRANC'.SCO 11, CALIFORNIA CANADIAN DIVISION: 560 KING STREET WEST, TORONTO 1, ONTARIO, CANADA 
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TECHNICANA 
[Continued from page 121 

can be employed, such that the direct 
and reflected waves are in phase. Then 

2N/H' + D2 /4 - D - (2n - 1)X/2 
or 

4H' (2n - ) X 

D - 
(2n -1)X .4 

Any value of n can be used, depending 
upon and the space available. For 
this condition formula B is 

D ß/D8 + 4.4' 
E = 601 - + 

1 G 
where G is the reflection coefficient of 
the ground, which depends on the di- 
electric constant of the ground and its 
conductivity, and may be obtained from 
published curves. 

For high values of n, the reflected 
wave is greatly attenuated and is dis- 
regarded in formula C, for which 

601 
E = - . This formula is fairly accu- 

D 
rate for wavelengths of less than one 
meter. 

The authors employed all these for- 
mulas at 1 meter wavelength and meas- 
ured field strengths with a field strength 
meter which agreed with the calculated 
values by 5%. 

The transmitters consisted of a push - 
pull oscillator using acorn triodes feed- 
ing a frequency doubler and a push - 
pull amplifier. The doubler and amplifier 
stags employed acorn pentodes. For 
wavelengths of greater than one meter, 
1000- cycle, 1000% sine -wave modula- 
tion was applied to the output plate 
supply. For shorter wavelengths square - 
wave modulation was applied at 1000 
cycles repetition rate. 

Since the field strength is determined 
by the carrier power, and the audio 
output signal by the power, the rela- 
tionships between the two must be taken 
into consideration when using sine -wave 

TABLE i 

MODULATION 

¢ 
3 o 

0 t- 

W 
w 

áá u 

0 
Jz m amW 

Ióá 
a 

Q 0 zr o -Z z 
cc 

0óó aD 
u- 

100 % 
SINE WAVE 

.5 1.0 0.5 0.5 

SQUARE-WAVE 
EQUAL ON, 

EQUAL OFF 
+.0 0.5 0.5 0.4 

or square -wave modulation, as shown 
in Table I. 

[Continued on page 16] 
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BT 

THE NEW HA__ 
R E S I S T O R 

lowest Temperature Rise 

Like all BT Resistors, the oper- 
ating temperature of the new 
BTA is lower than other resistors 
of comparative size! 

,:: ; " 

-- 
R-A-- .% - "1R` iI"" EMN iia !21111I E. 

_::: 

Only the extreme pressure of essential war production has delayed 

our release of this small one -watt AWS RC 30 type insulated resistor. 

You'll find the BTA insulated resistor a worthy and important 

addition to the BT family. Built to meet American War Standards 

specifications, the BTA is only 0.718 inches long and 0.250 inches 

in diameter. Wattage rating, I Watt at 40° C ambient. Voltage 

rating, 500 volts. Minimum range, 330 ohms. Maximum 

range, Standard: 20 megohms . 

Write today for comprehensive bulletin con- 

taining engineering data and charts. 
ifAl(B l ( 

ATIONAL RESISTANCE C 
DEPT. 7 -8 401 NORTH 6ROAD STREET PHILADELPHIA 8, PA+ 

moro; moro !yps os reasstancss unn., 1n mere sitar's, ``. 
Opplicotions than any otb 

BTR -'S watt BTA --1 wort 
imuloted Resier°r Insulated Renntor 

I . . 
11:1111118 y . :.M. .í...u.í 

RADIO * FEBRUARY, 1945 15 

www.americanradiohistory.com

www.americanradiohistory.com


MODEL 62 

VACUUM TUBE VOLTMETER 
SPECIFICATIONS: 

RANGE: Push button selection of five ronges -1, 3,10, 30 and 100 volts a. c. or d.c. 
ACCURACY: 2% of full scale. Useable from 50 cycles to 150 megacycles. 
INDICATION: Linear for d. c. and calibrated to indicate r.m.s. values of a sine - 

wave or 71% cf the peak value of a complex wave on a. c. 

POWER SUPPLY: 115 volts, 40 -60 cycles -no batteries. 
DIMENSIONS: 434" wide, 6" high, and 81/2" deep. 
WEIGHT: Approximately six pounds. PRICE: $135.00 f.o.b. Boonton, N. J. 

MEASUREMENTS CORPORATION 
BOONTON, NEW JERSEY 

leeea 
MONARCH 

MEASURING TESTING CALIBRATING 

E Q U I P M E N T 

r- MONARCH 
MFG. CO. 

2014 N. MAJOR AVE. CHICAGO 39, ILL. 
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[Continued from page 14] 

The authors state that the method 
used pgrmits an accuracy of r`*2 db, the 
error beind due to variations in ob- 
servations of different operators. 

PHASE COMPRESSOR 
* A circuit designed to separate single - 
ended, or "in phase" voltages from a 
push -pull, or "anti- phase" output, is 
described as a "phase -compressor ". The 
phase- compressor may give either a 
single -ended or a push -pull output. If 
the former it is the complement to a 
phase -splitter. In the latter form the 
phase- compressor removes even -har- 
monics which appear in the output of 
a push -pull stage and are in phase at 
the two anodes. 

The phase- compressor is described in 
an article of this title which appears in 
the January 1945 issue of Wireless 
World. The author is Mr. D. H. Par - 
num. 

In the phase- compression circuit vac- 
uum tubes are employed instead of a 
transformer and in this respect the cir- 
cuit is to its equivalent transformer 
circuit as the phase -splitter is to the 
transformer input to push -pull. Its ad- 
vantage is low distortion. 

The phase -splitter is shown for com- 
parison in Fig. 2. The in -phase input 

Figure 2 

is single -ended. The values of R and Ra 
are equal so that equal changes in tube 
current produce equal voltage changes 
across R and Ra, but opposite in direc- 
tion, so producing an anti -phase voltage 
at the output which is balanced to 
ground. Fig. 3 shows the equivalent 
circuit, in which e is the generator volt- 
age between cathode and grid and R, 
is the plate resistance of the tube. The 
phase splitter is cheap, and because of 

[Continued on page 181 
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bands 27. 8 to X43 Mc 

Cowers old and new FM 

hiiIIicriiftrs Model 5 -36 
EXACTLY five years ago - in 1940 - Hallicrafters introduced a very high 

frequency communications receiver with a range of 27.8 to 143 Mc. This 

model was clearly five years ahead of its time in its anticipation of new and 

exciting possibilities for superior performance on the higher frequencies. 

Today Model S -36 stands by itself as the only commercially built receiver cov- 

ering this range. It is outstanding for sensitivity, stability, high fidelity. With its 

extraordinary VHF versatility it is ready for immediate application in the ever 

widening fields of FM and higher frequency development work. Engineering 

imagination at Hallicrafters is reaching out beyond the next five years, beyond 

the present known limits of radio technique so that Hallicrafters equipment will 

continue to be always ahead of its time, above and beyond your best expectations. 

hîiI1icirîifirs RADIO 
THE HALLICRAFTERS COMPANY, MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A. 
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If 

i 
CONCORD 

SERViCE 

uoered 
SO SAY LEADERS OF 

Industry Wartime Agencies 
Laboratories Schools 

RADIO AND ELECTRONIC 

PARTS AND 

EQUIPMENT 

Tens of thousands of enthusiastic cus- 
tomers are proof of Concord leader- 
ship. We can supply you with any- 
thing from a single capacitor to com- 
plex laboratory installations. Two stra- 
tegically- located Concord stores -Chi- 
cago and Atlanta -are geared for 
speedy action. 

1 

SENSITIVE RELAY 
Fully adjustable sensitive 
relay with 2000 ohm coil. 
Ideal for plate circuit or 
photocell applications. 
Minimum pull -in current 
only 2.5 milliam 
SPOT Contacts. 

MAID -C113 
Your cost. each $4.75 

tsrSOt,, 

r 

THERMAL TIME 

DELAY RELAY... 
Leach Type 1054T with 
375 ohm 24 volt DC coil, 
Delay adjustable from 20 
seconds to 1 minute. 
fine silver DPST contacts. 
normally open. will handle 
50 amps at 12 volts DC. 
25 amps at 24 volts DC. 
or 6 amps at 110 volts AC. 

MA10 -C121 
Your cost, each $3.35 

FREE! Special 16 -pag 
Supplement of "hard - 
to -find" and urgently 
needed parts and 
equipment. All items 
ore ready for imme- 
diate delivery . 

but ore. naturally. 
subject to prior sale. 

6 

MAIL THIS COUPON 4o ; 

CONCORD RADIO CORPORATION 
901 W. Jackson Blvd., Chicago 7, III., Dept. F -25 f 
Please rush me the 16 -page "Special Supple- 
ment" published by the CONCORD RADIO 
CORPORATION. 

NAME 

ADDRESS 

CITY STATE -- 
CONCORD RADIO CORPORATION 

Laayelfe Auto (...otpdtaíiorc 
901 W. Jackson Blvd. 265 Peachtree Street 

CHICAGO 7. ILL. ATLANTA 3. GA. 
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Figure 3 

the 50% negative feedback reduces dis- 
tortion to a minimum. 

The phase- compressor circuit is shown 
in Fig. 4 and its electrical equivalent 

B¡ 

1 
E Rk 

B+ 

H 

7 0 

B+ 

Figure 4 

in Fig. 5. The values of R and Ra are 
equal, as before. The solid arrows in 
Fig. 5 represent the directions of cur- 
rent for e and e, opposing, the case for 
antiphase input. The voltages e and e, 
produce equal voltage drops between 
A and B and between B, and A,. Since 
e and e, are equal to the points A and 
B,, and B and A, are respectively equi- 
potential, so that no current flows 
through points C or C,. The anti - 
phase input is reproduced across C and 

[Continued on page 201 

Johnson R. F. Contactors were 
designed for switching high voltage 
antenna circuits in Phasing Equip- 
ment and for similar applications. 
Made in two sizes, these Contactors 
provide long creepage paths, high 
current carrying capacity, high 
voltage rating and no holding cur- 
rent is required. They can be oper- 
ated on either 110 or 220 volt pow- 
er circuits. Either size is available 
with a variety of contact arrange- 
ments including auxiliary contacts 
for signal or pilot light indicators. 
Contacts are sectionalized to pro- 
vide large contact area and their 
wiping action makes them self - 

cleaning. Write today for more in- 
formation and quotation giving con- 
tact arrangement desired. 

Johnson Moke - Before - Break 
Switches were designed for insert- 
ing and removing meters from an- 
tenna circuits without opening the 
circuit. Features include R. F. in- 
sulation, high voltage breakdown 
rating, high current, carrying ca- 
pacity, and wiping contacts insur- 
ing low resistance. 

Ask for Catalog 968 il() 

F. Johnson Co. Waseca, Minn. 
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WZ:04/ MIRACLE 
THAT WILL 

HAPPEN .. . 

SEN SPEAKERS 
WITH 

Among all the miracles thc: have been talked about for a great 
and glorious postwar era, here is one thing on which you can really count: 

JENSEN Speakers will be built around the wartime developed s/INFCO S if JENSEN naturally 
pioneered in the use of this remarkable new magnet material which weighs only a 

fraction of other magnetic alloys of equal strength. Thus JENSEN postwar speakers with &nos 
will be lighter and more compact, but still as highly efficient and rugged as 

ever. II JENSEN military loud speakers we now using 41/1/1X15 in great quantities. 
And as soon as conditions permit, 4IN/CO5 will 

become a feature of JENSEN PM Speakers. 

ITt6en 
AKERS WITH 

¿. drat . ,a /J o e 1f 1I afl (C ,../itatefffreire'è #. r {íi<ffs&c erf O IYl.en 

JENSEN RADIO MANUFACTURING COMPANY 6601 SOUTH LARAMIF AVENUE, CHICAGO 38, ILLINOIS 

* FEBRUARY, 1945 19 

www.americanradiohistory.com

www.americanradiohistory.com


(MODERN VERSION) 

Plenty of high frequency 

Sound reproduction, up to 

15,000 cycles plus ... plenty 

of bass response, down to 

40 cycles ... plenty of hori- 

zontal distribution, 60 de- 

grees ... plenty of vertical 

distribution, 40 degrees ... 
plenty of quality ... plenty 

of EVERYTHING a modern 

post -war America wants in 

quality sound reproduction. 

You enjoy them all in the Al- 

tec Lansing Duplex Speaker. 

SEND FOR BULLETINS 

1210 TAFT BLDG., HOLLYWOOD 28, CALIF. 
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Figu» 5 

C, with a gain of slightly less than 1. 

For in -phase input voltages, the even 
harmonics, the currents are shown by 
dotted arrows in Fig. 5. From the sym- 
metry of the network, C and CL are al- 
ways at ground potential, so that no 
in -phase frequencies are reproduced in 
the output. 

The above theory applies to perfect 
matching of resistors, capacitors, and 
tubes. It is shown that mismatched com- 
ponents will permit some in -phase trans- 
mission which varies with frequency. 
The tubes must be matched for G.., 
otherwise in -phase transmission will 
occur for high frequencies. Mismatched 
capacitors produce a low- frequency ef- 
fect. The antiphase output will be af- 
fected but slightly for small mismatching 
of tubes. 

The handling capacity for antiphase 
voltages is substantial, but the inphase 
voltage capacity of each tube is limited 
to (1 1-RAG..) times the normal input 
capacity, which is based on the avail- 
able straight -line portion of the tube 
characteristic. This applies to high fre- 
quencies only, for at low frequencies the 
inphase capacity is the same as for anti - 
phase voltages, and is much larger. 

A practical application for the phase - 
compressor is the push -pull contrast ex- 
pander which has its output "com- 
pressed" to feed a single -ended amplifier. 

The circuit does not entirely remove 
hum in the supply line as does a trans- 
former. 

DIELECTRIC MATERIALS 
* The dielectric constant of a material 
is not the simple factor commonly em- 
ployed in capacitance calculations but is 
a complex number which may vary with 
frequency. The power factor, too, varies 
throughout the frequency spectrum and 

may be due to as many as four types 
of electric displacement or polarization 
in the material. 

Mr. L. Hartschorn, in an article en- 
titled "Dielectric Heating" which ap- 
pears in the January 1945 issue of Wire- 
less World, discusses the current theory 
of dielectrics in an informative way. 
The discussion is related to the prob- 
lem of dielectric heating, such as the 
selective heating employed in the manu- 
facture of laminated glass. But it is 
likewise of interest in a consideration 
of heat losses which occur in radio cir- 
cuits, for example, the a -c power loss 
in a capacitor. 

When an electric force is applied to 
a dielectric material, which may be the 
insulating medium in a capacitor, a dis- 
placement is produced in the material, 
which involves the separation of posi- 
tive and negative charges. The displace- 
ment may be electronic, atomic, molecu- 
lar orientation (or dipole rotation), or 
the drift of ions. 

Electronic and atomic displacements 
are most likely to occur at optical fre- 
quencies, since the natural frequencies 
of the electrons and atoms are high. 
Typical materials are pure hydrocarbon 
plastics such as polystyrene, poly- 
ethylene, and paraffin. These materials 
are free from water and ions, and are 
symmetrical in molecular structure so 
that the lower frequency displacements 
do not occur, and the dielectric con- 
stants are low. 

With polar types of plastics, such as 
cellulose acetate and methyl methacry- 
late, which are unsymmetrical in struc- 
ture, electric displacements occur in the 
radio frequencies, with the result that 
the dielectric constants are higher. 

When the displacement in the mate- 
rial (electronic, atomic, molecular, or 
ionic) lags behind the displacing force, 
there is a loss of energy in the form 
of heat. The ratio of energy absorbed 
to energy input is proportional to the 
power factor of the material. The dis- 

[Continued on page 70] 
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PERFECT ï' 
VACIJIJM 

t<i..;; J,., 

front of tube re 
and development, F 
kea another advance 

now bas added exhaust unite 
entirely p:-.w and original design to iz. 

production equiptneat. 
This latest Ft- aieral arhieyctuent prudut . 

a tube that is stbstantiilly closer to the pe 
fact vacuum -a tithe ttith greater rfcien 

ui longer life. 
Arranged it Lanks of eight and operas 

'Pith identical control e.luipntent, these 
exhaust uniformly every size of F 
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rd of quality. 
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ederal Telephone and Radi oo rpora't/oll 
Nework 1. N. J. 
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BACON 

Itratcir RE- ENTRANT 
TRUMPET 

MARINE 
SPEAKER 

Above Left -MARINE SPEAKER; approved by 
the U. S. Coast Guard, for oll emergency 
loudspeaker systems on ships. Re- entrant 
type horn. Models up to 100 watts. May 
be used as both speaker and microphone. 
Above Right -RE- ENTRANT TRUMPET; avail- 
able in 21/2 -31/2 -41 /2 -6 ft. sizes. Compact. De- 
livers highly concentrated sound with great 

ILefficiency over long dist . 

P. -M. HORN 

P.M. HORN UNITS 

are available in 
operating capaci- 
ties of 5 to 50 

watts. 

On Naval vessels, transports, etc., - at air- 
fields and training camps, - on Blimps, yes, 
on battle fronts - wherever entertainment 
or commands are distributed by public ad- 
dress equipment, you'll find the finest loud- 
speakers, RACON Products. 

RACON serves the war effort on every front, 
from the crisp, dry, frigid Aleutians to the 
moisture -laden, humid South Pacific; . . . 

on the Eastern and Western Fronts that are 
smashing the Axis. No weather or at- 
mospheric condition, heat, cold, wetness or 

aridity affects RACON's efficient performance. 
Not even gun -fire, for RACONS are blast - 
proof. Designed right, made right, they work 
right. 
When ship -yards or industrial war 
template installing a P -A sys- 
tem, they want the best and 
most economical obtainable. 
RACON speakers and driving 
units are the answer. There's 
a RACON for every conceiv- 
able type of installation, so be 
sure to specify them. 

plants con- 

RACON ELECTRIC CO. 52 EAST 19th ST. NEW YORK, N. Y. 
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HAS MADE AVAILABLE 
TO FORMICA: 

Better Fibre Bases Such as Glass 

Better Resins 

Setter Production Methods 

O Better and More Accurate Test 
Information 

RADIO 

FORMICA'S service to the electrical engineer and the electrical 
manufacturer, under the pressure of war research, has im- 

proved more rapidly during the past few years than usual. 

New fibre bases such as glass have made possible high frequency 
insulation of excellent quality - Comparable for many purposes 

to ceramics - which can be readily machined which is easily 
workable in production. 

New resins such as melomine have intensified the useful qualities 
of many Formica grades. 

Infra -red treating machines, electronic heat for curing thick sec- 

tions, new types of tube rolling machines, are features of newly 

developed equipment that make possible better quality in greater 
volume. 

A large investment in the most modern testing equipment has 

enabled the Formica laboratory to give more accurate, detailed 
and valuable answers to the engineer's questions regarding the 

exact physical and chemical characteristics of the materia. 

Why not make use of this exceptional equipment for service? Send 

in your inquiries. 

THE FORMICA INSULATION CO. 4670 SPRING GROVE AVE. CINCINNATI 32, OHIO 
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4.144 
ANNOUNCING AN ENTIRELY NEW 

CERAMIC CAPACITOR DIELECTRIC 

MYCALEX K 

The MYCALEX CORPORATION OF 
AMERICA has developed and now has in pro- 
duction a new capacitor dielectric which em- 
bodies important new advancements in prop- 
erties. 

Designated MYCALEX "K," this new ceramic 
material is unique in that it offers a selective 
range of dielectrics constants, from 8 to 15 at 
one megacycle. 

Engineers whose requirements call for a 
material with a dielectric constant of 10, need 
only specify MYCALEX K -10. If a dielectric 
constant of 8 is indicated, MYCALEX K -8 will 
meet that exact requirement. Other applications 
might call for use of MYCALEX K -11 or K -12, 
etc. 

MYCALEX K -10 already has been approved 
dp by the Army and Navy as Grade H1C5H4 Class 

H material (JAN- I -12). While other Class H 
materials are available to the best of our knowl- 
edge these are all steatite or bonded titania or 
titanate types, obtainable only in relatively small 
dimensions and subject to wide variations in 
tolerances. MYCALEX K is available in sheets 
14" x 18" in thicknesses of 1/4" to 1 "; in thick- 
nesses down to 1 32" in smaller sheets, and in 
rods 1/4" to 1" in diameter. 

Of importance also is the fact that MYCALEX K 
series can be molded to specifications, with electrodes or 
metal inserts molded in. It can be fabricated to close 
tolerances. 

So far as we are aware, the MYCALEX CORPORA- 
TION OF AMERICA is the exclusive developer and 
only supplier of this kind of capacitor dielectric. 

Write today for further information to Department 
10. 

01.t4ER 
PRODUCTS 

MYCALEX A the 

MYCALEX 
400 -- form 

of MYCALEX 
insulation, and 

approved 
by Arm 

insula- 

tion. 

Grade L -4 
Navy 

as 
n sheets, 

rods and 

aricated 
forM,.iCALEX, 

MOLDED specificat ports 

regular shapes a may be 
in 
which 

inserts 
which metal is 
incorporated 

EI THE INSULATOR 
}PALA MAMIE MG V a VAT, ,11", 

MYCALEX K -10 
Grade HIC5H4, in accordance with JAN -I -12 
Dielectric constant .... 10.6 1 

Q- Factor 310 megacycle 
Loss Factor 0.034 
Volume resistivity 6.0 x 101" ohms-ems. 
Dielectric strength 270 volts /mil 

(0.10" thickness) 
Modulus of rupture 9000 lbs. /sq. in. 
Fractional dec f capacitance 

with temperature change ... 0.0056 
Fractional increase of capacitance 

with temperature change 0.0076 
Porosity - no dye penetration 

after six hours at .. 10,000 lbs. /sq. in. 
The above properties were measured in 
accordance with the procedures of JAN -1.12. 

Density 0.116 lbs. per cu. in. 
Specific gray ty 3 22 
Softening temperature 400° C. 

D.C. IIII 

J 

Iwo 
. 

aoI a 
yJt 

a OA a,. 

0008 F. 
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1ENCYKLOCYCLES 

0.006" 
W 
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O.004á 

DOat " I IP I I I IA 

0.009 

O 006 

.007 

ill 
101 . -._ ,.Uli 

ONE MEGACYCLE 

° . , 

O0o6 ._.. 
IN 

MYCALEX CORPORATION 
OF AMERICA 

24 

"OWNERS OF 'MYCALEX' PATENTS" 
Plant and General 

Offices 
Clifton, N. J. 

Executive Offices 
30 Rockefeller Plaza 

New York 20, N. Y. 
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Velocity Modulation Tubes 

M. G. BELL 

A discussion of the theory of velocity modulation and of the man- 
ner in which various types of velocity modulation tubes function 

WHEN a signal is applied to the grid 
of an ordinary triode and received 
back again at the plate with the 

same or increased power or voltage, it 
is quite feasible to consider the beam of 
electrons which travels from the grid 
to the plate as being an actual part of 
the transmission circuit. Considering a 
vacuum tube in this light makes it pos- 
sible, at least in principle, to follow a 
signal completely through an electronic 
device without interruption. With this 
point of view it is unnecessary to talk 
of a vacuum tube as a slightly mysteri- 
ous device whose type must be care- 
fully selected and which needs to be 
supplied with several rather accurately 
specified d -c voltages before a signal 
may be inserted and received back again 
at another electrode in a form which is 
modified in a desired way. 

Velocity Modulation 
When the electron beam is thought of 

as being a part of the path over which 
a signal travels just as is a wire, an 
inductance, or a region of space through 
which radio waves travel, it immediate- 
ly becomes possible to explore quali- 
tatively ideas concerning the type of 
tube which will best perform a given 
task. Also it becomes easier to under- 
stand why certain d -c voltages are 
needed to cause the electron beam to 
transport the signal effectively and it 
may be appreciated that stray signals 
on the beam shaping electrodes can 
cause trouble by impressing themselves 
on the electron beam leg of the trans- 
mission system. A velocity modulation 
vacuum tube is one in which a signal 
is transferred to the electron beam from 
the control grid connection in a way 
that is different from the method with 
ordinary triodes. Velocity modulation 

U; . 

means that a control voltage speeds up 
or slows down the electrons of the 
beam rather than simply limiting or 
increasing their number. 

As is illustrated by Fig. 1, an ordi- 
nary vacuum tube functions because of 
the ability of the control grid to modu- 
late the strength of the electron beam 
which originates at the cathode. If, for 
example, the tube is being used to am- 
plify a 1000 cycle note, the signal volt- 
age on the grid will reduce 1000 times 
teach second the number of electrons 
between the grid and plate; it will also 
increase the number present an equal 
number of times. These increases and 
decreases, as shown,by the various cases 
of Fig. 1, are indicated as having be- 
come effective through the grid to 
plate space. 

Actually, of course, this is not in- 
stantaneously true. A perfectly finite 
transit time exists for the electrons of 
the beam and this time must pass be- 
fore a changed voltage on a grid is 
correctly felt by the plate. Ordinarily 
the modulation frequency is so low that 

the electron transit time between cath- 
ode and plate is a small fraction of a 
cycle. Certainly this is true of all con- 
ventional tubes used in devices such as 
home radios. If such amplitude modu- 
lated tubes are used as very high fre- 
quencies, however, the transit time may 
not be small compared to the period of 
the modulation frequency. In that case 
undesirable effects are noted. The cir- 
cuits used with the tube are subject to 
what is known as beam loading and 
the efficiency of the whole circuit is 
impaired. 

In contrast, tubes using velocity mod- 
ulation need have small transit times 
over only a very small distance, which 
exists between a pair of closely spaced 
grids. Moreover, the average number 
of electrons remains the same through- 
out the length of the beam and the 
electrons need only be speeded up or 
slowed down to represent a signal. Both 
of these facts make velocity modulation 
very advantageous for tubes that are 
being designed to operate at ultra high 
or microwave frequencies. In fact, it is 

Fig. 1. Amplitude modulation of an electron beam as it is used in ordinary vacuum tubes. 
At various grid voltages, more or fewer electrons reach the plate and thus create a plate 

signal which depends on the grid voltage 
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Fig. 2. The use of double buncher grids o 
introduce velocity modulation on an electron 
beam, and the use of double catcher grids 

to remove the amplified signal 

only at such high frequencies that ve- 
locity modulation is useful at all and 
then it seems imperative. 

Fig. 2 illustrates how an electron 
beam may be velocity modulated. In- 
stead of connecting the input signal 
between the control grid and the cath- 
ode as is usual with amplitude modula- 
tion tubes, a double buncher grid is 
used where the control grid might nor- 
mally be installed and the input voltage 
is connected between the closely spaced 
pair. Moreover, the usual cathode 
is replaced by a complete electron gun 

Fig. 3. Vector representation of the electrons 
of an electron beam. The arrows not only 
show the relative position of various elec- 
trons which have been subjected to a peri- 
odic bunching. but also indicate by their 
length the relative velocity of each electron 

26 

so that the electron beam is already 
well formed and percentagewise the 
electrons that it contains are all moving 
with approximately the sanie velocity 
before they reach the point in their 
path where they can be influenced by 

the control action of the buncher grids. 
When they do reach the first buncher 
grid they enter the bunching space 
without hesitation because the buncher 
voltages are completely disconnected 
from the cathode. In the buncher space, 

however, they are speeded up or slowed 

down in accordance with the voltage 
condition there. If the far buncher grid 
happens to be positive with respect to 
the nearer grid the electrons are urged 
to slow down or at least to increase 
their velocity less rapidly than they 
would from the effect of the anode 
voltage alone. 

Now if an alternating voltage is 

placed on the buncher grids as it nor- 
mally will be if the velocity modulation 
tube is used as an oscillator, the elec- 
trons of the beam will alternately be 
speeded up and slowed down as they 
pass through this part of the tube. Fur- 
thermore, if this buncher signal is of 
extremely high frequency it may well 
be possible to arrange the geometry of 
the tube so that even though the transit 
time between the buncher grids is small 
in comparison to a cycle, the transit 
time along the drift space which lies 
just beyond the buncher is not. Under 
such conditions the electrons which 
were speeded up at the buncher will 
have time, as they pass along the drift 
space, to catch up with the slower elec- 
trons which were at the buncher at an 
earlier time and were in consequence 
slowed down. This gives rise to bunches 
or pulses of electrons as is illustrated 
in Fig. 3. There the electrons are shown 
as arrows which tell the velocity as 
well as the position. The three electrons 
shown between the electron gun and 
the buncher are indicated by arrows 
which are of equal length since all 
three have the same velocity. On the 
other hand, electrons, such as the one 
labeled "a ", are shown with a very short 
vector because they are moving with a 
relatively slow speed. Their velocity is 
low because they happened to pass 
through the buncher grids at times 
when grid n was positive with respect 
to grid m, and consequently they had 
to move against an electric field that 
wished them to go the other way. Elec- 
trons, such as those labeled b, c, and d, 
are respectively shown with longer and 
longer velocity vectors because they 
received less hindrance or even help 
from the buncher field at the time they 
passed through. In the case of electron 
d, grid m was at a maximum positive 
voltage with respect to n and a maxi- 

Fig. 4. Type 410 -R Klystron tube 

mum added acceleration was received 
in passing through the buncher space. 

Over -Bunching 

With all this in mind, it is easy to 
see that velocity modulation of an elec- 
tron beam will result, after the transit 
of a drift space of proper length, in an 
amplitude modulated beam. Directly be- 
yond the buncher, the faster electrons 
will not yet have had time to overtake 
the slower ones and the beam will still 
be more or less homogeneous as is indi- 
cated in Fig. 3. At a point further along 
the drift space, an area of complete 
bunching may be encountered only in 
pulses or bunches. It is interesting to 
note that if the drift space is too long, 
the fast electrons may not only over- 
take but also pass the slower ones. This 
is known as over -bunching. 

Since a drift space of proper length 
to obtain complete bunching can, in 
conjunction with a pair of buncher 
grids, turn velocity modulation into 
amplitude modulation, it is clear that in 
principle, an ordinary plate might be 
installed at the end of the drift tube 
and used to collect the signal from the 
electron beam. The voltage of the plate 
would rise and fall as it was struck by 
bunches of electrons and as these elec- 
trons leaked away between times by 
virtue of a plate resistor. Unfortunately, 
this sort of energy collection is seldom 
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Fig. 5. A time -space diagram showing the 
bunching action of velocity modulation. This 
type of diagram is generally termed an 

Applegate diagram 

if ever feasible. Velocity modulation 
tubes are only practical at such high 
frequencies that it is conveniently pos- 
sible to make drift tubes long enough 
so as to have a transit time of the 
order of one cycle. At such high fre- 
quencies, however, it is not only im- 
possible to use ordinary vacuum tubes 
because of beam loading, but it is also 
impossible to use ordinary "wired" cir- 
cuits because of stray capacity which 
cannot be avoided but which by itself 
gives time constants that are too long 
to allow response to such high frequen- 
cies. 

Fortunately, it is not at all necessary 
to use a plate to collect energy from 
the bean'. A pair of grids like the bunch- 
er grids that are usually referred to as 
catcher grids can be installed at the 
point of maximum bunching and will 
serve effectively as a means of obtain- 
ing an output signal from the tube. 
Whenever a bunch of electrons is pass- 
ing between these grids. a voltage will 
appear across them ; between bunches 
this voltage will drop to zero. The net 
effect is that an alternating voltage is 
obtained at the catcher grids in re- 
sponse to one applied to the buncher 
grids. 

Only one really successful method of 
applying or taking off the necessary 
ultra high frequency alternating volt-. 
ages that are needed in conjunction with 
bunchers and catchers has been devised. 
It consists of surrounding the grid pairs 
with a resonant cavity. Such a cavity 
is not limited by the stray capacity 
troubles of ordinary tank circuits and 
can be made to supply or receive a 
voltage at just about any frequency, that 
is desired. The most successful series 
of velocity modulation tubes now being 
manufactured is made under the trade 
mark, Klystron'. Fig. 4 shows a cut 
away view of a Klystron oscillator. 

' Sperry Gyroscope Company, Inc. 
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Applegate Diagram 
In order to discuss the operation of 

velocity modulation tubes in a more 
quantitative manner, it is perhaps best 
to discuss next some fairly discon- 
nected ideas, of which some are more 
a matter of definition than of discovery. 
The first of these might very well be 
the Applegate diagram, of which a sam- 
ple is shown in Fig. 5. This space -time 
sort of diagram is useful in describing 
electron bunching phenomenon. Time is 
measured along the horizontal axis, and 
the position of the electrons along the 
drift space is plotted as the vertical co- 
ordinate. Thus each line tells the space 
time history of a particular electron in 
the beam. Before reaching the buncher, 
the electrons all have approximately the 
same velocity and, as can be seen by 
the equal spacing of the electron lines 
ahead of the buncher, the electrons 
chosen for representation by the lines 
are ones which are equally spaced upon 
entering the buncher. An electron such 
as the one whose history is represented 
by the line marked A in Fig. 5 is, for 
example, one which proceeds from the 
electron gun to the buncher in the time 
which elapses between time t, and time 
t,. This is the same length of time as 
that which elapses for any other elec- 
tron. But as electron A passes the 
puncher it is slowed down because at 
time t, the buncher voltage is negative, 
as shown by the plot of buncher voltage 
against time. This is indicated in the 
diagram by the fact that line A bends 
so as to have a smaller slope beyond 
the buncher ; this means that as we 
move along line A in time we are less 
rapidly moving along the space coordi- 
nate which is, of course, the desired 
representative of a lowered velocity. 
In other words, the electron velocity is 
represented by the slope of the lines 
which describe the history of the elec- 
tron. 

Having understood the workings of 
the buncher and its representation upon 
the Applegate diagram, it is fairly easy 
to see the value of such a plot. Suppose 
in actually building a tube, we choose 

20 , 

W8.0 10.0 

BUNCHING 
PARAMETER 

Fig. 6. The Bessel function Ji(x) which ex- 
presses the relation between tube output and 

the value of the bunching parameter 

1945 

Fig. 7. Applegate diagram for a velocity 
modulation tube using saw tooth drive 

a certain length drift tube. This then 
determines the position of the catcher 
and a line such as the horizontal catch- 
er line of Fig. 5 may be drawn. We 
then only need to move along this line 
with time to tell by the density of the 
intersected electron lines that there will 
at any given time be a certain number 
of electrons present between the catcher 
grids. Actually, since we are generally 
interested in obtaining the greatest pos- 
sible catcher voltage, this means that 
we will locate the catcher where the 
greatest density changes occur. 

Debunching 
A practical limitation on the design 

of voltage amplifier tubes of the veloc- 
ity modulation type is encountered be- 
cause of a difficulty closely akin to some 
of the space charge troubles that some- 
times arise with amplitude modulation 
tubes. This difficulty is known as de- 
bunching and is encountered simply 
because of the electrostatic forces that 
exist between neighboring electrons of 
the beam. Its effect is to make the 
buncher less dense at a given point and 
time than would otherwise be expected. 
If, for example, the neighborhood 
around a given electron starts to be- 
come more and more thickly populated 
because of a prearranged bunching ac- 
tion which hurried the ones behind and 
delayed the ones ahead, then as that 
population increases so also does the 
repulsive force of the neighborhood. 
The result is that the maximum density 
is obtained somewhat sooner than 
would be naively calculated. The last 
electrons, which under only the rules 
shown by the Applegate diagram would 
have added still more to the density of 
the surroundings, are unable even to 
reach the vicinity of our given electron. 
Debunching thus makes it necessary to 
build drift spaces somewhat shorter 
than would be naively expected. 

Overbunching is the condition which 
exists in a velocity modulation tube 
when the drift space is too long or, 

[Continued on page 64] 

27 

www.americanradiohistory.com

www.americanradiohistory.com


Requirements In BROADCAST 

IT HAS been shown' that the efficiency 
of broadcast service depends in 
large part on four principal factors: 

operating power, ground conductivity, 
frequency of operation and orientation 
of transmitter site with respect to the 
distribution of population. The station 
frequency and operating power are ne- 
cessarily restricted to conform to stan- 
dards of good engineering practice and 
fixed by the FCC. It may be seen then 
that the choice of a transmitter site, and 
the design of the antenna and ground 
system are the only factors directly 
under the control of the broadcast en- 
gineer concerned with achieving maxi- 
mum efficiency of service. Since, in 
the final analysis, the results to be 
desired are directly concerned with the 
effects on the listeners ear, a correla- 
tion of radiation strength variation 
with respect to the decibel scale will 
prove helpful in illustrating certain re- 
quirements in efficiency of service. 

Power Variation 
The amount of increase in volume 

of sound that is perceptible to the 
human ear is proportional to the vol- 
ume of sound already existing. There- 
fore, any change noticeable to the lis- 
tener is expressed in terms of ratios 
rather than in terms of absolute magni- 
tudes. 

The significance of this fact in rela- 
tion to the power output of a trans- 
mitter is shown in Fig. 1. It is ob- 
served that doubling the power will 
result in an increase of 3 decibels. It 
is quite apparent to those familiar with 
observing volume indication on pro- 
gram transmissions that a 3 db change 
in speech or music is of small con- 

Problems in the Location of Broadcast 
Transmitters, RADIO, Jan. 1945. 

The various factors affecting the design of broadcast antenna 

and ground systems are discussed, and data are presented 

to guide the designer in meeting the problems involved. 

sequence. For this reason commercially 
built broadcast transmitters are de- 
signed for 250 watts, 1, 5, and 50 kilo- 
watts, and the five -fold changes in 
power are as small as should be con- 
sidered in contemplating an increase in 
power and service area. It is seen 
that the field intensity is increased 24 
db through the range of 1/5 to 50 
kilowatts, or approximately 7 db per 
five -fold increase in power. The prac- 
tical aspect of this power and db gain 
with respect to antenna systems will 
be discussed presently. 

Minimum Requirements 
Although it is of course evident that 

the best possible antenna and ground 
system be installed for a given trans- 
mitter power, certain economic and en- 
gineering factors will determine the 
limit toward which the ideal installa- 
tion may be approached in design of 
the radiation system. A study of the 
minimum requirements as specified by 

the FCC for various types of services 
aids materially in gaining a perspective 
of the problems involved. 

Applicants for new or different 
broadcast facilities must specify on the 
application a radiating system that has 
an efficiency which meets the require- 
ments of good engineering practice for 
the class and power of the stations con- 
cerned. Fig. 2 shows the minimum 
physical vertical heights that are con- 
sidered necessary to meet field- strength 
requirements for powers and types of 
service indicated on the graph. These 
minimum heights apply for either 
ground or building -top location. Where 
the radiator has its base on the ground, 
a ground system must be employed that 
consists of buried radial wires at least 
Ys wavelength long with no less than 
90 of such radials. When it is claimed 
that the minimum field intensity may 
be realized with an antenna and ground 
system less than that stipulated above, 
a field intensity survey must be made 
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ANTENNA & Ground Systems 
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Fig. 2. Minimum physical vertical antenna heights for various service requirements 

by an engineer qualified in the eyes 

of the FCC, to prove that this is pos- 
sible at the location cited. 

When conditions are such that a 
directional antenna system must be em- 
ployed, the above minimum require- 
ments must be met with respect to 
effective field intensity with the follow- 
ing modifications : 

1. In the case of a Class 1 station 
not less than 90% of the ground wave 
field that would be obtained from an 
antenna of the height shown in Fig. 2 
for operation on frequencies below 1000 
kc. 

2. In the case of Class 2 or 3 sta- 
tions, no less than 90% of the ground 
wave as above on frequencies below 
-50 kc. 

Design Applications 
In the design of radiating systems 

we are concerned with the factors that 
affect the inverse field intensity, which 
is the unattenuated field intensity in 
my /m at a distance of one mile from 
the antenna for an input power (to 
the antenna) of one kilowatt. These 
factors for a given power and location 
are antenna height, and the number 
and length of radial wires. 

The effect of increasing antenna 
height up to a certain optimum value 
is to increase the fading -free area of 
the transmitter. This is due to the 
increased directivity in the horizontal 
plane causing a stronger ground wave 
and a reduction in strength of the high 
angle radiation producing the sky wave 
that returns to earth close to the trans- 
mitter. Actually, the strength of the 
ground wave at a distance is increased 
only a very few db by increasing the 
height from 0.125 wavelength to 0.5 
wavelength, but the effective increase 
in usable coverage is greater due to 
the aforementioned condition. The ef- 
fect of antenna height on this high - 
distortion area is illustrated in Fig. 3 
for electrical heights of 90 °, 180° and 
190 °. The comparative vertical radia- 
tion angles may be observed in Fig. 4, 
where it is seen that although an anten- 
na of 0.625 wavelength has -a large 
low angle lobe, a secondary lobe ap- 
pears at a higher angle which decreases 
the effective fade -free area. An an- 
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Fig. 3. Effect of antenna height on fading 
radius 

tenna of approximately 0.53 wavelength 
(190 °) has been found to be an op- 
timum value where comparative cost 
of such an antenna warrants the instal- 
lation. In many cases for powers up 
to 5 kw, most of the rural service area 
may be within the fading -free area for 
a short antenna, permitting a great 
saving in original cost. 

The second factor in antenna effi- 
ciency is the number and length of 
radials employed. Although data re- 
garding the relationship between in- 
verse field intensity and the number 
of radials for various conductivities, 
frequencies and heights of antennas is 
comparatively small, indications are 
that effective antenna efficiency cannot 
be materially increased by exceeding 
the minimum number of 90 radials 
considered good practice by the FCC. 
Fig. 5 is a comparison of variation in 
my /m with the decibel scale for vari- 
ous numbers and two different lengths 
of radials =. It is observed that for a 

2 Service Area of Medium Power Broad- 
cast Stations, P. E. Patrick, IRE Proc., 
Sept. 1942. 
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Fig. 4. Comparative vertical-radiation angles and their effect on fade -free area 

number exceeding 30 radials, the in- 
crease in db is negligible. The effect 
of the length of the radials on the 
variation ih decibels is illustrated in 
Fig. 6, and it is seen that 0.5 wave 
radials may not be justified on grounds 
of economy over 0.35 wave radials. 
The latter length would require about 
one -half the ground area necessary for 
0.5 wave radials. 

In order to decrease earth losses due 
to the large current through the capa- 
city from the base of a vertical radiator 
to ground, a copper ground screen is 
usually used in the area immediately 
surrounding the antenna base. 

Directional Antenna Requirements 
Directional antenna arrays have been 

thought of as serving two principle 
purposes: 

1. Where the distribution of popula- 
tion about the transmitter site is not 
uniform, to concentrate the signal in the 
most thickly populated areas. 

2. To reduce the strength of the sig- 
nal in a particular direction to avoid 
interference with a distant transmitter 
on the same channel. 
In actual practice however, it is not 
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possible effectively to increase the radi- 
ation in a desired direction if the in- 
crease is measured in decibles as dis- 
cussed earlier. The increase can 
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PATTERN 

AVERAGE 
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Fig. 7. Equivalent area covered for 
pattern shown 

geld 

amount to only a few db at the most, 
and if the listeners ear is the standard 
of judgment, we may see that the addi- 
tional cost of a directional array would 
seldom be warranted for this purpose 
alone. Although the sales value of "in 
effect doubling the power of the sta- 
tion" might appeal to the advertiser, 

[Continued on page 681 
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FM RECEIVER DESIGN 
PART I A. C. MATTHEWS 

In this series of articles the author discusses the various 
factors entering into the design and testing of f -m receivers 

OST -WAR frequency allocations for 
FM broadcast stations have recent- 
ly been assigned a band of 84 to 

102 mc, with the possibility that in the 
future this may be extended to cover 78 
to 108 mc. Channels remain 200 kc wide 
with a maximum deviation of plus and 
minus 75 kc as at present. The maximum 
audio modulating frequency will be lim- 
ited to 15,000 cycles as heretofore and 
should be more than adequate for high 
fidelity service. 

The new frequency band, while it is 
approximately twice as high as at pres- 
ent, will not present too many new 
design problems since only the r -f has 
been changed. Present design technique 
will undoubtedly be applicable to the 
remainder of the receiver. 

In general the same problems of sen- 
sitivity, selectivity, fidelity and power 
output, to mention a few, are encoun- 
tered in the design of an FM receiver 
as in an AM receiver. But the methods 
by which these characteristics are at- 
tained with a frequency -modulated wave 
receiver are different than with the 
more common amplitude -modulated 
wave receiver. The fact that FM chan- 
nels are 200 kc wide and the carrier 
frequency, when modulated, deviates 
about its center frequency in proportion 
to the audio frequency modulation (the 
amount of deviation being a function of 
the amplitude of the audio) makes it 
necessary to employ a frequency- sensi- 
tive detector instead of the usual am- 
plitude type. This and several other 
new problems must be solved in the 
design of an FM receiver. 

Characteristics 
FM reception is characterized by its 

possible high degree of fidelity and the 
absence of noise. Fortunately most noise 
voltage picked up by a receiver is of 

LIZADI(.31 

Fig. 1. Discriminator characteristics 

the amplitude -modulated variety and 
extends over nearly the entire radio 
spectrum. Very little noise, either nat- 
ural or man -made, is frequency modu- 
lated and furthermore its deviation is 
small in comparison to the normal de- 
viation used in FM broadcasting. This 
makes the FM receiver comparatively 
noise -free when properly designed. 

As for the possible high degree of 
fidelity attainable by the use of FM a 
few words of comment are in order. 
The term "high fidelity" is generally 
though of in engineering circles as the 
faithful reproduction of frequencies 
above 4000 cycles, the degree of which 
varies according to whether the re- 
sponse goes to "merely" 10,000 cycles 
or the upper frequency limit of the ear. 
From an engineering standpoint such 
a frequency range is desirable as it rep- 
resents the ultimate in frequency re- 
sponse. 

Commendable as this effort is, to 
improve the faithfulness of radio repro- 
duction, the net results are lacking in 
completeness unless the lower audio 
frequencies are correspondingly in- 
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creased to provide a balanced overall 
response. An excellent analysis of this 
subject has recently appeared in the 
literature.1 It is pointed out that unless 
the lower audio frequency range is ex- 
tended at the same time the high fre- 
quency range is increased, the overall 
balance is adversely affected. Unfortu- 
nately this condition exists in many 
FM receivers now on the market. Not 
enough attention has been given to pro- 
vide adequate low frequency response 
in order to balance the increased high 
frequencies made possible by FM. This 
is a difficult problem ' in the case of 
small table models where the baffle area 
is not sufficient to reproduce the lower 
frequencies. It can, however, be par- 
tially accomplished by the use of spe- 
cial bass boosting circuits. The point is, 
if FM reception is to be used to full ad- 
vantage for increased fidelity at the 
high audible frequencies, then a corre- 
sponding increase in the "below nor- 
mal" low frequencies is not only desir- 
able but imperative, if true high fidelity 
is to be the goal. 

Although high fidelity and noise -free 
reception are the main considerations in 
the design of FM receivers, sensitivity, 
selectivity and power output require the 
usual attention. 

Sensitivity 
Sensitivity must be extremely high 

In order to provide sufficient signal 
strength at the limiter if full advantage 
is to be taken of its noise limiting qual- 
ities. The ultimate in sensitivity would 
he where the inherent tube noise be- 
comes an appreciable part of the re- 
ceived signal. This is ordinarily about 
one microvolt. The desired sensitivity 
should therefore approach this value as 
nearly as is consistent with good engi- 
neering practice: taking into account 
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variations in component parts and oper- 
ating conditions. This is a tough as- 
signment since the overall gain re- 
quired to achieve this goal is tremen- 
dous. Careful design, both circuit -wise 
and in the physical placement of com- 
ponents, will be necessary. The proper 
proportioning of the amplification in 
the r -f, i -f, converter and audio sections 
of the receiver will be necessary to 
obtain good stability of operation, par- 
ticularly in production. 

Selectivity requirements are rather 
severe. This may be appreciated when 
it is realized that the frequency separa- 
tion of stations in the FM band, at say 
90 mc, is equivalent to 10 kc separation 
at 2250 kc. Extreme selectivity in an 
FM receiver does not attenuate the 
high audio frequencies as in AM, how- 
ever it does result in distortion at high 
levels of modulation, where the signal 
deviation greatly exceeds the "flat" 
portion of the selectivity curve. 

High fidelity reception necessitates 
an ample reserve of power output. other- 
wise severe distortion will result. This 
is especially true at the lower audio fre- 
quencies where an appreciable amount 
of power is necessary due to the in- 
sensitiveness of the human ear. Low 
frequency peaks sometimes exceed the 
middle register by a factor of four to 
ten times, and unless a reserve is avail- 
able distortion is inevitable. The design 
specification should be written to take 
this into account, otherwise the effort 
expended in obtaining high fidelity re- 
ception is lost. 

Summarizing we find that a receiver 
to take full advantage of FM transmis- 
sions should have the following char- 
acteristics. 

Sensitivity -One microvolt. 
Selectivity- Band -pass of 180 kc at 

approx. 6 db down. 
Fidelity -From 80 -8000 cycles or 50- 

10,000 cycles. 
Power Output -Five watts (mini- 

mum) at 10% distortion. 
Since the fidelity and power output 

requirements are essentially the same 
for both FM and AM receivers these 
subjects will not be discussed further, 
except to again point out the necessity 
of providing a balanced audio fidelity 
with an adequate reserve of power out- 
put. 

Discriminator 

Frequency -modulated wave signals do 
not vary in amplitude with the percent 
audio modulation ; instead, the carrier 
frequency deviates in equal amounts 
about its center position. In order to 
restore the original variation in loud- 
ness of the program being transmitted, 
it is necessary to employ a detector 
which responds to changes in frequency. 

Fig. 2. Discriminator schematic 

Such a detector is known as a discrim- 
inator and has a frequency character- 
istic as shown in Fig. 1, where the 
output voltage is plotted against fre- 
quency. 

The most commonly used FM de- 

tector consists of a dual diode con- 
nected in such a manner that the dif- 
ference in output between the two diodes 
is obtained. Briefly the operation is as 
follows ; the primary L, is connected to 
the mid -point of the secondary L, (Fig. 
2) through a small mica coupling con- 
denser. This condenser (50µµi is a good 
value) should have a low reactance at 
the carrier frequency. The two diode 
load resistors R, and R, are bypassed 
for i -f. with approximately 5014f, and 
their mid -point is connected (for d -c.) 
to the center of the discriminator sec- 
ondary. An r -f choke is used for this 
purpose otherwise the secondary mid- 
point and the primary would be ef- 
fectively grounded at its operating fre- 
quency. 

With L, and L, tuned to resonance 
the phase relations are such that the 
voltages across Rr and R, are equal in 
magnitude but opposite in polarity and 
no output is obtained from the discrim- 
inator. As the signal deviates from its 
center frequency (due to modulation) 
the rectified voltage across R, and R, 
are no longer equal because the phase 
relations between primary and secon- 
dary voltages have been changed. Now, 

since the signal is swinging across reso- 

nance at an audio rate determined by 

the modulating frequency the resultant 
rectified voltage will be the desired 
audio signal. The amplitude or loudness 
being determined by how far it swings 
over the discriminator curve. 

Referring again to the discriminator 
characteristics, it is noted there is an 
essentially linear portion where a change 
in frequency on either side of the cen- 
ter point will produce equal changes 
above and below the zero output line. 
If the frequency is varied past the 
linear portion the output voltage is re- 
duced and distortion will result. Ob- 
viously then, to prevent the occurrence 
of this distortion the straight part of 
the curve must be long enough that at 
no time the frequency deviates into the 
non -linear region. This may be con- 
trolled by the separation of the peaks 
A and B, although the peak separation 
is not always an indication of the usable 
range. In some designs the usable por- 
tion is as little as 50% of the peak 
separation due to regenerative or de- 
generative effects. Careful checking of 
the linear section of the characteristic is 
necessary and it is good practice to 
allow a tolerance of 20% over the re- 
quired deviation range in order to en- 
sure distortion -free operation in case 
of oscillator drift. This will also make 
it somewhat easier to tune in the sta- 
tion. The separation between peaks 

DETUNED 
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)- FREQUENCY 

DOTTED CURVE 
SHOWS 

REGENERATION 

DETUNED 
SECONDARY 

Fig. 3. Effect of detuning on discriminator curve 
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(when the primary and secondary are 
less than critically coupled) is deter- 
mined by the effective secondary cir- 
cuit Q and the carrier frequency. The 
peak separation in kilocycles equals the 
carrier frequency in kc divided by the 
circuit Q. 

In general the primary tuning affects 
the symmetry of the peaks as shown in 
Fig. 3, while the secondary tuning cen- 
ters the curve cross -over point on the 
correct frequency. 

Another type of FM detector con- 
sists of a primary and two secondaries,. 
where the primary is tuned to the cen- 
ter (resonant) frequency and the sec- 
ondaries, one above and the other below 
resonance. Each secondary operates a 
diode whose output varies with fre- 

R+ 

COMBINED __ 
OUTPUT 
CURVE 

AUDIO 

SECONDARY "A" 
RESONANT FREO. 

t- 
SECONDARY "B" 

RESONANT FREO. 

PRIMARY 
RESONANT 

FREQUENCY 

Fig. 4. Over -under FM detector schematic 
and characteristic 

quency in a normal manner as shown 
in Fig. 4. Combining the outputs of the 
two diodes results in a curve similar 
to the one previously shown. 

Both types of discriminators, which 
incidentally resemble the familiar AFC 
circuit of a few years ago,2 are in 
general unresponsive to amplitude mod- 
ulated 'signals. This in itself greatly 
reduces interference due to noise as 
explained previously. 

Limiter 
The fact that a frequency -modulated 

wave has constant amplitude makes it 
possible to eliminate amplitude modu- 
lated signals by leveling off the signal 
at a predetermined point. This is ac- 
complished by a so called limiter stage 
as illustrated in Fig. 5. 

One of the prerequisites of good lim- 
iting is a sufficiently strong signal in- 
put, otherwise the output will not re- 

I. F. 

e 
SHARP CUT-OFF 

PENTODE 

84 
+ 40 V. 

APPROX 

SIGNAL 
INPUT 

LIMITER 
OUTPUT 

Fig. S. Typical single -stage limited schematic and characteristic 

main constant. In other words, a 

minimum input voltage is required for 
normal operation and unless this mini- 
mum is provided, amplitude modulation 
interference will likely be present. 

Theoretically, after the signal passes 
through the limiter it has a constant 
amplitude. The degree to which a con- 
stant amplitude is maintained depends 
upon the operating point of the tube 
and the circuit constants. There is noth- 
ing mysterious about a limiter stage; 
it is simply a sharp cut -off i -f amplifier 
operating at low plate and screen volt- 
ages (10 to 40 volts) with its bias 
being supplied by a grid leak and con- 
denser. A negative bias is developed 
across the grid leak and condenser 
combination on positive half cycles of 
the signal due to grid rectification. 
This reduces the plate current of the 
tube and tends to maintain a constant 
output with an increase in signal input 
above a predetermined threshold value. 

Going into more detail the action is 
as follows. Assume the signal input to 
he several times the threshold value in 
amplitude; the positive peaks will ob- 
viously charge the grid condenser C 
and thereby produce a negative bias 
nearly equal to the peak of the signal 
voltage. The condenser charging time 
is a function of the tube grid resistance, 
which is normally low, therefore the 
charging time is short. The discharging 

time, howe er, is dependent upon the 
value of the resistor R, being relatively 
long with a high value of resistance 
and vice versa. In other words, the 
smaller the resistance value the shorter 
the discharge time. Thus a higher peak 
signal input is required to provide the 
necessary plate current limiting bias. 

Since the negative signal peaks drive 
the tube to cut -off, the plate current 
will consist of pulses produced by a 
portion of the positive signal peaks. 
Assume now that the peak signal input 
is increased in amplitude, either due to 
an amplitude modulated signal or noise. 
The grid will be driven more positive. 
but since a smaller percentage of the 
positive half cycle will be effective in 
producing the plate current, it is evi- 
dent the plate current pulses must he 
narrower. This results in a reduction 
of the average plate current and limiter 
output and is undesirable. From the 
above it can be seen that the value of 
the grid leak and condenser must be 
chosen to provide a constant average 
plate current over a wide range of sig- 
nal inputs. In selecting the proper val- 
ues it is necessary also to consider the 
time constant of the combination. oth- 
erwise limiting will be ineffective on 
short pulses of noise. Unfortunately 
optimum constants to satisfy the re- 
quirements of amplitude limiting of both 

[Continued on page 60] 
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Fig. 6. Typical cascade limiter circuit 
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TRANSMISSION LINE IMPED 

How to compute transmission line stubs and coupling links with the aid of charts 

ATRANSMISSION line generally has a 
characteristic impedance of differ- 
ent value from the impedance of the 

load to which it supplies power. To 
avoid losses due to standing waves and 
to obtain the maximum output at the 
load, it is desirable that some method 
be used to match impedances. There are 
many coupling devices which can be 
used for this purpose, including trans- 
formers, networks of reactive units, and 
the use of short sections of transmission 
lines as reactance correcting "stubs" or 
coupling links. 

Graphic methods of solving problems 
involving "L" type coupling networks 
of reactive units have been previously 
described by the author'. This article 
discusses the computation of transmis- 
sion line stubs and coupling links with 
aid of Transmission Line Impedance 
Charts. Since the author has described 
such charts elsewhere only a brief de- 
scription is given here2. 

A transmission line terminated by 
any impedance not equal to its own 
characteristic impedance exhibits stand- 
ing waves of voltage and current along 
its length. These vary in a cyclic man- 
ner in which given values repeat every 
half wave length, or 180 degrees. In 
the same manner the apparent impe 
Glance as seen at any given point varie- 
throughout each half wave length. The - 
can be represented by curves of line 
impedance as shown in Fig. 1. On thi- 
chart the circles are the loci of the im- 
pedance values on a line of given stand- 
ing wave ratio, Q. For these circles the 
characteristic impedance is taken at a 
normalized value of unity, and the rec- 
tangular coordinates represent Z /Z,, 
the apparent line impedance, Z, divided 
by the characteristic impedance, Z., of 
a given line, or RIZ, plus or minus 
X /L,. The Q Circle for a given case i 
determined by the circle which passes 
through the point representing the load 
impedance, ZL, divided by Z,. The arc- 
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designated in degrees represent dis- 
tances along the line, the distance in de- 
grees along the line being equal to 360° 
times the length divided by the distance 
equal to one wave length. The arc 0 °- 
180° denotes a point of maximum pure 
resistance and the arc 90 °, a point of 
minimum pure resistance. 

To illustrate the reading of this chart, 
consider a 100 -ohm line terminated by 
a load of (155 -j130) ohms. This load 
appears as the point marked "Z" in 
Fig. 1 at R /Z, = 1.55 and X /Z, = -1.3 
on the circle Q = 3 at 20 °. The impe- 
dance at any point nearer the power 
source is found by a clockwise motion 

around the Q circle, in this case the first 
point of pure resistance (minimum) is 

= .33 on the Q = 3 circle at 90 °, 
a distance of (90 ° -20 °) or 70° from 
the load. The actual value of the line 
resistance at this point is .33 times 100 
ohms or 33 ohms, the next point of pure 
resistance (maximum) is 90° farther 
on, 160° from the load, equal to 300 
ohms. It is often convenient to consider 
such a point the "virtual load" on the 
line, since a real load of this value con- 
nected at this point would produce the 
sanie distribution of standing waves as 
the given load. Fig. 2 is an enlarged de- 
tail of Fig. 1 for more accurate reading , ®\riegie\.::I \ M_I\ i Ì 1 1 %i, MEN ;r:IÌI VE., N%NIRII_ níí°i / 

.mt... % .'''`, r. ,i1; , 
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Fig. 1. Transmission line impedancematching chart 
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ANCE MATCHING CHART 

ROBERT C. PAINE 

in the region where the lines of the lat- 
ter are crowded together. 

A given load can be matched to a re- 
quired line by the use of a short section 
of line of different characteristic im- 

pedance as a coupling link, sometimes 
called a "quarter wave matching sec- 
tion". This arrangement is shown in 
Fig. 3; its real significance is that the 
reflected wave set up at the line dis- 
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Fig. 2. A portion of Fig. I enlarged for more accurate readings 
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continuity is equal and opposite to the 
reflection from the load so the two re- 
flections cancel out. The impedance of 
the matching section can be adjusted to 
the required value if necessary by vary- 
ing the spacing of the conductors. The 
impedance of the required coupling sec- 

tion can be found graphically from the 
chart as shown in Fig. 4. Here the 
points e + jf and b + j0 represent, re- 
spectively, the load .impedance and the 
desired coupling resistance to be pre- 
sented to the transmission line. These 
points lie on an imaginary impedance 
circle the center of which, c, lies at the 
intersection of the r axis and the per- 
pendicular bisector of the line between 
the points b and e. The point c can be 

found easily by the use of the scale and 
triangle as shown. The circle intercepts 
the r axis at b and a. The intersect 
a= b- 2(b- c) =2c -b. The impedance 
of the required matching section, Zol, is 
the geometric mean of a and b, or 

= V2bc -b2. 
This can he illustrated by a specific 

problem as follows: load ZL, (150 + 
j40) ohms, feeder line to be matched, 
400 ohms. Divide these values by a con- 
venient factor such as 100, and plot Z. 
on Fig. 2. The point c is found as de- 
scribed above at 2.7 on the r axis. Then 

zo, = v2bc -li2 = 100f2(4)2.7 -42 = 
237 ohms. 
1'he value ZL/Z is then .63 + j.17, and 
this plotted on Fig. 2 lies on the circle 
Q = 1.65 at 105 °. The matching sec- 
tion should then have a characteristic 
impedance of 237 ohms and a length of 
(180° -105 °) = 75 °. From Fig. 1 it is 

seen that this gives a pure resistance 
point (at 180 °) of 1.67 times 237 ohms 
or 390 ohms, which, for chart methods, 
is a close check to the desired value of 
400 ohms. 

The point c can also be found mathe- 
matically as shown in Fig. 5. Here it is 
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Fig. 3. Schematic of "quarter wave coupling 
section" 

seen that c = b -cd-db = b -gd cot 
gcd -db = b- (f /2)f /(b- e) -(b-e) 
/2 = (b1- e'- f) /2(b -e). Substitut- 
ing this value for c in the formula for 
Z., above, we obtain the impedance 
value for the required matching section 

Z., = Vb(b'- e'- f) /(b -e) -b` 
in which b is the impedance Z. of the 
feeder line and (e + jf) is the impe- 
dance of the load. 

Fig. 4. Illustrating a graphic method of find- 
ing the characteristic impedance of a "quar- 
ter wave coupling section" for impedance 

matching 

It has been tacitly assumed that the 
characteristic impedance of the line is 
pure resistance which is a reasonably 
safe assumption for ordinary radio fre- 
quency transmission lines. If the load 
impedance is also pure resistance the 
it ipedance of the matching section can 

e+jf 

d 

R/Z 0 

Fig. 5. Illustrating mathematics of calculat- 
ing impedance of "quarter wave coupling 

section" 
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lie found directly as 

Z., = Z,;r, 
rhos, to match a 70 -ohm antenna to a 
tí00 -ohm line, the impedance of the 
matching section required is 

N/70(600) = 205 ohms 
and its length is 90° or one quarter 
wave length. 

For problems involving transmission 
line sections in parallel, as for the use 
of stubs, it is convenient to have a trans- 
mission line admittance chart in units 
of conductance, g, and susceptance, b. 
The charts of Figs. 1 and 2 can also be 
used in this way, assuming the charac- 
teristic admittance Y, to be unity, so 
that g and b of the chart respectively 
equal G /Y, and B /Y,, the apparent con- 
ductance and susceptance of the line at 
any point divided by the characteristic 
admittance. In this case the arc 0° -180° 
denotes a point of maximum pure con- 
ductance on the admittance chart, cor- 
responding to a point of minimum pure 
resistance at 90° in terms of the im- 
pedance chart. In the same manner, for 
any given value of impedance, the cor- 
responding value of admittance can be 
found on the same Q circle at the angu- 
lar arc 90° away. For example, take 
an impedance of r -jx = .73 -j.53 on 
the circle Q = 2 at 50° ; the corre- 
sponding admittance is found as g + jb 
= .9 + j.65 on the same Q circle at 
(50° + 90 °) or 140 °. 

As an admittance chart, Figs. 1 and 
2 can be used to compute stubs for 
matching the load to the line. In this 
method a point on the loaded line is 
selected where the apparent conductance 
equals the characteristic conductance of 
the transmission line. At this point a 
stub, or short section of open or short 
circuited line, is connected to neutralize 
the apparent susceptance, leaving only 
the matching conductance. Again in 
this case the reflected wave at the load 
is cancelled out by the reflected wave 
produced by the discontinuity at the 
stub. The stub can be a section of line 
open at the end or it can be shorted. 

shorted stub is shown in Fig. 6, this 
has the advantage of being readily ad- 
instable by movement of the shorting 
bar. Adjustment is generally necessary 
as the exact impedance of the load may 
not be known. 

A stub constructed of low loss line 
appears as almost pure reactance. The 
-usceptance of a shorted stub equals 
-cote, a being its wave length in de- 
grees, it appears on the admittance 
chart on the Q = w circle, which is 
on the x axis, starting at -w. The 
,usceptance of an open stub equals tan 
o and appears on the x axis starting at 
0. The susceptance is negative or in- 
ductive for a shorted stub of less than 
a quarter wave length and positive or 

Fig. 6. Schematic showing use of a stub line 
for transmission line impedance matching 

capacitive for an open stub of the sanie 
length. 

To illustrate the computation of stubs 
by means of Figs. 1 and 2, consider 
matching the impedance r -jx = (155 
-j130) to the 100 ohm line as pre- 
viously given and represented by Z on 
Fig. 1. It is first necessary to convert 

zo= loo 

=155-j13 

40' 
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_ 
Fig. 7. Showing transmission line matching 
by "quarter wave impedance transformer" 

impedance to admittance by following 
the Q = 3 for 90° to the 110° arc 
where the admittance is found to be 
g + jb .37 + j.32 (on Fig. 2). The 
circle Q = 3 is followed in a clockwise 
direction to the point g + jb = 1+ 
j1.16 at 150 °. To neutralize the sus - 
ceptance at this point a shorted stub of 
susceptance equal to -1,16 is required. 

[Continued on page 62J 
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Fig. 8. Showing impedance matching with a 
high impedance load 
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This Month 
RESISTOR PRODUCTION 

The fixed and variable resistors indus- 
try shipped 398,361,000 resistor units valued 
at $35,066,000 in 1943 and 600,496.000 units 
valued at $48,000,682 in 1944, War Pro- 
duction Board representatives told the 
Fixed and Variable Resistor Industry Ad- 
visory Committee at a recent meeting, 
WPB announced recently. The average 
cost per resistor ranged from 10.3: in 

August 1943. to 7.Ic in January, 1945, a 

reduction of 31 tier cent. 
WPB pointed out that new designs of 

end equipments will bring about a greater 
demand for precision wire -wound resistors 
in the future. 

RADIO ENGINEERS BEGIN BUILD- 
ING -FUND CAMPAIGN 

The Institute of Radio Engineers, at its 
Winter Technical Meeting in New York. 
January 24 -27, inaugurated a campaign 
for the raising of $500,000 for a Building 
Fund, in anticipation of postwar expansion 
of its service to the electronic and com- 
munication industries. The directors of 
the society announced that they are leav- 
ing their plans flexible enough to permit 
their establishing new quarters jointly 
with other engineering and scientific socie- 
ties if to do so ultimately proves desirable. 
The appeal for funds will extend to the 
Institute's membership and interested cor- 
porations. 

MANUFACTURING BY 
DISTRIBUTORS 

Distributors of electronic equipment 
should not engage in the manufacturing of 
such equipment and parts, members of the 
Electronic Distributors Industry Advisory 
Committee recommended to the \Var Pro- 
duction Board recently. In the opinion 
of committee members, the two businesses 
of manufacturing and distributing elec- 
tronic equipment should be kept separate, 
and if a distributor is interested in manu- 
facturing these products he should apply 
to WPB for authority to do so on the 
same basis as any other manufacturer. 

FM PROGRAM TRANSMISSION 

An emphatic "Yes" came from the 
American Telephone and Telegraph Com- 
pany recently, answering the question of 
whether the Bell System can provide pro- 
gram transmission channels which will 
meet the present and future needs of FM 
broadcasters with respect to high fidelity 
and freedom from noise and distortion. 

The statement is contained in a 12 -page 
brochure just released by the company 
already is furnishing studio- transmitter 
which points out that the Bell System 
links to the majority of FM stations now 
in operation. These links transmit a fre- 
quency band of 15,000 cycles as specified 
by the Federal Communications Commis- 
sion. It was stated that present broad 
hand "carrier" telephone facilities can 
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E. F. Peterson, General Electric Company tube engineer, explains the components of the 
"lighthouse" tube to Washington Section I.A.E. members attending a recent talk by Peterson 
on the subject. Left to right are: J. W. Greer, Tube Div., Navy Dept.: F. W. Albertson, Vice - 
Chairman, Washington Section I.R.E.: T. B. Jacocks, G.E., Washington: Mr. Peterson: 
H. A. Burroughs, Chairman, Washington Section I.A.E.: and H. H. Lyon, Chief Engineer, 
Station WOL, Washington, D. C. 

The "lighthouse" tube development provides the basis for a multitude of new public 
services in the FM, radio, television and other electronics fields after the war. 

readily be adapted for 15,000 -cycle pro- 
gram circuits, if desired, by adding spe- 
cial terminal equipment. 

For many years, the announcement says, 
wide frequency bands have been trans- 
mitted over these carrier systems which 
make it possible to send many telephone 
and telegraph messages over a single pair 
of conductors. This network of wide -band 
channels, blanketing the entire country, 
already is capable of transmittting fre- 
quencies of 15,000 cycles or more for tele- 
phone purposes. There are thousands of 
miles of intermediary telephone routes 
which can he similarly equipped for wide- 
band transmission. 

In view of the prospects for a big in- 
crease in the number of FM stations in 
the immediate post -war period, A. T. & T. 
foresees the possibility that separate FM 
networks, with program sources of their 
own, may prove to be desirable. Whatever 
the broadcasting industry decides about 
grouping FM stations for separate net- 
works and about the quality of channels 
desired, the Bell System will be able to 
furnish inter -city circuits of the kind 
needed including 15,000 -cycle circuits if 
they are required, A. T. & T. says. 

If other means than wire circuits should 
prove better or more economical for FM 
program transmission, the Bell System 
will use them. the statement said, citing 
as evidence of this the A. T. & T.'s pro- 
jected microwave radio -relay system be- 
tween New York and Boston. This trial 
installation is of a type which was under 
development by the Bell Telephone Lab- 
oratories before the war and is intended 
to test broad -band transmission by radio 
of various types of communications, in- 
cluding long distance telephone messages 
and television, as well as broadcast pro- 

grans. It will apply to radio communica- 
tion many of the techniques which have 
played an important part in the develop- 
ment of long distance telephony as well as 
adaptations of new technique resulting 
from war developments. Directed radio 
beams will operate simultaneously in both 
directions and be relayed at stations situ- 
ated about 30 miles apart. 

The announcement reveals that the Bell 
System now serves standard radio broad- 
casters with more than 130,000 miles of 
program transmission circuits along tele- 
phone routes, interconnecting radio sta- 
tions regionally and from coast to coast. 

RADIO AND ELECTRONIC 
BOOK GUIDE 

I ndler :lie stimulus of World War II 
the science of radio and electronics has 
rapidly developed over widely divergent 
fields, and its literature lias mushroomed 
in the last few years. As a guide to this 
literature, to permit rapid selection of 
books by title, author, publisher, subject, 
or application, Allied Radio Corp., Chi- 
cago, has released for free distribution a 
booklet containing a wide selection of 
publications on radio, electronics, and re- 
lated subjects. 

Listings cover simplest fundamentals to 
advanced practices for beginner, student, 
radio amateur, instructor, technician, serv- 
ice and maintenance man, and engineer. 

The listings are divided into two major 
parts: (I) A classified directory by sub- 
ject (Aeronautics, Electricity. Engineer- 
ing, Basic Training, etc.) ; (2) A listing 
under publisher, by author and title, with 
a brief summary of contents, size, number 
of pages, price, etc. 

To obtain this booklet without charge, 
write to Allied Radio Corp., 833 \Vest 
Jackson Boulevard. Chicago 7, Illinois. 

FEBRUARY, 1945 * RAMS? 

www.americanradiohistory.com

www.americanradiohistory.com


APPOINTMENTS 
I. Homer Robinson 

J. Homer Robinson has been appointed 
Vice President and General Sales Man- 
ager of the American Radio Hardware 
Company, Inc., 152 -4 MacQuesten Park- 
way South, Mount Vernon, New York, it 
was announced this week by Mr. D. T. 
Mitchell, President. 

D. Martin 
According tu an announcement released 

by Mr. Wilcox and Mr. Gay this week, 
D. Martin has been appointed to the 
engineering staff of the Wilcox -Gay Cor- 
poration. 

Schooled at Massachusetts School of 
Technology, Martin brings to his new post 
a background of fifteen years experience 
in the design and research division of the 
engineering field. Prior associations include 
Westinghouse Aircraft Division, DeForest 
Radio Company, Federal Telephone and 
Radio Manufacturing Company, Radio 
Receptor Company and the J. H. Bunnell 
Company. 

He will serve at Wilcox -Gay as Chief 
Engineer, a position made necessary by 
the enlarged engineering organization and 
the volume and complexity of the engineer- 
ing work undertaken by the Corporation. 

W. L. Nelson 
The Andrew Company, Chicago 19, 

makers of a complete line of coaxial cables 

IZA DIO 

and other antenna equipment, announces 
the appointment of Wilbur L. Nelson, 
Mechanical Design Engineer, to develop 
coaxial transmission lines for use on secret 
military equipment. Mr. Nelson, who for 
the past eight years has been with West- 
ern Electric, is already the !voider of 
several patents on secret military equip- 
ment and is at present working on a 
number of interesting postwar products 
for the Andrew Company. 

I. M. Lang 
J. M. Lang has been appointed Assistant 

Manager of the Ken -Rad Division of the 
General Electric Company's Electronics 
Department, it has been announced by Carl 
J. Hollatz, division manager. 

Mr. Lang, formerly accountant of the 
G. E. Tube Division, Schenectady, will 
have his new headquarters at the Ken -Rad 
Owensboro, Ky., plant. 

H. A. Stephens 
I A. Stephens has been appointed 

Manager of Hudson American Corpora- 
tion's newly created advertising and pub- 
lic relation division located at 331 Madi- 
son Avenue, New York, it was announced 
today by Hazard E. Reeves, President. 
Formerly Mr. Stephens was Assistant to 
the Vice -President at Hudson American. 

E. C. Bowen 
Vacuum Engineering Division of Na- 

tional Research Corporation announces the 
appointment to its sales staff of E. C. 
Bowen, widely known in the field of chemi- 
cal engineering. Formerly Eastern Divi- 
sional Sales Manager for Central Scien- 
tific Company of Chicago, Mr. Bowen 
will devote his competence of experience 
and engineering ability to industrial ap- 
plications of low pressure. 

D. Kelley 
Dunford Kelley, recently a staff en- 

gineer with the El Monte, Cal., plant of 
Littlefuse, Inc., has joined the staff of the 
Universal Microphone Co., Inglewood, 
Cal., as electro- mechanical engineer. He 
has been assigned to duties in conjunction 
with Army and Navy and postwar pro- 
duction of microphones. 

John Merkle 
The Hallicrafters Company, Chicago, 

manufacturers of high frequency radio 
war equipment, has announced the ap- 
pointment of John Merkle as production 
manager of the firm's Clearing plant. 

Merkle, who joined Hallicrafters four 
years ago as an inspector and who fur- 
thered his knowledge of radio at company - 
sponsored schools, has been general fore- 
man at the Clearing plant prior to his 
new appointment. 

W. E. Cairnes and G. Wallin 
Walter H. Stellner, Vice President of 

the Galvin Manufacturing (Motorola 
Radio) Corporation, Chicago announces 
the appointments of Wm. E. Cairnes as 
Chief Engineer of the Home Radio Divi- 
sion and of Gus Wallin as assistant Chief 
Engineer of the same division. Mr. Cairnes, 
a Galvin veteran of eight years and Mr. 
Wallin, of five years, will assume their 
new duties at once. 
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Wm. E. Cairnes 

Under the general direction of Don H. 
Mitchell, Director of Engineering, the new 
officials will be in full charge of design 
and production of the peacetime Motorola 
Radins for the home. 

Roy S. Kercher 
( ;rayhill of Chicago, manufacturers of 

rotary and snap- action switches, announces 
the appointment of Mr. Roy S. Kercher 
as Chief Electrical Engineer at their plant 
in La Grange, Ill. 

AUTOMATIC RELAY 
TOWER MODEL 

\I,del of the automatic relay tower on 
display at the recent conference of the 
Television Broadcasters Ass'n in New 
York City, being studied by, right, Walter 

S. Lemmon, general manager of the Radio - 
type Division of the International Business 
Machines Corp. ; and Paul L. Chamberlain, 
manager of sales for General Electric's 
transmitter division. The relay tower will 
receive znd transmit in a chain such ser- 
vices as radiotype, the automatic typewriter 
messages, facsimile and FM and television 
programs. The model is a visualization 
of how I. B. M. and General Electric 
engineers expect the tower to look. 
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Note On Measuring 

COUPLING COEFFICIENT 

P. M. HONNELL 

THE coefficient of coupling K between 
two magnetically coupled inductors 
such as shown in Fig. 1 is defined as 

M 
(1) K = 

L, L, 
where M is the mutual inductance be- 
tween the two coils of individual in- 
ductance L, and L,. The usual method 
of experimentally determining the 
coupling coefficient requires independent 
measurements of L,, L, and M, and the 
substitution in equation (1) from which 
K is computed. 

Since the inductances L, and L, are 
most conveniently measured on a suit- 
able impedance or inductance bridge, 
the mutual inductance M is usually 
computed from the relation: 

M = % (Ladd - Laub) (2) 
where 

L.dd is the measured equivalent in- 
ductance of the two coils LI and L, 
connected in series aiding, and 

L.., is the measured equivalent in- 
ductance of the two coils L, and L, 
connected in series opposition. 

In this way, all measurements are made 
on the same bridge and a total of four 
inductance measurements will permit 
the evaluation of the coupling coefficient 
K from equation (1). 

The purpose of this note is to de- 
scribe a method of determining K by 
impedance measurements which is some- 
what more direct, and which has certain 
inherent advantages in application. The 
method, briefly, consists in measuring 
the reactance (or equivalent induct- 
ance) at the terminals of one coil only, 
say L,, with the second coil L, succes- 
sively open- circuited giving X..i, and 
then with the second coil L, short - 
circuited giving X..1. The coefficient of 
coupling between the two coils is then 
given by the following simple expres- 
sion derived in the appendix: 

X.., 
K = 1 (3) 

X.., 

Lieutenant -Colonel, U.S.M A. 

A simplified method of determining the coupling coefficient 
between two magnetically coupled inductors is described 

Although equation (3) applies strict- 
ly only if there are negligible losses in 
the secondary circuit L,, the results 
will be well within experimental accu- 
racy if Q, (the ratio coL, /R, for the coil 
L, by itself) is 10 or greater. If Q, 
is 10 or larger, the error in using equa- 
tion (3) will be less than /%. 

The exact expression for the coeffi- 
cient of coupling which includes the 
finite Q, of the secondary coil (see the 
appendix) is: 

K = s/ \1 ,) \1 + Q -Y (4) Xa 
In both equations (3) and (4), it is 

a matter of indifference which one of 
the two coils is called L,, and which 
L,. for the sanie value of K is obtained 
in either case ; furthermore the Q, of 
the coil L, alone does not enter into the 
calculations. Two measurements only, 

therefore, both niade on the same coil, 
suffice for a measurement of K when 
using the approximate equation (3) ; 

for the exact equation (4), only three 
measurements are required. 

The convenience of the method de- 
scribed herein may at times be of con- 
siderable value since only one coil need 
be connected to the measuring equip- 
ment, while the second coil need be only 
open- circuited for one measurement, 
and short -circuited for the second meas- 
urement, which is easily accomplished 
with the coils in situ. An example is 
the adjustment of coupled coils to de- 
sired predetermined values of coupling. 
In order to do this, the open- circuit re- 
actance X.., of one of the coils is meas- 
ured (as well as the Q, of the other 
coil to be shorted, if the highest pre- 
cision is desired) ; this can be done 

[Continued on page 49] 
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Fig. 1. Coupling between two magnetically coupled inductors 
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Summaries Of Technical 

I. R. E. PAPERS 

The following summaries of technical papers presented at the 
1945 annual meeting of the Institute of Radio Engineers in New 

York City were prepared by the IRE 

Measurement of Receiver Impulse - 
Noise Susceptibility, by Jerry B. Min- 
ter. A method of measuring receiver sus- 
ceptibility to impulse noise (such as 
ignition noise) is described. Some data 
typical of pre -war fm receiver designs are 
shown. Further, application of the method 
to television receiver measurements to- 
gether with typical data are presented. 

The general application of this method 
rejection on post -war fni and television 
should result in improved impulse noise 
receivers. These measurements can be 
made with equipment already available to 
most engineering laboratories. 

Very- High- Frequency and Ultra - 
High- Frequency Signal Ranges as 
Limited by Noise and Co- Channel 
Interference, I) k. .I. . \..rr ,mi I:. 
ll'. Allen, Jr. It is proposed to prepare 
theoretical service area maps for frequency - 
modulation broadcasting at several fre- 
quencies so as to show the variation in 
the size of the primary service area within 
the 50- microvolt -per -meter contour as 

well as the rural service area, say within 
the 10- microvolt- per -meter contour. The 
maps will also show the required spacing 
between co- channel stations, taking into 
account tropospheric effects to the extent 
to which they have been determined at this 
time. The sky -wave interference curves 
presented at the allocation hearing will 
be included and the effect of the sky -wave 
interference in reducing the station service 
area will be shown for each of the above 
f requencies. 

In addition, it is planned to present 
signal- range- versus -frequency curves for 
frequencies from 30 to 3000 megacycles, 
for 1- kilowatt power, and for several an- 
tenna heights. One set of curves is planned 
for broadcast stations and a second set 
for communications services, such as po- 
lice, where the range is limited by noise 
conditions. 

Equivalent Networks for the Three 
Kinds of Triode Circuits, by Harold 
.1. Wheeler. There are three simple ways 

of connecting a triode in a four -terminal 
network, because the "common" or 
"grounded" electrode may be the cathode, 
anode, or grid. The grounded- cathode cir- 
cuit is the original voltage- reversing one - 

way repeater, amplifying loth voltage and 
current to give greatest amplification of 
power at low frequencies. The grounded - 
anode (cathode- follower) circuit is a non - 
reversing one -way repeater but amplifies 
only the current and, in a less degree, the 
power. The grounded -grid circuit has de- 
generative feedback by conductive coup- 
ling, in such a manner that it amplifies 
only the voltage and, in a lesser degree, 
the power. It may be treated as a hypo- 
thetical "repeater- transformer" with an 

impedance ratio of mu plus one, which 
also multiplies the power in the same 
ratio. It has some advantages at high radio 
frequencies because the grid shields against 
capacitive- feedback coupling and because 
the input conductance. decreases at higher 
frequencies while that of the other two 
circuits increases. The input conductance 
may be simulated by cathode -lead induct- 
ance, which gives a new picture of this 
phenomenon and its associated thermal 
noise. Series impedance in the common 
lead decreases the transconductance in the 
first two circuits. The double- triode cir- 
cuit with cathode intercoupling is inter- 
esting as a nonreversing one -way voltage 
and current amplifier with less than half 
the transconductance and much less capaci- 
tive- feedback coupling. 

Exalted- Carrier Amplitude- and 
Phase -Modulation Reception, I, 
Murray G. Crosby. An amplitude- or phase - 
modulation receiving system is described 
in which the harmonic distortion produced 
by fading of the carrier with respect to 
the sidebands is eliminated. The various 
parts of such a receiver including the car- 
rier filter, automatic -frequency- control dis- 
criminator, and detecting systems, are 
described. Analyses are given of the selec- 
tivity effect due to carrier exaltation and 
of exalted -carrier diode and multigrid de- 
tection. The optimum degree of carrier 
exaltation and the effect of carrier limiting 

are discussed. Results are given of ob- 

servations of reception on an exalted - 
carrier diversity receiving system. 

The Application of Double- Super- 
heterodyne Receivers for Broad- 
cast Reception, by John D. Reid. This 
paper kill cover the technical details of 
design, construction, and performance of a 

standard broadcast and shortwave band - 
spread receiver, using the double- super- 
heterodyne principle. Novel developments 
in respect to shape factor, constructional 
materials, and tuning methods will he dis- 
closed. An experimental model of the re- 
ceiver will be demonstrated and will be 

available for inspection. 

Klystron Characteristics,by Coleman 
Dodd. Some of the most evident differences 
between a klystron -tube amplifier and a 

conventional triode amplifier are pointed 
out. Typical klystron -tube amplifier char- 
acteristics are illustrated and some prac- 
tical conclusions about the operation of the 

tube are mentioned. Typical two -resonator 
klystron -tube oscillator characteristics are 
shown and the effects of some of the vari- 
ables are discussed. Block diagrams of the 
equipment which will be used to demon- 
strate these characteristics are included. 

New Miniature Tubes, by R. L. Kelly 
and X. II. (; reen. I n the development of 
electronic equipment for use in World War 
II, a need was indicated for improved re- 
ceiving tubes to satisfy the highly special- 
ized requirements of the Army and Navy. 
Foremost among the features desired in 
these tubes were small size, excellent ultra- 
high- frequency performance, adequate me- 
chanical strength, and minimum effects clue 

to climatic variations. 
The miniature type of tube design offers 

excellent possibilities of meeting these ob- 
jectives and,, therefore, a group of heater - 
cathode miniature tubes has beet* developed 
for war purposes. 

Although dissipation problems were an- 
ticipated with the use of miniature enve- 
lopes, these proved to be less troublesome 
than expected because the short leads 
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employed in this design are efficient heat 
conductors. 

High -frequency performance is also ex- 
ceptionally good because of the low- induct- 
ance leads and because of the stability 
provided by the all -glass base. The small 
size and light weight of miniature tubes 
have proven especially advantageous in 
the design of aircraft equipment. 

Introducing the Disk -Seal Tube, 
by lì. 1)..1lcArt/nrr. Several factors which 
limit the operation of grid -controlled tubes 
at ultra -high frequencies are discussed 
qualitatively. Starting with these problems, 
certain new basic principles in tube de- 
sign are developed and it is shown that 
ultra -high -frequency tube design and de- 
velopment must include detailed knowledge 
and consideration of the entire electro- 
magnetic system rather than just the evac- 
uated bulb. 

The evolution of typical generalized cav- 
ity circuits is traced and from these units 
the grid -separation circuit is developed. It 
is shown how the disk tubes used in con- 
junction with cavity resonators co- operate 
to alleviate many of the aforementioned 
problems so that very much higher operat- 
ing frequencies can be attained. 

The detailed structure of several typical 
disk tubes is shown and an example of 
the grid- separation type resonant cavity 
oscillator. 

Only a limited amount of operating 
data is given due to the need for military 
secrecy. 

Two -Resonator Klystron Oscilla- 
tors, by U. R. Hamilton. The relation 
between the concepts of the two -resonator 
klystron oscillator and those of the con- 
ventional lower -frequency tubes and cir- 
cuits is discussed with a view to making 
clear the points of similarity and differ- 
ence. It is 'shown that once the somewhat 
different origin of the beam transconduct- 
ance in the two cases is understood, the 
remainder of the analysis follows conven- 
tional lines. The application of this analy- 
sis to calculations of dependence of power 
output and oscillation frequency in the 
two- resonator oscillator is then discussed. 

Reflex Oscillators, by J. R. Pierce. 
This paper discusse. qualitatively the be- 
havior of reflex oscillators. Power pro- 
duction, electronic tuning, variation of fre- 
quency with resonator voltage, effect of 
modulation coefficient, and influence of load 
are considered. 

A New Very High- Frequency Tetrode 
for Medium Power Output, by u 7uy- 
ton /E. Murdock. A stable, efficient ampli- 
fier operating up to 20f) megacycles, and 
capable of power outputs of up to 800 
watts has been needed in several fields. 
The new 4-125-A adequately covers this 
range and also permits circuit and com- 
ponent simplicity because of its design. 
No neutralization is required except pos- 
sibly at the higher frequencies, and the 
tube is easily plugged into its socket with 
only the plate connector to be made up. 
It will stand high voltage and has high 
overload capabilities. . 

The tube possesses extremely low feed- 
back capacitance, low input and output ca- 
pacitances, small physical size and short 
leads, tantalum plate and processed grids, 
and very close interelectrode spacings for 
short electron transit time. 

Typical operating conditions for a pair 
at class C are 3(XX) volts plate, 300 volts 
screen. 335 plate mils, less than 5 watts 
grid drive, and useful power output of 
750 watts. 

it is an excellent zero -bias class B tube 
when the grid and screen are tied together, 
having very low distortion up to 500 watts 
output. 

A Vacuum -Contained Push -Pull Tri- 
ode Transmitter, I,y Major H. A. 
Zahl, J. E. Gorham, and G. F. Rouse. A 

Push-pull triode- transmitter type of con- 
struction is described in which the reso- 
nant circuits are contained inside the evacu- 
ated envelope to reduce lead effects and 
make possible the use of the resonant 
circuits to increase the anode dissipation. 
The internal resonant circuits consist of 
short -circuited sheet tantalum parallel 
transmission lines attached directly to the 
tantalum plates and grids in such a way 
as to provide coupling between the plate 
and grid loops. Each side of the push -pull 
circuit has two sets of plate -, grid -, and 
thoriated- filament elements in parallel. 

\Ithough the tuning of the loop circuits 
inside the envelope cannot be changed, a 

limited control of the frequency is pos- 
sible because of the tunable external- 
filament line. The radio -frequency output 
circuit consists of a parallel transmission 
line. which is connected directly to the 
two pairs of plates. The combined tube, 
transmitter, and appropriate shielding oc- 
cupy a much smaller volume than is re- 
quired for external resonant circuits at 
frequencies of 200 to 700 megacycles and 
weigh only a few pounds. Similar tubes 
having a radio -frequency grounded plate, 
grounded grid, and grounded cathode type 
of construction are described. 

The Radio -Frequency Dehydration 
«f Materials Labile with Heat, by 

Georor 11. Rnor,.ii. l . .1. Ri,rr,irth, and 
Cyril .V. lloyler. Methods and equipment 
for dehydrating certain pharmaceutical ma- 
terials which are sensitive to high tem- 
peratures have been worked out. The radio - 
frequency dehydration method particularly 
applicable to penicillin dehydration has 
been divided into two discrete steps. The 
first is a system for concentrating the 
material in bulk. This concentrate is then 
measured into the final containers, where 
it is then dried under sterile conditions by 
means of radio -frequency power. The two 
separate systems will he described, and the 
extension of this technique to other biologi- 
c:11. \vill be discussed. 

The Interdepartment Radio Advis- 
ory Committee, by Captain E. M. Web- 
ster. The Interdepartment Radio Advisory 
Committee was founded in 1922 at the 
invitation of the Secretary of Commerce. 
Originally dealing only with government 
radio broadcasting, its activities developed 
with the Federal Government's growing 
interests in other facets of radio. Frequen- 
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cy assigning, at first a minor consideration; 
gradually increased in importance until 
now it constitutes almost the entire busi- 
ness of the Committee. 

With an average of more than 150 re- 
quests for frequency assignments each 
month, a standardized procedure and rec- 
ord system has developed. Symbols and 
notes indicate the relative priority of users 
and any limitations deemed necessary to 
prevent interference. 

The Interdepartment Radio Advisory 
Committee is related to the State Depart - 
men, Federal Communications Commission, 
and Board of War Communications 
through the dovetailing of activities, but 
lines of responsibility are well established 
and no overlapping of functions results. 

Activities of the Radio Technical 
Planning Board, by Alfred N. Gold- 
smith. "I be .p m r iiip, organization, panel 
activiti,., and reports of the RTPB and its 
panels will be discussed. The nature of the 
Contributions of the RTPB, as well as 
the cooperation of the I.R.E. in the work 
of the RTPP. will also be considered. 

Notes on Selectivity- Design Param- 
eters of Superregenerative Receiv- 
ers, by .l//en Easton. The general im- 

pression that superregenerative reception 
and poor selectivity are synonymous is 

shown to he erroneous. Actual tests on 

.pecific designs are reviewed and analyzed. 

A Portable Two -Channel Recording 
Oscilloscope for Battery Operation, 
by I f il,1 4m I . (. Culver. This 
pa, er deals with the construction and de- 

sign considerations of a portable cathode - 

ray oscilloscope for photographic record- 
ing. This instrument is self -contained, 
battery -operated, and designed for simul- 
taneous recording of two signals and 
recording of marking signals of standard 
frequencies. The frequency band from 5 

to 300 cycles is covered in three ranges. 
The total weight of the instrument is 27 

pounds, the size is 6 x 12/ x 16/ inches. 
The instrument has a high input impe- 

dance and is primarily designed for use in 

connection with strain gauges and vibration 
pickup devices. 

High Voltage Rectified Power Sup- 
ply Using Fractional -Mu Triode 
Radio -Frequency Oscillator, I)y A'. I.. 

Freeman and R. C. Hergenrother. An os- 
cillator circuit designed to operate with 
a triode having a small fractional mu has 
been used to develop across its grid -leak 
resistor a bias voltage whose value is over 
twenty times as great as the anode -supply 
voltage. The principle can he demonstrated 
by connecting a triode so that its grid and 
anode are interchanged. However, special 
tubes of unconventional design were con- 
structed for generating several thousand 
volts. The rectified voltage is negative in 
polarity relative to cathode and thus is 
adapted for oscilloscopes and perhaps for 
television -picture tubes. 

An Electrometer Tube and Its Use 
in Minute Measurements, by IV. A. 

tii, palnr all electrometer tube 
i. I, ri bed which permits the measure- 
ment of minute currents and /or potentials 
down to 10 -15 ampere and 10 -4 volt, re- 
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spectively. The sensitivity of the tube is 

made possible by an extremely low grid 
current and a high grid -to- cathode re- 
sistance. Important construction and proc- 
essing features of the tube are presented. 
Techniques involved in maintaining the 
standards required for sensitivity, stability, 
and long life are given. Characteristics are 
included with data relative to linearity of 
output current as a function of grid bias. 

Zero control current is effected by proper 
selection of negative grid bias. This feature 
is described and data given. Stability of 
the tube with respect to random fluctua- 
tions internal and external to the tube is 
summarized relative to the accuracy of 
test results. Several special applications of 
the tube in the field of chemistry, metal- 
lurgy, and the medical professions are 
described. 

Cape Charles -Norfolk Ultra- Short- 
Wave Multiplex System, by N. F. 
S,hlaak and .1. C. Dickicson. This paper 
describes the general features of a radio 
multiplex system which has been installed 
between Cape Charles and Norfolk, Vir- 
ginia. The radio -frequency equipment op- 
erates in the vicinity of 160 megacycles. 
The system employs the 12 telephone chan- 
nels of the type -K cable- carrier system 
which are in the frequency range 12 to 
60 kilocycles. 

Frequency Adjustment of Quartz 
Oscillator Plates by X Rays, b y 
Charles Roddy. An account i, given of 
preliminary experimental work on the fre- 
quency adjustment of quartz oscillator 
plates by means of X rays. 

The necessity of relatively "soft" radia- 
tion of high intensity is demonstrated by 
radiating crystals directly on the windows 
of diagnostic X ray tubes with non- shock- 
proof apparatus. 

Voltage and current were determined 
for economical time of radiation within 
present limits of tube design. 

Absorption measurements were made to 
check the efficacy of copper and tungsten 
anode tubes under same electrical loading. 

Equipment was designed for the above 
purpose in order to satisfy the following 
conditions : 

(1) Maximum intensity at shortest 
anode- crystal distance. 

(2) Radiation of two plates simulta- 
neously. 

(3) Accommodation of various crystal 
sizes. 

(4) Oscillation of plate while being ra- 
diated. 

(5) Protection of operator from X ra- 
diation. 

(6) Protection of operator from elec- 
trical shock. 

Aging of Quartz Crystal Units, by 
l'irgil. E. Bottom. Large numbers of 
quartz oscillator plates are made today in 
the frequency range of 6 megacycles per 
second and above. When the frequencies 
of such plates are adjusted by lapping, the 
units are unstable with respect to fre- 
quency and activity. The changes are 
aggravated by moisture. The effect is 
associated with the surface of the plate 
which is left in a disoriented condition as 
a result of the stresses produced in lap- 
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ping. The remedy is removal of the dis- 
turbed material and adjustment of fre- 
quency by etching. 

The stability of the unit is also affected 
by the material of the holder. Most plas- 
tics are quite permeable to water vapor 
resulting in unsatisfactory performance un- 
der conditions of high humidity. Much 
study is being given to the design of hold- 
ers for tropical use. 

The new order of permanence and fre- 
quency stability which is provided and the 
economy in the use of the etching method 
in quantity production opens the door to 
the widespread use of thinner crystals and 
thus to both higher -frequency crystal units 
and the extension of the range of applica- 
tion of AT -cut units with their better 
temperature coefficients to the frequency 
ranges now covered only with BT -cut 
plates. 

Is Industrial Electronic Technique 
Different ?, by W. D. Cockrell. With the 

reduction in production of military elec- 
tronic equipment it is logical for radio 
engineers to consider entering the field 
of industrial electronics. This junior branch 
of the industry differs from communica- 
tion work especially in the emphasis on 
costs and the type of personnel available 
for operation and routine servicing. The 
range of industrial electronics extends 
from standard communication equipment at 
one end to the large pumped ignitron and 
multianode tanks capable of rectifying 
thousands of kilowatts. 

Practical Methods of Shielding Di- 
electric Heating Installations, b 
G. W. Klingaman and G. iI. Williams. 
This paper will discuss the field strengths 
to be expected around unshielded installa- 
tions, based on measurement ; shielding 
theoretically required to eliminate radia- 
tion ; experiments to determine the mini- 
mum amount and kind of shielding required 
to reduce radiation to a satisfactory level, 
and methods and instruments used in lo- 
cating points of maximum radiation in 
the installation. 

Heating with High- Frequency Elec- 
tric Fields, by Paul D. Zotlu. The his- 
tory of high- frequency' heating will be 

reviewed. The process of generating elec- 

trical heat in non -conductors, semiconduc- 
tors, and conductors will be described. The 
variation of the electrical properties of the 
materials to be heated with temperature, 
moisture content, and other factors will 
be discussed. 

The general requirements of radio -fre- 
quency power generators as to frequency, 
power output, controls, and circuits to- 
gether with a description of a number of 
dielectric heating units and some commer- 
cial installations will be given. 

Quartz -Crystal Supply Program, 
by Major Edward W. Johnson. At the 
start of the war the Signal Corps found 
itself committed to a policy of using quartz 
crystals as a means of frequency control, 
with military demands running into mil- 
lions a year and with the then existing 
industry capable of producing at most 
100,000 units a year. Laboratory methods 
were used in those plants, no production 
machinery was available, no techniques 

standardized and the situation on the sup- 

ply of raw material from Brazil was such 

that the utmost economy had to be observed 

and appropriate processing methods adopt- 
ed. The raw -quartz problem was further 
complicated by the then -prevalent belief 
in the industry that only the very best 

grades were suited to the manufacture of 
oscillator plates. 

As a result of the concerted efforts of 
the Signal Corps and the wholehearted co- 

operation and ingenuity of industry the 
latter was expanded from some 15 pre- 
war firms to approximately 115, and the 
capacity to the point where it is now 
producing at a rate of approximately 30,- 
000,000 units a year. This expansion was 
made possible by the adoption of standard- 
ized equipment, improved techniques, and 
a continued search for improvements. The 
quality of the units has been vastly im- 
proved. 

The Signal Corps has spent in excess 
of $200,000,000 for crystals alone since 
the outbreak of the war. This sum repre- 
sents about 50,000,000 crystal units. The 
efficiency of the industry in the utilization 
of critical raw material has improved sub- 
stantially, costs of comparable crystals have 
been reduced by at least a 4 to 1 ratio. 
and processing techniques have progressed 
to the point where semiautomatic machin- 
ery is in widespread use. 

In order to meet emergency demands 
for small quantities of crystals on special 
frequencies, field crystal -grinding equip- 
ments, manned by specially trained per- 
sonnel, have been set up in all active the- 
aters. 

Crystal Quality, by I. E. Fair. Express- 
ing the quality of crystals by their per- 
formance in certain oscillator circuits has 
been found to be unsatisfactory in many 
respects. It is more desirable to express 
quality in terms of the equivalent circuit 
constants in much the same manner as 
for coils and condensers. The quality of 
coils and condensers is defined as the ratio 
of reactance to resistance or Q of the ele- 
ment. Because of the fact that a crystal 
is equivalent to a combination of three 
elements, its quality is not so simply de- 
fined. 

This paper discusses the factors which 
determine the performance of crystals in 
oscillators and suggests a measure of qual- 
ity called figure of merit, M and a measure 
of performance called performance index, 
PI. 11 is a ratio of the Q of the motional 
arm to the ratio of capacitance of the 
crystal while PI is a measure of the anti - 
resonant resistance of crystal and circuit 
capacity in parallel at the oscillating fre- 
quency. The relations between M, P!, and 
oscillator grid current will be shown. 

Operating Experiences with Induc- 
tion Heating Oscillators, by Wallace 
Rudd. This paper will discuss the operat- 
ing experiences gained in the observation 
of many hundreds of large capacity in- 
duction heating oscillators. Problems aris- 
ing in long- continued operation of these 
units and their solution will be considered. 

A High Frequency Wattmeter and 
its Uses in Industrial Applications, 
by Eugene .lfittelmann. An instrument is 
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NO. 33 - EXTRANEOUS ROOTS 

EXTRANEOUS ROOTS 

* In the mathematical solution of radio 
problems it is well to beware of so- 
called extraneous roots. In general, 
these roots represent solutions that do 
not satisfy the original boundary condi- 
tions. For example, take one situation 
in which the conditions of the problem 
specify that 

x = a 
Multiply both sides of the equation by 
.r, yielding 

.r' =ax 
Subtract a' from both sides of the equa- 
tion 

x'-a'= a.r - a' 

Factoring yields 
(x -a) (.r +a) = a(x - a) 

x + a = a 

or 2a = a 

or 2= 1 

Although no rules of mathematics 
were violated, an extraneous root has 
been introduced. In order to avoid such 
pitfalls, it is common practice to check 
the equations after every few mathe- 
matical transformations to be sure the 
solutions at that point are in agreement 
with the original boundary conditions; 
in the above case, a = x. When a solu- 
tion is found that does not satisfy the 
original conditions, it is discarded. Rais- 
ing an equation to some power, such as 
squaring or cubing or taking the square 
root or cube root, are the operations 
most often responsible for the introduc- 
tion of extraneous roots. 

Now, to check the operations in the 
Above problem. The first transformation 

was multiplication by x, yielding 
x = a.r 

Dividing by x yields 
x = a 

which satisfies original conditions. The 
second transformation was to subtract 
a', yielding 

x "- a' =ar -a' 
Substituting x = yields 

a"-a' a' a' 

The third transformation was factoring 
(x -a) (x +a) = a(x - a) 

Here, obviously, the boundary condi- 
tions are not satisfied. Consequently we 
conclude that factoring was the opera- 
tion responsible for introduction of the 
extraneous root. 

l'ractical examples of amplitude addi- 
tions and subtractions are complex sig- 
nals, such as television signals, to which 
a pip or other irregularity, positive or 
negative with respect to the original 
signal, may be added. In this same 
category come bridge or circuit bal- 
ances, such as push -pull, etc. In an FM 
receiver the limiter may reduce the 
signal amplitude, thus performing a 
subtraction. Amplitude multiplication is 
performed by transformers, tuned cir- 
cuits and amplifiers. Amplitude division 

E, 

COMPRESSOR EXPANDER 

Figure 1 

may be accomplished with attenuators. 
Volume compression may take a square 
or other root of a wave, and volume 
expansion may square or cube the am- 
plitude of an electrical wave. 

Likewise, frequency may be subjected 
to addition or subtraction in a modu- 
lator. In a superhetrodyne receiver, for 
example, an incoming signal of 1000 kc 
may be mixed with a 1465 -kc oscillator 
signal to produce 2465 kc, or an inter- 
mediate frequency signal of 465 kc may 
be produced in this mixer by the same 
combination. The same mixer or modu- 
lator may produce harmonics of either 
signal, as 2000, 3000 kc, etc. indicating 
frequency multiplication. 

The production of subharmonics by 
an electronic circuit might be termed 
frequency division. As indicated in the 
example above, such operations may 
introduce extraneous roots, causing dis- 
tortion. Indeed, frequency modulation 
caused by loud spoken maloperation is 
one form of extraneous root recently 
publicized. 

An early form of volume compression 
operated on the signal by taking the 
square root of the incoming signal. This 
signal was then transmitted to the re- 
ceiving station, at which point an ex- 
pander circuit squared the signal am- 
plitude. Thus 

E = sr i= compression 
Et = Et' = expansion 

It was found that unwanted signals 
resulted (i.e., extraneous roots) which 
might not be obvious from a casual ob- 
servation but which were predicted by 
theory. 
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PART 8 

The Terminology of 

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

Quasi- Stationary Processes 
Maxwell's equations in Gaussian units are 

1 òD 4,ru 
CurlH = - - -- 

c öt c 

Div B =O 
B =µH 

1 öB 
Curl E = -- - 

c at 
Div D = ,rp 
D =GE. 

These may be given not only in this final 
form, which is rigorous for all macro- 
scopic phenomena, but also in at least 
three specialized forms. In their order of 
increasing generality these are the static 
case, the stationary case, and the quasi - 
stationary case. The static case does not 
allow moving charges nor any change of 
the fields with time. Thus all the terms 
containing time derivatives and the one 
which contains the current density u then 
become zero. For static phenomena, the 
magnetic equations contain no mention of 
electrostatic units, or vice versa. The sta- 
tionary case refers to a situation in which 
currents are allowed but the fields are kept 
constant with time. This means that the 
current density terni is present but the 
time derivatives are still zero. 

For quasi- stationary processes (8D/ t) 
<< 4wu and the time derivative of D is 
omitted although the time derivative of B 
is retained. This arrangement of Max- 
well's equations is by its very nature al- 
ways an approximation because it is an 
incorrect application of Maxwell's equa- 
tions to the general case, but in a very 
wide field of application it is an approxi- 
mation that may be successfully used. It 
is valid wherever the magnetic field is 
dependent in the main on circulating cur- 
rents and scarcely at all on dielectric 
currents. This is the case for practically 
the entire classical field of electrical en- 
gineering. 

Since the term involving (aD /at) rep- 
resents the main contribution of Maxwell 
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to the theory, it is obvious that no com- 
pletely rigorous tests of the equations can 
be made without the inclusion of that 
term. 

Radiation Resistances -The input 
impedance of an antenna has the same 
meaning as does the input impedance for 
any non -radiating load. If, for example, 
a non -radiating coaxial line runs from a 
transmitter to an antenna then, at the 
point where that line connects to the 
radiating conductors, we may measure the 
voltage across the line and the current 
through it. The ratio of these two values 
gives the magnitude of the impedance and 
the phase angle between the current and 
the voltage tells us if the load is capacitive 
or inductive or if its impedance is a pure 
resistance. 

If the transmission line to the antenna 
is a hollow pipe wave guide, our measure- 
ments are more likely to yield a standing 
wave ratio and the values of the electro- 
magnetic fields but again we can, at our 
chosen point, obtain a perfectly definite 
impedance value which will contain a 
resistive component and probably at least 
a small reactive term as well. The re- 
sistive component is in the main not due 
to resistance in the antenna but rather it 
is caused by the radiation of energy. If 
one can see only the inside terminals of 
two wires which run out through the wall 
of a building, and see with the aid of 
meters that a net amount of power is 
being sent out through the wires, he can- 
not tell without further test whether that 
energy is being radiated or only dissipated 
in a resistor mounted on the outside of 
the building. It is because of this similarity 
of the two effects that the portion of the 
resistive component of the input impe- 
dance to an antenna which is caused by 
radiation is called the radiation resistance 
of that antenna. 

To the extent that the radiation field 
around an isolated half wave antenna has 
the same directional pattern as an infini- 
tesimal dipole, it is quite feasible to cal- 

ciliate the radiation resistance by inte- 
grating Poynting's vector over all angles 
and setting the result equal to Pr. The 
result of 80 ohms is in agreement with 
measured values. 

Rationalized Units -With any set 
of electromagnetic units such as the abso- 
lute system, the electrostatic system, the 
Gaussian system, or the Giorgi system, the 
constant 47r enters into many of the equa- 
tions which are used. The so called ra- 
tionalized units, of which the Heaviside - 
Lorentz units are an example, attempt to 
suppress these Orr factors by adjusting the 
unit size so that the 4a is absorbed into 
the nezv unit. 

Two advantages are sometimes claimed 
for rationalized systems.. They are: (1) 
calculations which involve 4,r are en- 
countered only in relations which are used 
infrequently or not at all, except when the 
result of a calculation needs to be inter- 
preted in terms of practical units which 
are read off instruments, such as volt- 
meters and ammeters, and (2) the removal 
of the 4rr factor leads to greater symmetry 
in the way in which electrostatic and anal- 
ogous electromagnetic quantities enter 
into the equations. 

In the Heaviside- Lorentz rationalization 
of Gaussian units, Gauss' law takes the 
form Div D = p instead of 4rp as it does 
ill the unrationalized system. This is pos- 
sible because the rationalized units of D 

and p are respectively (1/ 4zr) and NATr 

times the size of the unrationalized units. 
This sort of thing extends fairly well 
throughout the theory, with one exception. 
Rationalized units require Coulomb's law 
to be written E = Q /(47rer') or H = 
nt /(47rµr2) instead of in the simpler form 
without the 4a. These 4,r quantities may 
also be eliminated by changing the units 
of e and u, and when this is done the 
system is said to be subrationalized. At 
least in the case of the Gaussian units, 
subrationalization is frequently objected 
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New Products 
IRC CENTURY CONTROLS 

One of America's leading industrial 
wizards recently voiced the opinion that 
our most devastating secret weapon is 
standardization. This is because it permits 
mass production. 

In line with this type of wartime think- 
ing, the International Resistance Company 
of Philadelphia has made a thorough study 
of the many and varied controls it formerly 

manufactured and has standardized on an 
even hundred numbers which the Com- 
pany claims will handle better than 90% 
of all service needs. These it presents to 
the trade as the Century Line. Only after 
careful investigation of sales records and 
exhaustive review of set designs were these 
models chosen as basic by both the sales 
and engineering departments. 

This new IRC policy of streamlining its 
extensive line of controls, cannot help 
but reflect to the advantage of jobbers and 
servicemen alike. 

PLUG -IN RELAY 
A new relay of the plug -in type, en- 

closed in a metal can and fitted with a 

standard octal plug base has been an- 
nounced by Ward Leonard. 

The relay mechanism is encased in a 
cylindrical metal housing 2 1/16 inch in 

diameter and 3% inch high. It is rigidly 
supported against shock by meáns of a 
key in the center of an insulating disc 
that fits snugly in the top of the case. 

The relay, made to operate on standard 
voltages up to 115 volts, a.c. or d.c., is a 
modification of a popular type of unit used 
in small radio transmitters, aircraft con- 
trol circuits, and similar applications where 
space is limited. Double pole, double 
throw contacts are rated 4 amperes at 115 
volts, 60 cycle a.c., and at 24 volts, d.c., 

ampere from 25 to 115 volts, d.c. 

METERS 
A new line of 1y_" electrical instruments 

has been developed by Roller- Smith, of 
Bethlehem, Penna. Designed to withstand 
the extreme conditions of temperature, 
humidity, vibration and shock in aircraft 

service, they have been fully tested to prove 
their ability to maintain a service accu- 
racy of 2 %. Immersion tests have shown 
their ability to withstand hydrostatic pres- 
sures up to 14.7 psi without case leakage. 

These new 1%" instruments are avail- 
able in d -c voltmeters, in all practical 
ranges above 50 millivolts, and in d -c 
ammeters in all practical ranges above 
500 microamperes. For certain applications 
lower ranges can be supplied. Further in- 
formation from Roller- Smith, Bethlehem, 
Pa. 

STACKPOLE RESISTORS 
Integrally molded in one operation under 

laboratory controlled production standards, 
Stackpole Type CM Insulated Resistors 
have been specifically designed to meet the 
recently issued Army -Navy specifications. 
The new units are available in 1/3- (RC- 
10) ; %- (RC -21) ; and 1 -watt (RC -30) 
sizes in all required ranges. Their con- 
struction is said to be such that they offer 
an exceptional degree of stability under 
load, the average change being less than 
5% after 1000 hours under test at full 
load. They are stated to have highly satis- 
factory humidity characteristics well with- 

in today's exacting requirements, and to 
meet up -to- the -minute salt water immer- 
sion specifications. 

Full details, including copy of the Stack - 
pole Electronic Components Catalog RC -6, 
will be sent on request to the Stackpole 
Carbon Company, St. Marys, Pa. 

FLASHING BEACON 
One of the latest developments that is 

of interest to all airports is a new, light- 
weight, portable flashing beacon. Original- 

ly developed and built by Electronic Lab- 
oratories, Inc., Indianapolis, Indiana, for 
identification signalling at military air- 
ports, it produces high- intensity, short 
duration intermittent light flashes. It op- 
erates from 110 volts d.c. or a.c. and utilizes 
a vibrator power supply, for converting to 
2000 volts d.c. to produce the flashing 
light. Electronic has also designed this 
same equipment to operate from 6, 12 or 
25 volt storage batteries. All connections 
are made with water proof plugs, and the 
carrying case itself is completely water 
proof. The beacon lamp may be separately 
mounted on a pole if desired. 

The unit weighs far less and requires' 
much less power than a stationary, rotating 
beacon. The light is visible, under normal 
operating conditions, for at least 20 miles 
at night. 

NEW CARTER GENERATOR 
A "straight' generator of the MagMotor 

series has been announced by Carter Motor 
Company, 1608 Milwaukee Avenue, Chi- 
cago. 

Built with capacities up to 80 watts 
intermittent and 35 watts continuous duty, 
the new generator comes in a wide range 
of a -c and d -c voltages. Voltages up to 
500 volts at 100 cycles, and in the d -c line 
voltages up to similar power, are avail- 
able. 

The units are ideally suited for many 
uses where small reliable generators are 
needed. Mechanical Characteristics : Size 
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534 inches long, 3 11/16 inches wide and 
2/ inches high; Weight 434 pounds; Shaft / inch by 1 inch long. No motor is in- 
cluded and drive can be by direct couple, 
gear train or pulley. 

The utilization of permanent magnet 
fields, instead of the conventional field 
coils, eliminates the necessity of a sepa- 
rate source to power that part of the 
generator. This is a saving both in space 
and wattage. Where batteries are at a 
premium, or where they are not readily 
available, and a gasoline or steam engine 
as primary power is used to turn the gen- 
erator, this is a real feature. 

AUDIO CHANALYST 
A new and advanced RCA Audio Chan - 

alyst, which provides complete sound sys- 
tem testing equipment in a single unit, has 
been announced by the RCA Victor Di- 
vision of the Radio Corporation of Amer- 
ica. 

6 -' 
mormair 

- 
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The new Audio Chanalyst, RCA Type 
170A, is comprised of several self -con- 
tained testing sections or "channels" and 
can be used to test any point of any sound 
system from microphone to speaker, serv- 
ing in emergencies as a brifiging unit to 
substitute for the defective section of an 
inoperative amplifier. 

The Audio Chanalyst contains a cali- 
brated high gain amplifier useful for sig- 
nal tracing, tube checking and gain meas- 
urements. It supplies its own test signal 
from a built -in Beat Frequency Oscillator, 
which can be operated by an internal 
auxiliary sweep circuit for checking mul- 
tiple speaker installations. 

The famous VoltOhmyst is included as 
one of the channels and it has been modified 
for flat, linear measurement of audio fre- 
quencies. 

An impedance tester and a high -speed 
Electronic Indicator add to the unique 
testing facilities of the Audio Chanalyst, as 
various combinations of its channels can 
be used for audible and visual testing. 
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According to L. A. Goodwin, Jr., man- 
ager of RCA Victor's Test and Measur- 
ing Equipment section, the initial produc- 
tion of this Audio Chanalyst is being 
supplied largely to the Armed Forces for 
maintenance and testing of all types of 
intercommunicating and sound systems. 
Equipment available for civilian trade, he 
added, would be governed by priority rat- 
ings. 

CRYSTAL PRODUCTS CATALOG 
An unusually functional and profusely 

illustrated catalog of quartz crystal units 
has been produced for the post -war trade 
by Crystal Products Company, of Kansas 
City, Missouri. The catalog is conven- 
iently indexed to include all fields : broad- 
casting, filter, test, amateur, aircraft, 
police- marine, multiple crystal units and 
blanks. 

Although the supply is necessarily lim- 
ited, interested firms may secure a copy 
with a request on their letter head. 

FREE CHART 
In response to a heavy demand from 

those who require a quick, easy means of 
identifying color codings and other fea- 
tures of resistors, the Stackpole Carbon 
Company, St. Marys, Penna., has pre- 
pared new Resistor Color Code Indicators. 
Of handy, vest pocket size, these contain 
complete information on resistor color cod- 
ing under the American War Standard 
specifications as well as the joint Army - 
Navy specifications, both being identical 
with the R. M. A. (Radio Manufacturers' 
Association) set -up. 

The Color Code Charts are printed on 
heavy varnished cards and a supply will 
gladly be sent to those requesting them. 

IRC RESISTORS 

The new IRC Type GRW power wire 
wound resistor, recently announced as an 
addition to the comprehensive IRC line, 
is said to have considerably greater me- 
chanical strength than many resistors of 
this type and a much higher safety factor 
in this respect than actually required by 
the Army -Navy specifications. 

Designed to fulfill Army -Navy specifica- 
tion JAN -R -26, the new type GRW is a 

completely sealed unit, embodying several 
unique features which make it a particu- 
larly satisfactory resistor for rigorous war- 
time Navy applications. 

Seven standard sizes of the new Type 
GRW are now available. They correspond 
to Army -Navy Types RW -10F to RW- 
16F, inclusive, and are identified as IRC 
Types GRW -10 to GRW -16. Resistance 
values covered by these seven types are 
from 0.1 ohm to 46,000 ohms, with power 
ratings from 15 to 140 watts. 

Complete technical data on Type GRW 
Resistors may be obtained upon request 
to International Resistance Company, 
Dept. N, 401 N. Broad Street, Philadel- 
phia 8, Pa. 

GROUND RESISTANCE TESTER 
A much greater range of low and high 

ground electrical resistance testing is pro- 
vided by the new Model 255 Vibroground, 
manufactured by Associated Research, In- 
corporated, 231 South Green St., Chicago 
7,Illinois. While it gives accurate readings 

for all ground conditions, it is particularly 
adapted to arid or wet regions or where 
extremes of dryness or moisture are found. 

The new model 255 Vibroground has 
four ranges O -3, 0 -30, 0 -300, 0 -3000 
ohms. It comes complete with self -con- 
tained power supply which eliminates hand 
cranking. With its direct readings no cal- 
culations are necessary. Reverse readings 
are unnecessary and polarization errors 
cannot occur. The design also excludes 
strays from high potential networks, d -c 
ground currents, or any a -c commercial 
frequencies and other sources encoun- 
tered in plant or field. It is claimed that 
a complete test, including setting test prods 
can be made in less time than by any 
ether means. 

TROPICAL DRY BATTERY 
More than three years ago the Army 

Signal Corps issued an urgent call for a 
better type of battery power supply. Among 
those contacted was Samuel Ruben of New 
Rochelle, N. Y. Ruben, who had been 
doing work in the dry battery field for 
some years, immediately concentrated on 
solving this long existent and now pressing 
problem. Within a relatively short time he 
produced dry cells of a radically new type, 
employing materials and constructions 
never before combined and which held 
out great promise of ultimate success. As 
in the past, he turned to the Mallory 

[Continued on page 72] 

FEBRUARY, 1945 * , 
www.americanradiohistory.com

www.americanradiohistory.com


 

M 

I. R. E. PAPERS 
[Continued front page 441 

described which allows separating the 

amount of power which is fed into the 

charge of a high -frequency heating gen- 
erator from other losses associated with 
the circuit, such as radiation losses, circuit 
losses, etc. It can be shown that the indi- 
cations of the instrument are independent 
of the geometrical configurations of the 
load and of the electrodes and are in wide 
limits indepedendent of frequency. 

Methods for using the instrument to 
match properly the load to the generator, 
and to maintain that matching, are dis- 
cussed. Tests showing the accuracy of the 
instrument indications for various appli- 
cations are shown. 

The Performance Index Meter, 
by C. W. Harrison. The principal features 
of this instrument which measures the 
antiresonant impedance of the quartz crys- 
tal and associated circuit will be pointed 
out and discussed. The difficulties associ- 
ated with trying to measure high impe- 
dances at high frequencies are avoided by 
making certain measurements within the 
resulting resonant circuit embodying the 
crystal, and making certain calibrations. 
The operation occurs at a frequency de- 
termined by the crystal being tested. Meas- 
urements are facilitated by constructing the 
circuit so that constant amplitude occurs 
for the driving voltage at the point of 
application regardless of adjustments being 
made. The most important error likely to 
be introduced by the method employed will 
be pointed out and the magnitude of pos- 
sible error mentioned. 

Frequency Adjustment of Quartz - 
Oscillator Plates by X Rays, by Clif- 
ford Frondel. A BT quartz oscillator plate 
irradiated with X rays gradually becomes 
smoky in color, and undergoes an accom- 
panying change in the elastic constants 
which lowers the oscillator frequency. 
There is little or no accompanying change 
in crystal activity. The total frequency 
change is limited and varies with the initial 
frequency (thickness) of the plate. Changes 
of the order of 500 to 3000 cycles per sec- 
ond can be obtained in the frequency range 
from 5 to 9 megacycles. The rate of change 
of frequency is primarily determined by 
the intensity and wave length of the X 
radiation. Both the rate of change and the 
total change of frequency increase with 
increasing initial frequency of the plate. 
Rates now achieved in production average 
about 40 cycles per second per minute of 
exposure to X rays. The frequency change 
brought about by irradiation can be re- 
versed and the plate restored to its original 
frequency and color by baking at tempera- 
tures over about 175 degrees centigrade. 
Irradiated plates are stable at lower tem- 
peratures. The plates also can be sensitized 
to irradiation by prior baking. 

Other kinds of radiation also have been 
found to cause color and frequency changes 
in quartz, including gamma rays, alpha 
particles, electrons, and deutrons. X rays, 
however, are the only practical choice fer 
manufacturing operations although the 
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radioactive radiations have under certain 
circumstances a definite application. 

The irradiation technique presents a 

number of practical advantages in the 
manufacture of oscillator plates: (1) Ex- 
tremely precise frequency adjustments can 
be made by oscillating the plate in the 
X ray beam, following visually the fre- 
quency change on a meter until the desired 
value is reached. The adjustment can be 

effected, under suitable circumstances, 
while the crystal is oscillating in its per- 
manent holder. (2) The frequency of sta- 
bilized crystals can be adjusted without 
disturbing the surface condition of the 
quartz. (3) The fact that the frequency 
change is downward permits the salvage 
of crystals that have been overshot in fre- 
quency during manufacture. Similarly, 
plates that have gone over frequency due 
to aging, recleaning, or underplating may 
he recovered. 

Ultra -Short -Wave Multiplex, b y 
Charles R. Burrows and Alfred Decino. 
The technical requirements of a twelve - 
channel ultra- short -wave multiplex system 
are discussed and the means of meeting 
them are described. The intermodlation 
between channels in equipment based on 
this design has been reduced to the point 
where it is possible to use twelve -channel 
radio systems in the toll plant. By em- 
ploying a sufficient amount of envelope 
feedback, the transmitter can be operated 
with a high- modulation factor without 
the use of spread cidebands. 

Ultra -Short -Wave Receiver for the 
Cape Charles -Norfolk Multiplex 
System, by D. AI. Black, G. Rodin, and 
Ir. T. Wintringham. The requirements 
for an ultra- short -wave receiver for use 
in a multiplex radio -telephone linke cir- 
cuit are outlined. The technical details of 
a receiver designed to meet such require- 
ments in the circuit between Cape Charles 
and Norfolk, Virginia, are described. 

Ultra-Short-Wave Transmitter for 
the Cape Charles- Norfolk Multiplex 
System, by R. J. Kircher and F. W. 
Friis. Design features of an unattended 
ultra- short -wave double -sideband multiplex 
transmitter are described. Forty decibels 
of envelope feedback is utilized over the 
12- to 60- kilocycle band of the twelve 
type -K carrier -signal channels which 
modulate the last stage of the transmitter. 
Accessibility of apparatus and ease in 
maintenance contribute toward obtaining 
maximum reliability of the equipment in 
commercial service. 

The Servo Problem as a Transmis- 
sion Problem, by E. B. Ferrell. The 
purpose of a servo is to reproduce a sig- 
nal at a place or power level or form dif- 
ferent from the original signal, but under 
its control. It is, therefore, a signal- trans- 
mitting system. It uses negative feedback 
to minimize noise and distortion, which the 
servo designer usually calls error. It gen- 
erally uses mechanical and thermal circuit 
elements as well as electrical circuit ele- 
ment, but the problems of circuit design 
are the same. 

The methods of Nyquist and Bode, which 
have proved so useful in the design of 
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electrical- feedback amplifiers, are equally 
useful in the design of servo systems. They 
encourage the determination of the signifi- 
cant constants of the system by experi- 
mental means involving steady -state am- 
plitude measurements of the loop trans- 
mission characteristics. These measure- 
ments lead to quick estimates of errors and 
stability and of the transmission changes 
required to give various degrees of per- 
formance. 

Radio - Frequency Spectrum Analyz- 
ers, by Dale Pollack and Everard Wil- 
liams. No summary available. 

[To be continued] 

COUPLING 
L . , tinned from page 411 

before the coils are coupled together. 
The short -circuit reactance X.., is then 
computed from (3) or (4) for the de- 
sired value of coupling coefficient. The 
bridge is then connected to L,, L. is 

shorted, and the physical coupling of the 
two coils in their mounting is then ad- 
justed until the computed short -circuit 
reactance X.., is registered on the 
bridge. 

APPendlx 

The derivation of equations (4) and 
(3) follows. The reactive component 
of the impedance measured between the 
1 and 2 terminals of the coil L, in Fig. 
1 is 

X.., = o) L, 
during which measurement the termi- 
nals 3 and 4 of coil L, are open -cir- 
cuited. With the terminals 3 and 4 of 
the coil L. shorted, the reactive com- 
ponent measured between the terminals 
1 and 2 can be shown to be 

X.., = 03L, - 03 L2. 
R,' + u,' L,' 

Dividing this equation by X.., gives 
X.., 03L, 03'M' 0314, 

X.., 01L, u3L,(Rs' -I- 03'L,') 

After a little manipulation 
X.., M' 

1 

but 

we can write 
1 

1 

X.., L,L, (1+-) 
Q_, 

M' 
K' = 

therefore, we obtain finally 

K =4/(1 X") (I (4) 
Xoel 

If the secondary coil losses are non- 
existent, then R. = 0, the secondary 
Q. approaches infinity and 

=1 
Cl 

X.., \ (3) l X..,J 
[Conclusion] 
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Marker Beacon Used to Indicate to Air- 
man Location of Radio Towers -Air 
Commerce Bulletin -Vol. 6, No. 5, Nov. 
15, 1934, Page 119. 

Radio Marker Beacons -Air Commerce 
Bulletin -Vol. 4, No. 19, April 1, 1933, 
page 467. 

The Ultra Short Wave Radio Landing 
Beam -R. Elsner and E. Kramar -Com- 
munication & Broadcast Engineering - 
March 1937, Vol. 4, No. 3, Page 12. 

The Simon System of Instrument Landing 
and Collision Warning -H. W. Roberts 
-Communication & Broadcast Engineer- 
ing -Vol. 3, No. 10, October 1936, Page 
14. 

Radio Equipment at the Bromma Aero- 
drome (including the ultra- short -wave 
guiding beam with alternate keying of 
passive side dipoles) -T. Elmquist -Tek- 
nisk Tidskrift -Vol. 66, No. 45, Nov. 7, 
1936, Page 173 (Swedish). 

Subterranean Aircraft Beacon (Equisignal 
Blind Landing System with Flat -sided 
Beams and no Back- radiation) -Shar- 
man- Wireless World -Vol. 37, Novem- 
ber 29, 1935, Page 567. 

Airway Traffic ' Control Procedures -Air 
Commerce Bulletin -Vol. 8, No. 10, April 
15, 1937, Page 217. 

Airway Traffic Control -E. F. Ward - 
.Air Commerce Bulletin -Vol. 9, No. 4, 
Oct. 15, 1937, Page 73. 

Aerodrome and Air Route Control (Sur- 
vey with section on future development) 
-L. A. Sweny- Marconi Review -No. 65, 
March -April 1937, Page 99. 

Consolidated Interline Safety Agreement 
and Airway Traffic Control Procedures - 
Air Commerce Bulletin-Vol. 8, No. 6, 
Dec. 15, 1936, Page 141. 

Bureau of Air Commerce Establishes 
Traffic Control System of Airways -Air 
Commerce Bulletin -Vol. 8, No. 1, July 
15, 1936, Pagel]. 

Radio and Its Relation to the Airport and 
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Traffic Control -L. H. Simpson -Air 
Commerce Bulletin -Vol. 7, No. 5, Nov. 
15, 1935, Page 101. 

Proposed Method for Controlling Airport 
and Airway Traffic Drafted at Conference 
-Air Commerce Bulletin -Vol. 7, No. 6, 
Dec. 15, 1935, Page 127. 

Future of the Aircraft Industry; Govern- 
ment Policies Dominant Factor -C. L. 
Rogers- Annalist -Vol. 46, Aug. 2, 1935, 
Page 155. 

Airport Traffic Control -D. S. Little - 
Acro Digest -Vol. 27, Oct. 1935, Page 42. 

Simplified Airport Radio; Transceiver- 
N. J. Clark -Aero Digest -Vol. 27, Nov. 
1935, Page 30. 

Air Traffic Rules -Civil Air Regulations 
-Part 60, Page 233- Amended to May 
31, 1938 -Published by the U. S. Depart- 
ment of Commerce, Bureau of Air Com- 
merce. 

Control - (Editorial) - The Sportsman 
Pilot -Vol. XIX, No. 4, April 1938. 

Air Traffic Regulations as Applied to 
Private Aviation -Dr. Irving Langmuir - 
The Sportsman Pilot -Vol. XVIII, No. 
3, Sept. 1937, Page 8. 

Any Ice Today Lady -R. H. Wilde -The 
Sportsman Pilot -Vol. XIX, No. 1, Janu- 
ary 1938, Page 44. 

The New Regulations -(Editorial) -The 
Sportsman Pilot -Vol. XVIII, No. 5, 
November 1937, Page 7. 

Farewell to Clouds -R. H. Wilde -The 
Sportsman Pilot -Vol. XVIII, No. 2, 
August 1937, Page 22. 

Proposed Methods of Controlling Airport 
and Airway Traffic- Drafted at Con- 
ference -Air Commerce Bulletin -Vol. 7, 
No. 6, Dec. 15, 1935. 

Go Ahead Newark -Jerome Ledered- 
Aviation -July 1936, Page 22. 

Report on 125 Megacycle Airport Traffic 
Control Tests at Indianapolis -W. E. 

Jackson and J. C. Hromada, Department 
of Commerce, Bureau of Air Commerce, 
Safety and Planning Division Report No. 
2, January 1938. 

Airline Radiomen -G. Dayhoff -Radio 
News -Vol. 19, May 1938, Page 35. 

Radio Emergency Procedure -H. W. 
Roberts -Aero Digest -Vol. 32, March 
1938, Page 32. 

Strengthening Aviation's Wings -Aide to 
Safety in Operation of Eastern Air Lines 
-T. F. Collison- National Safety News 
-Vol. 37, June 1938, Page 21. 

U. S. Airline Radio Frequencies -Radio 
News -Vol. 19, April 1939, Page 50. 

Developments in Aircraft Radio -E /cc- 
tronics -Feb. 1938, Page 20. 

Radio Equipment on New Transports - 
Communications & Broadcast Engineering 
-Vol. 4, No. 5, May 1937, Page 13. 

Wireless and Its Application to Commer- 
cial Aviation -J. M. Furnival -Royal 
Aeronautical Soc. Jrnl. -Vol. 40, Page 
159- Discussion, March 1936, Page 188. 

Review of Radio Communications in the 
Mobile Services -I. F. Byrnes -I.R.E. 
Proc. -Vol. 23, Sept. 1935, Page 979. 

Radio Transmission in Relation to Aero- 
nautics-L. S. Espenschied -Jrnl. Of Inst. 
of Aeronautical Sciences -March 1935. 

Power System for Aircraft Wireless Ap- 
paratus -The Marconi Review -7 & 8, 
1934, No. 49, Page 18. 

Some Effects of Topography and Ground 
on Short Wave Reception -R. K. Potter 
and H. T. Fries -I.R.F.. Proc. -April 
1932, Page 699. 

Frequency Distribution of Atmospheric 
Noise -R. K. Potter- I.R.F_. Proc. -Sep- 
tember 1932, Page 1512. 

The Location and Elimination of Radio 
Interference -J. K. McNeely -Iowa State 
College Bulletin -No. 105, Vol. 30, No. 7, 

July 15, 1931. 
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WHY WE LIKE TO 

THE production of high - efficiency electrical and 

electronic equipment demands close control over the 

manufacture of most of the parts which go into it. 

To be certain of accurate control over component 

parts, Connecticut Telephone and Electric Division 

manufactures an unusually high percentage of them 

in its own plant. For instance, we produce our own 

magnets, wind our own coils. Stampings and screw 

MAGNETS have a great deal to do with the 
efficiency of many types of electrical apparatus. 
Specially developed alloys treated in our own 
electric furnaces permit close control over the 
performance of C. T. & E. products. 

"ROLL OUR OWN" 

machine products are turned out to our own stand- 

ards, in our own shops. 

These facilities for complete fabrication of the 

more essential elements of a piece of electrical or 

electronic equipment are as important to our cus- 

tomers as to us -they result in a better product at 

a "better" price ... also assurance of our ability to 

keep delivery promises. 

CONNECTICUT TELEPHONE & ELECTRIC DIVISION 
GREAT AMERICAN INDUSTRIES, INC. MERIDEN, CONN. 

TELEPHONIC SYSTEMS SIGNALLING EQUIPMENT ELECTRONIC DEVICES ELECTRICAL EQUIPMENT 
HOSPITAL AND SCHOOL COMMUNICATIONS AND SIGNALLING SYSTEMS IGNITION SYSTEMS 
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The Transmission and Direction of Radio 
Waves -Martin -Jrnl. West. Soc. of Eng. 
-October 1931, Page 266. 

Aircraft Radio Communication -Sci. Am. 
-Vol. 144, May 1931, Page 342. 

' Radio Facilities for Aircraft Communica- 
tion-E. L. Nelson and F. M. Ryan - 
S.A.E. Journal -March 1930, Page 326. 

Air Transport Communication -R. L. 
Jones and F. M. Ryan- Trans. of A.I.E.E. 
-Vol. 49, January 1930, Page 187. 

Single Wire Transmission Lines for Short - 
wave Antennas -W. L. Everett and J. F. 
Byrne -Ohio State University Bulletin 
No. 52, Feb. 1930. 

Radio Beam Aerial A rrays-Walmsly- 
Elec. Review -Dec. 2, 1930, Page 974. 

Factory Affecting the Gain Directive 
Antennas - Southworth - I.R.E. Proceed - 
ings- September 1930. 

, Radio in Air Transport Operation -Hoov- 
er -SAE Journal -March 1930, Page 321. 

General Formulas for Radial Distribution 
of Antenna System -Wilmotte- I.E.E. 
(London)- September 1930, Vol. 68, Page 
1174. 

Radial Distribution in Vertical Plane - 
Wilmotte- I.E.E. (London)- September 
1930, Vol. 68, Page 1191. 

High Frequency Atmospheric Noise -R. 
K. Potter -I.R.E. Proc. -Vol. 19, No. 10, 
October 1931, Page 1731. 

Airways Communication Service -E. B. 
Craft -Bell System Tech. Jrnl.- October 
1928, Page 797. 

Radio Guidance of Aircraft -H. Pratt - 
Radio- February 1928, Page 19. 

Theoretical Investigation of Phase Rela- 
tion in Beam System- Wilmotte- I.E.E. 
(London) -1928, Vol. 66, Page 617. 

The Air Service Radio Laboratory -I.t. 
H. F. Breckel -Rodio News -Vol. 8, 
July 1926, Page 12. 

Spaced Characteristics of Antennas - 
Murphy-Jrnl. Franklin Institute -April 
1926, Page 411 and Feb. 1927, Page 289. 

The Place of Radio in Aeronautics -J. H. 
Dellinger - National Aeronautic Assoc. 
Rev. - January 1927, Page 3. 

Application of Radio in Air Navigation 
-J. H. Dellinger- Engineers and En- 
gineering -Vol. 49, January 1927, Page 
29. 

Radio Along the Airways -O. E. Dunlap 
-Scientific American -Vol. 136, January 
1927, Page 33. 
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Laboratorien und Forschungsarbeiten der 
Funkabteilung der Deutschen Versuch- 
sanstalt for Luftfahrt in Berlin -H. Fass - 
bender-Zeits. für Hochfrequenztechnik- 
Vol. 30, Dec. 1927, Page 173. 

Civil Aviation Wireless -D. Sinclair- 
Wireless World and Radio Rev. -Vol. 17, 
Oct. 21, 1925, Page 545. 

Civil Flying, 1924 -D. Sinclair -Yearbook 
of Wireless Telegraphy -1925 -Page 567. 

Commercial Aircraft Wireless Progress 
in 1923 -D. Sinclair- Yearbook of Wire- 
less Telegraphy -1924, Page 655. 

Optimum Transmitting Wavelength for 
Vertical Antennas - Ballantine - I.R.E. 
Proc. -1924, Vol. 12, Page 823. 

The Application of Wireless to Commercial 
Flying -Aeraden- Wireless World and 
Radio Review -Vol. 11, Feb. 10, 1923, 
Page 620. 

The Development of Radio on Airplanes 
in France During and Since the War - 
Radio News -Vol. 4, July 1922, Page 24. 

Civil Airship Wireless in 1921 -D. Sin- 
clair- Wireless World and Radio Review - 
Vol. 11, Dec. 30, 1922: 

The Progress of Wireless Telephony in 
Aircraft -H. C. Van Der Velde -Year- 
book of Wireless Telegraphy -1922, Page 
1300. 

Wireless Telephony Aids Aeroplane Serv- 
ice- Aerial Age Weekly -Vol. 14, Febru- 
ary 6, 1922, Page 524. 

La T.S.F. Appliquée aux Navires et aux 
Aéronefs -Revue Générale Des Sciènces 
-Vol. 33, March 30, 1922, Page 165. 

La Télégraphie sans fil au service de 
1'aviati'on -P. Brenot-Radioéléctricité- 
Vol. 3, March 1922, Page 89- Electrical 
World-Vol. 79, May 27, 1922, Page 1084. 

Le Applicazioni della Radiotelefonia alla 
Navigazione ed all'aeronautica negli Stati 
Unite -L'Elettrotecnica -Vol. 9, April 15. 
1922, Page 256. 

Radio in Aviation -Aviation -Vol. 12, 
April 17, 1922, Page 447. 

Commercial Progress in Aircraft Wire- 
less -Radio Review -Vol. 2, January 1921, 
Page 4. 

Radio Becoming an Aviation Necessity - 
Wireless Age -Vol. 8, January 1921, Page 
9. 

Radio Communication with Postal Aero- 
planes-J. L. Bernard and L. E. Whitte- 
more- Aerial Age Weekly -Vol. 13, April 
11, Page 105, April 18, Page 127 and 
April 25, 1921, Page 155. 

\1 ireless in the Royal Air Force -J. Ers- 
kine- Murray- I.E.E. Jrnl. -Vol. 59, July 
1921, Page 693. 

Wireless Telephony in the Air -Electrical 
Review (London) -Vol. 89, Sept. 30, 1921, 
Page 443. 

Les Étages de la Radiotélégraphie dans 
l'Aviation -Radioéléctricité -Vol. 1, May 
1921, Page 579 -Electrical World -Vol. 
78, July 9, 1921, Page 81. 

Advances in French Radiotelegraphy be- 
tween and from Airplanes -M. Bernard- 
Electrical World -Vol. 78, August 27, 
1921, Page 430. 

Some Physical Problems of Aircraft Radio 
-L. E. Whittemore -Physical Review - 
Vol. 18, August 1921, Page 149. 

Man, Air and Ether -The First London - 
Paris Flight in a Hadley -page Commerical 
Machine Fitted with Wireless Telephoney 
-Van der Velde - Wireless World -Vol. 
8, May 15, 1920, Page 119 -Tech. Rev. - 
Vol. 7, July 6, 1920, Page 589 -Radio Re- 
view-Vol. 1, Nov. 1920, Page 733. 

Reminiscences of Wireless on the Blimp 
Patrol -M. B. Egan- Wireless World - 
Vol. 7, Page 557, Jan. 1920 -Radio Rc- 
view -Vol. 1, Page 730, Nov. 1920. 

Use of Telephones in Aircraft Work - 
B. S. Cohen -Telephony -Vol. 7g, Janu- 
ary 24, 1920, Page 17. 

Radio Telephony and the Airplane -W. C. 
Mundt- Electrical Experimenter -Vol. 7, 
February 1920, Page 1030. 

British Aircraft Telephone -B. S. Cohen 
-Telephone Engineer -Vol. 23, February 
1920, Page 37. 

La Radio Aérieènne -La Nature-Vol. 
48, April 10, 1920, Page 156. 

Naval Aircraft Radio -T. Johnson, Jr.- 
I.R.E. Proc. -Vol. 8, February 1920, Page 
3 and April 1920, Page 87. 

Radio Telegraphy and Aviation -R. 
Orme -Yearbook of Wireless Telegraphy 
-1920, Page 988. 

Aircraft Wireless - Wireless World- 
March 1919, Page 676. 

Radio Communication in the Air Service 
-Telephone & Telegraph Age -April 16, 
1919, Page 180. 

Aircraft Wireless - SAE Jrnl. - August 
1919 -Tech. Review- October 14, 1919, 
Page 28. 

L'Aviation et la Poste -M. Delfieu- 
Annales Des Postes Tel .and Tel. -Sept. 
1919, Page 382. 
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COLLINS Type 2315.1' Nary TDHI 
Multi- freq..ecy treesrxiaor 

COLLINS ENGINEERING AND EIMAC TUBES 

achieve outstanding results 

Output CW -5 KW; Output 'Phone -3 KW 
100% modulated with a pair of Eimac 450TL 
tubes in class "B" audio; continuous coverage 
from 2 MC to 18.1 MC with 11 preset channels 
in that range and complete manual coverage 
throughout whole range. Capable of completely 
unattended remote control operation and of Al, 
A2 and A3 type emission. Audio characteristics: 
plus or minus three DB from 150 to 3,500 cycles. 
Total harmonic distortion less than 10' The 
transmitter can be terminated into a 50 to 1,200 
pure resistive load at zero degrees phase angle.70 
to 850 ohm load at plus or minus 45 degrees and 
100 to 600 ohms at plus or minus 60 degrees. 

.a: 
Write for your copy of 
Electronic Telisis - o 64 
page booklet fully illus- 
trated - covering funda- 
mentals of Electronics 
and many of its impor. 
tant applications. Writ- 
ten inlayman'slanguage. 

This Collins type 231D -11 (NavyTDH) radio transmitter 
is an outstanding demonstration of the value of capable 
engineering coupled with the intelligent choice and use 
of vacuum tubes. 

It is the latest of a series of Collins Autotune, quick shift 
transmitters which were originally introduced in 1939, 
and which use Eimac tubes in the important sockets. In 
the 231D -11, two Eimac 750TL tubes in parallel make 
up the power amplifier, while a pair of Eimac 450TL 
tubes in class "B" are used as modulators for voice and 
MCW emission. 

Mr. F. M. Davis, General Manager of the Collins Engi- 
neering Division, says: "Eimac tubes have been found to 
be reliable, rugged and capable of withstanding the severe 
overloads encountered during equipment tests, without 
damage." Statements like this, coming from such men as 
Mr. Davis, offer proof that Eimac tubes are first choice of 
leading engineers throughout the world. 

Follow the leaders to 

Eimac has received 

, o 

TVBES 

lik8 ARMY NAVY E AWARDS 

for production efficiency 

San Bruno 5. Salt Lake City 3 

EITEL-McCULLOUGH, Inc., 956 San Moteo Ave., Son Bruno, Calif. 
Plants located of San Bruno, California and Salt Lake City, Utah 

Export Agents: Fraser i Hansen, 301 Clay Street, Son Francisco I1, California, U. S. A. 
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Radio Problems in Aviation -E. R. Doyle - Electrical Experimenter -Vol. 7, Octo- 
ber 1919, Page 543. 

Radio Development in the Air Service - 
E. R. Doyle- Electrical World -Vol. 73, 
January 4, 1919, Page 27. 

Aeronautics in the United States, 1918 - 
G. O. Squier -A.I.E.E. Itnl. -Vol. 38, 
Feb. 1919, Page 53. 

Entwicklung der Flugzeug- Ftmkentele- 

graphie wahrend des Weltkrieges-Elec - 
troteclutik und Maschinenbau -Vol. 16, 

1919, Page 59- Telefunken Zeitung -Vol. 
3, July 1919, Page 59. 

Radio Telephone Development in Air 
Service -N. H. Slaughter -Electrical 
World -Aug. 16, 1919 -Tech. Rev. -Vol. 
5, October 14, 1919. 

Wireless in the Royal Flying Corps during 
the War -T. V. Smith -Electrician -Vol. 
83, 1919, Page 445 -Radio Review -Vol. 
1, Oct. 1919, Page 39. 

Wireless in the A.E.F. -L. R. Krumm and 
W. H. Taylor, Jr.- Wireless Age -Vol. 
6, Sept. 1919, Page 11; and Vol. 7, Janu- 
ary 1920. Page 12. 

Ingenious New 

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

New Electroaire Power Unit Converts 

Standard Drill Press to Automatic 
This exact control over feed and retraction speeds 

permits ready conversion of a standard drill press 
with tapping head into an automatic tapping ma- 
chine, capable of producing Class Ill threads, even 
with comparatively unskilled operators. By adjust - 
ing speed to conform to the lead pitch of the threads 
being tapped, the tap will cut without forcing threads, 
and on the reverse the tap will actually "float" out of 
the part with no strain against the thread angle. 

Air -powered jigs and fixtures can be opened, closed, 
and indexed by the Electroaire Power Feed. The unit 
can be set for a pre- determined number of cycles so 
that multiple holes can be drilled in the same piece 
without ejection, by means of an indexing fixture 
controlled and synchronized by the Electroaire Unit. 
One operator can run as many as two or three drill 
presses, turning out top -quality work with few rejects 
and with a minimum of tool breakage, thus effecting 
a great savings in time. 

Present stockpiles of finest quality materials used 
in the manufacture of Wrigley's Spearmint chewing 
gum are now exhausted -necessitating discontinu- 
ance of production. When a supply of proven mate- 
rials -known to be up to the finest standards of 
qualit} -is again available, Wrigley's will resume 
production -And Wrigley's Spearmint will be hack 
to again help you on your job. In the meantime they 
are manufacturing a war brand. Wholesome but 
not excellent enough for the Wrigley brand name. 

You can get complete information from E/ectro /in. Manufac- 

turing Company, 1975 East 61rt Street, Cleveland 3, Ohio 

Set up te punch 3 holes simultaneously 

Shows holes being drilled 
automatically 
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INCLUDE BRIDGEPORT IN YOUR POSTWAR 

1 

Bridgeport Manufacturing Company 
is your logical supplier for R. F. coils 
and chokes, I. F. transformers and 
transmitting coils and chokes. Right 
now we're turning out search coils 
and variometers by the carload for 
the Armed Forces. After V-day, the 
same facilities now devote3 to this 
big job and the same personnel that 
are meeting the most rigid military 
specifications will be available for 
your job. 

PLANS! 

* , 

Bridgeport's location, near the 
population center of America, as- 
sures you fast, trunk line service 
to any of your plants. Write to us 
NOW to insure early postwar 
delivery. 

BRIDGEPORT 
MANUFACTURING COMPANY 

Bridgeport, Illinois 
R. F. Coils R. F. Chokes I. F. Trans formers 

Transmitting Coils Transmitting Chokes 
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COIL SPECIALISTS SINCE 1917 
It is three long years since COTO -COIL made equipment for radio amateurs. Since 

that time we have been working night and day building electrical components for 

our armed forces. 

Coils by COTO are in action in every land, sea and air battle. We fervently hope 

that 1945 will herald the return of the fraternal radio days we all used to enjoy. 

COTO -COIL CO., INC. 
65 PAVILION AVE. PROVIDENCE 5, R. I. 
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TAKE another look at that new product your designers are plan- 

ning. It may be that Automatic Electric control devices can make 
it function better -at lower cost. It's worth checking into. 

To help designers perfect new developments -or improve old ones 
-Automatic Electric offers this unique three -point service: 

1. Technical advice by experienced field engineers, who know 
the "how" and "why" of control technique. 

2. A complete range of relays, stepping switches, and other con- 
trol units -time -proved products readily adapted to your 
needs. 

3. A design and manufacturing service for complete engineered 
assemblies. 

Ask our field engineer for a copy of our catalog of control device.. 
He will be glad to show you how they can serve you. 

Here are jobs that can be done easier 

and better with Automatic Electric 

control devices: 

Automatic Selection and Switching of 

Circuits Time, Temperature and Se- 

quence Control Counting and Total- 

izing Inspection and Sorting Operations 

All Types of Electrical and Electronic 

Control. 

AUTOMATIC ELECTRIC SALES CORPORATION 
1033 West Van Buren Sheet Chicago 7, Illinois 

In Canada: Automatic Electric 

!Canada) Limited, Toronto 

LiaRTS AND ASSEMBLIES FOR EVERY ELECTRICAL CONTROL NEED 
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TERMINOLOGY 
WContinned from page 461 

to on the basis that it spoils the con- 
venience of having and e equal to unity 
in free space. 

Refraction -An electromagnttic wave 
which obliquely approaches a boundary 
surface between two media will in general 
change its direction of motion upon tra- 
versing the boundary. This change in the 
direction of propagation is called refrac- 
tion. It is caused by the fact that the 
velocity of propagation is different in the 
second medium. If, for example, a plane 
wave approaches an interface as is shown 
in the sketch, it is clear that the A ends 
of the wave fronts will reach medium 2 

ahead of the B ends. In the case shown 
this means that the A ends will spend 
more time traveling in the slower medium 
2 and thus get behind and cause a wheel- 
ing motion just as the inner men of a 
column of soldiers do when in drill they 
execute a turn while marching four 
abreast. 

A quantity called the index of refrac- 
tion is defined as the ratio of the velocity 
of propagation of a wave in a medium to 
that in free space. If the indices of re- 
fraction are known, Snell's law is sufficient 
to predict the bending which will take 
place at any interface. We may show 
from Maxwell's equations that the index 

of refraction is equal to v/e µ where 
e and are given in Gaussian units. 

If instead of encountering a definite in- 
terface, an electromagnetic wave finds a 
gradual change in the medium, refraction 

ONE OF A SERIES OF ELECTRO -VOICE ADVERTISEMENTS EXPLAINING IN DETAIL 

THE APPLICATIONS AND SPECIFICATIONS OF ELECTRO -VOICE MICROPHONES 

gle-CoVeY.CC, MODEL 205-S 

'744 
RAILROAD 

MARINE 
AIRCRAFT 

POLICE 
EMERGENCY AI SYSTEMS 

INDUSTRIAL LOCATION 
IN 140t5Y 

oil aftQe 
.. awl °1rß 

---- _ - , 

J ire`"-. R mihnimmiGrynto 

a single button, hand -held, carbon DIFFERENTIAL 
microphone, designed for maximum intelligibility 
under extreme noise 

Ambient noise is fed into dual apertures, shown in 

photograph. in correct phase relationship to provide 
almost complete cancellation of the entire noise 

spectrum. Speech that originates close to one of 

these apertures is faithfully reproduced. Articulation 
percentage is at least 977; under quiet conditions. 
and 88% under a 115 db noise field. The Model 205 -S 

is unusually versatile . can be used, indoors or 

outdoors. for all speech transmission in any noisy. 
windy, wet or extremely hot or cold location. 

Because the 205.S is a noisecancelling microphone. 
it must be used in a manner different from any other 

type. The microphone should be held so that the lip, 

rest will touch lightly against the upper lip. This 

brings the mouth and instrument into the correct 

position for proper transmission. As with all Electro. 

Voice microphones. the Model 205.S is guaranteed 
to be free from defect in material and workmanship - for life. 

SPECIFICATIONS OF THE MODEL 205 -S 

OUTPUT LEVEL: Power rating: 27 db below 6 
mtlliwans for 10 bar pressure Voltage 
rating: 10 db above .001 volt /bar, open 
circuit Voltage developed by normal 
speech (100 bars): .32 volt. 

FREQUENCY RESPONSE: substantially flat 
from 100 -4000 c p s 

ARTICULATION: at least 97% articulation un- 
der quiet conditions. 88% under 115 db 
of amblent noise. 

AVERAGE BACKGROUND NOISE REDUCTION: 
20 db and higher. depending on distance 
from noise source. 

WEIGHT: less than eight ounces. 
INPUT: standard single button input is required. 
CURRENT: 10 -50 milliampere button current. 
HOUSING: molded, high impact phenolic hous- 

ing, minimum wall thickness, 5/32"; viny- 
lite carbon retainer 

Model 205 -S, List Price $25.00 

TEMPERATURE RANGE: from -40° to +186 °F. 
PRESS -TO -TALK SWITCH: available with or 

without hold -down lock. Double pole 
double throw contacts rovide an op- 
tional wide assortment of switch circuits. 

STANDARD SWITCH CIRCUIT: provides clos- 
ing of button circuit and relay stmulta- 
necusly. 

THERMAL NOISE: less than 1 millivolt with 50 
milliamperes through button. 

STURDY CONSTRUCTION: capable of with- 
standing impact of more than 10,000 6" 
drops to hard surface. 

POSITIONAL RESPONSE: plus or minus of S 

db of horizontal 
CONDUCTOR CABLE: S feet of two conductor 

and shielded cable, overall synthetic 
rubber Jacketed. 

Model 205 -S, with switch lock, List Price.. $26.50 

OWL MICROPHONES 
ELECTRO -VOICE CORPORATION 1239 SOUTH REND AVENUE SOUTH BEND 34, INDIANA 

r,,. .°.- v.., N. rü U, N Y a.I c 

A 

9 

Retraction occurs when an electromagnetic 
wave crosses obliquely the boundaries of two 

media 

will cause the direction of propagation lit 

change slowly and the wave to travel in 
a curved path. This happens with micro- 
wave radio because the lessening density 
of air with increased altitude bends the 
beams toward the earth. This bending is 

obviously not able to return the beams 
to the earth but only makes the earth's 
radius of curvature seem to be greater 
than it is. In fact, in computing line of 
sight paths, it is convenient to approximate 
the situation by neglecting refraction and 
making up for the neglect by pretending 
that the earth's radius is one -third larger 
than it is. 

Resonance - One of the simplest 
criteria for distinguishing a resonant fre- 
quency in any electrical or mechanical de- 
vice has to do with the energy involved 
in the oscillation. When a resonator of 
any kind is excited rhythmically by a 
drive of constant voltage or mechanical 
amplitude and the frequency is varied uni- 
directionally, resonance is encountered 
whenever the flow of power into the reso- 
nator passes through either a maximum or 
a minimum. At resonance, changes also 
of the oscillation en the resonator. These 
occur in the phase and in the amplitude 
or other properties of a resonator may 
equally well be used as a definition of 
resonance if it is desired. 

If a simple pendulum with a bob made 
of soft iron is causd to swing back and 
forth by regularly reversing a magnetic 
field which is supplied by a nearby electro- 
magnet, the pendulum becomes a resonator. 
As we increase the frequency with which 
the magnetic field is reversed, a point will 
be found at which the pendulum will oscil- 
late violently, while at higher or lower 
frequencies the oscillation will be less. The 
most violent oscillation, which occurs at 
resonance, is the condition under which 
the pendulum is extracting the most energy 
from the magnetic field. 

Likewise, a series resonant circuit con- 
sisting of an a -c supply in series with an 
inductance and a capacitance will draw its 
largest current when resonance is obtained. 
This largest current means the dissipation 
of the largest amount of energy in what- 
ever resistance is present in the circuit. 
On the other hand, for a parallel resonant 
circuit consisting of a power supply con- 
nected in parallel with an inductance and 
capacitance, the current out of the gen- 
erator is a minimum when the frequency 
is adjusted to resonance. Such a condition 
of minimum response is sometimes re- 
ferred to as an anti- resonance and the 

[Continued on page 60] 

58 FEBRUARY, 1945 * rgAi io 

www.americanradiohistory.com

www.americanradiohistory.com


 

4/aa'EXTRA NUMI 

PROTECTION IS STAN 
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All D 

... designed for tropical conditions 

... unbeatable on ANY job 
Standard Sprague Koolohm Wire 

Wound Resistors now offer the same 
high degree of humidity protection 
formerly obtainable only on special 
order to match exacting military spe- 
cifications. This construction, newly 
adopted as standard, includes a glazed 
ceramic outer shell and a new type of 
end seal. These features give maxi- 
mum protection against even the most 
severe tropical humidity conditions. 
Type numbers remain the same ex- 

cept for the fact that the letter "T' 
has been added to designate the new 
standard construction. 

Thus, again, Sprague leads the way 
in practical, truly modern wire wound 
resistor construction. Your job of re- 
sistor selection is greatly simplified. 
No need to study and choose between 
types or coatings. One type of Kool- 
ohms, the standard type, does the job 
-under any climatic condition, any- 
where in the world ! 

SPRAGUE ELECTRIC COMPANY; North Adams, Mass. 
(formerly Sprague Specialties Co.) 

SPRAGUE TRADEMARK REGISTERED U.S. PAT. OFF. 

RESISTORS 

The Greatest Wire -Wound Resistor Development in 20 Years 
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TERMINOLOGY 
[Continued from page 58] 

power from the generator is said to be at 
an anti -resonant frequency. 

Retarded Potential-If a charge of 
strength q is isolated in free space and 
it is desired to bring a test charge of unit 
strength and the same sign up to within 
a distance r of the original charge, the 
amount of work which must be done to 
accomplish the task is given in Gaussian 
units as q/r ergs. Because of this we say 
that the potential of a point r cm away 
from charge q is q /r. If, instead of having 

only a single charge in space we have 
several or a great many, the potential of 
any point in the neighborhood (i.e. the 
work necessary to bring a distant unit 
charge to that point) is influenced by 
each charge, and we must calculate q/r 
for each of the resident charges and then 
add all the results together to get the 
actual potential at the point in question. 

Now, if the resident charges are them- 
selves moving, it is clear that there may 
be some question as to what should be used 
for the various r's. The answer is that if 
the potential at a point is wanted at a 

certain time t = A, then the contribution 
to that potential of each charge in the 
neighborhood should be calculated, not in 
terms of the position of that charge at 

WE'VE GOT THOSE HARD - 
TO -GET RADIO PARTS! 

QUICK SERVICE 
Our central location in the heart of the 

nation makes it possible to give you 
quicker service. 

In these days of scarcity we have done 
everything possible to bring you the best 
in radio parts and equipment. In spite 
of existing shortages we have made avail- 
able thousands of items as shown in our 
printed circulars. 

We are determined to give you the 
same quick service on "hard -to -get" 
parts as thousands have enjoyed in the 
past. Because parts move so rapidly 
these days we intend to continue our 
policy of publishing an up -to -date list 
of merchandise every two or three 
months. 

As additional equipment is released. 
we will be the first to have it. If you are 
not on our list to receive our flyers - 
mail the coupon today. 

W9CFQ 
WE SPECIALIZE 

IN HALLICRAFTERS 
Service men all over the world are 

learning that the name "Hallicrafter" 
stands for quality in radio equipment. 
For many years we have been one of the 
country's largest distributors of Halli- 
crafters- "the radio man's radio." We 
have Hallicrafters available for imme- 
diate delivery on priority. For full par- 
ticulars, write us today. 

WHOLESALE 
RADIO 

LABORATORIES 

744 WEST BROADWAY 
COUNCIL BLUFFS, IA. 
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SEND FOR OUR 
LATEST FLYER 

TODAY! 
You'll be surprised at 

the many hard -to -get 
parts we've been able to get for you fellows. 
Mikes. multi- testers. 
nesters and many other 
Items. They're yours as 
long as they last. Send 
for latest flyer. It's full 
of merchandise you've 
been trying to get! 
Stocks won't last long. 
so write today. 

adÿo`Laboralonca 

OUR LATEST GET -ACQUAINTED OFFERS 

TUBE AND CIRCUIT 
REFERENCE BOOK 

Here's a handy reference 
book that meets the demand 
for simple, easy to understand 
data on substitution of radio 
tubes. Contains valuable tech- 
nical information on tubes and 
circuits. It's a guide you'll re- 
fer to time and again. Send for 
your copy today! Only 10c post- 
paid. 

TUBE -BASE 
CALCULATOR 

ONLY 25c 
Here's Just the calculator you've been looking 

for! Tells you quickly, tube characteristics that 
enable you to substitute available tubes for those 
hard to get. Only 25c. We pay shipping expense. 

Giant Radio 
Reference Map 15c 

11u,l w"uu w.. .- 
Time zones, ama- 

teur zones, short wave 
stations. Other valu- 
able information. 
Printed in colors; size 
3'_x4'4, ft. Yours free! 
Send 15c to help with 
packing and mailing. 

r - - - Mall Coupon Today - - - -. 
I Wholesale Radio Laboratories 

744 West Broadway RM -1 
I Council Bluffs. Iowa 

r-7 Send your reference book "Tube, 
and Circuits." Here's my 10¢. 
You bet I want a Tube -Baca 
calculator. 25e Is enclosed. 
Ship me your free radio map. 15, 
iaenclosed for pa.ckingand mailing. 

in Send your free flyer of hard-to 
get radio parts. 

Name 

Address 

Town State... 

time t = A, but at some previous time 
which is earlier by an amount given by 
r /c. 

The reason for this procedure is easy to 
see in a rough way. The amount of time 
which elapses between the time when a 
charge is at a given point and the time 
when the potential at another point is 
affected by the presence of that charge, 
rc simply because the effect must travel 
across the intervening space r with a 
velocity c. 

The retarded potential of a point in space 
is the potential of that point at a given 
time with due allocance made for the fact 
that the charges which gave rise to that 
potential may have moved to new positions 
sidiile their influence was enroute to the 
point in question. 

f Conclusion] 

FM DESIGN 

[Continued from page 33] 

signals and impulse noise peaks are 
not the same, so a compromise design 
is necessary if only one tube is avail- 
able for the limiter stage. 

In addition to the grid leak -condenser 
action, limiting takes place due to oper- 
ation of the tube at low plate and screen 
voltages. Even though harmonics are 
produced by a leveling off of the peaks. 
the tuned circuit in the limiter plate 
circuit effectively attenuates them to a 
negligible value. 

A two -tube cascade limiter must be 
used if full advantage is to be realized 
in the reduction of noise along with 
good reduction of amplitude modulated 
signals. The first section is designed 
with a short RC time constant to re- 
duce effectively peak impulse noise and 
the second section is designed for opti- 
mum signal amplitude limiting. A typi- 
cal schematic is shown in Fig. 6. 

The limiter output -voltage, while it 
is constant in amplitude, can be adjust- 
ed in level to provide a predetermined 
signal to the discriminator, which in 
turn supplies a rectified current to the 
audio amplifier. The point (threshold) 
above which the limiter starts to oper- 
ate can be adjusted by the gain in the 
limiter stage, also to a certain extent by 
the amount of audio amplification fol- 
lowing the discriminator. A single tub-' 
unit using a compromise design may 
have a gain of nearly three, while a 
cascade limiter is capable of gains of 
approximately six. A satisfactory de- 
sign would be one where limiting takes 
place with an input of less than four 
volts from the i -f amplifier. 

[To be continued] 
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IN A LABORATORY 

War shortages crop up in strange ma- 

terials. Mica, for instance. Once seen 
principally in the windows of stoves, 
and in small boys' pockets, it is now 
used extensively as electrical insula- 
tion. In some war products, it is vir- 

tually indispensable: capacitors for 
radio, spark -plugs for airplane engines, 
insulators in electronic tubes. 

With demand mounting, manufac- 
turers were desperate. A four -man 

technical mission flew to London to 

help ration the world's supply between 
the United States and Great Britain. 
The shortage was serious. 

The War Production Board, con- 
vinced that much mica was classified 
too low when judged by appearance 
alone, asked Bell Telephone Labora- 
tories to develop a new method of elec- 
trical tests. The Laboratories were able 
to do this quickly and successfully 

because of their basic knowledge and 
experience in this field. 

The new tests were made available 
to manufacturers in this country and 
abroad -the supply of usable mica was 
increased 6or,4 - and a difficult situa- 
tion relieved. 

Skill to do this and other war jobs 
is at hand in Bell Laboratories because, 
year after year, the Laboratories have 
been at work for the Bell System. 

BELL TELEPHONE LABORATORIES 

Exploring and inventing, devising and perfecting for our Armed Forces of war and for continued improvements and economies in telephone service. 
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CAN SUPPLY 

CAN LOCATE 

CAN DELIVER 

... urgently needed 

Radio and Electronic 

Components and 

Equipment 

from America's leading 
manufacturers! 

CAPACITORS 
RESISTORS 

TRANSFORMERS 
RELAYS 
TUBES 

TEST EQUIPMENT 
.and 1001 others! 

Now, more than ever, HARVEY 

stands ready to supply you with 

what you need to help win this 

war, and to get it to you as fast 

as possible. We specialize In lo- 

cating hardto -find items. We can 

advise as to the effecti s of 

substitutes. We can discuss tech- 

nical and priority problems with 

you. HARVEY, with 18 years exp 

erience in the field, is now, as 

always, your safe bet. 

Telephone Orders to LOngacre 3.1000 
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on Fig. 1 this appears at 41 °, or 410 -0° 
= 41 °, the length of the required stub. 
Its length is -cot-1 = -1.16, or B = 
40.8° when found from trigonometric 
tables, but no doubt the value found 
from the chart would be sufficiently 
close. This stub is connected at a point 
(150° -110 °) or 40° from the load. 

If it is desired to use an open stub, 
the required length is found to be 41° 

180° -90° or 131°. However, this 
i, rather long and if we continue around 
the Q = 3 circle we arrive at g -jb = 
1 -j1.16 at 30 °. This can he neutralized 
by an open stub 49° long connected at 
(30° -110° + 180° ) or 100° from the 
load, in general, a more desirable ar- 
rangement. 

In Fig. 7 the stub of Fig. 6 has been 
rearranged with the values of the above 
problem to show that it is electrically 
similar to the so- called "quarter -wave 
transformer ". The impedance rises 
along the length of the transformer 
from zero to the value of the load and 
by tapping the feeder line in at the 
proper point it will be matched to the 
load. However, the total length must 
he correct for perfect matching and it 

can be seen that it varies appreciably 
from a, true quarter wave length. With 
higher impedance loads it more nearly 
approaches a quarter wave in length. 

Consider a higher impedance load 
such as (560 -j150) ohms with a 100 
ohm line, plotted in Fig. 1 as 5.6 -j1.5 
at Q = 6 and 2/ °. The corresponding 
admittance is .17 + j.02 at 92.5° (on 
Fig. 2). Following along the Q = 6 
circle, it is seen that the admittance is 
1 + j2 at 157° (on Fig. 1). The sus - 
ceptance of +j2 can be neutralized by 
a shorted stub of 27 °. Then a stub 27° 
long should be located at (157° -92.5 °) 
or 64.5° from the load. The length of 
the corresponding "quarter wave" 
transformer" is then 27° + 64.5° = 
91.5 °, or close to a true quarter wave. 
This solution is shown in Fig. 8. 

The few examples given above give 
some idea of the ways in which Trans- 
mission Line Impedance -Admittance 
charts can be used for transmission line 
problems. These charts can also be used 
to find the value of unknown load im- 
pedances as determined by measure- 
ments of standing waves on an uncor- 
rected line, in fact this might well be 
the first step preceding the stub calcu- 
lations shown above. This procedure 
and other uses of the Chart have been 
described in the article previously re- 

[Continued on page 641 
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The hermetically sealed transformer 
illustrated functions properly under the 
most adverse conditions. Stupakoff metal - 

glass terminals, soldered, welded or brazed 

to the container, protect against humidity, 

fungi and other elemental hazards. Ideal 
working conditions are sealed in- detri- 
mental conditions are sealed out. 

Stupakoff metal -to -glass sealed termi- 

nals are made possible by the metal, Kovar 
-a cobalt, nickel iron alloy which forms a 

chemical bond with glass through a heating 
process, in which the oxide of Kovar is 

dissolved into the glass. Kovar matches 
the expansion of thermal shock resistant 

glass and forms a permanently vacuum and 

pressure tight seal. 

Stupakoff manufactures Kovar -glass termi- 

nais with single or multiple, solid 
electrodes. For those equipped to 
glass working, Kovar is 

supplied as sheet, rod, 
wire, or tubing; or fab- 

ricated into cups, eye- 

lets or special shapes. 

Write Stupakoff 
today for assistance in 

engineering Kovar- 
glass terminals to 
your product. 

DO MORE THAN BEFORE -BUY EXTRA WAR BONDS 

or hollow 
do their own 

KOVAR *Glass 
Seals for 

ELECTRONIC TUBES 
TRANSFORMERS 
RESISTORS 
CAPACITORS 
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SWITCHES 
RELAYS 
INSTRUMENTS 
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METERS 
RECEIVERS 
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(Freight conductor, 
io caboose): 
"Charlie, we drop 
four cars from the 
rear at Pikeville, and 
pick up three from 
the Saw Hill siding 
to hook on in front." 
(Engineer, replying) : - "O. K., Joe. 
We'll take on water; 
we're ahead of the 

In the railroading of tomorrow, ex- 
press freight trains will be one of 
the many public services that will 
depend on co- ordination and speed 
which in turn will depend on perfect 
communications - which will de- 
pend on perfect crystals. 

Valpey Crystals, unseen, 
unobtrusive, will be the 
vital servants of this type 
of communication. Preci- 
sion- ground by crystal 
craftsmen, they can be de- 
pended upon for perfect 
service whether in the arctic 
or the tropics. 

In planning your peacetime prod- 
ucts, be sure to consult Valpey. Our 
laboratory and our engineers are 
ready to help you with any problem 
of design or performance. 

Write for information on 
"CRYSTIONICS." 

NEW XLS 

Special new low 
frequency unit .. . 
rital in the newer 
fields of elec- 
tronics. 

CM -1 

A design for nor- 
mal frequency con. 
trol applications. 

CBC -0 

Where utmost in 
stability requires 
constant tempera- 
ture control in 
commercial in stalla- 
tions. 

VA LP EY 
ted e'orie 

CRAFTSMANSHIP IN CRYSTALS SINCE 1931 

HOLLISTON, MASSACHUSETTS 

CHART 
Continued from page 62] 

ferred toe. Solution of problems by the 
use of such charts are generally suffi- 
ciently accurate for practical purposes 
and much less laborious than by the 
usual complex formulae. 

Roferencog 
1. Geometric Solutions for Resonant 

Impedance Transforming Networks, 
Robert C. Paine, RADIO, page 36, Oct. 
1943. 
L -Type Matching Networks, Robert 
C. Paine. Radio News, (Radio -Elec- 
tronic edition) page 6, Jan. 1944. 
Geometric Solution of L type Excita- 
tion "Networks" Robert C. Paine 
"Electronics" page 242, Feb. 1944. 

2. "Graphical Solution of Voltage and 
Current Distribution and Impedance 
of Transmission Lines ", Robert C. 
Paine. IRE Proceedings, page 686, 
Nov. 1944. 

TUBES 
!Continued from page 27] 

what amounts to the same thing, if the 
acceleration and bundler voltages are 
too high. What happens is that the 
point of maximum bunching occurs 
somewhere along the drift space so 

that by the time the catcher grids are 
reached, the faster electrons have not 
only caught up with the slower ones 
which were originally ahead of them 
but also have actually passed the slower 
moving charge and gotten some dis- 
tance ahead of them. It is clear that if 
this sort of thing goes on long enough. 
a second bunching may take place when 
the slow electrons are overtaken by the 
fast ones of the preceding cycle. Tubes 
that are operated with a drift space that 
is longer than that needed to reach the 
first condition of optimum bunching are 
said to use overbunching. 

A convenient quantity to use in dis- 
cussing the operation of a velocity mod- 
ulation tube is one which is generally 
known as the bunching parameter. It 
is frequently represented as x and may, 
for example, be defined as 

Y, 
.r = trN 

V, 
where N is the number of cycles of the 
frequency being generated which elapse 
(luring the time of transit through the 
drift space of an electron of average 
velocity. N may have any value in an 
amplifier tube but is restricted to cer- 
tain values which satisfy the proper 
phase relations if the velocity modula- 
tion tube is to be used as an oscillator 

[Continued on page 66] 
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GIVE ACCURATE, TROUBLE -FREE SERVICE 

Because they are so consistently reliable in actual 

service ... Ohmite Rheostats, Resistors, Chokes and 
Designed and Built Tap Switches have become "the control engineer's 

to Withstand control units." 

SHOCK Shown here are a few of the many types extensively 

VIBRATION used in military and industrial equipment. The wide 

variety of types and sizes in stock or special units pro- 
TEMPERATURE EXTREMES vides a ready and exact answer to most applications. 

HUMIDITY In designing for war or postwar, let Ohmite ex- 

ALTITUDE perience help you. 

H 
OHMITE MANUFACTURING COMPANY 
4866 Flournoy Street Chicago 44, U.S.A. 

For helpful data and infor- 
mation, write on company 
letterhead for Industrial 
Catalog and Engineering 
Manual No. 40. Address 
Ohmite Manufacturing Co., 

4866 Flournoy Street 
Chicago 44, Ill. 
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EROVOx 
YPE 3014 
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III Cil-VO 

Ci%PÄCITAN CE 

Especially handy for compact radio or 
electronic assemblies, Type 14 Aerovox 
vertical- mounting oil capacitors enjoy wide- 
spread popularity. Recommended for high 
voltage filter circuits such as cathode -ray 
tube power supplies, and for high -voltage 
by-pass circuits in transmitters and public - 
address equipment. 

Meet the higher -voltage operating require- 
ments, especially at high altitudes. Immer- 
sion -proof one -piece molded bakelite pillar 
insulator and cap, for maximum spacing 
between live terminal and grounded can. 
Upright or inverted mounting. 2000 and 
3000 v. D.C.W. .01 to .25 mid. 

See Our Jobber .. . 

Ask him about your capacitor needs. Ask for 
latest catalog. Also for free subscription to 
the monthly Aerovox Research Worker. Or write 
us direct. 

L. 
INDIVIDUALLY TESTED 

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

In Canada AEROVOX CANADA LTD., HAMILTON, ONT. 

Export: 13 E. 40 ST . NEW YORK 16, N.Y.- Cable: 'ARAB' 
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[Continued from Page 64] 
by virtue of diverting some of the catch- 
er grid voltage back to the buncher 
grids. V, and V. are respectively the 
peak buncher voltage and the d -c beam 
voltage between cathode and anode. To 
the extent that certain approximations 
may be made and certain difficulties 
uch as debunching neglected, it can be 
shown that a given velocity modulation 
tube will be operating with optimum 
bunching when it is adjusted so that the 
bunching parameter is equal to 1.84. 

The usefulness of the quantity which 
we call the bunching parameter depends 
upon the fact that its value is the thing 
which, according to simple bunching 
theory, deterritines the output of the 
tube. With an ordinary triode, for ex- 
ample, we often plot plate current as a 
function of grid voltage. With a veloc- 
ity modulation tube, a graph showing 
output current as a function of buncher 
drive voltage does not have the same 
usefulness because the shape of such a 
curve is intimately tied in with factors 
which are concerned with the drift 
space and because increased drive on a 
given tube does not simply increase the 
output to saturation but instead gives 
an output which varies as a Bessel 
function. The Bessel function depend- 

ence cannot be avoided but if output is 
plotted against bunching parameter, we 
do specifically take account of all the 
factors of simple bunching theory which 
can influence the output of the tube. 

Figure 62 shows the Bessel function 
J,(x) which serves to establish a rela- 
tion between the bunching parameter 
and the output of a velocity modulation 
tube. The optimum adjustment is indi- 
cated and it is clear that such a value 
can generally be reached in any one of 
several ways. For example the bunch- 
ing parameter can be decreased by re- 
ducing N or V,. It may also be de- 
creased by making 1', larger. The de- 
cision as to just how the adjustment is 
to be made in a given case depends 
upon many factors such as efficiency, 
stability, and convenience. Voltages 
higher than a few hundred or at the 
most a few thousand volts are at best 
inconvenient. Unusually long drift 
spaces make the electron optic problems 
difficult and usually cause the efficiency 
to be less. Stability criteria may in 
certain applications even be so impor- 
tant as to cause a tube to be operated 
not at the first maximum at all but on 

2 Klystron Technical Manual, Sperry 
Gyroscope Company. 

PLANT NO.I 

DUSTLESSTOWN, OHIO 
It's the little things that loom biggest 

in the manufacture of delicate electrical 
measuring instruments. Little things like 
specks of dust or breath condensation can 
play havoc with accuracy. That's why 
Triplett Instruments are made in spot- 
less manufacturing departments; why the 
air is washed clean, de- humidified and 

temperature controlled; why every step 
in their mass production is protected. 
As a result Triplett Instruments perform 
better, last longer and render greater 
service value. 

Extra care in our work puts 
Extra Value in your Triplett 
Instrument. 

,at Triplett 
ELECTRICAL lNSTRUIIENT CO. BLUFFTON. OHIO 
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PERFORM A NCE 
in a tiny package 

It had to be small, this new 

MULTIPLE CHANNEL BAND PASS FILTER, 

because it's destined to do a special military ¡ob. 

FOSTER designed and is building it, meet- 

ing the high performance standard required, kept 

it light in weight, and sealed it in a case that 

measures only 2'/4 x 23/4x 3'/4 "! 

Terminals are sealed in VITROSEAL, a basic advance in transformer manufacture, exclusive with 

Foster. VITROSEAL terminals are fused uniformly, simultaneously, into the metal, in multiple. The 

job is neat, fast, economical. The seal is sure and extremely resistant to vibration and thermal shock. 

In the past 12 months Foster Engineers have solved more than 1000 individual transformer problems, 

designing and building entirely new units or "upping" the performance of units already in use. 

If you manufacture electrical and electronic equipment, it may well be worth your while to address 

your special transformer inquiries to Foster. 
REPRESENTATIVES 

BOB REID 

BAUMAN a BLUZAT 

810 WEST 57TH STREET 

2753 WEST NORTH AVENUE 

INDIANAPOLIS 5, IND. 

CHICAGO 47, ILL. 

TELEPHONE: BROADWAY 2725 

TELEPHONE: HUMBOLT 6809- 10 -11 -12 

SPECIALISTS IN BUILDING TRANSFORMERS SINCE 1938 

A. P. FOSTER COMPANY 
TRANSFORMER ENGINEERS & MANUFACTURERS 

719 WYOMING AVENUE, LOCKLAND 15, OHIO (SUBURB OF CINCINNATI) 
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some more remote if lesser maximum of 
the Bessel curve. 

Saw -Tooth Bunching 
From a purely theoretical point of 

view the sinusoidal bunching conditions 
illustrated in Fig. 5 may not be as opti- 
mum. Except for certain practical con- 
siderations which are dictated by the 
cavity system commonly used to supply 
the buncher voltage, it does not at all 
follow that some sort of wave form 
other than the sine wave shown there, 
may not serve better as a voltage for ex- 
citing the buncher grids. This was rec- 
ognized as long ago as 19373 when 
some German workers wrote about the 
use of a saw -tooth voltage on buncher 
grids in order to produce more dense 
bunching. 

Fig. 7 shows an Applegate diagram 
for such a bunching condition. Here it 
is assumed for simplicity that the 
buncher voltage can only speed up the 
electrons of the beam and never slow 
them down. Electrons from the gun 
which reach the buncher at times like 
those labeled t, in Fig. 7 pass on with 
only very small change in their velocity. 
Electrons which arrive later than that, 

3 Bruche, E. and A. Recknagel -Zeit 
fier Phys. -Vol. 108, p. 459 -482. 

up to and including time t,, are speeded 
up somewhat more. In fact, they are 
speeded up by an amount which is 
exactly proportional to their lateness. 
Thus all the electrons which arrive at 
the buncher between times t, and t, are 
able to catch up with the t, electron at 
the same time. With such a bunching 
condition, the Applegate diagram fore- 
casts that bunches of infinite density 
can be made to form between the grids 
of a correctly placed catcher cavity. Ac-. 
tually, of course, debunching effects 
come into play and it will probably al- 
ways be impossible to more than very 
roughly approximate the saw -tooth 
voltage needed for the buncher. At pres- 
ent saw -tooth bunching is therefore only 
a scientific curiosity so far as its actual 
use is concerned. 

A saw -tooth bunched tube can serve 
well as a model for approximate calcu- 
lations. Such a model demonstrates one 
way in which the velocities of a beam 
of electrons might be arranged so that 
at some point along the beans a catcher 
can be installed which in theory will 
have no charge at all passing through it 
most of the time and then at certain 
times will be traversed with an infinite 
current as the perfect bunches reach it. 
If such a velocity modulation tube 
could be built it would be 100% efficient 
as far as bunching goes. Any practical 
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tube will have an Applegate diagram 
more like that of Fig. 5 where the beam 
through the catcher only changes in 
magnitude and never becomes zero or 
even extremely large. The design prob- 
lem of velocity modulation is therefore 
one of trying to construct tubes in 
which the beam will act as much as pos- 
sible as if it were modulated with a 
saw -tooth voltage. The merit of the 
results of a design is often spoken of 
in terms of percentage efficiency of per- 
fect bunching. By this is meant the 
power output of the actual tube divided 
by the power that would be available 
from the sanie tube if it could be oper- 
ated with a caw- tooth drive. 

Antenna g 

Ground Systems 
[Continued from page 301 

the statement is misleading and not in 
line with ethical advertising. 

Directional arrays are, however, 
sometimes necessary in order to great- 
ly reduce the signal in specified direc- 
tions to prtoect a contour of another 
station on the same channel. The radi- 
ation pattern to be obtained is realized 
by using an array of two, three or 
four elements of certain spacing. The 
relative magnitudes and phases of the 
currents in the various elements are 
controlled by means of phasing net- 
works of T or pi networks, and the 
resultant field strength at any point 
about the array is the vector sum of 
the contributions from each element. 
The fundamentals of the circuit func- 
tions in directional arrays has been 
presented in a previous paper. 

Proof of Performance 
Before regular operation of a broad- 

cast transmitter is allowed, proof of 
performance of the directional antenna 
system must be submitted to the FCC. 
These tests are made during the ex- 
perimental period following completion 
of installation and they must show that 
the resultant pattern is the same as 
predicted and required by the ternis 
of the authorization. 

The methods of establishing this 
proof of performance are quite detailed 
and will be discussed more thoroughly 
in a later paper on Measurements. 
Briefly, however, field intensity meas- 
urements are made beginning just out- 
side the induction field of the array 
(not less than 10 times the spacing 
between the elements of the system) 

[Continued on paste 701 

3 Circuit Relations in Directional Broad- 
cast Transmitting Arrays, RADIO, June 
1944. 
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ALDEN 
for Graphic Recording of any kind 

OUR YEARS OF EXPERIENCE, and cumulative skills, in the designing 
and production of RADIO COMPONENTS, are now being used in 

making equipment which covers the entire field of FACSIMILE. 

Actual service, as found in war and communication work under all 
conditions, has given a PRACTICAL quality to our equipment which, 
under ordinary conditions, would not have been obtained in years of 
engineering with limited application. 

ALDEN PRODUCTS COMPANY is manufacturing practically ALL TYPES 

AND SIZES of facsimile and impulse recording equipment - using all 
the varied recording mediums: Photographic Paper, Film, Electrolytic 
Paper, Teledeltos, and Ink. 

ALFAX IMPULSE RECORDING PAPER 

By "COVERING THE ENTIRE FIELD," we mean .. . 

1. 

2. 

3. 

4. 

5. 

Some of our equipment has been used for the transmitting and receiv- 
ing of photographic pictures of reasonably high resolution (such as the 
war pictures now appearing in the news). 

Continuous Recorders -of the type whose value has been proven on 
National and International news service circuits -are now on their 
way to the Orient, to be used for the receiving of the so- called 
"picture" languages. They use ALFAX paper. 

Also, through the use of ALFAX (the first high -speed black and white 
permanent recording paper), HIGH -SPEED Signal Analysis Equipment 
has been made possible for various laboratories and Government 
Departments. Other equipments have employed Teledeltos Paper for 
message work and other purposes. 

For outlying posts, where servicing equipment is an impossibility, or, 
where radio or wire links are of poor quality and power, ALDEN Tape 
Recorders (recording medium, ink) -have been designed to operote 
with a minimum of trouble and adjustments, and have PROVED MOST 
SATISFACTORY. 

The ability of ALFAX Paper and ALDEN Machines to record impulses 
as they occur, without the inertia problems of many previous methods, 
has made possible other recorders at various speeds (including slow). 
They will record a whole day's history of related phenomena, with 
time indicated, and often -with self -calibrated linear reference marks 
for ready interpretation. 

ALDEN PRODUCTS COMPANY 
117 North Main Street 

BROCKTON (64H) MASSACHUSETTS 
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15 Park Row, New York City. New York 

R. F. CHOKES 
Illu trated are standard stock chokes de- 

signed to cover a band of frequencies. Uni- 
formly flat in response, Johnson R. F. 

chokes are equally effective over the en- 
tire range for which they were designed. 
Wire is enameled, silk covered, impreg- 
nated with low loss R. F. lacquer, and wound 
on steatite cores. Available in several cur 
rent ratings. 

Also available on special order are high 
current chokes for large transmitter appli- 
cations. These special chokes are individ- 
ually designed to operate on a specific fre- 
quency in such applications as tower light- 
ing circuits and in power supply circuits. 
Send your specifications to Johnson for 
recommendations and quotations. 

Ask for Catalpa 968 i K 

E 
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Johnson Co. Waseca, Minn. 

along a sufficient number of radials to 
establish the effective field. A curve 
is plotted on polar co- ordinate paper 
from the fields obtained which gives 
the inverse distance field pattern at one 
mile. From an observation of Fig. 7 
it is observed that the radius of a 
circle whose area is equal to the area 
bounded by the pattern indicates the 
effective field. In the case of the rela- 
tively simple directional pattern of Fig. 
7, measurements along 8 radials in 
addition to the radials in the direc- 
tions the field intensity values are spe- 
cified in the authorization are sufficient. 
In the case of more complicated pat- 
terns containing several sharp lobes or 
nulls, measurements are taken along 
as many additional radials as neces- 
sary to definitely define the pattern. 

Conclusions 
Keeping in mind the decibel scale as 

being the most useful in determining 
the effect on the listener of efficiency 
of service, we may compare the relative 
importance of selection of transmitter 
site with antenna system design. For 
example, when ground conductivity 
rises from 20 x 10-'5 e.m.u. to 100 x 
10-15 e.m.u., the average increase in the 
field intensity is around 10 db, and may 
be as much as 18 db. Also halving the 
distance between transmitter and re- 
ceiver will result in an average increase 
in field intensity of 10 db, never more 
than 14 db nor less than 6 db. An- 
tenna design, however, as long as the 
antenna height is more than 0.125 wave- 
length, and a reasonably good ground 
system is employed, can increase the 
field intensity by not more than a few 
decibels. Thus it is obvious that insofar 
as obtaining maximum field strength is 
concerned, the selection of a suitable 
site is of far more importance than de- 
sign of antenna and ground systems. 
The design of antenna systems is con- 
cerned with meeting certain require- 
ments in performance as outlined, other 
than gain of field strength. 
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TECHNICANA 
[Continued from page 201 

placement lag is dependent upon the 
relaxation time of the particle. For 
high frequencies, the period of the ap- 
plied force is very much shorter than the 
relaxation time so that the particles will 
hardly move and there will be no energy 
loss. For low frequencies, the particles 
will displace in step with the applied 
force. There will be no lag, therefore 
no energy loss. For some intermediate 
frequency the lag will be a maximum, 
and there will be a peak in the power 
factor curve. 

For dipolar materials, the power fac- 
tor loops are pronounced, as shown in 
Fig. 6, and the dielectric constants go 
through an absorption band due to dis- 
placements of ions in the materials. 

Thermosetting plastics, such as lami- 
nated or molded bakelites, do not show 
such pronounced loops since several 
types of molecules are present, and the 
peaks tend to overlap. 

A diagram in which displacing force 
is plotted against displacement takes 
the form of the well -known hysteresis 
loop, in which the energy loss is repre- 
sented by the area of the loop. For a 
perfect dielectric the curve is a straight - 
line and there are no losses. 

At high frequencies the loop is trav- 
ersed many times per second and the 
heat developed is greater than at low 
frequencies. For success in dielectric 
heating high -power factors are desired, 
so that polar materials should be select- 
ed. The exact frequency for maximum 
heating must be determined by experi- 
ment. 

Dielectric heating is not to be con- 
fused with eddy- current heating of 
metals which is also accomplished at 
radio frequencies. 

WANTED 
DESIGNER 

A Central New England manufacturer 
employing over 1000 people needs 

Draftsman - Designer on telephone and 

signaling (mechanical) apparatus. 

Knowledge of die- casting and plastic 
applications desirable. 

WMC Regulations Prevail. 
Reply to Box 223, 

c;'o RADIO Magazine 

%d 711c561,61 
World's Largest Manufacturer of 
Wireless Telegraphic Apparatus 
COMP, CTC C CHORAL 0/VICE COUIPMCMT 

McElroy Manufacturing Corp. 
82 Brookline Avenue Boston, Massachusetts 
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HOLD ON BOYS! WE SAID AL8/ON HAD 

PLENTY OF COILS -NOT GO /LS! 

SUPER -QUALITY COILS AT REASONABLE PRICES 

More and more every day, the industry is turning to Albion 
for fast, quality and quantity production of coils, chokes, 
and transformers. That's because here you benefit from 
the unbeatable combination of management "know how," 
skilled workmanship, streamlined facilities, and central 
location. Your requirements will he given prompt and 

thoughtful attention. 

;.. * FEBRUARY, 1945 

ALBI 0 N 
COIL COMPANY 

ALBION, ILLINOIS 
R. F. AND TRANSMITTING COILS AND CHOKES; 

I. F. TRANSFORMERS 
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NATION -WIDE 
MAIL ORDER 4 

DISTRIBUTORS 
SINCE 1928 

R4 Md AND 

L._L..Lze/ RVAI 
DEVICES 

Tat , 

TRADE 
INDUSTRY 
VOCATIONAL 
COMMUN (CATION 
PUBLIC UTILITY 

clod 
EXPERIMENTAL 
APPLICATIONS 

BURSTEIN- APPLEBEE CO. 

1012 -14 McGEE ST. 

KANSAS CITY 6, MISSOURI 

Will You Be "Let Out 
n 

When the "Let Down" Comes? 
PREPARE NOW FOR THAT 
PERMANENT RADIO JOB 

After the war . what? When the "let 
down" comes, sudden changes will take 
place as America goes back to peacetime 
production. and millions of men come back 
from the Armed Forces to take up their 
old jobs. Don't be caught unprepared: The 
important, career jobs still belong to the 
technically qualified men, and must be won 
and held on ability: CREI courses are de- 
signed to be studied in the most crowded 
schedules. Toa can study a few hours a 
week without interfering with your present 
work. So, write for all the facts now -for 
this is the time to make sure that your 
preparation for postwar success shall not 
he "too little, ton later' 

WRITE FOR 

FREE BOOKLET 

If you are a professional or 
amateur radioman and want 
to make more money -let us 
prove to you we have some- 
thing you need to qualify for 
the BETTER Career -job op- 
portunities that can be yours. 
To help its intelligently an- 
swer your inquiry- PLEASE 
STATE BRIEFLY YOUR 
EDUCATION, RADIO EX- 
PERIENCE AND PRESENT 
POSITION. 

CAPITOL RADIO 
ENGINEERING INSTITUTE 

Dept. RA -12, 3224-16th St., N. W., Washington 10, D.C. 

NEW PRODUCTS 

[Continued front page 48] 

untpauy to join in the development and 
to aid in the perfection of his invention. 

Quantity production to date has been 
confined to two important battery power 
supplies for portable U. S. Army and Navy 
radio equipment. These two battery packs 
have been built as replacements , for the 
conventional type dry batteries originally 
specified by the U. S. Signal Corps. Com- 
pared with the battery which it replaces, 
the Mallory Tropical Dry Battery as now 
supplied to the Armed Forces, provides 
four to six times the operating life. The 
Tropical Dry Cell has some noteworthy 
characteristics in addition to tremendously 
increased operating life. Its "shelf life" 
is equally outstanding. It will stand high 
temperatures which seriously impair con- 
ventional batteries. The individual cells 
are hermetically sealed. 

The cells comprising the batteries have 
what is known as a "flat discharge" char- 
acteristic. Whereas the voltage in a con- 
ventional cell continuously drops through - 
out operating life of the cell, the voltage 
in the new cell within practical limits, 
remains substantially constant up to the 
end of the cell life. This insures that 
'quipnient using the Tropical Dry Battery 
is a source of power will operate efficiently 
luring the entire life of the battery. 

Unlike conventional cells the new cell, 
within rated current range, possesses the 
same ampere hours' service life whether 
the battery is operated intermittently or 
ontinuously. Under normal conditions no 

recovery time is required. 
Licenses already have been granted by 

the Mallory Company to the following 
companies : Ray -O -Vac, Magnavox Cor- 
poration and Sprague Electric Company. 

The question of further licenses will be 
iet when a fair appraisal of the signifi- 

cance and breadth of this invention can be 
made. Suffice it to say that, in the peace- 
time future, the public will have adequate 
sources of supply at the lowest possible 
prices. 

CENTRALAB RADIOHMS 
Another Centralab product to revert to 

pre -war construction is the split knurl 
midget radiohm. The difference is in shaft 
specifications. 

War -time construction featured a thread- 
ed steel shaft with split -knurl tip. To make 
adjustments, the tip was removed, the 
shaft was cut to the required length minus 
21/32 inches, the tip was replaced and 
prick- punched to prevent turning. 

Present construction specifies an extrud- 
ed brass rod that allows immediate cutting 
to desired length as well as slotting the 
fin to the exact depth of the original con- 
trol without removal of the tip. 

Radiohms affected by the revived con- 
struction process are CRL numbers NK- 
136 to NK -144 inclusive and NK -172 to 
NK -174 inclusive. Both old and new speci- 
fications call for a 3 -inch shaft from end 
of hushing. A slight spread of the shaft 
portion is essential to provide tension for 
the knob in both cases. 

Wanted 
ENGINEERS 

Radio 

a 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 (or write), giving 
full qualifications. fo- 

R.L.D., EMPLOYMENT DEPT., 

Western Electric Co. 
100 CENTRAL AV., KEARNY, N. J. 

*Also: C. A. L. 

Locust St., Haverhill, Moss. 

Applicants must comply with WMC regulations 

RADIO RECEIVER 

ENGINEERS! 
Are you making plans ti 
day for your position of 
tomorrow? We have a de- 
finite postwar program in 
home radio and have open- 
ings for several engineers 
with prewar experience in 
complete design of home 
allwave receivers. Write 
personnel Manager 

MAGUIRE INDUSTRIES, INC. 
Electronics Division 

342 W. Putnam Ave., Greenwich, Conn. 

WANTED 
DEVELOPMENT ENGINEERS 

Mechanical and electrical. Graduate or 
equivalent training. Required for de- 
velopment work in the following 
branches: 
1. Electro- mechanical devices, commun- 

ication systems. Must be interested 
in development and familiar with 
magnetic circuits. 

2. Measuring and control instruments. 
Background should be in electrical 
engineering, including electronics. 
Statement of Availability Required. 

Box 222, c/o RADIO Magazine 
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RADIO GROUP SUBSCRIBERS 
SAVE UP TO 50% 

and Jere' V(Jh1: 

MEBBE THEY'LL LEAVE 
MY RADIO MAG FOR 
ME FROM NOW ON 

I NEVER GOT AROUND 
TO SUBSCRIBING -THIS 
I S QUICK AND EASY 

ME -I'M BUILDING A 
REFERENCE LIBRARY 
OUT OF EACH ISSUE 

I'LL BE RBLE TO FOLLOW 
PRESENT AND POST-WAR 

DEVELOPMENTS 

FORM YOUR GROUP TODAY- 
Every month, vital departments acquaint you with new- 
est developments - editorial "ear -to- the -ground" re- 
leases keep you abreast of trends, in fact, ahead of 
most coming events. 

For n limited time only -save up to half the regular 
cost of a RADIO subscription by using the Group 
Plan. The more in a Group the more each saves, up 
to )n(.* 

IF THEY'RE ALL GETTING 
IT -I WANT TO KNOW 
WHAT THEY'LL KNOW 

THE GROUP PLAN 
Here's what Group Subscriptions roll: 
One I yr. subscription $5.00 
Two 1 yr. subscriptions 2.50 each 
Three 1 yr, subscriptions 2.00 
Four I yr. subscriptions 1.75 
Fire 1 yr. subscriptions 1.60 
Six or more 1 yr. subscriptions 1.50 

Wake a list giving each subscriber's name, 
address, employer's name and their re.per. 
tine position.. 

RADIO MAGAZINES, INC. 
342 MADISON AVENUE NEW YORK 17, N. Y. 
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WAR BOND iIIAN 
-crass of '63 

Someday you'll want to see that boy. 
or girl, of yours off to college ... and 
right now is not too early to start mak- 
ing plans. 

Maybe your youngster, like so many 
other American boys, will work his way 
through school ... but even in that case 
you'll want to be in a position to give 
him a little help if he needs it. 

By what you put aside in War 
Bonds today you can help make sure he 
gets the same chance as other boys, 
tomorrow. 

Chances are you're already on the 
Payroll Savings Plan. Saving as you've 
never been able to save before. This is 
fine not only for you, but for your 
country- provided you keep on saving. 

RADIO 

But take your dollars out of the fight 
-and you will be hurting yourself, your 
boy's future, and your country. 

Buy all the bonds you possibly can. 
Try to get even more than you ever 
have before. And remember this . . . 

For every three dollars you invest 
today, you get four dollars back when 
your Bonds come due. You, and your boy, 
can use those extra dollars. 

Make sure you get those Bonds! Hold on 
to them till they come due! 

* This is an olirria! V..'. Treasury/ adrerlisemenl- prepared under auspices of Treasury Department and War Adrertising (`ouncil 
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VACUUM TUBE 
VOLTMETER 
RF - AC - DC 

The result of 10 years of 
Vacuum Tube Voltmeter 

Engineering. 

MODEL VM -27 
1- 3 -10 -30 -100 volts full scale. 

Peak response, r.m.s. calibration. 
HIGH IMPEDANCE -4 megohms at 50 
cycles, 60,000 ohms at 100 megacycles. 
7 megohms for d -c. 
ACCURATE -- Better than 2 percent on 
d c and 60 cycles thru megacycles. 
SELF- CONTAINED- 115 or 230 volt 
50 -60 cycle line operation. 

RF PROBE 

Interchangeable probe included for 
convenience and efficiency in making 
AC and RF measurements. Input ca- 
pacity 5 micro farads. Ruggedly 
mounted 6H6 tube in balanced circuit. 
Complete $150 net f.o.b. Flushing, N. Y. 

ACCESSORIES 
To increase VM27 range to 1000 volts. 

10X AC MULTIPLIER 
MODEL ACM -27 

Input impedance even greater than 
probe alone. Flat response from 20 
cycles to 200 megacycles. 

$17.00 net f.o.b. Flushing, N. 

10X DC 
MULTIPLIER 

MODEL DCM -27 

5 megohms input resistance. 

$8.00 net f.o.b. Flushing, N. Y. 

IMMEDIATE DELIVERIF-.t 

ALFRED W. BARBER LABORATORIES 
34 -04 FRANCIS LEWIS BLVD. 

FLUSHING, N. Y. 

ADVERTISING INDEX 
ADVERTISER PRODUCT PAGE 

Aerovox Corporation Capacitors 66 
Albion Coil Company Coils 71 
Alden Products Company Radio Components 69 
Altei- Lansing Corporation Loudspeakers 70 
American Phenolic Corporation .... rtugs, t,aotes, Connectors, 
Asiatic Corporation, The Sockets 9 

Microphones 12 
Automatic Elec. Sales Corp. Relays 57 

Barber Labs., Alfred W. Test Equipment 75 
Bell Telephone Labs. Mica 61 
Bridgeport Mg. Co Coils 55 
Burstein -Applebee Co. 'Electronic Equipment 72 

Cambridge Therm' 'c Corp. Radio & Electronic Comp. . Cover 
Capitol Radio Eng. Inst. Educational 72 
Cinaudagraph Speakers, lue. Speakers 64 
Concord Radio Corporation Electronic Equipment 18 
Conn. Tel. & Elec. Div. Electrical Equipment 51 
Cornish Wire Company Wire 70 
Coto-Coil Company, Inc. Coils 56 

3 

D -X Crystal C puny Crystals & Loop Antennas .... 62 

Eitel- McCullough, Inc. Tubes & Vacuum Pumps 53 
Electronic Mechanics, lne. Insulating Materials 1 
Electro -Voice Corporation Microphones 58 

Federal Tel. & Radio Corp. Cable, Wire 21 
Formica Insulation Co., The Laminated Plastics 23 
Foster Co., A. P. Transformers 67 

Goodrich Co., The, B. F. Insulation Material 76 
Guardian Electric Mfg. Co. Relays 7 

Hallicrafters Co., The t:ontmurtication Equipment ... 17 
Harvey Radio Company Radio & Electronic Equip. .... 62 
Ilarvey Radio Labs., The Electronic Instruments 11 

International Resistance Co. Resistors 15 

Jefferson Electric Co. Transformers 2 
Jensen Radio Mfg. Co. Acoustic Equipment 19 
Johnson Co., E. F. Transmitter Components 

70. 18, Cover 4 

McElroy Mfg. Co. Wireless Tel. Apparatus 70 

Maguire Industries, Inc. Help Wanted 72 
Measurements Corp. Vacuum Tube Voltmeter 16 
Monarch Mfg. Co. Instruments 16 
Myealcx Corp. of America Insulating Materials 24 

Ohmite Mfg. Company Resistors 65 

Bacon Electric Co. Sp.eaker.. 22 
Raytheon Production Corp. Tub,.. Cover 2 
Robinson Aviation, Inc. tiri,r.,, KuJi.. & Elec. Equip. 8 

Sprague Electric Co. Resistors 59 
Standard Transformer Corp. Transformers 14 
Stupakoff Ceramic & Mfg. Co. .... Ceramics 63 
Sylvania Eke. Prod., Inc. Tubes 10 

Triplett Elec. Instr. Co. Portable In.aranuntx 66 

Universal Microphone Co. Micropl 's 

U. S. Treasury Dept. War Bontb. 
1:3 

74 

Valpey Crystal Co. Crystals 64 

Western Electric Co. Electronic Equipment 4 & 5 
Western Electric Co. Help Wanted 72 
Wholesale Radio Labs. Tube Base Calculator 60 
Wrigley Jr., Co., Wm. Institutional 54 
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It uses 1900 feet 

of Geon insulated wire 

THE picture shows you part of the 1900 feet of 
electrical wire that go into this modern tapping 

machine - modern, to give one reason, because every 
inch of the wire insulation is made from one of the 
GEON polyvinyl materials. 

GEON is used because, in addition to possessing 
unusual electrical properties, it resists oil and oil 
fumes. It resists flame -is, in fact, self -extinguishing. 
It resists the heat of service conditions. It's smooth - 
permits easy handling and installation. It can be 
brilliantly colored in the entire NEMA range for easy, 
positive identification. 

76 

Because of GEON'S outstanding electrical proper- 
ties, the coating of insulation can be much thinner - 
more conductors can be run in each conduit. GEON 
is waterproof, acidproof, airproof, wearproof. It can 
be made into "spaghetti" to slip on fine radio or switch- 
board wire. Or it can be extruded onto heavy -duty 
underground power cable. 

Right now all the GEONS are subject to allocation 
by the War Production Board. But limited quantities 
can be had for experiment. And soon, increased pro- 
duction will permit much broader use of these im- 
portant materials. Meanwhile, our development staff 
and laboratory facilities are available to help you work 
out any special problems or applications. For more 
complete information write Department WW-2, Chem- 
ical Division, The B. F. Goodrich Company, 324 Rose 
Building, Cleveland 15, Ohio. 

CHEMICAL DIVISION 
THE B. F. GOODRICH COMPANY 
ROSE BUILDING, E. NINTH & PROSPECT, CLEVELAND 15 OHIO 
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In Parts Manufacture 
CONDENSERS -Variable, Fixed, Gas Filled Pressure, Neutralizing -a type 

for every transmitter need. 

INDUCTORS -Wire -wound, edgewise wound copper strip, copper tubing 
-fixed, tapped, or continuously variable --50 watt to 100 KW. 

INSULATORS -Stand -off, Thru-Pane , Cones, Bushings, Antenna Strain or 

Compression -a type for every requirement. 

TUBE SOCKETS -Steatite or Porcelain -Wafer, Bayonet, Miniature, Acorn 
or Special Types -a socket for almost any transmitting tube. 

HARDWARE -Tube Caps, Inductor Clips, Solder Terminals, Fuse Clips, 

Panel Bearings, Flexible Shafts -those hard -to -find 

parts. 

Ask for Catalog 968K 

constructional 
/ 

1. 

OTHER 

FAMOUS 

JOHNSON 

PRODUCTS 

Plugs and Jacks 

Couplings 

Concentric Line 

Chokes 

Antennas 

Antenna Phasing 
Equipment 

Antenna Coupling 
Units 

Heavy Duty 
R. F. Relays 

Make Before Break 
Switches 

Sampling 
Transformers 

E. F. JO H NSON COMPANY WASECA MINNESOTA 
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