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LEWIS WINNER, Editor 
F. WALEN, Assistant Editor 
A. D'ATTILIO, Assistant Editor 

lie See... 
THE IMMEASURABLE POWER of broad- casting has become an enthusiastic topic with everyone. Commentators, advertising writers, lecturers, authors 

. all are applauding the incom- parable utility of broadcasting today. Before a group of the nation's lead- ing industrialists, one lecturer said that the rapidity with which broad- casting has assumed wartime respon- sibilities, in a technical and adminis- trative way, has been truly amazing. Praise for the industry from adver- tisers, in fields entirely outside of radio, has also been common during the past months. Said one such ad- vertiser recently in describing the vir- tues of broadcasting ... to whose who are engaged in this difficult work so ably, America is forever indebted. 
Broadcasting is truly an essential tool of our arsenal of war production 

! 

RELAY STATION CONSTRUCTION has now been given the green light. For a recent FCC ruling, relaxing the re- cent freeze order, permits ... "the ju- dicious use of idle equipment to in- crease the power of relay broadcast stations when existing power is insuf- ficient ; the making of other changes in relay equipment to render improved service, and the construction of new relay broadcast stations for emergency links...." 
Stations must, of course, show that all materials are available without priority assistance for either construc- tion or maintenance. The FCC has also agreed to reconsider all previous requests for such equipment, that pre- viously were dismissed. 

To the FCC Committee on Critical Radio Materials goes the credit for this grand new ruling. Good work 

WE WERE SHOCKED TO LEARN of the death of David Grimes, one of the na- tion's leading radio specialists. He was killed while traveling in a transport plane in Ireland, on a special war mis- sion. 
Everyone will miss David Grimes. 

REMEMBER THE THIRD WAR LOAN drive is now on. Don't forget to back the attack . . . with more War Bond purchases.-L. W. 

2 COMMUNICATIONS FOR SEPTEMBER 1943 
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Performance Perfectionists 
Technical progress depends upon tireless experi- 

ment to perfect performance. 

Sylvania circuit engineers are performance perfec- 

tionists. They conduct never -ending tests on new cir- 

cuit and tube combinations using experimental equip- 

ment. They constantly improve radio and electronic 

tube quality. And they compile data that is the raw 

QUALITY THAT SERVES IN WAR 

material of invention. 

This long -range Sylvania research policy, which main- 

tained our standard of quality in peacetime, has proved 

invaluable in wartime. It has contributed to the im- 

provement of military communications, to the per- 

fection of Radar, to the volume production of cathode 

ray tubes, and to the development of timesaving elec- 

tronic devices for war industry. 

And it will prove no less valuable when victory widens 

the radio -electronics field. It will contribute to the 

development of FM radio and practical television. It 

will help to convert electronic military secrets of today 

into everyday miracles for better life 

and work tomorrow. 
pRMV 

SYLVANIA 
RADIO \ DIVISION 

ELECTRIC PRODUCTS INC. 

Emporium, Pa. 

RADIO TUBES, CATHODE RAY TUBES, ELECTRONIC DEVICES, INCANDES- 

CENT LAMPS, FLUORESCENT LAMPS, FIXTURES AND ACCESSORIES 
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course, on. you've a ight to be proud of your Mom! 
And Uncle Sam is prou s of her, too. He's proud of all the 
ers, wives. sweethearts -even many a grandma -who have 

ned the uniform of industry and enlisted in the battle ranks 
f war production here at G I 
Perhaps your dad is "over there" somewhere -exact where- 

abouts a military secret -along with millions of others fighting 
on land and sea and in the air Do yotl realize, Son, that their 
very lives, and, yes, your future happiness and that of other 
kids like you all over the world, depend on what this certificate 
of merit -the Army -Navy "E "- stands for? 

The men and women of General Instrument are déeply ap- 
preciative of the honor of the Army -Navy "E" award. They 
respect it not only as recognition of a record of high accom- 
plishment, but as an inspiration for future achievement in 
production for Victory 

* * * * * 

G I. is 100% in war production now. but after Victory, as in peacetime 
before the war, we will concentrate on the volume manufacture of pre- 
cision products in the electrical, mechanical and electronic fields for the 
betterment of the commercial, industrial and home life of America. 

C O R P O R A T I O N 
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In our 
record, 

MEMOPost -War Reference: 

NATIONAL UNION IS ONE 

OF THE LARGEST PRODUCERS 

OF CATHODE -RAY TUBES 

cathode -ray tube production 
now climbing upward week by 

week, we see the working out of plans 
made long ago. Here are the dreams of 

our engineers come true. Here is the 

model factory they planned and 
equipped especially for cathode -ray 

tube manufacture -one of the Industry's 

largest. Here are the mass production 
machines they designed -built by this 

company's own equipment division. 
Here are the hundreds of skilled workers 
to whom they taught this special art of 

tube making that calls for the utmost 
precision and accuracy. Here are their 
laboratories with research continuing 

NATIONAL UNION RADIO CORPORATION 

111 

NC1rYAitK, t1. 

12;-,1 

at an even greater pace, as though their 
work had just begun. And here are the 
results of all this thought and effort - 
National Union Cathode -Ray Tubes by 

the carload. Today, enroute to those 
who need them most -our fighting 
forces ! Tomorrow, destined to bring 
to millions of homes a marvelously 
improved kind of television with larger 
images, with greater sharpness, reality, 

at mass -market prices -and to thou- 

sands of factories many new precision 
testing and measuring devices. 

Count on National Union for the things 

you'll need - tubes, test equipment, 
engineering data -to keep your post -war 
service in step with electronics progress. 

J. LANSDALE. PENNA. 

ATIONAL UNION 
ItADIO AND ELECTRONIC TUBES 
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CALLS FOR IRC RESISTORS 
A locomotive driving -rod packs plenty of power 
as it hurtles its heavy load over the rails. To 
detect and accurately measure stress changes 
in driving rods, under actual running condi- 
tions, presented an exciting challenge to engi- 
neering ingenuity. Heretofore such data was 
approximated through polaroid means or em- 
pirical formulas, based on scale models. 

ANOTHER j Sill' DEVELOPMENT 

Research on the intricate device finally evolved, 
indicated the need for a very thin resistance ele- 

\`'Q1Ep 

FOR PER/. 

ment of uniform characteristics ... sensitive 
enough to accept every stress modification yet 
sufficiently stable so that readings made from 
time to time would be comparable. I R C engi- 
neers solved the problem by a unique application 
of I R C's exclusive Metallized coating to a 
non -conductive plastic strip. 

If you are confronted with a question inz oli'rng 
resistances, u'by not consult I R C, the company 
that makes resistors of more types, in more shapes, 
for more uses than any other manufacturer in 
the world? 

INTERNATIONAL RESISTANCE COMPANY 
415 N. BROAD STREET PHILADELPHIA 
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A very large proportion of all the 

equipment used today in America's 
approximately 900 broadcast stations 
was supplied by RCA. 

RCA is the only broadcast equipment 
supplier manufacturing a complete 
line of measuring and test equipment. 

NO IN as 

RCA's line of apparatus includes 
more of the equipment necessary for 
the efficient operation of modern 
broadcasting stations than that of 
any other manufacturer. 

ACA BROADCAST EQUIPMENT 
RCA Victor Division RADIO CORPORATION OF AMERICA Camden, N. J. 
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Creates new aids to Victory 

and to American industry 

Roc of the N orelco name and trademark is fid 
d p a 

of technical research in theéII 
cwch leas earned 

heri- 

tage 
electronics development 

reputation for 

the respect of engineers 
the world over. 

ed exclusively to Vic - 

Today, Norelco products are dedicated and one 

tory. This is the biggest job in the world 
re directed. to, 

to which all our efforts and resources 
today's aids to 

Tomorrow, Norelco products will make 
time pursuits of 

Victory profitably available to 
or lco recision and crafts - 

Americanindustry Tomorrow, 
an industry achieve new standards 

manship will help American 

perfection wherever electronic devices are used. 
asking us P Your 

Be sure you share in these ó 
Norelco 

developments 
listtoday 

to put your name on the Norelco engineers. g 

inquiries and problems will be welcomed by N 
,rubes; sneers Ampli- 

fier 

for Victory include: Cathode Tubes; Oscillator 
Transmitting 

Tubes; Rectifier Tubes; 

Plates; Tungsten and Molybdenum in p owder, rod, wire and 

sheet form; Tung sten Alloys; Fine Wire of all drawable m ray 
Diamond Dies, Search 

bare, plated and enameled; P hcations; 

X -Ray Diffraction APP 
A aratus for industrial and reseaï 

(X-Ray) Apparatus Electronic 

Indicators; Direct Reading Frequency 

,41 ore/co ELECTRONIC PRODUCTS 

NORTH AMERICAN 
PHILIPS COMPANY, INC. 

N. y,; other factories at Lewiston, 

Main factory and offices in Dobbs 
Vernon, N. Y. (Philips Metalix Corp.) 

ndus (Elnnle tDivision) 
s 419 Fourth Avenue, New York 16, N. Y. 

Industrial Electronics 
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THE INSPECTION OF QUARTZ... 
DIAGRAMMED BY CRYSTAL PRODUCTS 

Apex 

Major 
Apex Face 

Minor 
Apex Face 

Minor Face 

Major Face 

Ì Crystallographic 
Axes 

Quartz with the better piezo -electric properties 

are imported. The mineral is usually classified according 

to size with pieces ranging from 100 to 300 grams. 

A shipment of quartz nearly always represents a cross 

section of the quartz supply ... some crystals will have 

good faces and apexes, others only few faces and no 

apexes, and still others no faces or apexes at all. It is 

therefore necessary that they be expertly sorted, usually 

into three groups, each one to be treated in a different 

method before cutting. 

Next, in order, comes the study of impurities in the 

Striations 
or 

Growth Lines 

Butt 

different kinds of crystals. The impurities can be seen 

with the naked eye, by having a beam of light pass 

through the crystal. This shows up such impurities as 

fractures or cracks, foreign particles included within the 

crystal, bubbles, needles, veils, color and ghosts or phan- 

toms. The latter are cases where the crystal contains 

internal colored bands or planes parallel to the faces of 

the crystal. These really represent stages of growth of the 

crystal and it appears to the eye as if one crystal has 

grown within another. Crystals with excessive amounts 

of impurities are, of course, rejected. 

PRODUCTS COMPANY 
1519 MOCEE STREET, KANSAS CITY. MO. 

Producers of Approved Precision Crystals for Radio Frequency Control 
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CASH PRIZE 
CONTEST! 

FOR RADIO MEN IN THE SERVICE! 

"Meek" 4%eh" 
As you know, the Hallicrafters make SCR -299 Communications 

trucks. We are proud of our handiwork and proud of the job you 
men have been doing with them on every battle front. 

RULES FOR THE CONTEST 
We want letters telling of actual experiences with SCR -299 

units. We will give $100.00 for the best such letter received during 
each of the five months of November, December, January, February 
and March! 

We will send $1.00 for every serious letter received so even if 
you should not win a big prize your time will not be in vain. 

Your letter will be our property, of course, and we have the 
right to reproduce it in a Hallicrafters advertisement. 

Good luck and write as many letters as you wish. V -Mail 
letters will do. 

' I 

BUY MORE BONDS! 

the a idra fi ars ca. 261 1 INDIANA AVENUF, CHICAGO, U.S.A. MAKERS OF THE FAMOUS SCR -299 COMMUNICATIONS TRUCK 
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&4inozs 
SKILLED HANDS 

&,/e,ei e..e7,v 
On August 12th, 1943, United Electronics Company received 

the coveted Army -Navy "E" Award for excellence in produc- 

tion of war materials. 

In accepting the honor of flying the "E" burgee over our 

plant, we extend full and grateful recognition to the skill, the 

will and the spirit of loyalty which has motivated our personnel 

ever since Pearl Harbor. To the nation's official tribute we add 

d hearty well done" for our family of workers which has 

achieved an outstanding production record in both quantity and 

quality of output. 

Under the fresh inspiration of our "E" banner, we pledge 

ourselves to renewed and faithful effort. Our aim continues: 

more and better electronic tubes for victory today and 

better living tomorrow. 

E L E C T R O N I C S C O M P A N Y 

NEWARK NEW J ERSE Y 
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NOW'S THE TIME TO DRIVE FOR WAR BOND SALES 

AS YOU NEVER DROVE BEFORE! 

Many a soldier owes his life to a com- 
mander who drove him to the utmost 
in battle -never let him slacken for a 
single fatal instant! And after the war, 
many a worker will owe his economic 
safety to a leader who drove him 
continuously for higher Pay -Roll 
allotments for the purchase of War 
Bonds! 

Despite higher taxes and prices, the 
average worker still has more money 
than ever before -particularly on the 
basis of the family income. With others 
in the family earning, too, just let the 
worker 'figure it out for himself', and 
he usually will realize that now he can 

put more into War Bonds than he has 
been doing. 

That's why the Treasury Department 
has set new quotas for the current Pay - 
Roll Allotment Drive - quotas running 
about 50% above former figures. These 
quotas are designed to reach the new 
money that's coming into the family 
income. Coining from millions of new 
workers ... from women who never 
worked before ... from millions who 
never before earned anything like what 
they are getting today! 

The current War Bond effort is built 
around the family unit, and the Treas- 
ury Department now urges you to or- 

nti 
* * * * * * * * * * * * * 

41i YOU'VE DONE YOUR BIT -NOW DO YOUR BEST 
y * * * * * * 

12 COMMUNICATIONS FOR SEPTEMBER 1943 

ganize your War Bond thinking -and 
your War Bond selling -on the basis of 
your employees' family incomes. For 
details, get in touch with your local 
War Finance Committee which will sup- 
ply you with all necessary material for 
the proper presentation of the new plan 
to your workers through your labor- 
management committees. 

Today about 30,000,000 wage earn- 
ers, in 175,000 plants, are buying War 
Bonds at the rate of nearly half a bil- 
lion dollars a month. Great as this 
sum is, it is not enough! So turn -to to- 
day! Get this new family income plan 
working! 

This Space is a Contribution to America's 
All-Out War Effort By 

COMMUNICATIONS 
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"Highways of the Air" .. . 
Each year, millions of miles are flown in safety over highways of the 
air ... with the aid of RADIO RECEPTOR equipment . . . 

RADIO RANGE BEACONS LOCALIZERS 

MARKERS: FAN, "Z" AND SPOT AIRPORT TRAFFIC CONTROLS 

AIRPORT COMMUNICATIONS EQUIPMENT 

RADIO RECEPTOR engineers, cooperating with government agencies, 
have made important contributions to flight safety and efficiency. Many 
of these improved ground -to -air navigation devices are now in general 
use. Our present military assignments will further advance the scope 
and dependability of RADIO RECEPTOR equipment in peacetime travel 
and transport. 
We will send, on request, a copy of our revised brochure, "HIGHWAYS OF THE Am", now 
in preparation. Please write on your business stationery to our Executive Offices. 

251 WEST 19T0 STREET, NEW YORK 11, NEW YORK 
KEEP BUYING WAR BONDS AND STAMPS 

Awarded for Meritorious 
Service on the Production Front 

S I N C E 1 9 2 2 I N R A D I O A N D E L E C T R O N I C S 
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en of the James Knights Company 
ed in the manufa 

4 , r ergtency <p err od 
cgrrifi <natII'aHty,: as, already existing pro - 
duction facilities were called up. James 
Knights will be making Crystals too when 
this war is over - supplying them to those 
who demand the utmost in dependability 
and efficiency. 

PRECISI 

FOR CO 

Company 
PHONE 65 
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Locate your FM Studio 

for convenience 

Bridge the gap without 

wires with a G -E ST relay 

PROGRAMS from W4iMM, the Gordon 

Gray studio at Winston -Salem, N. C., are 

today being relayed, without wires, to its 

3 -kw transmitter high on Clingman's Peak 

I t o miles away. A G -E Station-to- Trans- 

mitter unit makes this wireless relaying 

possible. In similar use at FM stations in 

Chicago and Schenectady, and at inter- 

national short -wave stations in Boston and 

New York, the S -T relay has proved its 

economy, reliability, and unequaled trans- 

mitting fidelity in months of flawless day - 

in, day -out service. 

General Electric S -T equipment permits 

complete FM program fidelity from 3o to 

15,000 cycles ... the total range of the 

GENERAL 

human ear. This apparatus takes the place 
of technically inadequate or prohibitively 
expensive wire -line construction . . . for 

no connecting wires are needed! General 
Electric alone has pioneered and developed 
this wireless type of equipment .. . and 
G. E. is the only manufacturer who can 

supply it. 

A complete General Electric S -T relay - 
equipment installation includes: 

1. A 25 -watt FM transmitter. 
2. A rack- mounted station monitor. 
3. A double -conversion, crystal - 

controlled superheterodyne FM 
receiver. 

4. Special directional antennas that 
provide a 100 -fold power gain be- 
tween studio and transmitter. 

It's not too soon now to start 
locating the site for your post- 
war FM transmitter. G. E. has 
the experienced engineering 
personnel to help you find the 
best location, the S -T relay trans- 
mitter and receiver to reach it, 
and the studio and antenna 

. 
equipment to operate it ... plus broadcast 
and programming experience to help you 

select and train your future FM engineer- 
ing and studio staffs. We welcome your 
inquiries. Electronics Department, General 
Electric, Schenectady, New York. 

Tune in "TILE WORLD TODAY" and hear the news 
direct fro »t the men who see it happen, every 
evening except Sunday at G:65 E.W.T. over 

CBS. On Sunday listen to "The Haur of C'harnm" 

at 10 P. M. E.W.T. over T BC. 

EL$CTR=. fIUTELEVISION AM 

STUDIO EQUIPMENT TRANSMITTERS ANTENNAS ELECTRONIC TUBES HOME RECEIVERS 
www.americanradiohistory.com

www.americanradiohistory.com


Serving the Air Routes of the World 
...TODAY and TOMORROW 

On established passenger and cargo airlines, as well as on 

military missions, dependable communications are vital. 

Wilcox Aircraft Radio, Communication Receivers, Trans- 

mitting and Airline Radio Equipment have served leading 

airlines for many years ... and while, today, Wilcox facil- 

ities are geared to military needs, the requirements of the 

commercial airlines likewise are being handled. Look to 

Wilcox for leadership in dependable communications! 

16 COMMUNICATIONS FOR SEPTEMBER 1943 

kfe) 
WILCOX 

ELECTRIC COMPANY 
Quality Manufacturing 
of Radio Equipment 

14th & Chestnut Kansas City, Mo. 
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TWO -WAY LIFEBOAT RADIO 
Receiver- Transmitter 

Powered by Hand - 

Driven Generator 
Affords Telephony or 

Modulated Telegraphy 

T r a n s m i s s i o n 

by IRVING F. BYRNES 
Chief Engineer 

Radiomarine Corporation 
of America 

THE importance of providing 
radio communication from life- 

boats in time of distress has been 

recognized for many years. Suitably 

designed equipment not only permits 
the use of the conventional SOS call, 

but also enables transmission of sig- 

nals to actuate auto alarms and for 

direction finder bearings. Men who 

have been at sea in a lifeboat for a 

considerable period usually do not 

have accurate information on their 
position, and the direction finder on 

the rescuing ship is a valuable aid 

when taking radio bearings to locate 

the lifeboat. 
Lifeboat radio apparatus may be 

considered in three general classifica- 

tions. In the first class, we have so- 

called passenger ship equipment, per- 

manently installed in the lifeboats and 

comprising a radiotelegraph trans- 
mitter and receiver which are powered 
by storage batteries. This class of 

equipment is operated by the ship's 

Figures I (top, right) and 2 (bottom, right) 

In Figure I appears a motor driven radio - 

equipped lifeboat. Figure 2 shows the life- 
boat radio in operation. 
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radio personnel for normal two -way 
radiotelegraph communication. 

Portable Transmitters 

In the second class of lifeboat equip- 
ment, there is a portable radiotele- 
graph transmitter only, which is nor- 
mally stowed aboard the ship and 
then carried into a lifeboat when the 
vessel is abandoned. This portable 
type is powered by a storage battery 
or hand driven generator and includes 
an automatic mechanism to permit un- 
skilled personnel to transmit SOS and 
long dashes. It will be apparent that 
the portable class of lifeboat radio 
provides one -way transmission only 
as no receiver is built into the equip- 
ment. 

Transmitter -Receivers 

The third class, which is the type of 
equipment described in this paper, 
comprises a complete radiotelephone 
and radiotelegraph transmitter, with 
receiver, and a hand driven generator 
for power supply. Such equipment 
includes a telephone handset, an auto- 
matic SOS -long dash keying mechan- 
ism and a manual telegraph key. It 
is, therefore, capable of use by either 
unskilled personnel or by the radio 
operator. Permanently installed in 
port and starboard lifeboats, the equip- 
ment is always ready for immediate 
service in an emergency, and can, of 
course, be operated for indefinite 
periods since there are no batteries to 
be discharged. 

Advantages of Two -Way Unit 

The advantage of two -way lifeboat 
radio, with both telephone and tele- 
graph facilities, on the morale of the 
men in a lifeboat is obvious. Life- 
boats become separated after the vessel 
has been abandoned and the use of the 

Figures 3 (left) and 4 (above) 
Top view of the transmitter- receiver appears in Figure 3, 

while the front view is shown in Figure 4. 

telephone in providing interboat com- 
munication between the crew members 
is of considerable value. When dis- 
tress calls are transmitted, the ability 
to receive a reply from rescuing ves- 
sels helps keep up morale even in 
cases where the rescuing vessel replies 
by telegraph using prearranged recog- 
nition signals. Furthermore, needless 
operation of the lifeboat transmitter is 
avoided when the men in the lifeboat 
are able to determine whether ships 
have picked up their signals. 

General Construction 

The general construction of the 
transmitter -receiver unit and its hand 
driven generator are shown in the 
illustrations. The transmitter -receiver 
unit is housed in a watertight cabinet 
approximately 12" high, 22" wide, 
and 22" deep. The top cover of the 
cabinet, which is removable for in- 
spection or repair, is clamped down 
by means of wing nuts to provide a 
watertight enclosure. The front of 
the cabinet is fitted with a watertight 
door which, when opened, provides 
access to the various transmitter and 
receiver controls, the telephone hand- 
set, and the manual telegraph key. 

Hand Generator 

The hand generator, which is a corn- 
pact watertight unit, delivers d -c volt- 
ages of 6 and 315 for the filament and 
plate supply of the transmitter -receiver 
unit. Two cranks are used with the 
generator so that either one or two 
persons may operate the machine. 
The cranks are removable and are 
stowed in clamps on the generator 
body when not in use. The manual 
energy required to turn the hand gen- 
erator, when delivering its full rated 
load, is equivalent to approximately 
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one- quarter horsepower. The load on 
the generator is, of course, greatest 
when the transmitter is in operation, 
being reduced to one -third of full load 
value when the receiver only is in use. 
Crank handles are turned at a speed 
of 60 rpm. A gear train, inside the 
machine, causes the generator arma- 
ture to rotate at 3600 rpm. The gener- 
ator output voltages are maintained 
constant with varying crank speeds by 
means of a built -in voltage regulator. 
Frequency Used 

The equipment operates on the in- 
ternational distress frequency of 500 
kc. Both the transmitter and receiver 
circuits are pretuned and locked at this 
frequency, resulting in simplified con- 
trols when operated by the layman. 
The only receiver control used is that 
to adjust receiver sensitivity. The 
transmitter is resonated to the antenna, 
for maximum antenna current, by 
means of a single control, a meter 
being provided to indicate antenna 
current. The panel also includes a 
plate milliammeter as a check on 
overall operation and for initial instal- 
lation adjustments. A panel controlled 
manual- automatic switch is used. In 
the automatic position of this switch, 
the keying mechanism is connected in 
circuit so that SOS and long dashes 
are transmitted continuously when the 
generator is cranked. In the manual 
position of the switch, either telephone 
or manual telegraphic keying may be 
employed. 

Iron Core in Inductors 

The illustration showing the for 
view of the transmitter- receiver unit 
discloses the general arrangement 01 the component parts. The oscillato, 
tank inductor to the rear of tilt, chassis, near the terminal block, ii 
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Figures 5 (left) and 6 (right) 

he two antenna arrangements that can be 

sed with lifeboat radios are shown here. In 

igure 5, the antenna is equivalent to an 

nverted V. This is supported by an exten- 

ion to the lifeboat normal sailing mast so 

that the highest point of the antenna is 

pproximately 26 feet above the water line. 
'gure 6 shows an L type antenna, sup - 

orted by two masts, approximately 18 feet 
igh. A are the insulators; B is the ground 
ud for a metal hull lifeboat; C is the 

ground lead with sinker for a wood hull life- 
boat; H.G. is the hand driven generator 
and T.R. is the radio transmitter unit. 

rovided with an iron core for setting 
he oscillator frequency to 500 kc. The 

p -a tank inductor is a similar unit 
with the adjustable core brought out 

through the front panel for alignment 
purposes during installation. The an- 

tenna loading inductor comprises a 

tapped coil and an adjustable core for 
resonating the antenna circuit. All 

inductors are wound with litzendrath 
conductor, which is appreciably more 
efficient than solid conductor at 500 

kc. The antenna lead -in insulator is 

located at the rear of the cabinet and 
is enclosed by a circular metal shield 
for drip -proofing and for mechanical 
protection. The telephone handset is 

stowed in clamps in the space between 
the front panel and the enclosing 
cabinet. 

Automatic Keying Mechanism 

The automatic keying mechanism 
which transmits SOS and long dashes 
is mounted in the center rear section 
of the chassis. This device consists 
of a low drain 6 volt d -c motor operat- 
ing at 600 rpm which is coupled 
through a gear train to the signalling 
cam, the latter rotating at a speed of 

3 rpm. Each revolution of the signal- 
ling cam transmits SOS three times 
and a long dash having a duration of 

about 2.5 seconds. The six -volt driv- 
ing motor is of interest in that it re- 

quires an input of only 1.5 watts. 

Antenna Systems 

The antenna system used with this 
equipment may be either of the two 
types shown. In Figure 5 the antenna 
is equivalent to an inverted V sup- 

ported by an extension to the lifeboat 
normal sailing mast so that the high- 
est point of the antenna is approxi- 
mately 26 feet above the water line. 

In Figure 6 an L type of antenna is 

shown supported by two masts ap- 
proximately 18 feet high. With this 
type of antenna, the masts are hinged 
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at the base so that they lie flat in the 
lifeboat prior to the erection of the 

antenna. In the case of lifeboats con- 

structed with metal hulls, the ground 
connection is made directly to the 
hull. With wooden hull lifeboats, a 

20 -foot ground wire with attached 
sinker is placed in the water. 

Loading Problems 

In the design of a lifeboat radio 
transmitter for operation on 500 kc 

with antenna arrangements such as de- 

scribed, one of the primary problems 
concerns the antenna loading system. 
The average antenna has a capaci- 
tance of 100 mmfd and a total resist- 
ance at 500 kc of about 10 ohms. 

Only a very small portion of the total 
resistance is effective radiation resist- 
ance. Moreover, to resonate the an- 
tenna to 500 kc, an inductor of one 
millihenry is required. Government 
regulations for this class of equipment 
require a minimum antenna power of 

5 watts into a 100 -mmfd, 10 -ohm load, 
which corresponds to an antenna cur- 
rent of approximately 0.7 ampere. 
Since the capacitive reactance of the 
antenna is equivalent to 3200 ohms, 
the circulating volt- amperes with 0.7 

ampere antenna current are 1568. The 
relatively high ratio of about 300, 

therefore, exis' ;s between antenna 
watts and antenna volt- amperes. 
These factors are reflected in the de- 
sign of the antenna loading inductor. 
For example, a one -millihenry coil of 
practicable size will have a Q to the 
order of 160, and, therefore, appears 
as an effective resistance of 20 ohms 
at 500 kc. Small improvements in 

coil Q are of little benefit. If it were 
possible to double the Q of the coil, 
resulting in 10 -ohms effective resist- 
ance, it is obvious that half of the r -f 
power would still be lost in the loading 
inductor. Under practical conditions 
the designer must provide for the out- 
put tube to deliver approximately 15 

watts in order to realize a net antenna 
power of 5 watts. 

Circuits 

The schematic circuits of the radio 
transmitter and receiver are shown in 

Figure 7. The radio transmitter em- 
ploys one 6V6 -G oscillator, one 6L6-G 
power amplifier and two 6V6 -G mod- 
ulators. 

The oscillator circuit uses a series 
pair of capacitors shunted by the oscil- 
lator tank coil with the midpoint of 
the capacitors grounded to form a 

C'olpitts circuit. The oscillator grid 
potential is applied through a coupling 
capacitor to the power amplifier grid 
circuit. Oscillator and power ampli - 
tier screen circuits are connected in 

the conventional manner. 

Power Amplifier Tank 

The power amplifier tank circuit 
comprises an inductor and a special 
arrangement of capacitors for resonat- 
ing this circuit to 500 kc, and to 
couple into the antenna circuit. Part 
of the power amplifier capacitor leg 
consists of a group of .002 -mfd units 
arranged so that one or more of these 
units may be connected in parallel 
through a panel controlled coupling 
switch. These coupling capacitors, 
therefore, carry power amplifier tank 
and antenna current. This arrange- 
ment provides an efficient method of 

transferring the energy to the antenna 
circuit. When the antenna coupling 
is adjusted at the time of installation, 
the power amplifier tank circuit may 
be thrown slightly off resonance be- 
cause of the common capacitor ele- 
ments. The p -a is then brought back 
into resonance by means of the panel 
controlled movable iron core which is 

then locked in the desired position. 
For telephone transmission the 

microphone output is coupled through 
a suitable transformer to the push -pull 
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grids of the 6V6 -G modulator tubes. 
The plate circuit of these tubes is in 
turn coupled, through a modulation 

transformer, to tl-e plate and screen 
circuits of the 6L6 -G power amplifier 

(Continued on page 94) 
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Figure 7 
Schematic of the transmitter- receiver. 
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OIL AND CONDENSER MEASUREMENTS 
At Audio Frequencies 

t h o u t C o m m e r c i a l I n s t r u m e n t s 

ecif ically Designed For The Measurement 

EVERY laboratory worker has 
probably been faced at one time 
or another with the problem of 

easuring the capacitance and dissi- 
ation factor' of a condenser, or the 

Q and inductance of a coil, and has 
not had available a suitable bridge. 
The purpose of this discussion is to 
show that reasonably accurate meas- 
urements can be made at audio fre- 
quencies without a commercial instru- 
ment specifically designed for the 
measurement and without construct- 
ing permanently an instrument for the 
Purpose. The availability in the 
laboratory of some standards of im- 

pedance and of such staple items as 
decade resistance boxes and calibrat- 
ed variable condensers is assumed. An 
audio oscillator of reasonable output 
as a source of test voltage and a suit- 
able sensitive detector is also naturally 
quite necessary before an audio - 
frequency impedance measurement 
can be made. In addition, a shielded 
transformer will be required. 

The problem of stray capacitance 
in any bread -board layout of a circuit 
is always an important one, but can 
be particularly serious when measur- 
ing high impedances. Likewise elec- 
trostatic and magnetic pickup can be 

potential sources of difficulty. Con- 

siderable attention will consequent'. 
be paid to the problem of controlling 
stray capacitance, to measuring the 

capacitances that remain, and to taking 
them into account in computing re- 

sults. 

Basic Bridge Circuits 

Beinre entering a detailed discus- 

This manuscript, specially prepared 
for COMMUNICATIONS, fs based on a 

paper, "The Construction of Impe- 
dance Bridges." that was presented 
before the Basic Science Group of the 
Nei' York Section, American InstitHt,' 
of Electrical Engineers. 

MfASYRfMfNT: 

by IVAN G. EASTON 
Engineer 

General Radio Company 

sion of methods and connection - . some 
of the basic measuring circuit, are 
reviewed. In Figure 1 is shown a 

table of eight circuits, four each for 
the measurement of inductance and 
capacitance. Each circuit is a simple 
four -arm bridge, involving only re- 
sistance and capacitance as standards. 
The identification of the various 
bridges is in terms of the method by 

1Dissipation factor (D) is defined as the 
ratio of series resistance to series reactance and 
is equal to RwC for a capacitance in series 
with a resistance. This quantity is the co 
tangent of the power factor angle. For small 
values, power factor and dissipation factor are 
very nearly equal and are frequently used 
interchangeably. 

The ratio of series reactance to series re 
sistance is called storage factor and is desig 
nated as Q. For a capacitance in parallel with 
a resistance. we bave Q = RceC. For an in 

ductance and resistance in series. o = - 
R 

which the loss component of thé un- 
knowii impedance is measured. 

Capacitance Bridges 

In the series resistance bridge, the 
loss component or resistance of the un- 
known capacitor is measured in terms 
of a resistance placed in series with 
the standard capacitor. The equations 
of balance for this bridge turn out 

to be most conveniently written in 

terms of the series component of the 
unknown impedance. A careful anal- 
ysis will indicate that such a circuit 
is inherently best suited for measure- 
ments on capacitors whose dissipation 
factor is comparatively low. The re- 

sistance in series with the standard 
capacitor can be calibrated to read 

directly in dissipation factor (or D 

can be calculated simply from that 
resistance). 

As the name of the parallel resist- 
ance circuit implies, the resistive com- 

ponent of balance is made by a resist- 
ance in parallel with the standard 

Basic Capacitance and Inductance Bridges, Using Resistance and Capacitance 

Series- Resistance 

Parallel - Resistance 

Schering 

I lay 

\laxvell 
Owen 

"Parallel (l. en" .)1 :-cherinR 

(itU.%,I,ì.; .1 / test 

(it)HI /OIltut., .S'nifabl; for 

s'",,'ri t' I.mv I 

l I it:h /' 
, 

I I igit /' 

Figure I 

A tabulation of several circuits for the measurement of inductance and capacitance in 

terms of capacitance and resistance. Each circuit is discussed in the text. 
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capacitor. In this case the equations 
of balance are most simply expressed 
in ternis of parallel components of 
the unknown impedance. Further- 
more, the circuit is likely to be most 
useful for measurements on capacitors 
%vith large dissipation factors. 

These first two bridges are fre- 
quently called the simple impedance 
bridges, with an added designation to 
show the method of obtaining the loss 
balance. 

In the Schering circuit, the resistive 
component of the unknown is balanced 
by a capacitor placed in parallel with 
the resistance arm opposite to the un- 
known. While it is not so readily ap- 
parent, it is easy to show that this 
circuit basically measures the series 
components of the unknown and that 
it is most suitable for low values of 
dissipation factors. 

The fourth circuit listed is un- 
named for the reason that it probably 
has never been used and has no par- 
ticular usefulness, at least at audio 
frequencies. It is included here, how- 
ever, to complement logically the other 
three. In this arrangement the quad - 
rature balance is made with a con- 
denser in series with the resistance 
arm opposite the unknown impedance. 
As indicated, the balance equations 
for this circuit are most simply ex- 
pressed in terms of the parallel com- 
ponents of the unknown. 

Inductance Bridges 

Turning now to the circuits for the 
measurement of inductance, we list 
four circuits which are analagous to 
the four circuits discussed for capaci- 
tance measurement. In these circuits 
the unknown inductance is measured 
in terms of a standard capacitor, but 
since inductance and capacitance have 
reactances of unlike sign, the two re- 
active elements must be placed in op- 

VVtitiM/Vv 
R 

tS6666a 
L 

Figures 2 (left) and 3 (fop) 
Figure 2 illustrates the connections for a bench layout of a 
series -resistance type of capacitance bridge. The approximate 
equations of balance are 

RA 

CI. =CN - 
RB 

DP= DN -}-QA - QB 
In Figure 3, we have a simple representation of a resistor 
having residual inductance and capacitance. The Q of this 
circuit can be expressed as 

cté L 

Q =- - RwC 
R 

provided that w' LC « I. 
posite arms of the bridge to make a 
balance possible. 

In the Hay circuit, a resistance in 
series with the standard capacitor is 
used to balance the losses in the coil 
under measurement. If we write the 
balance conditions for this bridge, we 
find that the effective parallel compo- 
nent of unknown inductance is given 
by the triple product of the two resist- 
ance arms and the series capacitance 
in the standard arm. If, however, we 
write the expressions for the series 
components of the coil under measure- 
ment, we find that a term involving 
the square of the dissipation factor in 
the standard arm enters. In other 
words, this circuit fundamentally 
measures the parallel components in 
the unknown arm in ternis of the 
series components in the standard arm. 
A consideration of limiting cases will 
show that this circuit is best suited 
for measurements of inductors with 
relatively high Q. 

The circuit wherein we use a resist- 
ance in parallel with the standard 
capacitor is usually called the Max- 
well bridge. With this arrangement 
the series components of the unknown 
are measured in terms of the elements 
in parallel in the standard arm. 

In the Owen bridge the resistive 
component of balance is determined 
by a capacitance in series with one of 
the resistive arms (it does not matter 
which one). As indicated in Figure 
1, the series inductance and resistance 
of the coil are the components meas- 
ured by this circuit, and the circuit 
is basically best suited for inductors 
of relatively low Q. 

The fourth circuit listed is again 
one that has received very little at- 
tention in the literature.2 It utilizes a 

2Although mentioned in Hague's Alternating Current Bridge Measurements, fourth edition, with no name assigned to it. 
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parallel capacitor across a resistance 
arm adjacent to the unknown, and 
fundamentally measures the parallel 
components of the unknown impe- 
dence. 

Bridge -Sensitivity and 
Precision of Balance 

Once a suitable circuit has been 
selected for the desired measurement. 
the question of connecting generator 
and detector to it must be considered. 
Insofar as the balance conditions of 
the circuit are concerned, it is imma- 
terial how the two are connected 
across the bridge. The sensitivity 
(defined as the minimum fractional 
change in impedance that can be dis- 
tinguished), however, is dependent on 
the method of connection. The output 
voltage for a given circuit unbalance 
in the vicinity of balance can be ex- 
pressed in terms of the following sim- 
ple equations, which involve only the 
ratio of the impedances of the bridge 
arms across which the generator is 
connected: 

Enut = E,n 

A 

B 
Ent = E, 

A ' 
1+ - 

B 

d (la) 

d (lb) 

Equation la applies when A and B are similar impedances, and lb for the case of the generator connected across dissimilar impedances. The quantity 
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d is the fractional unbalance of the 
circuit. 

Maximum sensitivity is obtained 
when the two arms across which the 
generator is connected are equal in 

impedance. Considerable deviation 
from this ideal can usually be toler- 
ated, however, because of the ease 
with which voltage amplification can 
be obtained with vacuum -tube ampli- 
fiers. It must be remembered, never- 
theless, that if the ratio of the two 
impedances is extremely large, the 
effective sensitivity is markedly re- 
duced, and it may not be possible to 
achieve the desired precision of bal- 
ance. 

Equation 1 may be used to estimate 
the output voltage for given condi- 
tions and to determine the possible 
precision of balance with a given de- 
tector and oscillator, or conversely, to 
determine the required amplification 
to realize a desired precision of bal- 
ance. As an example, suppose we 
wish to measure a 1000 -mmfd con- 
denser and to be able to make a dissi- 
pation factor balance to 0.001. Sup- 
pose a 0.01 -mfd standard condenser 
is used and the generator is connected 
across the two capacitive arms. The 
output voltage for a dissipation factor 
unbalance of 0.001 becomes: 

10 
Eon, _ (0.001) E,n 

(1+104) 
8 x 10'6E, 

Thus, if 10 volts is applied to the 
bridge, it will be necessary to detect 
0.8 millivolt in order to distinguish 
the 0.001 unbalance of dissipation 
factor. This is somewhat beyond the 
range of ordinary head telephones, and 
a moderate amount of voltage amplifi- 
cation will be required. 

As a matter of fact, however, we 
frequently will find that other consid- 
erations may dictate the type of con- 
nection to the bridge and we are 
forced to take what sensitivity we can 
get or to change our circuit im- 
pedence. We may, for example, have 
a circuit set -up for capacitance meas- 
urement using a 1 -mfd standard con- 
denser, that is entirely satisfactory for 

Figure 4 (top) and 
5 (right) 

Figure 4 shows an 

equivalent circuit of 
a decade -resistance 
box with its asso- 
ciated capacitances. 
In Figure 5, we have 
the connections for 
a bench layout of a 

Schering bridge. 

measuring capacitances ranging from 
10,000 mmfd to 100 mfd. If we try 
to measure 100 mmfd with this circuit, 
we may find that the sensitivity has 
dropped too much. The sensitivity 
can be increased by changing to a 

smaller value of standard capacitance, 
say 10,000 mmfd. 

External Considerations 

The principal requirements on the 
oscillator used as a power source are 
that it deliver an adequate voltage of 

reasonably sinusoidal wave form. The 
detector system should, of course, have 
the sensitivity necessary for the de- 

sired precision of balance, and i* ad- 
dition should preferably have a certain 
amount of discrimination against har- 
monics and other unwanted fre- 
quencies. The degree of discrimina- 
tion necessary depends on the pre- 
cision of balance that is desired. For 
moderate precision (1% or slightly 
better) this factor need not be given 
much attention. 

Direct coupling between the voltage 
source and the detector must, of 
course, be avoided. Shielded units 
and leads should preferably be used, 
but if only unshielded ones are avail- 
able, proper orientation and spacing 
will frequently reduce pickup to a 

satisfactory minimum. 
Practically all oscillators and ampli- 

fiers, particularly if they are a -c oper- 
ated, will require that one terminal be 
grounded for satisfactory operation. 
Since generator and detector cannot 
both be connected directly to the 
bridge and grounded at the same time, 
a shielded transformer will be required 
to isolate the bridge from one of them. 
This enables us to connect either one 

directly to the bridge with one ter- 
minal grounded and replaces the 
terminal capacitances of the other by 
the terminal capacitances of the 
shielded transformer. These terminal 
capacitances will be thrown across the 
grounded bridge arms and are a 

source of error, but it will be shown 
later that they can be measured and 
at least partially taken into account. 

The Series -Resistance 
Capacitance Bridge 

To take a concrete example, let us 
consider the problem of measuring the 
capacitance and dissipation factor of 
reasonably good condensers (dissipa- 
tion factors not exceeding a few per 
cent). Referring back to our com- 
pilation of basic circuits ( Figure 1) 
it is evident that either the Schering 
or the series -resistance circuit will be 
suitable. If we have available a fixed 
standard capacitor and some decade 
resistance boxes, the series -resistance 
type is the most suitable circuit. 

Figure 2 shows the connections for 
a typical circuit, and some of the prob- 
lems will be discussed with particular 
reference to it. It will be noticed that 
the generator is connected across the 
capacitance arms of the bridge, 
through the shielded transformer, and 
that the junction of the two capacitive 
arms is grounded. This connection is 

chosen for two reasons. The terminal 
capacitances will have a less serious 
effect (or perhaps we should say, a 
more easily calculated effect) when 
placed across these arms, than if they 
were placed across the resistive arms. 
With the generator connected to the 
transformer, rather than to the de- 
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Figure 6 
The Hay (a) and Maxwell (b) bridges. The two circuits differ only in the method of balancing the resistive component of the unknown. The Hay circuit utilizes resistance in series with the standard condenser, while in Maxwell's arrangement a parallel resistance 

is used. The approximate equations of balance are: 
RARBCN 

I 

Hay: L,.= Q,.= 
1 +DN2 DN +QA +QB 

tector, there is less likelihood of diffi- 
culty with magnetic pick -up. Were 
the transformer used to connect the 
detector to the bridge, it would be 
operating, at balance, at a voltage null 
and magnetic pickup would naturally 
have a more serious effect. 

Consider now the transformer ter- 
minal capacitances, how they may be 
measured, and their effects on the cir- 
cuit conditions. With the shield con- 
nections as shown, one of the terminal 
capacitances is considerably larger 
than the other. The larger capacitance 
is obviously the one on the left -hand 
side, as it includes the capacitance -to- 
ground of the secondary shield and of 
the shield surrounding the lead to the 
high side of the unknown terminals of 
the bridge. The magnitudes of the 
two terminal capacitances can be 
measured quite accurately by making 
two balances of the bridge; one with 
the connections as shown, the other 
with the leads from the transformer 
to the bridge transposed at the bridge. 
With the connections as shown, the 
capacitance designated as C,,o is meas- 
ured directly, to a good degree of ac- 
curacy, if we assume the standard 
capacitance is large compared to the 
other terminal capacitance. With the 
leads reversed, a value for C., is ob- 
tained. With the particular circuit 
shown, the values of terminal capaci- 
tance are of the order of 10 mmfd and 
100 mmfd. It is felt that these can be 
measured to within a mmfd for the 
smaller and within about 5 mmfd for 
the larger. The capacitance connected 
across the unknown terminals is always 
measured as part of the P arm impe- 
dance and can be subtracted from ob- 
served values when we are making 
measurements, to obtain the true value 

Maxwell: 1-p= R,tRBCN Qi. _ 
QN 

I +QN ( QA+QB) 

of the unknown capacitance connected 
to that arm. The correction is impor- 
tant only when measuring small values 
of capacitance. The larger capacitance 
(C g) must be added to the known 
value of the standard capacitance. If, 
for example, the standard condenser 
is 10,000 mmfd, the correction is of 
the order of 1 %, and a slight error in 
the determination of this correction is 
Nuite insignificant. If the resistance 
ill series with the standard condenser 
is small compared to its reactance 
(this condition corresponds to our as- 
sumption that we are measuring a con- 
denser of fairly small D) the shunt- 
ing effect of the terminal capacitance 
will ñave no significant effect on the 
effective dissipation factor of that arm. 

When these terminal capacitances 
have been determined, the accuracy of 
capacitance measurement will depend 
almost entirely upon the accuracy with 
which the bridge arms are known. If 
0.1% components are used, the maxi- 
mum possible error will be of the 
order of 0.3%. 

Dissipation Factor Balance 

The determination of dissipation 
factor (or the resistance) of the un- 
known is subject to errors arising 
from residual impedances in the bridge 
arms. Neglecting the second -order 
terms, which can be shown to be or- 
dinarily neglegible, the equation for 
the resistive balance can be written 
as 

D = DN + DNO + QA - QB (2) 
Nvliere DNO is the dissipation factor of 
the standard condenser, DN = RNWCN, 
QA =RAwCA and QB= RBWCB. 
We wish to be able to compute D , 
the unknown D -F (dissipation factor) 
from the equation 
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D = DN = RNWCN (3) 
That is, the terms DNO, QA and QB are 
errors (although if they are accurately 
known, they introduce, not errors, but 
merely added inconvenience of calcu- 
lation). The accuracy of the dissipa- 
tion factor measurement depends upon 
the magnitude of these residual terms, 
and upon the accuracy with which 
they are known. The terms QA and 
QB are due to the stray capacitance 
shunting the resistive arms A and B. 
Residual inductance in these arms 
will give rise to similar terms. Fig- 
ure 3 is a representation of a resist- 
ance showing both series inductance 
and shunt capacitance. 

The Q of this circuit can be ex- 
pressed as 

wL 
Q = - RwC (4) 

R 

provided that w2LC << 1. Hence the 
series inductance introduces a Q term 
opposite in sign to that introduced by 
the shunt capacitance, and the equa- 
tions previously written may still be 
used by substituting for QA and QB 
their values modified by the presence 
of the series inductance. For high 
resistance settings of a decade box, 
the inductive Q is generally complete- 
ly negligible compared with the Q 
contributed by the shunt capacitance. 
At low settings, however, the induct- 
ance will predominate, and the error 
in the dissipation factor due to that 
particular arm will change its sign. 

The capacitances associated with 
the decade resistance boxes can be 
represented as shown in Figure 4. 
The terminal connected to the highest 
resistance decade is designated as H, 
while the terminal connected to the 
lowest resistance decade, and located 
nearest to the shield terminal, is desig- 
nated as L. 

The terminal capacitances CL and C can be measured directly with the 
bridge, of which the decade box is a 
part. Consider the ratio arm B of 
Figure 2. It is shown with the L 
terminal and the shield connected to 
the junction of the ratio arms. Hence 
CL is short -circuited, and CO parallels 
the resistance RO and does not affect 
the capacitance balance. If the bridge 
is balanced with the P arm open cir- 
cuited, a value for C will be ob- 
tained, as previously. If the shield is 
connected to ground, CH is thrown 
across the P arm, in parallel with Co, 
and the bridge at balance will indicate 
the value of CB + Co. The difference 
of the two readings is clearly Cu. By 
interchanging the L and H terminals 
of the box and following the same 
procedure, the value of Cr, is obtained. 
The value of Co cannot be measured 

MEASUREMENTS 

www.americanradiohistory.com

www.americanradiohistory.com


by the bridge, but independent meas- 

urements indicate a value of about 

5 mmfd for the General Radio type 

602 decade boxes. 
The series inductance (L in Figure 

3) cannot readily be determined, but 

approximate values are usually sup- 

plied by manufacturers of decade 
boxes. 

The direct -reading accuracy of dissi- 
pation factor measurement is obvious- 
ly limited by the sum of the residual 
Q's and D's of the circuit (equation 
2). If Qs is negative, which occurs 
when series inductance predominates 
over shunt capacitance in the B arm, 
all three error terms are additive. 
Let us examine the probable order 
of magnitude of the terms involved. 

A good mica standard in the N arm 
will of itself have a power factor less 

than 0.0005, but this may be nearly 
doubled by the losses in CAN shunting 
it. At one kilocycle the Q of a type 

602 -J decade box (for instance) will 

vary roughly from -0.0008 at 10,000 

ohms to +0.0007 at 10 ohms, so that 
the difference QA - QB may range 
from zero to 0.0015. The maximum 
error to be expected, then, in measur- 
ing the ,total dissipation factor of the 
P arm, will be of the order of 0.0025. 

If the ratio arms are nearly equal, 
however, the difference between their 
Q's will be small, and the maximum 
value of QA - QB 'i" DNO may be as 

low as 0.001. If QIL- QA be equal to 
DNO the error will approach zero. 
This condition may be approached by 

connecting a capacitor of known dissi- 
pation factor in the P arm, setting the 
resistance box in the N arm to the 
proper value, and balancing the bridge 
by means of a variable condenser 
across the A or B arm, as may be re- 
quired. A known resistance in series 
with a known capacitance, or an air 
condenser of extremely small dissipa- 
tion factor, may be used in the P arm. 
This procedure must be followed 
through for each setting of RB that is 

to be used and is a relatively long and 
tedious procedure that is generally not 
justified. If it is followed with care, 
however, the only remaining error is 

that caused by the variation of the 
Q of the A arm (something of the 
order of ±0.0005 at 1000 cycles). 

The Schering Circuit 

If a calibrated precision air capaci- 
tor is available, the Schering circuit 
offers several advantages for the 
measurement of capacitance and dis- 
sipation factor. 

(1) -The resistances RA and RB can 
be fixed, the capacitance CN being 
varied for balance. This allows an 

almost infinitesimally precise adjust- 
ment of the capacitance balance. 

(2) -An initial balance can be 
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Figure 7 

Here we have the 

connections for a 

bench layout of an 

inductance bridge. 
As shown, it is a 

Hay bridge, but can 

be converted to a 

Maxwell bridge by 
placing R in paral- 

lel with CS. 

established for dissipation factor, so 

that the dissipation factor of the un- 

known can be measured in ' terms of an 

increment of a calibrated condenser 
across the A arm. 

(3) -It is possible to make a direct 

substitution measurement across the 

standard capacitor (for capacitance 
within the range of the standard). 

In the design of commercial, shield- 

ed, self- contained Schering bridges it 

is customary to place the terminal 
capacitances of the shielded trans- 
former across the ratio arms, where 
they are relatively innocuous, becom- 

ing a part of the initial dissipation 
factor balance. In a bench layout, 
however, this is generally not possible. 

Figure 5 shows an arrangement 
wherein the terminal capacitances are 
placed across the capacitance arms, in 

the same manner as in the series - 

resistance bridge. 
A type 722 -D precision condenser 

(direct reading in capacitance from 

100 to 1100 mmfd, and from 25 to 

110 mmfd) is ideal for use as the 

capacitance standard. Any shielded 

air condenser, such as the type 539 -A, 

may be used for dissipation factor 

balance. An accurate capacitance cali- 

bration of this condenser can be ob- 

tained by a direct substitution method. 

with the type 539 condenser placed 

across the standard condenser, and 

with an appropriate condenser in the 

P arm for balance. Any variable air 
condenser of suitable size can be used 

for the dissipation factor balance 

while Cs is being calibrated. 
As shown, the larger terminal ca- 

pacitance is placed across the unknown 

arm while the smaller (5 -10 mmfd) is 

placed across the standard arm. Both 

of these terminal capacitances can be 

measured with good accuracy, as fol- 

lows: 
To measure Co, the capacitance 

across the standard arm (CN), balance 

the bridge with the ratio arms set 

equal and with a balancing condenser 
of from 100 -1000 mmfd in the P arm. 

Change the setting of the A arm and 

obtain a second balance. Denoting 
the readings of the standard condenser 
by CNI and CNs, respectively, the value 

of C. is given by 

RA 

C,1- CN2 

RB 

Co = 
RA -1 

(5) 

RB 

The initial capacitance (CAC) across 
the unknown arm is obtained by a di- 

rect measurement, it merely being 

necessary to add to CN the value of Co 

just obtained. That is 

RA 

Csar- (CN+Co) (6) 
RB 

After these quantities have been de- 

termined, a known constant capaci- 
tance can be added to the standard 
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arm reading at all times. Similarly, 
the zero capacitance (approximately 
100 mmfd) must be subtracted from 
the measured value of the unknown. 

The dissipation factor of the zero 
capacitance across the P arm can be 
determined as follows : Establish an 
initial balance (Ceo, De) with the P arm open, setting CA at some large 
value (an additional condenser across 
the B arm will be necessary). Place 
a 1000 -mmfd condenser in the P arm, 
and rebalance the bridge by means of C and CA. The dissipation factor of 
the zero capacitance will then be 
given by 

De() - 
AQ. - 

1- 

D, C, 

C2 

CSC 
(7) 

C_ 

In this equation, Cen is the zero ca- 
pacitance, C, is the total P arm ca- 
pacitance, and D, is the dissipation 
factor of the condenser CI placed 
across the P arm. If a good con- 
denser is used for C,, the ratio 
D,C, /C, will be very small and can be 
neglected. 

To establish the initial balance for 
any setting of the ratio arms it is 
merely necessary to connect a capaci- 
tance of known dissipation factor 
(best obtained by a known resistance 
in series with a known capacitance) in 
the P arm, to set CA to the proper 
value, and to balance by means of (', 

and an additional condenser in parallel 
with B. After a reference point on 
CA has been thus determined, it will 
be possible to compute Dp directly 
from any setting of CA, or, at any 
given frequency CA can be calibrated 
directly in dissipation factor. The ac- 
curacy of measurement will be limited 
by (1) -the accuracy of calibration 
of CA, by (2) -the accuracy with 
which the reference dissipation factor 
was known, and by (3) -the variation 
in the dissipation factor of the stand- 
ard condenser in the N arm as its 
setting is varied. ' An accuracy better 
than 0.001 (at 1000 cycles) can be 
attained if care is taken. 

Substitution Method With the 
Schering Bridge 

For the measurement of capaci- 
tance below 1000 mmfd, excellent ac- 
curacy for dissipation factor as well 
as capacitance can be attained by the 
use of a substitution method in the 
standard arm. Although the proce- 
dure for this type of measurement is 
fairly obvious, it is outlined here be- 
cause of its importance. 

An initial balance is made with a 
capacitance of about 1000 mmfd in 
the P arm, with the unknown in place 
and connected to the standard on the 
grounded side. The high -potential 
connection should he made with a bare 
self- supporting lead. For the initial 
balance this lead should be left /" 
or /" from the high terminal of the 
unknown. The condenser CA must be 
set at some fairly large value, since its 

Figure 8 

Schematic diagrams of (a) the Owen bridge, and (b) the Schering, or parallel, form of the Owen bridge. The conventional form of the Owen bridge balances the losses in the P -arm by a condenser in series with RA, while the circuit shown in (b) utilizes a parallel condenser across the A -arm. Circuit residuals are represented by RN. CA and Ca in both diagrams. The approximate equations of balance are 
DA 

Owen: Lp = RARBCN; Qp = 
L 

I +DA(QB-DN-}- Q'A) 
RARBCN I 

Schering: LP = ; Qp 
I +QAe QA-1-Qe +DN 
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setting must be reduced when the un- 
known is connected. When the initial 
balance is made and the settings of CA 
and CN noted, the unknown is con- 
nected and the bridge rebalanced. De- 
noting the new settings by CN' and 
CA', the increments by AC, and ACA 
we have (provided Dx is less than 
about 0.1) : 

Cx = CN - CN' = A CN (8 ) 
Cx 

Dx= RAco ACA 
Cy 

The capacitance so determined will 
be accurate within ±2 mmfd, a pos- 
sible maximum error of -_*1 mmfd for 
each capacitance setting. The possible 
error in D will range from 0.00005 for 
a 1000 -mmfd condenser to 0.0005 for 
a 100 -mmfd condenser. 

(9) 

Inductance Measurements 

The circuits listed in Figure 1 for 
the measurement of inductance de- 
liberately included only circuits which 
measure inductance in terms of ca- 
pacitance, in order to make possible 
such measurements using the same 
circuit components that are used for 
the measurement of capacitance. The 
Hay and Maxwell Bridges can be 
set up using the same components that 
were used for the series- resistance- 
capacitance bridge, while a circuit 
utilizing a precision condenser is also 
described below. 

Hay and Maxwell Bridges 

A close analogue of the series -re- 
sistance type of capacitance bridge is 
the Hay bridge, shown in Figure 6 
with simplified equations of balance. 

The expression for the storage fac- 
tor may be written in reciprocal form 
as 

1 Rp _ =Dp =- 
Qp wL, 

= DN-1-QA-l-QB DNO (10) 
where DNO is the dissipation factor 
of the standard condenser itself, and 
DN that added by the series resistor 
R,. 

Equation 10 in this form is identical 
with the corresponding equation for 
the analogous capacitance bridge, ex- 
cept that all the residual factors add, 
whereas the Q's of the ratio arms in 
a capacitance bridge are subtractive. 
This fact warns us immediately that, 
when the resistance arms are such that 
the effect of shunt capacitance pre- 
dominates over that of series induc- 
tance, less accuracy can be expected in 
measuring Q than for the correspond- 
ing quantity for a condenser. It is 
also evident that the residuals cannot, 
under these conditions, be neutralized 
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by adjusting capacitance across re- 

sistive arms. 

Errors from Residual Impedances 

From our knowledge of the magni- 
tude of the residuals we can readily 
estimate the order of magnitude of the 

error to be expected. Suppose we 

connect the bridge transformer in 

such a mariner as to place the sec- 

ondary shield -to- ground capacitance 
across the standard condenser (0.01 

mfd), and set RA and RB to (say) 10,- 

000 ohms. We may then use the 
values given in the previous discus- 
sion of the series -resistance ca- 
pacitance bridge. These values were 
QA = QB = 0.0008, DN = 0.001, which 

o 

give approximately 0.0025 for the 

maximum value of Q. -1- QB -{- DN 

This corresponds to an error of 25% 

in measuring a Q of 100, and to an 

error of 2% for Q = 10, if the simple 
1 

relation Q = -- is used. This ac- 
DN 

curacy at high value of Q, is rather 
poor but in many practical cases a 

knowledge of the approximate value of 

Q is sufficient, even when it is desired 
to know the inductance quite accurate- 
ly. The error in the indicated value 
of Q can always be reduced somewhat, 
of course, by inserting the estimated 
values of the residual terms into the 

equations of balance. 
The accuracy of inductance mea- 

surement with the Hay circuit will be 

limited largely by the accuracy with 
which the capacitance standard is 

known. With the standard known to 
± 0.1% an accuracy of approximately 
±0.3% can be achieved. The factor 

1 

which appears as a multiplier 
1+DN' 
in the expression for the series in- 

ductance L is significant only when 
the Q of this inductance is low. Ac- 

tually, however, this factor does not 

represent an error, but is the con- 
version factor between series induc- 

tance and equivalent parallel induc- 
tance. That is, even for low values 
of Q, the bridge reads correctly if the 
indicated result is properly interpreted 
as the effective parallel inductance of 

the unknown. 

Hay. Maxwell Bench Layouts 

A bench layout utilizing the Hay 
and Maxwell circuits is shown in 

Figure 7. The components required 
are the same as those used for the 
series -resistance type of capacitance 
bridge already described. The dis- 

position of the transformer terminal 
capacitances is different, however. 
The small (5 -10 mmfd) capacitance is 

placed across a resistive arm, while 
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Figure 9 

Connections for a 

bench setup of a par- 
allel form of Owen 
bridge. Here the in- 
ductance is balanced 
by a precision air 
condenser in the op- 
posite arm, while the 
resistance of the un- 
known is balanced 
by a capacitance 
across one of the 
fixed resistance arms. 

the larger (approximately 100 mmfd) 
is placed across the unknown arm. 
The effect of this capacitance on in- 

ductors of 0.1 henry or less is negligi- 
ble. For higher inductances, a satis- 
factory correction may be made, as- 

suming a value of 100 mmfd for this 
capacitance. 

For this particular configuration the 

sum of the residual Q's and D's is ap- 

proximately 0.002. 
A 100,000 -ohm resistance box across 

CN (= 0.01 mfd) will balance Q's up 

to 6.3, while the same box may be 

placed in series with CN for higher 
values of Q. 

The Owen Bridge 

In the Owen bridge the resistive 
component of the unknown impedance 
is balanced by a capacitance in series 
with one of the resistive arms. If the 
reactive balance is obtained by vary- 
ing this resistive arm, the two bal- 

ances are independent. For this cir- 
cuit the variable condenser determines 
the resistance balance, whereas for 

the Maxwell bridge the variable con- 

denser determines the inductance bal- 
ance. A decade condenser, with its 

relatively poor accuracy ( typically 
1 %), is generally satisfactory for the 
resistance measurement, however, as 

larger errors from other sources gen- 
erally determine the accuracy of mea- 

surement of this component. 

Another well recognized advantage 
of the Owen bridge is that it is a com- 

paratively easy matter to pass direct 
current through the unknown coil. 

This bridge is consequently suitable 
for measuring iron -core inductors with 
polarizing current flowing. 

The circuits so far discussed, how- 
ever, are all subject to the same limi- 
tation in measuring coils of high Q, 

namely, that the error in the deter- 
mination of Q (or of resistance) is 

directly proportional to Q, and an 
error of 25 %, 50 %, or even greater is 

not uncommon when , Q is of the 
order of 100 or greater. 

Circuit Using Precision Condenser 

In Figure 8 is shown a parallel 
form of the Owen bridge, while a 

bench layout of the circuit is given 
in Figure 9. Here the inductance is 

balanced by a precision air condenser 
in the opposite arm, while the re- 

sistance of the unknown is balanced by 

a capacitance across one of the fixed 
resistance arms. 

For capacitance measurements, one 

of the advantages of the Schering cir- 
cuit lies in the fact that it is a rela- 
tively simple matter to establish an 
initial balance by adjusting the dif- 
ference Q, - QB, using trimmer con- 

densers across the ratio arms. For 
inductance measurements, however, 

(Continued on page 99) 
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Closeup of the special relay device 
Figure I 

built at WCKY to afford a gradual reduction 
high voltage rectifiers. 

of filament voltages to 50 -kw amplifiers and 

A FILAMENT "STEPPER DOWNER" 
by H. B. GLATSTEIN 

WCKY Transmitting Chief Engineer 

T,, gradually reduce filament volt- 
ages applied to the 862 fifty - 
kilowatt amplifier tubes and the 

857 high voltage rectifiers, a special 
relay was constructed at WCKY. 
Since the filament voltages are initially 
applied in three steps, the system pro- 
vides for the removing of the voltages 
in the same sequence and at the same 
speed to lessen thermal shock to the 
tubes. This procedure fills the main- 
tenance requirements at WCKY that 
call for all voltages being removed at 
each signoff period. 

The relay was built at WCKY using 

castoff parts such as an old 1750 rpm 
fan motor, old telephone jacks and 
scrap bakelite. The heart of the relay 
is the motor that was taken from an 
old fan of the oscillating type, which 
had a geared -down shaft in the rear 
of the housing. This provided a speed 
of about 12 rpm and was originally 
used to oscillate the fan. This geared 
shaft was further geared down, using 
an old condenser drive gear. The final 
speed of the rotary contactor (A) is 
1Y2 revolutions per minute. Since the 
rotary contactor makes only one revo- 
lution each day, the gears may be of 
fibre or any other light material. 
Push Button Operation 

When the push button (D) is 
pushed in, relay (C) locks its contacts 
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across the push -button contacts and 
the push button may be released. 

As soon as the circuit of bus 1 is 
complete through the motor, the rotary 
contactor will start. As the edge of 
contact X passes contact 2, the second 
step filament contactor will drop out; 
when X passes contact 3, the first fila- 
ment contactor will drop out. 
Motor Control 

The motor will continue turning 
until X breaks contact with contact 5. 
At this point, contact will be made 
with contact 1 at Y. The relay then 
becomes ready for resetting. How- 
ever control bus 2 voltage is kept off 
by relay E, which is held in. 

When the station start -stop switch 
(Continued on page 108) 
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Type DW -51 
voltmeter in a 

metal ¡brass) 
case 

TYPE DW-51 D-c 
Volt- 

meters, Ammeters, 
Milliam- 

d Microammeters 
meters, an 

TYPE 
DW-52 Radio 

- 

frequency Ammeters 
and 

Milliammeters 
(A -c Ther- 

mocouple Types) 

ELEMENT ASSEMBLY 
(Approx twice actual size) 

Note the clean, simple lines of this compact element, 

made possible by the internal -pivot construction and by 

securing all parts solidly to the cast -comol magnet. 

Pd.° 
obtained by the use of internal pivots- pivots 

solidly mounted on the inside of the armature instead of the outside 

HIGH FACTOR OF MERIT- resulting from a feather- 

weight moving element and relatively high torque 

THESE new instruments are especially well suited 

for use in radio and other communications equip- 

ment where compactness is essential. In most ratings, 

they are approximately one inch deep. 

Thinness is obtained by the internal -pivot construc- 

tion. But this design affords much more than thinness. 

The elements, on account of their high torque and 

large- radius pivots, are well able to withstand vibra- 

tion. High torque combined with a lightweight mov- 

ing element results in fast response. Good damping 

Type DW -52 ammeter in 

a molded Textolite case 

makes for ease and accuracy of reading. Large clear- 

ances ensure reliable operation. 

All these features add up to a high factor of merit 

and all -round fine performance. 

For complete information on ratings, prices, dimen- 

sions, and specifications, ask the nearest G -E office 

for Bulletin GEA -4064. Or write to General Electric 

Company, Schenectady, N. Y. 

GENERAL ELECTRIC) 
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FACTORS AFFECTING PRE- 
by JOHN K. HILLIARD 

Altec Lansing Corporation 

1 

5000 10000 

OF the several factors influenc- 
ing the type of transmission 
characteristics in radio and 

sound reproduction giving the best 
overall results, the most important is 
the reduction of background noie. 

This reduction in noise by the pre - 
emphasis or equalization method ac- 
complishes beneficial results for two 
basic reasons: First, the peak energy 
of audible signals for the most part 
lies in the lower portion of the audible 
spectrum ; and second, the most ob- 
jectionable noise from static impulse 
noise, film and disc background occurs 
in the upper portion of the audible 
spectrum. 

Up to the present time, many de- 
grees and types of pre -equalization 
characteristics have existed in trans- 
mission and recording circuits. 

High- Frequency Peaks 

High- frequency peaks in earlier 
types of microphones provided a pre- 

Figure I 

Maximum intensity levels produced by large 
and small orchestras, based on measure- 
ments made by Sivian, Dunn and White, 

are shown here. 

equalization which tended to offset 
losses in radio receivers. Mechanical 
resonances in records for disc and film 
also provided another type of pre - 
equalization. These methods, how- 
ever, were undesirable since the tuning 
of the mechanical system varied and 
caused a variable characteristic. 

With the reduction of peaks in 
microphones and recorders, along with 
greater stability over a period of time, 
it is now practical to apply and 
achieve a large amount of pre- equali- 
zation for reduction of noise with little 
detrimental effect. 

Equalization Results 

The reason for introducing pre -and- 
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post equalization into an audible 
transmission channel or recording and reproducing system, is to obtain a better energy load factor than would 
be obtained with a normal character- 
istic of the system. 

From measurements reported by 
Sivian, Dunn and White, information 
has been made available on the maxi- 
mum intensity levels produced by large and small orchestras (Figure 
1). 

Voice Characteristics 

The average voice characteristics of 
both men and women have been de- termined by Loye and Morgan, and is shown in Figure 2. From these data, the average peak level intensity can 
be derived from the audible frequency 
band. 

These curves show that the maxi- mum energy occurs in the vicinity of 300 cycles for music and somewhere around 500 -700 cycles for voice work, 
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AND -POST EQUALIZATION 
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depending upon how much effort is 

expended in producing speech. 

Pre -equalization Limit 

Where the system must be designed 
to transmit both speech and music, the 
pre -equalization characteristic should 
he limited to start around 500 -700 

cycles. A limit of approximately 15 

db equalization at 10,000 cycles ap- 

pears to be a good balance to fit the 
load factor normally occurring in 

speech and music (Figure 3). 

Restoration of Frequencies 

The reduction in noise is accom- 
plished by transmitting or recording 
the higher frequencies at this in- 

creased amplitude relative to the 

lower frequencies. In reproduction 
they are restored to normal by means 
of the reciprocal or post equalizer. 
For a very small percentage of the 

time, the amplitudes of the high fre- 
quencies may be such that the capacity 
of the system temporarily is not suffi- 

cient. During this time the penalty 

SOUND ENGINEERING 

Figure 2 

The average voice characteristics of both 
men and women as determined by Loye and 

Morgan. From these data, the average peak 

level intensity can be derived from the 
audible frequency band. 

that must be paid is a temporary re- 

duction in gain of the system. Nor- 
mally, in orchestral sounds, no penalty 
is observed. Certain high frequency 
instruments such as cymbals and brass 
instruments, however, will overload. 
This overloading can be taken care of 

by the use of a limiting amplifier 
which reduces the gain for the short 
period required. 

For several years, vertical transcrip- 
tions have utilized the pre -equalization 
method to a marked advantage, and 
more recently, the 33 1/3 rpm lateral 
transcriptions have used a similar 
method with equal results. 

Television Sound Channels 

Television sound channels, and fre- 
quency modulated systems employ this 

method to increase the signal to noise 
ratio. Tube hiss and impulse types of 

noise are apparently reduced to the 
sane extent as is the noise on disc 
and film. Several motion picture 
studios use the pre- emphasis on orig- 
inal recording by the variahle density 
method. It is generally agreed that 
approximately 10 db of noise reduc- 
tion is obtained by this method. 

High- Frequency Overloading 

Objections have been raised to the 
use of pre -equalization on the basis 
that the high- frequency overloading 
would cause increased intermodulation 
and harmonic distortion. However, it 

has been observed throughout the 
past few years, in those systems that 
have utilized pre -and- post -equaliza- 
tion, that the reverse is true. Both 
dynamic and static tests indicate that 
the introduction of this method re- 
duces the overall distortion very ma- 
terially. The cleaner reproduction 
results also from the decreased inter - 

(Continued on page 110) 

COMMUNICATIONS FOR SEPTEMBER 1943 31 

www.americanradiohistory.com

www.americanradiohistory.com


50 

MEE a 39i9E::::::::: ::IIIIIiiiIÏi!Ern.L....#:il:ftdIdllilluÎJ!! 

...r.r.0 

wE!!O!:::mm::: . 
1111 

611111111111110%111:101 .`=:: ii6é8m?° 
In I7m y ENIMPIPILEArktrilliidifilnkilinin íi'i :ii . ... -. .uu.N.. 7 s..r.. -.ru .r .u.u.. 

h'::3m.J ' m ;;::::' :á3F93:3334=:::;: =:3 Nb 
NutiqfilimmoliwarenEllmilusuurrimumisinuorragmmusung 

.::;::::::13=.pal:malll:3o i:a:::iI:::33=:...aii9 N .u ...rw u.. i3::n::::mu. m::.ag ... . u wnw".-_ ..rfii iiíiGiii uú:::ú:::Ii::Iïü::::::a::mm::m9g?a:::r 
- ..o.....r w.rrr.. uv.-- :: i::93::u;. m: :3::::ma mm:fmmm:.---_ .. .rsi%. I a .::::s::::I:ss:s:m3iRi3: :.:.p: mi6:::í:--::::::::: a ; N.....m.:333ii._..N..u.7m::.........e:3:m:::S 

- : - I®'33 ....u...... . .....-..u. N. ........... .. . ..... ; : : i99BnE::::= e33ia9g3::i: a :::m:7myr 3a:m..:m:x r ::I: 33iîi r-.rí ::::: :::: .:::::: 3: .......ú:. .sí..33i:iiriw::r7r7rirrmm:7i Gi .f u. . N. r ..N .. r. : m9 ::ii$ii933:i?_,_,:= g=:::.::::r:....7...:9Ci3mmmm: .: .n r. '.í .::::::: :::.:::i:::ï : :: miii9 i ur.u..u.I.iiia..ir.r..Nmi3:EEr.N.:r.:7:.m::mI:: 
1 ..r :a m¢ ..N . .. . 

3 49: .°i:7:mm: 3a9 39E3 °:91m:. a:a::::.:a7::. 3: I l .. . :m:al : : m3 .. : ..é:i .. r..,.,. ei i i:ii:amiiir..E.iisiissmii uissi::::::ii::::::ia:m::i: 
Willi 

!ñR0:::39:E " ::: :: ::::: 'i:::.:ii::::i9°°:m:i',:°:::6:?::_ ,:E: Nr. m:.:m:............r..:_ .w.....r :QLiii E33í3í:a:m:gmmm:::::::::: :3i99:::::: ::::: :::::::::....:::: :::::: :: :::::::::::m....N.. . .......:. ................ ..CN....:........7:::... ....7.::.E.....::::::::933m3: ....mm::a::i..... .. ............ .... .. r. .r.w......w...::3m . .i : :i:::::i 
33:::::: 

i ::.rr.r.w. 
3 33a33Giw:iiiEi:=3i3:i3I,,i:aaS933s:;;;lj . , m;3.'s:;:::: ;=;;:.é:°'::: ':: ::i.i3i3i 

aa>:: 

110 120 I 3 0 140 150 160 170 180 KCS 

X 

100 

80 

60 

40 

20 

Figure 8 
Resistance and reactance of supply lines single phase 3 -wire I2/240 volt, 5 kva. Load side of service switch open. Left hand marked R to be used with curve R, right hand scale marked X for curve X. 
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CARRIER CURRENT TRANSMISSION 
Impedance Measurements Data Offered In 
Concluding Instalment of Two -Part Paper* 

by PERRY E. WIGHTMAN and HENRY H. LYON 
Radio Aide 

Prince George's County, 
Maryland 

DURING the period of experi- 
mental operation of several 
transmitters we noticed that it 

was necessary to adjust the tuning and 
loading when a transmitter was moved 
from one location to another. This 
was due to differences in the impe- 
dances into which the transmitter 

Chief Engineer, 
WO L, 

Washington, D. C. 

worked. A considerable number of 
impedance measurements were made 
at 5 -kc intervals over a frequency 
range of forty kilocycles above and 
below the operating frequency. We 
used a radio frequency bridge with the 

*Part I appeared in August COMMUNICA- 
TIONS. 
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usual driver and detector, to make 
these measurements. This was con- 
nected to the circuits at the point 
where a transmitter or.receiver was to 
be installed. 

Plots of Bridge Measurements 

The results of the bridge measure- 
ments were plotted, four of the charts 
being shown in Figures 8 to 11. In 
Figure 8, it will be seen that the vari- 
ation of resistance and reactance was 
rather smooth, rising with frequency, 

(Continued on page 54) 
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Meat, Vegetables and Groceries 

are going UP... 

Type 

NEW LOW PRICES ON THE VERY TYPES OF TUBES YOU NEED MOST 

Here's one thing you can count on for sure -right now and in the days to come: wher- 

ever improved manufacturing efficiency makes lower tube production costs possible, 

RCA will pass the savings along to you in the form of lowered prices! 

Take a look at these interesting examples among RCA's recently announced tube 

price reductions -in the face of generally rising commodity prices: 

803 

807 

833 -A 

837 

872 -A/872 

DESCRIPTION 

R -f power amplifier pentode; plate dissipation, 
125 watts; RCA's biggest pentode. 

Beam power amplifier; full power output with 

very low driving power. 

Amplifier and oscillator; one of RCA's most 

powerful glass -type triodes. 

Heater- cathode type pentode r -f power amplifier, 
frequency-multiplier, oscillator; designed for ex- 

acting service. 

Half -wave mercury -vapor rectifier; max. rating, 
10,000 peak inverse volts. 

Old Price' 
Present 

Price 

Here's What 
You Save 

$28.50 $25.00 $3.50 

3.50 2.25 1.25 

85.00 76.50 8.50 

7.50 2.80 4.70 

11.00 7.50 3.50 

*October, 1941. Between Oct. 14,'41, and Mar. 15,'43, food prices have increased 245 (U. S. Dept. of Com- 

merce Bulletin). RCA Transmitter Tube prices, on the other hand, have been materially reduced - an 

example of RCA's policy of passing the benefit of production economies on to its customers. 

For complete information write for 

copy of latest RCA Tube Price List. 

TUBE I EQUIPMENT DEPT., RCA VICTOR DIVISION, RADIO CORPORATION OF AMERICA, CAMDEN, N. J. 
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In Figure 
balanced 

Figures I 

I, we have a 
form. Figure 

network of 

(left) and 2 (right) 
multiple bridging network of the 
2 illustrates a multiple bridged 

the unbalanced form. 

THE communications engineer is 
frequently faced with the prob- 
lem of supplying a number of 

branch points, loops, lines, or equip- 
ment from a common source of sup- 
ply such as the output of an amplifier. 

One very satisfactory manner of 
providing a solution to this problem 
would be to use one or a number of 
multi -winding transformers connected 
in such a way as to match all of the 
various loops and equipment im- 
pedances with their respective image 
impedances. This would keep ampli- 
tude distortion low by properly load- 
ing the amplifier output, and frequency 
distortion to a minimum partly for the 
same reason noted. In addition by 
keeping each of the windings and 
connected branches properly matched, 
the unpleasant effects to quality which 
would otherwise result are avoided. A 
further advantage gained by properly 
matching impedances, especially where 
there are other active circuits con- 
nected in the same cabling, is that of 
minimizing crosstalk which inevitably 
results when reflection of energy is 
permitted at the junction of two dis- 
similar impedances, one of which is 
supplying energy to the other. 

Transformer Drawbacks 

Although the transformer can and 
does function very well to give an ex- 
cellent means of matching impedances, 
and with very little loss from a trans- 
mission viewpoint, we find a serious 
drawback because of the high cost of 
such transformers. And at the present 
time, there is still a further question of 
priorities and availability. Each unit 
must be custom or especially built for 
any given installation. In addition to 
these disadvantages, there is one of 

MULTIPLE 

either the replacement of the trans- 
former or the rebuilding of the equip- 
ment around it, when making changes 
which involve rearrangments of the 
connecting lines and associated equip- 
ment. A simpler solution must there- 
fore be sought. 

Multiple Bridging Networks 

Fortunately, there is a simple solu- 
tion. This is given by what is com- 
monly known as a multiple bridging 
network. These are also called multi- 
ple pads, and splitting pads. A re- 
duction in cost and an increase of 
flexibility with their usage is gained. 
To facilitate design and construction 
of a multiple bridging network for any 
desired ratio of impedances between 
input and outputs of the network and 
rapidly supply any number of branches 
desired, a series of tables, charts and 
examples, have been developed. 

All resistive types of networks dis- 
sipate energy in the resistance ele- 
ments of which they are composed. 
The multiple bridge is no exception to 
this general rule, and therefore a price 
is exacted for the advantages gained. 
The cost is an increased transmission 
loss over that obtained when using the 
transformer. This must be compen- 
sated for by increased gains at one or 
more points in the connecting system. 
A single stage amplifier will generally 
suffice for most applications, and for 
many installations, none at all will be 
needed since sufficient margin is fre- 
quently available in existent equip- 
ment. If additional gain must be 
added, it is best to add it at the input 
of the multiple bridge. This is espe- 
cially true if the network impedance 
ratios are high and the number of 
branches being fed are numerous. The 
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practical necessity for this procedure 
is determined by either excessive noise 
or crosstalk, or both. If the level of 
transmission at the output branches of 
the network is allowed to fall much 
in excess of twenty decibels below a 
power reference of one milli -watt into 
six hundred ohms, trouble from either 
or both of these causes may result. 
For flexibility of control, and the 
avoidance of these difficulties, the use 
of a separate amplifier associated with 
the network is to be highly recom- 
mended, although it is of course, not 
absolutely necessary. 

The exact manner of application of 
the multiple bridge will vary with in- 
dividual design tastes of the user ; it 
will depend upon the impedances to 
be matched, the losses required to 
match them and upon the general eco- 
nomic situation of each installation. 
Applications 

A few of the applications may be 
mentioned, although many more spe- 
cific ones could be added to the list. 
Among them, we might include : 

(1)- Integral usage with a separate 
amplifier to form what is com- 
monly termed a multiple bridg- 
ing amplifier. 

(2)- Supplying numerous loops for 
music distribution systems in 
and to hotels, cafes, and enter- 
tainment clubs. 

(3)- Distribution of incoming line 
energy to station transmitters, 
loops, monitors, and audition 
studios. 

(4) -In recording studios, to supply 
a number of recording units, 
fader systems, and extra loops to 
various points. 

(5)- Feeding speaker systems through- 

MEASUREMENTS 
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BRIDGING NETWORKS 
For Supplying Any Number Of Lines Or Units 

Of Equipment From A Common Source 

out large plants, railroad sta- 
tions, automobile parking areas, 
football fields, sport events, etc. 

In recent years, many groups, so- 

cieties and interested persons have 
gone to considerable effort and ex- 
pense to standardize a few impedance 
values for general purposes. How- 
ever, one still finds many different 
pieces of equipment with other than 
the relatively few standard im- 

pedances. For the majority of voice 
frequency applications, the impe- 
dances most frequently encountered in 

connection with lines and amplifiers 
are 500 and 600 ohms. In addition to 
these, there are . . . amplifier inputs 
ranging over values like 50, 125, 133, 

150, 175 and 250 ohms ; amplifier out- 
puts ranging from 3 or 4 ohms up to 
several thousand ohms ; speaker voice 
coils from 3 to 20 ohms ; fader sys- 
tems of 50, 200, 250, 500 and 600 

ohms. The desirability of having as 
few impedances as possible which will 
serve equally as well as an assorted 
lot seems quite reasonable and neces- 
sary on economic grounds, ii for no 
other reason. 

Since multiple bridging networks 
are designed normally on the basis of 
a common input impedance, and equal 
branch output impedances which are 
equal to or less than the common input 
impedance, it is necessary to use either 
a transformer for the odd values, or 
an impedance matching pad which is 

designed for minimum loss. Which 
of these is used will depend upon 

by PAUL B. WRIGHT 

whether the additional loss of the pad 
is great enough to require an addi- 
tional amplifier, or if the added cost 
of a transformer is the more economi- 
cal. On the other hand, a mismatch 
of impedances may be allowed to oc- 
cur without seriously impairing the 
quality to the branch considered, or, at 
the same time, causing any appreci- 
able distortion at either the source or 
to the remaining branches of the net- 
work. The accompanying charts give 
the losses of the minimum loss pads, 
and the formulae for the determina- 
tion of their elements ; also the loss 
resulting from a mismatch of the 
given impedances. Since the loss of 
these networks is relatively high, the 
effects of interaction losses are neg- 
lected as being unimportant for most 
practical applications. 

Equipment arrangements used in 

connection with multiple bridging net- 
works should always provide for pro- 
per termination of the bridge at all 
times. If one or more branches are 
disconnected from the bridge, termina- 
tions should replace the branches re- 
moved. The effect of failing to do so 
is most serious when the impedance 

IP. K. McElroy, Designing Resistive Attenu- 
ating Networks, Proceedings of IRE, Vol. 23, 
No. 3, March, 1935. 

Figures 3 (left) and 4 (right) 
A multiple bridge network, equivalent of 
Figures I or 2, appears in Figure 3. In 

Figure 4, we have a dissymmetrical T net- 
work, the equivalent of Figure 3. 

MEASUREMENTS 

ratio approaches unity and the num- 
ber of branches as few as two. In these 
cases, jumps in volume and impair- 
ment of quality will result. A con- 
venient manner in which to provide 
the terminations is to terminate the 
resistances on the back contacts of 

jacks or keys, whichever is used; or 
some form of strapping may be utilized 
if desired. 

Design 

The general configuration of the 
multiple bridging type of network de- 
scribed in this paper is shown in 

balanced form (Figure 1) and in un- 
balanced form (Figure 2) . For 
simplification, the usual equivalent 
generator frequently represented with 
zero impedance in series with the 
source impedance is omitted. It is 

assumed that power is supplied to the 
network from the source impedance in 

order to deliver power to each of the 
branches of the bridge. 

The definitions below will apply 
throughout the following analysis; 
using a portion of the nomenclature 
adopted in the work of McElroy'. 

R = ZCR, where Z is the source im- 
pedance and CR is a constant taken 
from Table 1. 

r = zC where z is the load impe- 
dance of each of the n branches of 
the network and Cr is a constant 
taken from Table 2. 

k' = logy1 (N /10) = ratio of the in- 
put power to the network and the 
output power delivered to each 
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Figure 5 

The loss in db for all values given in 

Table 3, plus all intermediate values not 
covered by the table directly. 

50 
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load of impedance z, and causing 
a loss of N decibels. 

k = logg1 (N /20) = the square root 
of the power ratio taken positively, 
and equal to or greater than one. 

s' = Z /z, the ratio of the source im- 
pedance to the load impedance of 
any one branch, and equal to or 
greater than one. 

n = number of load impedances or 
branches each having the value of 
z. 

u, v, w = resistive elements of the 
generalized T network, and equiva- 
lent to 2R, 2r, and (2r+z) /(n -1) 
respectively of the multiple bridge, 
of this paper. 

B = .115129 X no. of decibels = loge k. 

The equivalent form of Figures 4 
or 5 is shown in Figure 3. This may 
be recognized as having the general 
form of the dissymmetrical T network 
shown in Figure 4. 

Utilizing the theory of the general- 
ized T structure for pure resistance 

networks, the ratio of the input and 
output power of Figure 4 is: 

w -)-v+z 
2 k'= s' 

(1) 
The element values are given by 

Ck"+ 1 2k 
u = Z 

V = z 

k--1 s(k'-1) 
(2) 

¡ 

k + 1 2ks 

I. le-1 k°-1J 

2ks 
w 

-zCk'= - 1 

These become, for Z = z, or s 

Z k -1 
u= =v 

1 

k 
w = 2z . 

k- - 1 
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By comparing Figure 3 with Figure 
4, it can be seen that 

u =2R 
v =2r 
w = (2r -}- z) /(n - 1) 

(7) 
(8) 
(9) 

Substituting equations 8 and 9 into 1, 
we obtain the simple and compact ex- 
pression 

k =ns (10) 
Taking the logarithm of each side of 
this equation, and remembering that 
s' = Z /z, 

log,alc = (3/)logw(Z /z) + log10n 
(11) 

which has the linear slope form fa- 
miliar in analytical geometry of 

y = mx + b 

where : 

y = logl0k 
m = (Y2) 
x = log,0(Z/z) 
b = logl0n 

(12) 
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 Our enemies 

peoples an idealism that motivates the individual from 

upon him, are increasingly learning to count the cost 

accordingly miscalculating that tremendous VITAL 

force - AMERICAN SPIRIT! Just as American 

Spirit is helping forge victories on the field of 

battle, so does American Spirit on the production 

front provide the priceless ingredient which. added 

to materials and skills, results in our unprecedented 

output. 

who lack among their own 

within rather than one forced 

of their gross ignorance and 

RIBBON STRIP1 
- - - -W 

WILBUR B. DRIVER CO. 
N E W A R K N E W J E R S E Y 
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Table I 

CR 

Z - n II 

2 3 

1.0 .166667 .250000 
1.2 236842 .259919 
1.5 300000 .340000 
2.0 357142 .382352 
3.0 409091 .423076 
4.0 433333 .442857 
5.0 447369 .454546 
6.0 456522 .462263 
7.0 462962 .467741 
8.0 467742 .471831 
9.0 471428 .475000 

10.0 474358 .477500 
12.0 478723 .481303 
16.0 484126 .486014 
25.0 489899 .491070 
36.0 493007 .493809 
49.0 494872 .495455 
64.0 496078 .496521 
81.0 496905 .497254 

100.0 497494 .497776 

n n n n n n n 

4 5 6 7 8 9 10 

.300000 

.335165 
.369566 
.403226 
.436170 
.452380 
.462024 
.468420 
.474973 
.476378 
.479021 
.481132 
.484293 
.488235 
.492482 
.494782 
.496169 
.497067 
.497683 
.498123 

.333333 

.362069 
.390411 
.418868 
.445945 
.459595 
.467742 
.473154 
.477012 
.479950 
.482143 
.483935 
.486621 
.489975 
.493588 
.495551 
.496732 
.497498 
.498023 
.498399 

.357143 
.381517 
.400159 
.429577 
.453271 
.465035 
.472067 
.476744 
.480079 
.482578 
.484521 
.486073 
.468400 
.491304 
.494439 
.496139 
.497164 
.497329 
.498284 
.498610 

.375000 

.396193 

.417246 
.438145 
.458904 
.464231 
.475410 
.479522 
.482456 
.484653 
.486364 
.487730 
.489779 
.492327 
.495098 
.496596 
.497500 
.498086 
.498388 
.498775 

.388889 

.407651 

.427836 
.444882 
.464103 
.472549 
.478057 
.482096 
.484341 
.486302 
.487826 
.489047 
.491060 
.493157 
.495622 
.496960 
.497767 
.498290 
.498649 
.498906 

.400000 
.416839 
.433610 
.450310 
.470687 
.475232 
.480198 
.483506 
.485864 
.487636 
.489012 
.490104 
.491763 
.493821 
.496047 
.497250 
.497984 
.498456 
.498780 
.499012 

.409091 
.424369 
.439597 
.454774 
.469899 
.477439 
.481964 
.485025 
.487126 
.488734 
.489990 
.490090 
.492493 
.494370 
.496398 
.497499 
.498162 
.498593 
.498888 
.499100 

Equation 11, when plotted on semi - 
logarithmic graph paper gives par- 
allel lines having a slope of Y2, and an 
intercept of log n at Z = z or s = 1. 

From the definition for the loss in 
decibels and equations 10 and 11, 
the loss of the network from the input 
to each of the n loads or branches is 
obtained as: 

db = 201og,0k = 201og,o(ns) 

and 

db = 101og,o (Z /z) + 20 log,on 

For Z = z, or s = 1, the loss 
network becomes simply: 

db = 2010g-ion (1 5) 

(13) 

(14) 

of the 

Element Values 

The element values of the network 
in terms of the number of branches 
and the ratio of the input and load 
impedances are obtained from using 
equation 10 in 2 and 3 ; then combin- 
ing with equations 7 and 8, giving 
finally : 

+ 1 - 
R 

-Z r =ZCR L 2(n`s`-1) 
(16) 

and 

C112ß2 

+ 2n S" 
r =Z 1 =zc, 

2(n2s' 1) J 
(17) 

where the bracketed quantities = CR 
in 16, and Cr in 17. These become, 
for the special case of Z = z, or s = 1, 

The 
and 

product of CR (from Table I above) 
Z give the element R as shown in the 

figure at the right. 

the identities: 

Z k -1 
R = r = 

2 k + 1 

Z n -1 
= =ZCR =ZCr (18) 

2 n+1 
Tables 1, 2, and 3 have been cal- 

culated to facilitate obtaining rapidly 
the losses and element values of the 
network. They have been calculated 
from the functions given in equations 
16, 17 and 14 respectively. All of the 
common values of impedance ratios 
from 1 to 100 and of branches from 
2 to 10 have been included. For any 
number of branches greater than 10, 
two bridging networks may be bridged 
together giving an additional loss of 
6.02 db. 

Figure 5 provides loss in db for 
all the values given in Table 3 plus all 
intermediate values not covered by the 
table directly. For greatest accuracy, 
the tables should be used. If inter- 
mediate values not given directly by 
the tables are desired, they may be 
obtained by interpolation or calcula- 
tion. Although there will be prob- 
ably few instances when such data 
will be necessary, all of the necessary 
formulae have been shown so that 
any desired degree of accuracy might 
be obtained. 

An impedance matching pad is a 
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1-,nnnA, 

Lvr vA. 

R= ZC R 

Where 

CR= 
2(n2 52-1) 

s2 =Z /z 
n = Number of bridge outlets. 

22 n s +I-2n 

z 7 

degenerated T pad in which the 
arm next to the smaller terminating 
impedance has vanished and become 
equal to zero. From Figure 4 and 
equation 2, the condition necessary for 
I. to equal zero is that 

1" = s -I- Vs2 -1 (19) 
The loss of the degenerate network is 
therefore: 

db = 20log,olc 
= 201og. (s -(- Vs' -1 ) (20) 

The network has become an L type, or 
in the balanced form, a U type pad 
and capable of matching both of the 
impedances Z and z to which it is 
connected. Since the loss is a func- 

series 
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Figure 6 (a, top; b, right) 

The curve gives the loss caused by an 

impedance mismatch where the ratio at the 
junction considered is Z /z. This loss must 
be added to the transmission losses to 

obtain the total loss. 

tion of s, which is a function of the 
ratio of the two impedances, equation 
20 shows that for each value of the 
ratio of the terminating impedances, 
there corresponds a given minimum 
loss which must be suffered in trans- 
ferring energy from the one impe- 
dance to the other without reflection 
at the junctions of the network. 
Figure 6b shows the minimum loss that 
will be obtained in order to match the 
impedances of ratio Z /z, and the 
formulae for determining their ele- 
ments. 

If equation 19 and natural logarithms 
are used, we obtain a relationship 
which may be recognized as a hyper- 

T he impedance mis- matchi .q loss is 

db 20Log,o[(ZÁí),I]- OLoq,o(Z /z) -6.02 

bolic function. Likewise equation 2 

may be transformed into hyperbolic 
form by the placing of 

k = e0 (21) 

either form or method leads to the 
equation : 

s = cosh O 

Using equations 21 and 22 in equa- 
(22) 

Table 2 

Cr 

n 
2 

n n n n n n ll Il 

2 3 4 5 6 7 8 9 10 

1.0 
1.2 
1.5 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
12.0 
16.0 
25.0 
36.0 
49.0 
64.0 
81.0 

100.0 

166667 
131579 
100000 
071428 
045454 
033333 
026316 
021739 
018518 
016129 
014286 
012820 
010488 
007936 

.005050 
003496 
002564 
001961 
001548 
001253 

.250000 

.234694 

.220000 

.205882 

.192307 
.185715 
.181818 
.179246 
.177419 
.176056 
.175000 
.173858 
.172897 
.171328 
.119643 
.118731 
.118182 
.11726 
.117583 
.117408 

.300000 .333333 .357143 

.291209 .327586 .353081 

.282608 .321918 .349046 

.274193 .316827 .345070 

.265957 .310810 .341121 

.261904 .308080 .339161 

.259493 .306452 .337988 

.257895 .305369 .337209 
.256756 .304598 .336653 
.255906 .304020 .336236 
.255244 .303571 .335768 
.254714 .303212 .335655 
.253927 .302675 .335267 
.252941 .302005 .334782 
.251880 .301281 .334261 
.251304 .300890 .333977 
.250958 .300653 .333806 
.250733 .300500 .333478 
.250579 .300395 .333619 
.250469 .300320 .333565 

.375000 

.371971 

.368965 

.365980 
.363014 
.361539 
.360656 
.360068 
.359649 
.359334 
.359091 
.358895 
.358604 
.358238 
.357843 
.357629 
.357292 
.357416 
.357359 
.357317 

.388889 

.386543 

.386599 

.381889 

.382051 
.378431 
.377743 
.377285 
.376958 
.376712 
.376521 
.376370 
.376140 
.375855 
.375547 
.375380 
.375279 
.375213 
.375168 
.375136 

.400000 
.398128 
.396265 
.394410 
.392562 
.391641 
.391089 
.390722 
.390458 
.390264 
.390111 
.389986 
.389806 
.389574 
.389328 
.389193 
.389113 
.389060 
.389029 
.388998 

.409091 

.407563 
.406040 
.404523 
.403009 
.402256 
.401804 
.401552 
.401288 
.401125 
.401002 
.400900 
.400750 
.400562 
.400360 
.400250 
.400183 
.400140 
.400111 
.400090 

where 
r = z Cr 

n2s2+ 1- 2ns2 
Cr = 

2 (n2s2 -1) 
s2 = Z/z 
n = number of bridge outlets. 
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Table 3 

db 
Z n n n n n n n n 

2 3 4 5 6 7 8 9 

n 

10 
1.0 6.02 9.54 12.04 13.98 15.56 16.90 18.06 19.08 1.2 6.81 10.33 12.83 14.77 16.35 17.69 18.06 19.88 1.5 7.78 11.30 13.80 15.74 17.32 18.66 19.82 20.85 2.0 9.03 12.55 15.05 16.99 1837 19.91 21.07 22.08 3.0 10.79 14.31 16.81 18.75 20.33 21.67 22.92 23.86 4.0 12.04 15.56 18.06 20.00 21.58 22.92 24.08 25.10 5.0 13.01 16.53 19.03 20.97 22.55 23.89 25.05 26.07 6.0 13.80 17.32 19.82 21.76 23.34 24.68 25.93 26.87 7.0 14.47 17.99 20.49 22.43 24.01 25.35 26.51 27.54 8.0 15.05 18.57 21.07 23.01 24.59 25.93 27.09 28.12 9.0 15.56 19.08 21.58 23.52 25.10 26.44 27.60 28.63 10.0 16.02 19.54 22.04 23.98 25.56 26.90 28.06 29.08 12.0 16.81 20.33 22.83 24.77 26.35 27.69 28.85 29.88 16.0 18.06 21.58 24.08 26.02 27.60 28.94 30.10 31.13 25.0 20.00 23.52 26.02 27.96 29.54 30.88 32.04 33.06 36.0 21.58 25.10 27.60 29.54 31.13 32.46 33.62 34.65 49.0 2192 26.44 28.94 30.88 32.46 33.80 34.96 35.99 64.0 24.08 27.60 30.10 32.04 33.62 34.96 36.12 37.15 81.0 25.10 28.63 31.13 33.06 34.65 35.99 37.15 38.17 100.0 26.02 29.54 32.04 33.98 35.56 36.90 38.06 39.08 

20.00 
20.79 
21.76 
23.01 
24.77 
26.02 
26.99 
27.78 
28.45 
29.03 
29.54 
30.00 
30.79 
32.04 
33.98 
35.56 
36.90 
38.06 
39.08 
40.00 

The loss in decibels from the source impedance 
Z to any outlet z is 

db =20log (ns) 
where: 

n = nu. of bridge outlets. 
s2 = Z /z. 

when Z > z. 

A dissymmetrical balanced II attenuation pad or network may be obtained having the losses given in Table 3 with series arms of R and r, and shunt arm of (2r + z)/(n -1), as shown in Figure 3. When the network is unbalanced, it becomes a T pad having series arms of 2R and 2r, with a shunt of (2r + z)/(n -1), as shown in Figure 3. 
When Z= z, the same configurations hold true, except that the network becomes symmetrical with series arms of R = r, and shunt of (2R + Z)/(n -1) for the H pad ; and series arms of 2R = 2r and shunt of (2R + Z) / (n - 1) for the T pad. 

tions 3 and 4 and the relationships 
between the hyperbolic sine and cosine 
along with s2= Z /z, we obtain after 
some algebraic manipulation : 

v = V'Z(Z - z) (23) 
and 

w = Zz /v (24) 
Another and perhaps much simpler 
method to obtain the element values 
is to equate each end of the L net- 
work to its image impedances and 
solve the simultaneous pair of equa- 
tions resulting, giving the same values 
obtained above. These are the values 
required to match any source and load 
impedance to each other without re- 
flections taking place. Note that as 
the value of Z aproaches that of z or 
'onversely, the series arm y approaches 
zero; the shunt arm approaches in- 
finity, and the pad vanishes. 

Impedance Mis -match or Reflection 
Loss 

The ratio of the power that would 
(Continued on page 96) 

Figure 7 
This curve gives the minimum loss that will 
be obtained by the use of a matching net- 
work for the ratio of Z to z and still permit 

perfect matching at both ends of 
the network. 
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The impedance matching pad loss is 

db= 20Log,o[ff/z ( ] 

The element values of the pad are 
v zV (Y-T 
/J Z z /v 
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The Hytron 807 -peacetime all- purpose favorite -is now a veteran. Before it joins 

its battle- scarred brothers, however, like all Hytron tubes it must pass Hytron factory 

specifications which weed out the 4 -F's as efficiently as Army doctors at an induction 

center. Unless a Hytron 807 is in top fighting condition, it never leaves the factory. 

Let's look at a few of the many test hurdles it must surmount. 

BUMP TEST 
Ever stop to think of what a leaping, bouncing jeep or peep can 

do to a tube's " innards' R One answer to the question of a tube's 

ability to withstand such punishment, is the Bump Test. 

Several resounding smacks by a heavy, swinging hammer 

loosens up the weak sisters pronto! 

IMMERSION TEST 
A " PT" boat leaning back on its stern, and plowing a foaming 

furrow through steaming tropical waters would spell disaster 

to poorly -cemented bases and top caps. That is why Hytron 

807's are thoroughly soaked in a hot bath, before they are 

O.K.'d. 

LIFE TEST 
Day and night, Hytron 807's on life -test racks are proving that 
they can give long, dependable service. Soaring skyward in our 

big bombers, these tubes have a big investment in men and 

matériel to protect. Long after the big fellows have been 

patched for the last time, these tubes are still doing their jobs. 

VIBRATION TEST 
Link -trainer for 807's aspiring to tank service is a motor - 

driven eccentric arm which shakes the tube like an angry terrier 
while a v.t. voltmeter in the plate circuit records the ability of 

the elements to take it like the iron men who ride those clank- 

ing, thundering monsters. 

HYTRON TOLERANCES tighter than CUSTOMER TOLERANCES 

No manufacturer makes all tubes of a given type exactly alike_ 

Hytron does manufacture its tubes to tight specifications which 
insure against slight inaccuracies due to meters and the human 

element. Engineered to these narrower limits, Hytron tubes 
fit exactly the circuit constants with which they must operate. 

OLDEST EXCLUSIVE MANUFACTURER OF RADIO RECEIVING TUBES 

SALE M A N D N E W B U R Y P O R T, MASS. 
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WARTIME MASTER CONTROL 
by A. JAMES EBEL 

Chief Engineer, WILL 
AND KENNETH LUGE 

Engineer, WILL 
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CONTROL consoles represent a 
type of broadcast equipment 
which must be tailor -made for 

its particular application in the overall 
transmission system. Manufactured 
consoles, although standardized to a 
large extent, still provide for adapta- 
tion to individual conditions. Since any 
such equipment must serve to knit to- 
gether all the various units of the 
transmission system, its design must 
be definitely dependent on the type of 
operation contemplated, the facilities 
available, and the operating philoso- 
phy of the engineer in charge. For 
this reason no successful paper may 
be written on how to build a control 
console. Rather, a complete descrip- 
tion of existing equipment will add to 

Figure I 

The high level bridging type switching 
system used in the WILL master control 

console. 

the fund of information and ideas 
which the engineer can tap when de- 
signing a piece of equipment for his 
own application. 

Wartime Problems 

The equipment described here is 
interesting in that it had to be con- 
structed during wartime from existing 
parts. When the University of Illi- 
nois Radio Service had to move its 
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quarters, an old inadequate master 
control was remodeled into the equip- 
ment shown here. Certain components 
had to be obtained wherever available, 
but for the most part the components 
were salvaged from the old installa- 
tion. 

System Requirements 

The requirements to be imposed on 
the new control system were as fol- 
lows: 

(1) It must provide a master con- 
trol for a six -studio plant. 

(2) It must provide facilities for 
feeding a standard broadcast station, 
an f -m station, a recording room, acid 
other stations. 

(3) Audition facilities must be 
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CON SO LE 

Figure 2 

The console with its bank of varied- colored 
lights that serve to post the operator on 

the studios in use, which stations programs 
are going to, or whether the recording room 

or an outside station is being fed. 

established which can monitor any of 
the six studios. 

In addition to the above require- 
ments, since the University of Illinois 
Radio Service is a State operated or- 
ganization it is imperative to effect 
economies in operation wherever pos- 
sible. For this reason the studio con- 
trol for studio A, the most used studio, 
was incorporated as part of the master 
control console. Thus with the con- 
trol engineer operating master control, 
studio A control, and playing records 
at the same time, it became highly 
desirable that the operation of each 
of the units be simplified as much as 
possible. We feel that the console 
described meets these requirements 
satisfactorily. 

Switching System 

In Figure 1 appears the switching 
system used. It is of the. high level 
bridging type. While a pre -set sys- 
tem is highly desirable it was out of 
the question in this particular installa- 
tion since the relays necessary could 
not be obtained. Instead direct push- 
button switching is used and is highly 
successful. The push -buttons are of 
the telephone interlocking type with 
six to the strip. One strip is assigned 
to each feed circuit, making four strips 
in all. All studio outputs come into the 
switching system at zero level and are 
terminated in a 500 -ohm resistor. The 
switches provide bridges across any of 
the incoming program buses. The 
bridging loss is made up in booster 
amplifiers connected to the output feed 
circuits. Audition channels are pro- 
vided by two rotary switches which 
swing the audition bridging coils 
across the various incoming program 
buses. Two additional rotary switches 
bridge v -u meters across the incoming 
buses. 

Pilot Light Indication 

Pilot light indication of the switch- 
ing is provided by an extra contact 
on each of the push- button switches. 
The photograph of the console, Figure 
2, shows a bank of pilot lights in the 
center of the panel. Each feed circuit 

has a different color light so that the 
operator can tell at a glance which 
studios are feeding, and whether the 
program is going to WILL, the a -m 
transmitter ; WIUC, the f -ni trans- 
mitter ; the recording room ; or to an- 
other station. Also, taps are taken 
off of these lights and run to a stand- 
ard indicator board in each of the 
studio control rooms. 

Indicating Panel 

Figure 3 shows the standard indi- 
cating panel in the upper right corner 
of the studio B control console. The 
upper row of lights indicate which 
studio is feeding WILL, the a -m 
transmitter. The second row of lights 
indicates where the program from that 
particular studio is going. If a pro- 
gram is being fed to WILL, the red 
light comes on ; if to WIUC, amber, 
etc. The lights used are the regular 
6.3 AT pilot lights operated on 5 volts 
a -c. By careful pilot wiring, no a -c 

induction can be detected. Running 
the lights at reduced voltage insures 
long life for the lights and still pro- 
vides sufficient light for indication. 

Studio A Equipment 

The rest of the equipment mounted 
on the master control console panel 
comprises the studio A control equip- 
ment. The first row of key switches 
in the upper right corner of the panel 
provide remote line switching and 
cueing and a monitor transfer. It is 
possible to patch up four remotes 
ahead of time at the operator's leisure 
and then cue and switch them entirely 
on this set of switches (see Figure 1 

for circuit details). The second row 
of switches provides for four -order 
wires which can be patched in on the 

jack panel. The third 
switches are used for 
purposes where on and 
is necessary. 

row of twist 
miscellaneous 
off switching 

Six -Channels 

The six controls in the lower center 
of the panel, Figure 2. make up the 
six -channel mixer used in connection 
with studio A. It provides for two 
phono channels, two microphone chan- 
nels, and two remote channels. The 
remote channels can be converted to 
microphone channels by appropriate 
patches on the jack panel. The next 
control to the right is the monitor 
gain control. The set of push- button 
switches in the lower right section of 

the panel provide for program check- 
ing by the operator. The first button 
connects the monitoring amplifier to 
the monitoring receiver. The second 
connects to one of the audition rotary 
switches so that any of the programs 
going through the master control can 
be monitored. The third bridges 
across the first remote channel provid- 
ing a method for checking remote pro- 
grams before broadcast. The fourth 
provides a similar service for the 
second remote channel, and the fifth 
and sixth positions check the two 
phono tables respectively. Thus it is 
possible for the operator to check all 
operations in connection with the 
board by using push- button switching. 

Push -Button Relays 

The microphone and remote chan- 
nels are switched by a push- button- 
relay system making it possible for the 
announcer in studio A to operate his 
or her own microphones. This is a 

decided advantage since it frees the 
operator's hands at the time of pro- 
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Figures 3 (left) and 5 (below) 
The standard indicating panel is shown in 
Figure 3. The upper row of lights indicates 
WILL studio feeds. Second row reveals 
studio feeds. In Figure 5, appears the rack 
and panel mount of all amplifiers, etc. 

gram changes or at the start of tran- 
scriptions. Figure 4 shows the an- 
nouncer's control panel. Note that it 
also has a standard indicating panel 
showing the announcer which studio is 
on the air, and where that particular 
studio is feeding. 

In Figure 5 we see the panel mount- 
ing of all the various amplifiers, jack 
panels, receivers, loudspeaker, and 
associated equipment. This rack is 
made from angle iron drilled and 
tapped for standard panels. There is 
some lack of standardization in the 
equipment since it has been assembled 
over a long period of time and is con- 
stantly rebuilt to keep ahead of ad- 
vancing standards. All amplifiers 
were constructed by student employees 
of the University of Illinois Radio 

Service, giving them outstanding 
practical training in producing equip- 
ment to meet high technical standards. 
Conservative design and reliability are 
stressed in this equipment. The racks 
contain three pre -amplifiers, four pro- 
gram amplifiers, two standard booster 
amplifiers, and the f -m pre- emphasis 
booster amplifier. It also houses power 
supplies for the above, tone beat oscil- 
lator, an a -in receiver, an f -m receiver 
monitor speaker, terminal panels, and 
jack panels. The style strips intended 
for this installation had to be fore- 
gone because of material shortages. 

By using twisted shielded wire 
throughout, good grounding practice 
with special care in determining low 
potential points, parallel mixers, and 
adequate wire separation where fields 
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were anticipated, cross talk is more 
than 40 db down in all cases and the 
noise level is only that of the ampli- 
fiers in the various circuits. 

A year's operation of this equip- 
ment has not revealed any major 
weaknesses. There have been cases 
where four programs have been going 
through the board coming from four 
different points of origination, yet an 
alert operator can handle the switch- 
ing without difficulty. The board is 
not as easy for the untrained operator 
to learn to operate as some, but for 
the results to be accomplished it could 
not be simplified further. The only 
change contemplated when materials 
are again available is the installation 
of two more v -u meters to check the 
booster outputs so that feeds may be 
monitored more closely on the output 
side. The board has been made large 
enough to allow for ample expansion 
in the future as the situation seems to 
demand. 

Figure 4 
The announcer's control panel. 
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Where connections must be 
made and broken quickly 
and where these connections 
occur thousands of times in 

the life of the apparatus, only 
plugs are practical. In most cases, 
proper functioning of the apparatus 
demands a perfect connection, corn - 
bining qualities of low resistance, 
mechanical stability and long life. 

Now, the lives of our fighting men 
depend on such small things as 
plugs. There can be no compromise 
in engineering design, in the quality 
of materials, in the honesty of manu- 
facture. A few cents per thousand 
in the cost of plugs can cost the lives 
of hundreds of men in Europe or the 

Pacific. 
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Let Johnson, one of the pioneers in 

the manufacture of plugs and jacks, 
suggest a plug and jack combination 
for YOUR requirements in YOUR 

apparatus. Johnson has production 
capacity and a type for every re- 

quirement. Samples are available. 
Inquire today. 

CATALOG 961E 

E. F. JOHNSON COMPANY WASECA M I N N E S O T A 
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Figure I 

A section of the experimental laboratory, 
showing frequency standard and measuring 
equipment employed in research and pro- 
duction of crystals today. With the different 
cuts of crystals to consider for frequencies 
ranging from 25 kc up to 12 megacycles, 
it is necessary to employ a variety of pre- 
cision laboratory equipment to judge effec- 
tiveness. 

Quartz crystals have five principal modes 
of operation, which require extremely close 
study for effective application. These modes 
are known as the thickness mode, thickness 
shear mode, face shear mode, longitudinal 
mode and the flexure mode. In the thick- 
ness mode, the thickness determines the 
frequency, causing the crystal to expand 
and contract along the dimension of the 
thickness. The thickness shear mode prompts 
the major surfaces of the crystal to slide 
one with respect to the other and yet 
remain parallel. Angles formed by the side 
of the major surface which change and 
cause the crystal to lose its square and 
rectangular shape provide the face shear 
mode. Longitudinal mode consists of a 

periodic increase and decrease of crystal 
length. Flexure mode results in bending of 
crystal under action of the electric field 
applied to it. 

QUARTZ CRYSTALS 
Types, Modes of Vibration, Methods of Manufacture 

by MAURICE A. A. DRUESNE 

THE u,e uI crystals in communi- 
cation equipment and various 
industrial applications is based 

upon the piezoelectric property of cer- 
tain crystalline materials which was 
originally discovered by Pierre Curie. 
And in radio, quartz crystal oscilla- 
tors provide a simple and convenient 
means of frequency control. 

Different Crystals in Use 

Quartz is an hexagonal crystal 
whose atomic structure is well known. 
It possesses an orthogonal system of 
crystallographic axes which comprise 
the optic, mechanical and electric axes. 
Quartz oscillators are cut at definite 
angles with respect to these crystallo- 
graphic axes, and their orientation 
angles completely determine the elec- 
trical characteristics of the resulting 
crystal. 

A great number of different cuts 
have been discovered, but they can all 
be classified according to their modes 
of vibration. Most crystals vibrate in 
several modes at once and, consequent- 
ly, have several frequencies. Usually, 

Chief Engineer, The James Knights Company 

however, one mode of vibration pre- 
dominates and determines the fre- 
quency at which the crystal is used. 

There are five principal modes of 
vibration. The thickness mode, where 
the thickness determines the frequency, 
causes the crystal to expand and con- 
tract along the dimension of the 
thickness. The thickness shear mode 
causes the major surfaces of the crys- 
tal to slide one with respect to the 
other and yet to remain parallel. In 
the face shear mode the angles formed 
by the side of the major surfaces 
change, causing the crystal to lose its 
square or rectangular shape. The 
longitudinal mode of vibration con- 
sists in a periodic increase and de- 
crease of the length of the crystal. 
Finally, the flexure mode of vibration, 
as its name implies, results in a bend- 
ing of the crystal under the action of 
the electric field applied to it. 

Modes of Vibration 

For the above modes of vibration 
the frequency is giben by the follow- 
ing expressions : 
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Thickness and 
Thickness shear 

Face shear 

Longitudinal mode 

Flexure mode 

I 
f= - 

t 

1 1 
f=k 

1= w9 

f - - (1) 
1 

w 
f=k - 

1= 

Where t = thickness 
w - width 

1 = length 
k is a proportionality constant. 

The most important characteristics 
of a quartz oscillator are its tempera- 
ture coefficient and its freedom from 
spurious frequencies. 

Spurious Frequencies 

Spurious frequencies are determined 
by the coupled modes of vibration. The 
crystal may oscillate at different fre- 
quencies depending upon which mode 
of vibration is excited in it. Poor 
crystals have been known to jump fre- 
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ONE OF A SERIES OF ADVERTISEMENTS SHOWING DeJUR PRECISION PRODUCTS IN ACTION ON THE HOME FRONT 

q 5 6 

1 ELECTRONIC 
VOLTMETER 
OHMMETER 

Because of the secrecy encircling war production, little can be told of a meter's im- 

portance to almost every phase of the work. Suffice it to say that over a wide range 
of industrial electronic applications ... heat treating, counting, refining, sound de- 

tection, color selection, and many others about which not a word has been spoken 
or written ... electrical measuring instruments are universally used. 

It is of interest to know . . . for present and future reference . . . that DeJur 
precision meters are built into the equipment employed by many war plants. 
Wherever used, these meters enjoy confidence from the standpoint of sensitivity, 
durability and dependability. Peace will usher in even more new uses for meters. 
To insure absolute satisfaction, specify DeJur. 

Send your blood out to fight... donate a pint to the Red Cross today 

Awarded the Army -Navy 
t "E" for High Achievement 

jTh_oÚ 

SHELTON, CONNECTICUT 

NEW YORK PLANT : 99 Hudson Street, New York City CANADIAN SALES OFFICE: 560 King Street West, Toronto 
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Figure 2 

Radio lapping and calibrating positions where the frequency of the crystals is measured while being lapped. A beat note 
vides a simple yet effective audio method of checking on the frequency response. 

quency while in operation. In well 
designed, properly oriented crystals, 
the spurious frequencies are usually 
far removed from the nominal fre- 
quency and if need be they can be 
filtered out by a suitable circuit as an 
additional safety feature. 

Temperature Coefficient 

The temperature coefficient is also 
determined by the modes of vibration 
of the crystal which are in turn a 
function of the angles of orientation 
with respect to the crystallographic 
axes. Temperature coefficient simply 
means the change in frequency as a 
function of the change in operating 
temperature, and it is usually ex- 
pressed in cycles per megacycle per 
degree Centigrade, or in parts per 
million per degree Centigrade. 

For high precision work such as 
primary frequency standards the 
crystals are used in a constant tern - 
perature oven but in most applications 
the crystal is used at whatever tem- 
perature happens to prevail. It is, 
therefore, obvious that crystals having 
a low drift are much sought after, 
particularly for use in planes or tanks. 
Some cuts, such as the BT, CT, DT 
cuts, have a so- called turning point; 
this simply means that the frequency 
will increase with the temperature up 
to a certain point and then will de- 
crease with a further increase in tem- 
perature. Fortunately, the tempera- 
ture at which this turning point occurs 
can be controlled within certain limits. 
It follows, therefore, that if this re- 
versal in drift can be made to take 

place at the temperature at which the 
crystal is most often used the fre- 
quency drift will thus be minimized. 

Frequency Ranges 

Due to their physical dimensions the 
various cuts can only be used within 
their specific frequency range. For 
example, in the range from 500 kc to 
3500 kc, the AT cut is commonly used. 
From 3500 kc to 12 megacycles, the 
BT cut would be employed. For the 
low frequency field, from 100 kc to 
200 kc, the GT and .IT cuts are pre- 
ferred because of their extremely low 
temperature coefficients. At present, 
crystals can be made from, roughly, 25 
kc up to 12 megacycles with a mini- 
mum drift of about 1 part per million 
per degree Centigrade. 

Fundamental Theory of Quartz 
Oscillators 

As stated above piezoelectricity is 
the property that certain crystalline 
materials have to translate mechanical 
stresses into electric charges or vice 
versa. As a consequence, the elec- 
trical resonance of a piezoelectric 
oscillator is determined by the me- 
chanical resonance of the body. 

The complete theory of the modes 
of vibration involved in a quartz oscil- 
lator is too complex to be fully treated 
here, but the general concepts will be 
briefly outlined. It must be borne in 
mind that any theoretical analysis of 
the vibrations of a quartz oscillator is 
based on static equations ; the dy- 
namical analysis would be extremely 
difficult, if not impossible. All the 
theoretical work must obviously be 
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method pro- 

based on the theory of elasticity 
coupled with relations between electric 
field and the resulting mechanical 
stresses and their attendant strains in 
the quartz. 

General results are available for 
crystalline non -istropic media and can 
be directly applied to quartz when its 
atomic structure is taken into con- 
sideration. The fundamental relation 
is Hooke's law stating that within the 
elastic limit the deformation produced 
is proportional to the stress, the co- 
efficient of proportionality being called 
the modulus of elasticity. The stresses 
of interest are of extensional charac- 
ter ; tension or compression, or of 
shear character. Resulting shear 
strains often give rise to other modes 
of vibration such as flexure motion. 
As mentioned above, spurious frequen- 
cies result when several modes of vi- 
bration are coupled together, the quartz 
plate oscillating at several frequencies 
at the same time, either on the funda- 
mental or on some harmonic. 
Orientation 

The most important mode of vibra- 
tion of a crystal is determined by the 
orientation of the oscillator with re- 
spect to the crystallographic axes. 

If the three tension components of 
the stress tensor are denoted by Xs, 
X2, X3 and the three shear components 
by X4, X6 and X., the three tension 
components of the strain tensor by 
x, and x3 and the three shear com- 
ponents by x,, x6 and x., Hooke's law 
takes the very general form : 

XI= Ecuxi 
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SC -25 LIGHTWEIGHT CONTACTOR 

A lighter, more efficient contactor for 

AAF type B -4 continuous duty applica- 

tions. Double wound coil draws 2 am- 

peres closing contacts firmly. Then an 

auxiliary switch cuts in a higher resistance 

reducing current to .18 amperes. Advan- 

tages are lighter weight, firm closing of 

contacts, smaller current drain. Weight: 

21 oz. Write for bulletin SC -25. 

SERIES 195 MIDGET RELAY 

One of the smallest of all relays. Built 

for aircraft and radio applications where 

space and weight are at a premium. 

Contact rating: 2 amps. at 24 volts D.C. 

Switch capacity up to double pole, dou- 

ble throw. 

disfo/ 
When the 
Scene Shifts.. 

SERIES 165 VIBRATION RESISTANT 

Counterbalanced armature and sturdy 

construction throughout give this relay an 

unusual resistance to vibration. Silver 

contacts are rated at 121/2 amperes in com- 

binations up to double pole, double throw. 

Rating for aircraft is 8 amperes at 24 

volts D.C. Available with ceramic insu- 

lation for HF and UHF applications. 

GUARDIAN 

/001, /, p /0#0110f 

Because peacetime jobs 
must be ready for sol- 
diers and war workers 
many firms are planning 

post -war products now. If yours will include the 
use of relays, we will be 
glad to discuss plans 

. . . 
in confidence. 

G UARDtAN! : ELEQ?ß7g 

1623 -L WEST WALNUT STREET 
A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR INDUSTRY 

ELECTRIC 
CHICAGO, ILLINOIS 
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Where C,, are the thirty -six elastic 
constants. 

If E (x1, xs, ... x.) is the energy 
per unit volume of the crystal as a function of the strains it follows that : 

E(xl, ... ., x) = / ̀  C,, x, x, . j 
(3) 

Therefore, 

Consequently 
CI, =C 5 
and only 21 of the 36 elastic constants 
are independent. Since quartz belongs 
to the trigonal group and is a hexa- 
gonal crystal with three -fold symmetry 
along the Z or optic axis, and two fold 
symmetry along X, or electric axis, 
and the Y, or mechanical axis, the 
equations 1 for quartz can be - X, = C x. + C12 y7 

+ C13 z,+ C14 y. + o + o - YY = C12 X. + C11 y7 
+ c,. z, -.- c1,Y 

= +o +o 

82 E' (4) 

axi axj 

- Z. = C13x2 + c18y7 

+ c33z. +o +o +o - ', = c14x1 - c14 y7 
+ o +c y. +o +o -Z.= o +o +o +o 

+ c,,z. + c,.x, - X, =o +o +o +o 
+ c14z. + csex, 

Equations 6 apply to a quartz oscillator cut with its two plane faces parallel to one of the axes X, Y or Z. The most commonly accepted values for the elastic constant are those given 
by Voight in Lehrbuch der Kristal- physik. 

We can also write equations 6 as follows : - x. = s,1X. + s,.Y,. 
+s13Z. +s1aY, +o +o - y, = sX. + suY, 
+s13Z.y- s1.Y, +o +o 
= s1aX. s13Y, 

+ 

written : 

(6) 

Z. 

+ ss2. o + o + o 
Y - S,4X. 

+o +s Y, +o +o -z.= O +o +o +o 
+ s Z, + 2s1,Xy -x,.= o +o +o +o 
+ 2s Z, + s.1Xy 

Crystal Stress 

However, in a quartz oscillator the 
stresses are introduced by means of 
an electric field and the relations be- 
tween the stresses and that applied 
field are expressed by the following 
equations, due to Voight: 
-X = =e11E. +oE, +oE. - y, = - euE. 

+oE, +oE. -z.= oE. +oE, +oE. (8) - Yz =e,.E : +oE, +oE. - z. = oE.- e E, +oE. -x,= oE.- euE, +oE. 

(7) 

Where the e are coefficients of pro- 
portionality between the stresses and 
the applied electric field, the strains 
resulting from the application of the 
voltage gradient are given by the fol- 
lowing equations : 

x.= duE. +oE, +oE. 
y,= d,1E. +oE, +oE. z,= oE, +oE, +oE. 

L y.= d1,E = +oE, +oE, 
z= = o E. - d1,E, + o E. x,= oE.- d11E, +oE. 

The third equation shows that no 
strain can be set up in quartz along 
the Z, or optic axis no matter how 
the electric field is applied. 

In all the above equations the posi- 
tive sign indicates an elongation while 
the negative sign indicates a compres- 
sion. These equations are useful 
mainly when it is desired to de- 
sign a crystal where there would not 
be any coupling between the modes of 
vibration or where the various oscil- 
lations would be far removed from 
one another so as to eliminate hops in 
frequency. 

The general method of attack, as 
outlined by Mr. Koga in Physics, 
August, 1932, and Dr. W. P. Mason, 
of the Bell Telephone Laboratories, to 
eliminate some undesired coupling, is 
to orient the quartz oscillator with re- 
spect to the crystallographic axes so 
that the unwanted coefficient of elas- 
ticity does not contribute to the oscil- 
lations in this new orientation. Let us 
denote the direction cosines of the new 
orientation axes X', Y', Z', of the 
oscillator with respect to the original 
axes, X, Y, Z, in the quartz by the 
following table : 

X 
X' 11 

Y' 
Z' 18 

12 

Z 
n, 
n2 

ne 

Similarly the strains in the new co- 
ordinate system, X', Y', Z', are given 
in terms of the strains in the old co- 
ordinate system X, Y, Z by the fol- 
lowing expressions: 

x'= = 1,2x. + m1 y, + n,'z, 
+ m1n,y. + n,l,z. + 1,m1x, 

Y , = 122x= + ma'Ys + n11z. 
+ n2l24 + l2m3x, 

z'= _= 133x. + m: y + n32z, + mangy. 
-{- n818z. + l8max, 

y'. = 21213x. + 2m2m3y, + 2n2n.z. 
+ (m2na + m,n2) y + (nala + n312) 

Z. + (12ms + 18m2) x, 
z' = 21,1,x. + 2m3m,y, + 2nsn,z, 
+ (man, + mina) y. + (nel, + n118) z: 

+ ( lam, + lima ) x, 
x'. = 21,12x. + 2 m1m.,y, + 2 n,naz. 

L. (m,n2+ man,) v, + (nlla +n211) z: 
+ (11m2 +1,m1) x7 

(12) 

By substitution among the above 
transformation equations, the strains 
in the new coordinate system can be 
expressed in terms of the directions 
cosines and the stresses in that same 
system. All that remains to be done is 
to eliminate the coefficient of elasticity 
which contributes undesired oscilla- 
tions by setting it equal to zero. This 
condition then yields values of the di- 
rection cosines which determine the 
orientation of the quartz oscillator with 
respect to the crystallographic axes of 
the mineral. 

This method yields rather compli- 
cated equations, which, however, be- 
come much simplified when the quartz 
oscillator is rotated about one axis 
only. 

The method applies to tourmaline, 
which is also an important piezoelec- 

(10) tric material. 

A. E. H. Love, in Mathematical 
Theory of Elasticity, gives the follow- 
ing expressions for the stresses in the 
original system of axes as functions 
of the stresses in the new system : 
X. = 11'X'= + 12' + 132 Z', 

+21,13Y', +21.1,Z'. +21,1,X', 
Y, = ml'X'= + m221, + ma2Z', 

+ 2m2m3Y'. + 2m3m,Z'. + 2m1m,X', 
Z. = n12X'= + n22Y', + n32Z', 

+ 2n2n8Y'. + 2n3n,Z'. + 2n1n2X', 
Y. = m,n,X'. + m2n2Y', 

+ man3Z', + (m2n8 + m3n2) Y', 
+ (man, + n,n,) Z'. 

+ (m,n2 + man,) X', 
Z. = n,1,X'. + n212Y', + n812', 

+ (n21a + n8l2)Y', 
+ (n81, + nil.) Z'. 

+ (n,12 + n21,) X', 
X, = 

11m1X'= 
-i- lam2Y',. +'8m3Z'. 

+(12me + 18m2)Y'. i- (13m,+1,m3)Z'. 
+ (1,m2 + 12m, ) X', 

(11) 
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The second important characteristic 
of a crystal, that of a low temperature 
coefficient, can also be calculated ap- 
proximately for the simpler modes of 
vibration. A change in temperature 
affects the density of the quartz and, 
consequently its dimensions and elastic 
constants. 

Since the frequency of a particular 
mode of vibration depends upon one 
or two dimensions of the oscillator, its 
density, and one elastic constant, the 
method consists in determining the ef- 
fect of the temperature on each of 
these factors and finding the proper 
orientation with respect to the crys- 
tallographic axes that will make the 
sum of all these individual tempera- 
ture effects equal to zero. 

When these calculations are carried 
out for the high- frequency shear mode 
or the low- frequency face shear modg, 
a great many cuts are found. It must 
be borne in mind, however, that a good 

(Continued on page 109) 
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THESE RESISTOR WATTAGE I 

(RATINGS MEAN WHAT THEY SAY 

...Regardless of the ohmic values 

KppLOHM 

1/1 WIRE. IS 
lq 

TIMES 
LARGER 

Although 
Koolohm Resistors 

themselves 
are no larger - 

smaller -than ordinary 
often 
resistors, 

their wire is 21/4 

largeC in actual 
cross - 

times area! This is espe- 

cially 
sectonal octant in the high 

important where 
very 

resistance often fail to 

fine wires SO involved in 

carry the currents operation, °r 
power resistrthe corrosive 
to withstand operation 

in high 
effects of play safe with 
humidities 
Koolohms 

If it's a 5 -watt Koolohm, use it at its full 5 -watt rating- regard- 
less of whether it has a 1 ohm or a 40,000 ohm value ! If it's a 
10 -watt Koolohm you can count on it dissipating a full 10 watts 
whether the resistance value is 1 ohm or 70,000 ohms ! 

In brief, there's no need to "play safe" with Koolohms. You 
don't have to use a larger resistor than you actually require. 
You can forget your worries as to whether the wire size is big 
enough to carry the current and the resistor body large enough 
to withstand the temperature rise involved. You can use any 
Koolohm at its full wattage rating -any time, anywhere! 

This freedom of use is made possible because Koolohm 
design is based upon a time -tested, inorganic insulating material. 
This is sintered on the wire before it is wound -at 1000° C. ! 

The insulation is flexible, and has a dielectric strength of 
350 volts per mil at 400° C.! 

Samples free to industrial users. Catalog on request to all 
who are interested in better, more dependable resistors. 

SPRAGUE SPECIALTIES CO., Resistor Division, North Adams, Mass. 

O L Ood 
REGISTERED TRADEMARK 

POWER WIRE WOUND RESISTORS AND METER MULTIPLIERS 
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VETERAN WIRELESS OPERATORS ASSOCIATION NEWS 

W. J. McGONIGLE, President RCA BUILDING, 30 Rockefeller Plaza, New York, N. Y. GEORGE H. CLARK, Secretary 

PERSONALS 

ARTHUR STOCKELBURG, hold- 
er of the first commercial radio 
license in Boston, and long- 

time member of the Yankee chapter of 
VWOA, recently completed his tenure 
as class instructor of the U. S. Signal 
Corps Training School at the Medford 
Vocational School, Medford, Mass. 
At the closing of the Signal Corps 
school, instructor Stockelburg was 
given a silver plaque, inscribed with 
the names of the members of his class, 
nineteen in number. 

Arthur Cohen is now stationed for 
an indefinite period as radio operator 
in Rio de Janeiro, Brazil. 

G. B. Angle, based at station WAX, 
Miami, Fla., writes : "If you know of 
any commercial or coastal station wire- 
less operators between the ages of 38 
and 45 who would like to settle down 
in Miami for the duration, ask them to 
write me at P. O. Box 488, Hialeah, 
Fla." 

Radio Inspector No. 1 Retires 

William D. Terrell, first Radio In- 
spector in the United States Govern- 
ment Service, appointed in 1911, was 
retired at his request on August 31, 
1943. His colleagues in the Federal 
Communications Commission - where 
he served as Chief of the Field Divi- 
sion- tendered him a banquet on the 
evening of his retirement. It was at- 
tended by 66 of his associates and co- 

workers, and by George Bailey, repre- 
senting the American Radio Relay 
League, and F. P. Guthrie, represent- 
ing the Veteran Wireless Operators 
Association. Mr. Terrell has been an 
honorary VWOA member for many 
years. 

All of the FCC Commissioners were 
present at the dinner, with the excep- 
tion of Chairman Fly, who was out of 
town, and Gov. Case, who had another 
engagement. FCC chief engineer Jett 
presided. 

Among the tributes to the retiring 
veteran, chief was a letter from the 
President of the United States, con- 
gratulating him on his forty years of 
government service. Our Mr. Guthrie 
followed, reading the following cita- 
tion : 

"To W. D. Terrell, honorary 
member of the Veteran Wireless 
Operators Association, old -timer de 
luxe of the art of wireless, earliest 
exponent of the registration and 
regulation of wireless activities 
within our Government, the Veteran 
Wireless Operators Association ex- 
tends, on the occasion of his retire- 
ment from public office, its sincerest 
congratulations on the achievements 
of his long career, and its hope that 
the future may be none the less 
pleasant, although cast in more quiet 
waters." 

IF. J. McGonigle, president. 
In somewhat similar vein, the ARRL 

through Mr. Bailey presented to the 
retiring expert a scroll expressing the 

An unusual photograph of the 
late Guglielmo Marconi and 
F. W. Alexanderson. Note the 
antiquated table model receiver 
which dates this memorable 
meeting. The WVOA has been 
one of the outstanding radio 
groups to perpetuate the name, 
honor and work of Marconi by 
donating the annual Marconi 
Memorial Awards of Honor and 

Scholarship Awards. 
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W. D. Terrell, retiring FCC executive, 
receiving the good wishes of his colleagues 

on a silver platter. 

appreciation and best wishes of the 
League. 

More tangible gifts were a gold 
watch and chain, presented by Mr. 
Terrell's ex- colleagues through Charles 
C. Kolster, FCC chief inspector at Bos- 
ton, Mass., and the oldest man in its 
service ; also a silver tray, appropri- 
ately handed to Mr. Terrell by Mr. 
Sterling, assistant chief engineer of 
FCC. Lastly, a scroll with the names 
of every one at the dinner was handed 
over by George S. Turner, long Mr. 
Terrell's assistant, and named to suc- 
ceed him. 

How about inviting the entire mein - 
bership of VWOA to your diamond 
anniversary, Bill ? 

Army Air Force Tribute 
During a recent broadcast over NBC, 

during which Colonel A. W. Mariner, 
director of Communications of the 
Army Air Forces, was given the 
Marconi Memorial Award of Honor, 
Colonel Mariner said : "The Marconi 
Memorial Award of Honor is a splen- 
did tribute to the officers and men who 
are operating the vast system of Army 
Air Force Communications throughout 
the world. The story of Air Force 
Communications is a story of men 
whose skill, bravery and devotion to 
duty are playing an indispensable part 
in the struggle for victory. The names 
of many brave men will be inscribed 
on the plaque." 

i www.americanradiohistory.com

www.americanradiohistory.com


.a 

V 

USE Westing ou e Dy 
IN ELECTRONICS AND COMMUNICATIONS EQUIPMENT 

Prime requirements of most electronics and communications 

equipment are light weight and compactness. Westinghouse 

matches these requirements with a full line of featherweight, 

space- saving dynamotors. 
Westinghouse dynamotors are built to operate from 12 and 

24 d -c voltage systems -with a variety of output ratings to 

meet your most exacting specifications. 

These dynamotors are now being built in huge quantities 

for service all over the world. But facilities are available right 

now to build many more. For details on specific ratings and 

sizes, call your nearest Westinghouse office. Or write Westing- 

house Electric 8s Manufacturing Co., East Pittsburgh, Pa., 

Dept. 7 -N. Ask for special bulletin B -3242. 

Remember, too, that Westinghouse builds a complete line 

of electrical equipment for aircraft -motors, generators, relay 

switches, voltage regulators, radio blower motors. Ask us for 

full information. 

PLANTS IN 25 CITIES 

Testinohouse 
... OFFICES EVERYWHERE 

J-03188 

DYNAMOTORS 

LOW RIPPLE 
Commutators, brushes, brush 

springs and magnetic proportions are 

precision -controlled to provide mini- 

mum ripple. 

LONG LIFE 
Westinghouse Dynamotors are de- 

signed for long life with minimum 
maintenance. They are built to operate 
1,000 hours without servicing under 

average operating conditions. 

QUIET OPERATION 
To insure minimum noise level 

standards, armatures are dynamically 
balanced, bearings and end brackets 
matched to within .0001 of an inch. 

EXCELLENT COMMUTATION 
Commutators are designed for high 

standards of electrical service and 

rigidly built to Westinghouse specifi- 

cations which insure long wear, little 
maintenance, and excellent commuta- 
tion under all service conditions. 
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CARRIER CURRENT TRANSMISSION 
(Continued from page 32) 
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while in Figure 9 which shows the 
impedance of the load side alone, it 
will be noted that the resistive and re- 
active components fall with rising fre- 
quency and the sign of the reactance is 
negative. 

Reactance Rise 

In Figure 10, we see that the re- 
sistance rises rather rapidly while the 
reactance rises rather steadily until it 
has a maximum value 140 kc, falling 
again at higher frequencies. 

Large Building Results 

The curves in Figure 11 were 
plotted from the measurements made 
on the power service of a rather large 
office building. This building has a 
single transformer with a capacity of 
50 kva, installed on a pole at a dis- 
tance of about one hundred and fifty 
feet from the service entrance which is 
overhead. These curves are much 
flatter than the others shown and are 
believed to be typical of rather large 
building services. 

It should be pointed out that varia- 

Figure 9 
Resistance and reactance of load side of 
same service shown in Figure 8. Note 

reactance is negative in sign. 

tions in the amount of the connected 
load will affect the impedance values 
to be found at the feed point. This 
is to be expected but our experience 
indicates that the effect of the varia- 
tions on the practical operation is in 
most cases not too serious. In the case 
of receivers with automatic volume 
control no noticeable deterioration of 
service is noticed except where the 
received signal is not sufficient to over- 
ride the line noise. The result then 
is an increase in line noise from the 
receiver. 

Operating Frequency Choice 
The choice of operating frequency 

is usually determined by factors other 
than the impedance characteristics of 
the line involved but no great difficulty 
should be experienced in adjusting the 
transmitter to work at any point in 
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the band. Since only low powers are 
employed, rather small and relatively 
inexpensive components may be used, 
provided adequate fuse protection is 
available. 

De- coupling Networks 

The use of simple de- coupling net- 
works as previously mentioned is 
strongly recommended. They are not 
critical in adjustment and do not re- 
quire much material. Our tests on one 
of our installations indicate that the 
improved efficiency obtainable by this 
means alone will result in a carrier 
power saving of from 50 to 90 per 
cent. The reduction of the power in 
the transmitter certainly justifies the 
expense of the filter. The filter also 
serves to reduce impedance variations 
under varying house loads thus mak- 
ing adjustments of the transmitter out- 
put circuits unnecessary. 
Applicable to C -W and 1 -C -W 

While the foregoing discussion has 
applied to voice frequency transmission 
it is entirely feasible to use c -w and 
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In the excitement of electronic discoveries and predictions, one great and im- 

portant factor -the human element- stands forlorn. Machines and uses are, after 

all, only the offspring of man's experience and ingenuity. The more capable the 

man, the more dependable his product. 

This is the human element upon which the Electronic Corporation of America 

places a high evaluation. And this, we suggest, is the element you should seek 

when planning your future program. Find out more about your man and his back- 

ground. Is he an old -timer or a "war baby "? Does he have the ability and facilities 

to produce? How high are his standards? These are questions we'll gladly answer. 

We're 100% in war work now ... but, occasionally production schedules enable us 

to accept additional contracts ... communicate with us. 

A CALL FOR GREATER EFFORT . . . The WPB reports that war production has 

fallen off considerably. This Is a challenge to industry and labor. and it's up to us to find 
the reason. whether it be optimism, internal strife. working conditions, discrimination, etc. 

The roar of battle is thousands of miles away, but, if you listen closely, you can hear the 

screams of a dying soldier. Can it be because we failed him? 

ELECTRONIC CORP. OF AMERICA 
45 WEST 18th STREET NEW YORK I1, N.Y. WATKINS 9 -1870 
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i -c -w telegraphy ; in fact We have 
found it possible to work greater dis- 
tances and with less power when c -w 
telegraphy is used. Other types of 
signals which may be suitable to 
actuate relays may, of course, be em- 
ployed. 

Civilian Defense Uses 

In civilian defense there is need for 
a means of communication which may 
be used when telephone circuits have 
been rendered inoperative due to 
bombing or sabotage. Carrier current 
transmission over power lines can be 
used if the transmitters and receivers 
are supplied from battery or standby 
emergency generating sets and the 
power lines are not entirely wiped out. 
While the line power supply may fail, 
it will often be possible to keep the 
carrier equipment in operation during 
the period of emergency thereby sup- 
plementing space radio circuits, which 
should also be available. 

Little Equipment Required 

Carrier current equipment requires 
relatively small amounts of critical ma- 
terials and is quite inexpensive to con- 
struct and operate, and for these rea- 
sons should find a rather wide field 

Figure IO 

Resistance and reactance of a residence 
supply circuit 3 -wire 120/240 volt with 
service switch closed. No load on house 
wiring. R and X read on same scale. 

during the war and the immediate 
post -war period. 

Power Line Problems 

It should be remembered that power 
lines were intended primarily for the 
transmission of power and that they 
are designed and constructed for that 
purpose. The insulating materials and 
conductors which may be of excellent 
low frequency construction may be 
rather poor from a high frequency 
viewpoint as compared with a specially 
engineered communication circuit. 
However, in most instances these 
power lines can and are being used to 
serve this additional purpose. 

Network Behavior 

An accurate analysis of the behavior 
of complex power line network cir- 
cuits at frequencies of from one -hun- 
dred to two -hundred kilocycles per sec- 
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and is extremely difficult. This can be 
better understood when it is realized 
that the frequencies for communica- 
tion are about two -to- three -thousand 
times the power frequency. The ef- 
fective impedance of circuit elements 
such as transformers, motors and gen- 
erators is found to be quite different 
when taken at several thousand times 
the frequency for which they were de- 
signed. Reactances change from in- 
ductive to capacitive and vice versa, 
while resistive components of the im- 
pedances are of different magnitude. 
The length of the line between the de- 
sired communication points is often 
considerable in terms of the signal 
wavelength, and branch circuits are to 
be expected which by accident are 
even and odd multiples of a quarter 
wavelength. The voltage and . current 
relations are consequently rather com- 
plicated and it is to be expected that 
losses due to reflections caused by im- 
pedance variations are almost impos- 
sible of evaluate. 

Experiments Suggested 

We believe that an experimental ap- 
proach to the problems is more ,ef- 
fective as well as less difficult. Tests 
can be readily carried out at the ter- 
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ATTENTION: DESIGN ENGINEERS! 
Do any of these new miniature motors 

fit into your design plans? 

ie 

ten 

m 

OI 

>F interest to design engineers of many electrical and electronic manu- 

facturers will be the new line of miniature motors with special 

remote indication and control applications, just released by Kollsman 

Instrument Division of Square D Company. 

Typical of these new units is the Drag Cup Motor illustrated actual 

size above. It is specially designed for installations requiring quick - 

starting, stopping and reversal characteristics. This is obtained by an 

extremely lightweight rotor having corre- 

spondingly low inertia. Extensive tests 

have shown it to have definite performance 

advantages over other motors of this type. 

Similar design and operational advan- 

tages are to be found in the other Kollsman 

Motors described in the catalog pictured 

at right. 

ELECTRICAL EOUIPMENT 

* * * 
Complete information and per- 

formance data on Kollsman re- 

mote indicators and motors with 
electronic applications now avail- 

able in catalog form. Please write 
for copy on your letterhead. Ad- 

dress: Kollsman Instrument Divi- 
sion, Square D Company, 80 -22 

45th Ave., Elmhurst, New York. 

KOLLSMAN AIRCRAFT INSTRUMENTS 

TYPICAL KOLLSMAN DRAG CUP MOTOR 

Model 116.01 

(Illustrated above actual ri. e) 

Frequency -400 cycles 

Voltage Phase 1 -24 volts 
Phase 2 -35 volts 

Speed, no load -5700 RPM 

Torque, stalled -.70 in. /oz. 

Weight -Complete Motor -12 oz. 

Shaft Assembly- .53 oz. 

SQUARE D COMPANY 

ELMHURST, NEW YORK GLENDALE, CALIFORNIA 
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urinal points by the temporary installa- 
tion of a transmitter of adjustable 
power and frequency. A receiver can 
then be connected at the receiving lo- 
cation and from a few tests with vari- 
ous frequencies and power outputs the 
optimum frequency and the required 
power may be ascertained. During 
these tests, observations of the effects 
of the transmitter on broadcast receiv- 
ers in the immediate vicinity should 
be made as well as the effect of line 
noise levels. Always use the least 
power which will give the required 
quality of transmission. 

Dual Frequencies Used 

The use of a squelch circuit in the 
receiver is recommended where due to 
the action of the avc, line -noise may 
rise when the carrier is not present. 
Almost any of the well known circuits 
may be used to silence the receiver 
during the time the transmitter is off. 

Two -way communication may be 
carried on by the use of two frequen- 
cies separated sufficiently in the band 
which will permit transmission and 
reception simultaneously. This will 
be more convenient as neither push - 
to -talk nor voice -controlled relays will 
be needed. The use of such relays 

Figure II 
Resistance and reactance measured near 
meter on 3 -wire I20í240 volt 50 kva public 
building service. R and X read on 

same scale. 

or switches unnecessarily complicates 
the equipment and should be avoided. 
This arrangement is also adaptable to 
remote control where it may be desir- 
able to locate the receiver and trans- 
mitter some distance away from the 
point at which the user is situated. 
Needless to say the receivers must be 
kept turned on all times but the 
transmitters energized only when 
needed. 

National Electrical Code 

Due consideration should be given 
to the National Electrical Code and 
such local regulations governing the 
installation as may apply. These 
regulations are generally reasonable 
and should be complied with in the 
permanent installation. Radiation into 
space should be kept to a minimum to 
conform with the Rules and Regula- 
tions of the Fedc ral Communication 
Commission and in any event must not 
cause interference with any established 
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power or protection type services. 
Radiation effects prevent complete 

privacy in carrier communication due 
to the existence of some radio receiv- 
ers which may be tuned to the carrier 
frequency and some receivers, which 
while not capable of tuning to the car- 
rier frequency, may pick up harmonics. 
Profane or indecent language there- 
fore should be carefully avoided. 

We have endeavored to set forth 
some of the information gained by us 
over several years of experience and 
it is thought that while some changes 
may be necessary to adapt to local 
conditions, the system which we have 
described will be of considerable utility 
in most instances. 

(In the first part of this paper, 
Whiteman and Lyon discussed the var- 
ious frequencies that were tested be- 
fore arriving at the 150 to 160 kc 
range. In the 550 kc to 3000 kc tests, 
as 1200 kc was approached, and on up 
to 3000 kc, radiation became a real 
problem. In fact at 3000 kc, it was all 
radiation. Frequencies above 500 kc 
did not pass through the transformer 
coupling but by induction from feed- 
ers. The frequency chosen seemed to 
fit all requirements for a minimum of interference and radiation.) 

POWER -LINE TRANSMISSION 

www.americanradiohistory.com

www.americanradiohistory.com


11 13( Mß]ìß C11E'T CAN"r 

TO CALL SIG11TALS ,,, a giant bomber as on the football 

field victory requires perfect team work. A bomber crew cant huddle 

to call signals but through the medium of the interphone communications 

system, every member is knit into a fighting team. 

Building accurate and dependable inter -communication equipment for 

Navy bombers is an important part of the war time business of Sound 

Equipment Corporation of California. 

When peace comes again, the same high precision accuracy, the frame 

sturdy dependability, the same engineering "know flow" that now goes 

into the manufacture of war equipment will again be available to the 

public in a complete line of quality products in the radio and communi- 

cations field. B1 Y R'A R BONDS 

,sound Eqiilpnxont 
Corioration of California 

6245 LEXINGTON AVENt E, HOLLYWOOD 3H, CALIFORNIA 

anu factuwEs of AIRCRAFT RADIO EQ1_ 1PMENT AMPLIFIERS PRECISION COILS 
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AN ALIGNMENT CHART 
F o r F i n d i n g T h e T r u e Inductance o f 

A C o i l W i t h D i s t r i b u t e d C a p a c i t y 

THERE are various well known 
methods of measuring radio fre- 
quency inductance which gener- 

ally depend on resonating the induc- 
tance with a known capacity at a 
known frequency. The inductance can 
readily be calculated from the formula 
L = 1 /(42f2C). A factor sometimes 
overlooked, however, is that the C of 
this formula also includes the dis- 
tributed capacity. If this is not con- 
sidered in the calculations, the induc- 
tance, found by the above formula 
using as C the capacity of the con- 
denser used to resonate the coil, will 
be the apparent inductance which may 
vary considerably from the true in- 
ductance, especially when low capaci- 
ties are used in measurement. 

As shown in many textbooks, the 
distributed capacity can be found by 
taking two or more observations with 

by ROBERT C. PAINE 

different capacity values and plot- 
ting these capacities against 1 (fre- 
quency)2. This is shown in Figure 1. 
These points will lie approximately in 
line. And a straight line through 
them will intersect the X axis to the 
left of the origin at a distance equal 
to the distributed capacity, Cd. 

This same plot can also be used to 
indicate true inductance directly. The 
slope of the line through the observed 
points is equal to the tangent of the 
angle 0, equals (1 /1.) /(C + Cd) or 
1 /[f'(C + Cd)]. This multiplied by 
the constant /aY is the formula given 
above for the inductance. If induc- 
tance is given in microhenries, ca- 
pacity in micro -microfarads, and fre- 
quency in megacycles, the formula be- 
comes 25300/[f2(C + Cd]. In Figure 
1 the capacities of the resonating 
condenser are plotted on the X axis 
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from O at C, and C. The reciprocals 
of the corresponding frequencies in 
megacycles squared, 1/fig and 1 /f2S are 
plotted on the Y axis. A straight line 
is drawn through these two points in- 
tersecting the X axis at Cd. The dis- 
tance OCd indicates the value of the 
distributed capacity, Cd. The point L, 
is plotted at a distance equal to 253.0 
on the capacity scale from Cd on the 
X axis. A vertical line H,L, through 
this point will be intersected by the 
line through the observed points at a 
height above the X axis which indi- 
cates the true inductance on the p.h 
scale. 

The example given shows an ordi- 
nary coil of 54 microhenries with a 
distributed capacity of about 12 mmfd. 
To exaggerate the effect of distributed 
capacity, this has been artificially in- 
creased to about 40 mmfd to represent 
a very poor coil. Under this condition 
two measurements were taken, indi- 
cating resonance at 1035 kc with 400 

(Continued on page 104) 

Figures I (left) and 2 (opposite page) 

In Figure I appears a diagram used to find 
the true inductance and distributed capacity 
of a coil when resonated with two different 
capacities, C, and C. In Figure 2 is the 
alignment chart for finding the true in- 
ductance and distributed capacity of a coil 
which resonates with 400 -mmfd capacity at 
a frequency F, and with a capacity C 
at a frequency 2F. In the chart, the lines 
F and L are parallel, and at a distance of 
2 units apart. C is parallel to L and at a 
distance of 4 units from it. (The unit in 
the drawing is one inch.) Scales F, L and 
C are logarithmic and not necessarily 
measured in the same unit as are their dis- 
tances apart. Scale F can be the same as 
a IO" slide rule (C or D scale). Scale L is 
1/3 the scale of scale F. That is 100 -1000 on 
L equals 1/3 of 100 -1000 on F. (The K scale 
on a 10" K & E slide rule would do.) Scale 
C is a portion of the same scale as used 
for F; 100 on this scale equals 300 on the 
logarithmic scale and 60 equals 340 (this 

appears in the formula as [400-CI). 
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Figure 2 (right) 
The trigonometric quantity cos o, is repre- 
sented in this Figure as the sum of two 
complex quantities equal in magnitude and 
symmetrically disposed with respect to the x axis. One quantity may be said to be 
the mirror image of the other, the mirror 
being the x axis. If the mirror is removed, 
one quantity, say 1/20 01, is sufficient to 

represent cos 

Figure I (left) 
Geometric representation of a complex quantity. The origin, O, is a point in the complex plane located at the intersection 
of the x and y axes. A point, P, is located 
by means of its x and y coordinates 
(al and b1), respectively, and designated 

as the point z, = a, + jb,, or as 
z1 = r,EJoi as explained in the text. 

Figure 3 (above) 
The Argand, phasor, or vector diagram as 
it is variously called for the current (I) in 
a circuit consisting of resistance (R) and 
inductive reactance (X) in series when a 
voltage (E) is applied across its terminals. 
The angle a is readily determined as 
explained in the text. K is a propor- 

tionality factor. 

THE COMPLEX VARIABLE 
A n d T h e C o m m u n i c a t i o n s E n g i n e e r 

I PART ONE OF A TWO -PART PAPER) 

by SIDNEY FRANKEL 
Radio Engineer, Federal Telephone & Radio Corp. 

THAT branch of mathematical 
analysis known as the Theory of 
Functions of a Complex Vari- 

able has, in recent years, attained a 
position of vital importance in the 
solution of practical electrical prob- 
lems. The designing engineer who 
wishes to make efficient use of existing 
analytical tools cannot afford to omit 
a working knowledge of the subject 
from his repertoire. 

As a few examples of electric theory 
concepts which fall into or approach 
this category we can mention : (1) 
-the well -known Argand, or vector 
diagram, most powerful tool of steady - 
state alternating current theory1; (2) 
-The circle diagram of the induction 
motor and a host of other circle dia- 
grams; (3) -The solution of two -di- 
mensional electrostatic problems (de- 
termination of capacitance, voltage 
gradient, characteristic impedance, 
etc.) by means of conformal trans- 
formations, particularly the Schwarz- 
Christoffel transformation2'8, 5; (4)- 
the evaluation of certain types of 

definite integrals of functions of real 
variablese'7; and finally (5) -The 
establishment of the Heaviside method 
of operational analysis on a rigorous 
basis, and extension of its methods, by 
means of the Bromwich- Wagner 
formulation employing contour inte- 
gration in the complex plane'. 

The purpose of this paper is to 
arouse the curiosity of those engineers 

'E. A. Guillemin, Communication Net- 
works, Wiley, New York ; Vol. 1. 

SW. R. Smythe, Static and Dynamic 
Electricity, McGraw Hill, New York. 

8J. H. Jeans, Mathematical Theory of Electricity and Magnetism, Cambridge 
University Press (Macmillan) . 

`S. Frankel, Parallel Wires in Rectangu- 
lar Troughs, Proc. IRE, Vol. 30, No. 
4, p. 182, April, 1942. 

°H. A. Schwarz, Ueber einige Abbildungs- 
aufgaben, J. für Reine u. Angewandte 
Mathematik, Vol. 70, p. 105, 1869. 

°E. J. Townsend, Functions of a Com- 
plex Variable, Henry Holt, New York. 'F. S. Woods, Advanced Calculus, Ginn and Company. 
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who may not yet have established con- 
tact with these various applications, 
so that they may have an incentive to 
pursue the subject further by them- 
selves. For this purpose rigorous 
proofs are unnecessary, and even un- 
desirable, since they burden the reader 
with so much detail as to obscure corn - 
pletely the general perspective which 
it is desired to attain in a paper of 
this general nature. 

Furthermore, the practising engi- 
neer, anxious to proceed with the solu- 
tion of practical problems, lacks the 
patience to make his way through deli- 
cate proofs, and is usually content to 
assume that the professional mathema- 
tician, who proves the theorems in the 
first place, has done at least as rigorous 
a job as he could have done himself. 

One word of caution is necessary at 
this point. In making use of a theorem 
the engineer must be fully aware of 
the restrictions imposed in deriving 
it, and must confine himself to the do- 
main of these restrictions to avoid in- 
evitable errors. Very often the signifi- 
cance of the restrictions is made 
clearer by a careful study of the proof 
of the theorem. This is the advantage 
of the study of rigorous proofs to the 
engineer. 

Inasmuch as such proofts are unde- 
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Can you use this 
new .0004 flexible material? 

In developing and manufacturing entirely new Electro -Voice Microphones our engi- 

neers have had to experiment in nearly all branches of the scientific arts. About a year 

ago, one important microphone project was delayed because a thin and extremely 

flexible sheeting material was not available commercially. 

Although we aren't chemists, we finally developed, what we believe to be, another 

Electro -Voice "first" . . . a method of sheeting a flexible material to as thin as four 

ten -thousandths of an inch. It is a material that can be stabilized, and one that will retain 

all of its characteristics from -40 °F. to -4-185'F. 

We design and manufacture microphones ... have been doing it for the past 16 years 

. and we intend to stick to our own field. However, if you're in war production and 

can use this new material, we'll be glad to save you the time and trouble of 

developing it yourself. Just tell us how much you need... we'll fill your order. 

Blood donors are needed immediately . . . see your local Red Cross 

Jt;ee MIQOPHONES 
ELECTROVOICE MANUFACTURING CO., INC. 1239 SOUTH BEND AVENUE SOUTH BEND, INDIANA 

Export Division: 13 East 40th Street, New York 16, N. Y. - U. S. A. Cables: ARLAB 
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2 

Figure 4 
Typical example of a quantity, y, plotted 
as a function of a real variable, x. The 
function plotted is y = x2. The problem of 
plotting functions of a comple* variable 
is more awkward on the one hand, but 
on the other leads to interesting practical 

results. 

sirable for our present purposes wr 
shall confine ourselves instead to rudi- 
mentary arguments. 

The Argand Diagram 

We can approach the subject of 
functions of a complex variable by 
discussing, first, a concept which in- 
volves only the complex variable by 
itself and which is completely familiar 
to electrical engineers. We consider 
a plane (Figure 1) which we desig- 
nate as the z- plane. We establish a 
rectangular coordinate system with co- 
ordinates x and y, and locate the point 
P as 

z1 =a1-}- j 13 

where j = V/- 1, and a, and b1 are 
any real quantities. By using the 
quantity j we are able to distinguish 
when to measure along the x -axis and 
when to measure along the y -axis. If 
z2 is another complex quantity 

z2 = a2 

then the sum of z, and z1 is 

z2= (a, +a2, + j (b, +b2) (I) 
From Figure 1 we can also write 

al = r2 cos (1,, ) 
b, = r, sin cP, 1 

so that 

z1 = r1 (cos cp, + j sin q,) = r,EW 
Similarly, 

z2 = r2 002 

so that the product of two complex 
quantities is 

zD = z,z2 = r,r2 +?i2Ì (2) 
Let us consider the real quantity 

cos 0, We can write this as 

cos 0, = (00' + ice) 
This is the sum of two complex 

quantities as indicated in Figure 2. 
Looking at Figure 2, we can see 

that it is symmetrical with respect to 
the x -axis. For any cosine function 
this would always be true. It is also 
true for a sine function, because a sine 
function is merely a cosine function 
displaced by 90 degrees. Now we can 
simplify the appearance of Figure 2 
by omitting the quantity / E j01, if we 
agree that, whenever we see a dia- 
gram with the quantity / Eta on it, 
we can assume that the quantity 

8-kh was omitted to simplify the 
picture. 

16 

14 

12 

10 

8 

6 

4 

2 

o, 

By this means we substitute a dia- 
gram like Figure 1 for the quantity 
cos ', and call it an Argand or f'hasor 
diagram. For purposes of a -c theory 
we multiply the scale of our diagram 
by V2. There can be no question 
about this, since we are at liberty to 
choose any scale we like. 

If = wt, where w = 2n X fre- 
quency of an alternating voltage, and 
t = time, then z, (Figure 1) rotates 
counterclockwise at a constant rate. 
We can stop this rotation if we make 
the further assumption that the rota- 
tion should be there, and that we 
should re- insert it whenever we wish 
to make use of any property of the 
quantity cos wt that depends on time. 

Finally, if we wish to represent 
E cos wt rather than cos wt, we merely 
make the complex quantity E - times 
as large. Inasmuch as we can stop 
rotation in any position, E cos wt may 
be represented in any direction. But 
if two quantities, E1 cos (wt - 9,) and 
E2 cos (wt - 92) are involved, then E2 
must be represented as lagging E1 by 
an angle 91- 02. If there is a possi- 
bility that a series of quantities may 
be added, subtracted, or compared, 
they must be drawn to the same scale. 
For example all voltages must be 
drawn to the same scale and so must 
all currents. However, currents need 
not be drawn to the same scale as 
voltages unless they are to be corn - 
pared to determine impedances. Even 
then, the same scale is unnecessary 
provided the ratio of scales is ac- 
counted for in determining impe- 
dances, etc. 

If we suppose we have a circuit of 
resistance R and inductive reactance 
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X to an applied emf, E cos cet, the 
steady -state current I is 

I E = cos (wt - 9), 
VR2 + X2 

X 
0 = tan -1- (3) 

R 

The Argand diagram is constructed as 
in Figure 3. I is laid off to any con- 
venient scale. A quantity KR propor- 
tional to R is laid off parallel to I 
and KX is laid off perpendicular to I 
as shown. E is then drawn from the 
tail of KR to the head of KX. Clearly, 
I lags E by an angle O required by 
equation 3. 

This discussion is sufficient to in- 
dicate the basis of the Argand dia- 
gram in its application to a -c theory. 
A more complete discussion is beyond 
the scope of this paper. 

Circle Diagrams 

To proceed further in a discussion 
of the applications of function theory 
we must introduce the function con- 
cept itself. A quantity w is said to 
be a function of a quantity z for some 
or all values of z when, correspond- 
ing to some or all values of z there 
exist one or more values of w. Some- 
times such relationships can be ex- 
pressed by mathematical formulas, in 
which case we can say that the func- 
tions are analytical. To take a simple 
example, the function 

y = x2 (4) 
is a relationship expressing y as an 
analytical function of .v. To every 
value of x corresponds one, and only 
one value of y. The function is, there- 
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No slang intended, men, but we're told that's 

the way it looked ... when the Shermans 

started rolling Rommel in reverse. Today . . . 

headlines emphasize the increasingly effec- 

tive job that our mechanized units are doing + 
over the entire invasion front ... And since, 

in the roar and din of mechanized battle, 

quartz crystals are the one method for keep- 

ing harried Commanders tuned to pre- 
arranged frequencies, so vital for clear trans- 
mission ... for accurate co- ordination . . . 

A.A. C. methods of manufacturing are of vital 
importance. Our "Blueprints of Safety" de- 

mand that A. A. C. crystals be matched to 

guard the invisible tolerance 

E L E C T R O N I C S D I V I S I O N 

f 111IIIFT lifTESSORIllkS CORPORATION 
MANUFACTURERS OF 

PRECISION AIRCRAFT EQUIPMENT 
HYDRAULICS ELECTRONICS 

RBANK, CALIF. KANSAS CITY, KANS. NEW YORK, N. Y. CABLE ADDRESS: AACPRO PRES. 
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fore, single -valued. For any value of 
x we can compute the corresponding 
value of y. Very often we are satis- 
field to stop when we have performed 
this calculation. Sometimes we wish 
to go further and get a pictorial 
representation of y. We plot y as a 
function of x (Figure 4). For a func- 
tion of a single real variable this is 
easy. Only two dimensions, one for 
independent variable, x, and one for 
dependent variable, y, are required for 
a complete picture. If we have two 
independent variables, a three- dimen- 
sional picture is required. This is 
still possible to construct, though some- 
what clumsy. In such cases the en- 
gineer usually is satisfied to draw a 
series of two -dimensional pictures 
using one independent variable as a 
variable and the other as a parameter. 
For example the plate characteristic 
of a vacuum tube ( Figure 5) plots the 
dependent variable I, as a function of 
Ep, with Ec as the parameter. Actually 
of course, Ip is a function of both Ep 
and Ec. 

When it comes to functions of a 
,complex variable we are in a similar 
difficulty. Let us again consider an 
analytical function of the form 
w = Z9 (5) 
where, now, however, z is the com- 
plex independent variable 

z =x +jy 
To begin with, the independent 

variable z really consists of the two 
independent variables x and y, and 
so already absorbs two dimensions, 
leaving nothing for the independent 
variable w. Furthermore, w leads us 
into additional difficulties, for, since 
it is a function of a complex variable, 
it is generally also complex, and 
therefore, like z, two different vari- 
ables. Thus, in the case of equation 5 

w = z s = (x + jy)- - x' + j2xy -y2 = (x3 -y2) 
-1-j2xy =u+jv 

(6a) 
so that w is the complex quantity 
u + jv, and 

u =x' -y' I 

v = 2xy f (6b) 
The problem of representing these 

functions pictorially is often handled 
in function theory by making u and 
parameters. This makes it possible 
to plot the functions in the z- plane. 

Thus we assign a series of values to 
It and y and plot the corresponding 

Figure 5 

The plate characteristic of a vacuum tubs 
represents a typical use of the concept of 
a parameter to plot a function of two 

real variables. 

functions in the z- plane. For exampl 
for u = 1, we get 

x2 -yY= 1 

which is readily plotted. The results 
of such a procedure are shown in 
Figure 6. This figure will be dis- 
cussed again later in connection with 
electrostatic problems. 

The expression for Ohm's law is 
E 

I =- 
Z 

If Z is a given complex impedance 
and E is real, it would be considerably 
simpler to compute I from 
I =YE 
where the complex admittance Y is 

1 

Z 
It would, therefore, be convenient t 

have curves of the real and imaginar 
parts of Y plotted as functions of the 
real and imaginary parts of Z. Off 

7 

(8) 

(9) 

Figure 6 

Typical example of the use of the parameter 
concept to plot the components of a com- 
plex function w = u -{- ¡y on a plane. The 

function is w z -. (' 
c. 
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hand, calculating these curves would 
appear to be a tedious proposition. But 
let us view the problem as that of 
plotting a function of a complex vari- 
able 

\V _ 

s that 

x 

y 
=u+ly 

\ + - 
(10) 

= ul 

(11) 

= 
x'+y_ ) 

If we plan to plot these functions 

Figure 7 
Conversion chart for calculating admittance 
Y =G +jB when impedance Z -R +jX 
is known. Since this conversion depends on 
the inverse transformation w = I /z it is 

apparent that all curves are circles. 

treating u and y parameters, we can 
re -write them as 

1 1 +(x - _ - 
2u 2u 

+ 
1 

v 

p 1 ' 
y 

112) - +x8= 
2 

But these equations represent circles 
and are very easily drawn. Thus, in 
the first equation, all centers are on 

1 

the x -axis distant - from the origin 
2u 

and tangent to the y -axis. In the 
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second equation, all centers are on the 
1 

y -axis distant - - from the origin 
2v 

and tangent to the x -axis. From this 
information we readily obtain the 
conversion chart of Figure 7, in which 
resistance and reactance are con- 
verted to conductance and susceptance, 
and vice -versa. 

This is a first and fundamental 
type of circle diagram based on the in- 
verse transformation. Another type 
of problem is posed by the following 
question : The current in a circuit 
consisting of resistance R and reac- 
tance X is given by 

E I- 
R +jX 

where E is the applied voltage, taken 

(13) 
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ELECTRONICS RESEARCH 

Technicians of Delco Radio are carrying forward 
pioneer research in the field of radioand electronics. 

PROCESS ENGINEERING 

Delco engineers are equipped through years of 
experience to translate swiftly the product of re- 
search and design into practical, useful products. 

PROBLEMS 
were made to be 

solved 
For many years before the war, Delco Radio engi- 
neers were meeting and solving the problems of 
automotive radio . . . and putting their answers 
into mass production on the assembly line. 

This practice gave Delco Radio technicians a head 
start on the problems of automotive radio for war, 
and prepared Delco Radio for the task of produc- 
ing intricate war radio parts, components and 
assemblies in large quantity and of uniformly high 
quality of manufacture at a lower cost. Ability 
quickly to combine research engineering with 
mass -production methods has been applied in full 
measure to meeting the needs of the armed forces. 

Whether the task at hand is one of pure research, 
or of mass -production methods, or a combination 
of both, Delco Radio is adequately equipped and 
experienced to do the job. Delco Radio Division, 
General Motors Corporation, Kokomo, Indiana. 

Back the Attack 
WITH WAR BONDS 

PRECISION ON A PRODUCTION BASIS 

Delco specializes in the ability to mass- produce 
highly intricate products. Years of experience in 
the automotive radio field qualify Delco for 
vehicular radio production for war. 

DIVISION OF 
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x=0 

'UV 
R 

x>o 

Figures 8 (above) and 9 (right) 
The locus of the impedance of a series cir- 
cuit is a circle tangent to the y axis at the 
origin (Figure 8). Figure 9 shows the locus 
of current flowing into a typical parallel 
circuit when the inductive reactance in one 

branch is varied. 

as a real constant. Then if I repre- 
sents a point in the complex plane, 
what is the locus of I as X is varied 
from - oo to -}- oo ? 

Converting this to function -theory 
language the problem is stated as fol- 
lows : In the z- plane, where 
z = x -}- jy, the locus of x = R = 
const. is a straight line parallel to the 
y -axis, distant R from and to the right 
of that axis, and running from - oc 
to + oo . To what does this locus 
transform under the transformation 

E w=- 
z 

We have 

E E 
z = -= 

w u -}- j v 

Eu Ev 
j =R +jy 

u2.+v2 u' +v2 
From this, 

Eu 
=R 

u2 + v2 

E 
v2 = -u -u2 

R 

This is a circle whose center is on 
the real -, or it- axis, and which is 
tangent to the imaginary -, or v -axis, 
(Figure 8). Its diameter is E/R 
and is the value of I when X = O. 

As X increases in the positive direc- 
tion, I decreases in magnitude, and 
lags increasingly in phase until as 
X = oo, the phase angle is 90° and 
the magnitude is zero. Similarly, as 
X increases in the negative direction, 
I decreases again in magnitude, but 
now leads increasingly in phase until, 

as X = - oo, the phase angle is 90' 
and the magnitude is again zero. 

This diagram may be used to demon- 
strate, in a simple manner, certain in- 
teresting phenomena occurring in par- 
allel resonant circuits. Thus, con- 
sider Figure 9 which shows such a 
circuit. Here one branch has X 
variable, as in the example just dis- 
cussed, but, inasmuch as we now limit 
this to positive reactance, only the 
lower half -circle is used. In addition 
we have the capacitor current, I ,., lead- 
ing E by 90 °. We ask : how does 
the total current, I,, vary as X is 
varied ? Suppose first that I,. = 

E 
OA < - . Then I, = AC, and as 

2R 
X is varied from co to zero, the point 
C moves from the origin O along the 
perimeter of the circle. I, starts at 
the value OA and decreases to a mini- 
mum value readily determined by con- 
structing AF through the center F, 
of the circle, and measuring AD as 
the minimum value of I,. This is 
the condition for maximum impedance 
of the circuit; yet, as can be seen, the 
input current may be badly out of 
phase with the applied voltage. In 
fact it will only be close to being in 
phase at the m ?ximum impedance 
point if Ie is much smaller than the 
diameter of the circle. Practically 
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this boils down to having a high -Q 
circuit, since, in that case, the reac- 
tance of the capacitor is much greater 
than the resistance of the coil, so that 

E 
I,.<< -. 

2R 
Continuing around the circle after 

passing the minimum point D we find 
two points at which the input current 
is in phase with the applied voltage, 
namely the points G and H. In case 

E 
I,, = 

2R 
, there is only one such point, 

E 
while if Ic > - there are none. In 

2R 
that case no value of inductive reac- 
tance exists to give unity power factor 
for the tuned circuit. 

Examples of circle diagrams could 
be multiplied endlessly, since every 
time an impedance is inverted into an 
admittance a new circle diagram is im- 
plied. We will not pursue this subject 
further, but go on to other applica- 
tions of function theory. 

Electrostatics in Two Dimensions 

Before proceeding with further ap- 
plications we have to discuss certain 
interesting properties of analytic func- 
tions of a complex variable. 

We saw previously (equation (5a) 
(Continued on page 98) 
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tF1ying blind ...but not deaf 
HIGH 

over obscuring clouds, through the 

murk of fog and the black of night, the 

"blind" pilot speeds to his mission ... and 

returns ... almost completely dependent upon 
what he hears through his headphones. A 

tremendous responsibility for any piece of 

equipment. 

Making headphones to the exacting standards 

of the Army and Navy Air Force is one of the 

wartime tasks of Rola. A pioneer in Radio and 

later in Electronics, the technical knowledge 

and the manufacturing skill of this seasoned 

organization now is devoted exclusively to 

giving our Fighters in the Air the best, most 

effective equipment of any in the world. 
THE ROLA COMPANY, INC., 2530 Superior 

Avenue, Cleveland, Ohio. 
I 

In addition to complete headsets, Rola manufactures 

transformers and coils of all kinds for aerial communi- 

cations. If your problem involves Electronics ... and is 

important to the war effort ... why not discuss it with 

a Rola engineer. 
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Figure I 

The relay type of squelch system. Although 
the relay shown provides muting only, addi- 
tion of extra contacts provide interesting 

possibilities useful for other purposes. 

ARECEIVER 
employing auto- 

matic volume control will de- 
liver very large noise outputs 

between stations or channels. This is 
due to the lowering of the control 
voltages or biases to the r -f and i -f 
stages of the receiver resulting in in- 
creased sensitivity when tuning away 
from a carrier. In a fixed -tuned re- 
ceiver for police or fire department 
service, for example, this condition 
exists when the transmitter goes off 
the air after completion of a message. 

Manual Methods 

Manual methods of disabling the 
audio stages may be utilized for broad- 
cast or short -wave tuning, but for 
other listening services, an automatic 
method is necessary, if a noise sup - 
pression system is to be used. Circuits 
designed to provide this service auto- 
matically are known as squelch, quiet 
avc or just qavc, muting, codan (for 
carrier -off device anti -noise), inter - 
channel noise suppression, channel 
control, etc. 

Aside from the manual method, elec- 
tro- mechanical methods such as relays 
may be used. In addition complete 
electronic methods using vacuum tubes 
and glow- discharge tubes may be util- 
ized, too. 

Muting, of course, is not new. 
Around 1930, manual quieting wa,. 
used in a number of broadcast receiv- 
ers. A push button on the front panel 

1 

SQUELCH 
SYSTEMS 
Their Design And Operation r 

by LOUIS PRESSMAN 
Radio Supervisor. WHYF 

New York Fire Department 

was depressed while tuning over the 
band. Obviously both hands were nec- 
essary for manipulation of the controls 
and the system did not remain popular. 
In 1930, the Marconi Company received 
a patent for an automatic squelching 
circuit utilizing a relay in the inter- 
mediate frequency stage. In this sys- 
tern, when a carrier was being re- 
ceived, then the receiver functioned 
normally, while with no carrier, one 
audio stage was shorted out by the re- 
lay contacts. Relays have been used 

Figure 2 
The blocked -audio type of squelch system. 
In the potentiometer bypass circuit, the 
left end of the potentiometer may be tied 

to ground. 

since then in some fixed -frequency re- 
ceivers, but this method has been 
superseded largely by electronic cir- 
cuits. 

Actual muting is possible by causin 
receiver sensitivity to be reduced b 
tween channels or carrier -off condi 
tions or by disabling the audio sys 
tern. The former has the disadvan 
tage of greatly reduced sensitivity be 
tween channels and may cause missin 
of a carrier altogether in a tunable re 
ceiver. For a fixed -tuned receiver, 
this method is also impracticable. The 
blocked audio system (or shorted type) 
does not affect the r -f sensitivity of the 
receiver, but must provide the squelch 
circuit with a definite carrier ampli- 
tude for unblocking or unshorting. 
Since signals below the r -f input nec- 
essary to operate the squelch are not 
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PRECISION MANUFACTURERS AND ENGINEERS OF RADIO AND ELECTRICAL EQUIPMENT 
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reproduced, the receiver sensitivity is 
reduced somewhat. This of course de- 
pends on the adjustment of the muting 
level control. This means that signals 
below or at the same level as the noise 
will not be heard. Actually, this may 
be an advantage or disadvantage de- 
pending on the particular service in 
%vhich the receiver is being used. 

Squelching may be used to advan- 
tage in many applications, such as 
fixed -tuned receivers for police, fire 
and public utility service, and marine 
service in tugs, private cruisers, etc. 
It has its place, too, in high -fidelity 
broadcast receivers and frequency 
modulation receivers with or without 
avc. 

Manual methods of muting are usu- 
ally applicable only in continuously 
tuned receivers where an operator 
manipulates the controls. Modifica- 
tion of the manual method may be util- 
ized in push- button tuned receivers, 
whereby extra contacts on the push- 
buttons act to disable the audio sys- 
tem while the button is being de- 
pressed. Actually, this may be consid- 
ered a form of mechanical squelching. 

Common Methods 

The most common methods act to 
short the loud speaker voice coil, short 
some audio grid to ground, or bias one 
of the audio stages beyond cut -off, in 
the absence of carrier. When muting 
manually the former two methods are 
normally utilized, and for satisfactory 
operation of such a system some form 
of tuning indicator must be supplied or 
the station calibration must be well 
fixed. It is possible to provide for 
only partial shorting so that a weak 
signal is heard between channels elim- 

Figure 3 

The shunted audio type of squelch, wherein 
a neon tube is used to effectively short cir- 
cuit the audio signal. Receiver sensitivity 
control also acts to control muting level. 

mating the necessity of the tuning in- 
dicator. 

Automatic squelching is usually pre- 
ferable and is most commonly used. 
This type may be incorporated in prac- 
tically any type of receiver, tunable or 
fixed -tuned. However, the a -m re- 
ceiver must use avc ; the f -m receiver 
may or may not. 

Basically the principle of operation 
depends on making use of the change 
in operating current or voltage from 
carrier to no carrier conditions as a 

2nd LIMITER 

5C mmfd 

6SQ7 ---To DISCRIMINATOR 1st A -F 
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control source. In an amplitude modu- 
lation receiver a controlling voltage 
may be obtained from some point in 
the avc system or a controlling current 
may be obtained from the plate circuit 
of an avc controlled stage. In frequency 
modulation receivers, not using avc, a 
controlling voltage may be obtained 
from the grid circuit of a limiter stage. 
An unusual arrangement in a f -m uni 
is to pick off amplitude variations from 
plate circuit of last i -f, rectify with 
a diode and use the resultant d -c com 
ponent as a controlling voltage. Thi 
method is used by General Electri 
in some of their f -m receivers. 

Circuits incorporating electro -me 
chanical devices (relays) usually ar 
range to short the voice coil or a grid 
circuit through the relay contacts 
This method may only partially short 
the signal so that the effective sensi 
tivity of the receiver is not reduced 
However complete muting is not ob 
tamed. 

Completely electronic methods usu 
ally provide a blocking bias to the 
audio system and do not lend them 
selves to partial squelching. A contro- 
is normally provided so that the 
squelching level may be set for partic 
ular noise levels, with provision for 
making the circuit inoperative. The 
application of a carrier to the receiver 
will operate the qavc and restore the 
audio system to normal provided the 
carrier is greater in amplitude than 

(Continued on page 102) 

Figure 4 
An arrangement effective in an f -m receiver, 
whereby amplitude noise level provides block- 

ing bias to the audio amplifier. 
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RADIOTELEPHONE EQUIPMENT 
FOR Your APPLICATION 

Complete 22 Watt High Frequency 
Mobile Installation 

Type 11X Receiver and PTL -10X Transmit- 
ter for Mobile Applications. 

yt * * * * * Complete 50 Watt Central Station Installation. * 

Type PRS -9X, 30 -40 MC Mobile Receiver 
with Dust Cover Removed. 

SERIES 17 

SERIES 26 

SERIES 56 

SERIES 6 

TYPE 
TYPE 
TYPE 
TYPE 
TYPE 
TYPE 

TYPE 

* * * * 

MOW i /y 
. . vrfa*Míe,,;C&s, 

Type PTS -22X, 30 -40 MC Mobile Transmitter 
with Dust Cover Removed. 

* * * * * * * * * * 

PARTIAL LIST OF TYPICAL PRODUCTION MODELS 

11A 
11X 
PTL -10X 
PTL -22X 
PTS -22X 
PR -9X 
PRS -9A 

10 Watt Multi- Channel Transmitter, Receiver and Power Supply in 83/4" x 15" x 11" Cabinet. 
6 and 12 Volt DC and 117 Volt AC Models available. 
20 Watt Multi -Channel Transmitter and Receiver available for operation from 6, 12, 32 

and 110 Volts DC or 117 Volts AC. 
50 Watt Multi -Channel Transmitter and Receiver available for operation from 12, 32 and 
110 Volts DC or 117 Volts AC. 
Includes Tunable and Multi- Channel Fixed Tuned Receivers for Mobile, Marine or Central 
Station application. 
Single Frequency Crystal Controlled Station Receiver for frequency ranges up to 8,000 KC. 

Crystal Controlled Mobile Receiver, for frequency ranges up to 8,000 KC. 

Instant Heating 10 Watt Mobile Transmitter, for frequency ranges up t' 8.000 KC. 

Instant Heating 22 Watt Mobile Transmitter for frequency ranges up to 8,000 KC. 

Instant Heating 22 Watt Mobile Transmitter, range 30 -40 MC. 

Crystal Controlled Mobile Receiver, range 30 -40 MC. 

Crystal Controlled Station Receiver, range 30 -40 MC. 

WRITE FOR QUOTATION ON STANDARD OR SPECIAL EQUIPMENT YOU REQUIRE! 

KAAR ENGINEERING CO. 
PALO ALTO, CALIFORNIA 

Manufacturers of High Grade Mobile and Central Station Radiotelephone Equipment 
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NEWS BRIEFS OF THE MONTH ... 
ILLINOIS INSTITUTE OPENS 
NEW TRAINING COURSE SERIES 
Twenty -nine courses in radio and elec- 
trical engineering, ranging from funda- 
mental circuit study to industrial elec- 
tronics on a post -graduate level, will be 
offered at Illinois Institute of Technology 
in Chicago this fall, when the school will 
open its eighth series of tuition -free radio 
war training courses. 

The courses will cover seven fields : 
radio engineering, electrical engineering 
power, engineering electronics, power 
systems, telephony, illumination engineer- 
ing and mathematics. 

To accommodate war plant workers on 
night shifts, some of the free classes will 
be offered during the day for the first 
time. The program, which is primarily 
one of evening courses, will now include 
elementary radio classes in the ni.n-ning 
and afternoon. 

A refresher course for graduate elec- 
trical engineers also will be given on 
Saturday mornings and one night week- 
ly. Instruction will cover modern de- 
velopments in application of electronics 
and recent developments in power sys- 
tems engineering. 

All classes in the free program will 
meet twice a week, with an average of 
five and a half hours of lectures and con- 
ference and two and a half hours of 
laboratory work weekly. 

Only prerequisite for enrollment is a 
high school education or the equivalent in 
industrial experience. Thus far a total 
of 3453 men and women have completed 
the free radio training at Illinois Tech. 

* * * 

R. T. BARTLEY JOINS NAB 
Robert T. Bartley, vice president of the 
Yankee Network, joined the National 
Association of Broadcasters in Washing- 
ton, D. C., as coordinator of war activi- 
ties. 

Mr. Bartley was with Yankee for the 
past four and a half years. 

* * * 

G. E. INSULATING 
MATERIAL CATALOG . 60 -page catalog covering the entire 
line of G. E. insulating materials has been 
announced by the resin and insulation 
materials division of General Electric's 
appliance and merchandise department. 
The catalog lists and describes varnished 
cloths, varnishes, glyptals, tapes, cords, 
cotton sleeving, varnished tubings, mica, 
wedges, soldering materials, cements and 
compounds. 

Tab sheets separate the catalog sec- 
tions, each of which is devoted to a differ- 
ent type of material. Copies are avail- 
able on request. 

* * * 

CLAROSTAT MOVES OFFICES 
The Clarostat Mfg. Co., Inc., has moved 
its general offices to 130 Clinton Street, 
Brooklyn, N. Y. The new 'phone num- 
ber is MAin 4- 1190- 1- 2- 3 -4 -5. 

* * * 

NEW ARMY REGULATIONS 
ON TERMINATED CONTRACTS 
The War Department has issued a new 
procurement regulation 15 giving Army 
field personnel instructions as to methods 
to be followed when war contracts are 
cancelled. 

UNITED ELECTRONICS 
"E" CEREMONIES 
Colonel l U. 13 ickelhaupt, Commanding 
Officer, Eastern Signal Corps Replace- 
ment Training Center, Fort Monmouth, 
presented the "E" flag to R. H. Amberg, 
president of United Electronics Company 
at ceremonies held in Newark recently. 

Among others in attendance were Sec- 
retary of State of New Jersey, Joseph A. 
Brophy, and C. A. Rice, vice -president of 
United Electronics. 

The ceremonies were broadcast over 
WOR and WAAT. 

* * * 

"E" TO CANNON 
The Army -Navy "E" has been awarded 
to the Cannon Electric Development 
Company and Cannon Manufacturing 
Corporation, Los Angeles, Calif. Lieu- 
tenant- Colonel William H. Dayton, U. S. 
Army Air Forces, presented the "E" flag 
to James H. Cannon, founder of Cannon 
Electric. 

* # * 

FIVE INDUSTRY MEN ON 
OPA PLASTIC GROUP 
Five members of the plastics industry 
have been appointed to serve on a na- 
tional OPA Industry Advisory Commit- 
tee for Plastic Thermosetting Laminates. 

The committee will advise and consult 
with OPA on pricing problems of the 
industry. 

Those named to the committee, which 
will meet in Washington, D. C., in the 
near future, are: D. J. O'Conor, presi- 
dent, Formica Insulation Company, Cin- 
cinnati, Ohio ; C. C. Steck, president, 
Spaulding Fibre Company, Tonawanda, 
N. Y. ; William H. Milton, Jr., manager, 
Plastics Dept., General Electric Com- 
pany, Pittsfield, Mass.; R. R. Titus, 
president, Synthane Corporation, Oaks, 
Pa. ; and C. R. Matianey, general man- 
ager, Panelyte division, St. Regis Paper 
Company, Trenton, N. J. 
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PARTS DUMPING THREAT CAN 
BE AVOIDED, SAYS GOLENPAUL 
The post -war dumping of surplus radio 
parts need not be a serious threat to the 
trade if manufacturers and jobbers co- 
operate in maintaining price structures 
and brand reputations, pointed out Char- 
ley Golenpaul, sales manager of the job- 
ber division, Aerovox Corporation and 
chairman of the Eastern Group, Sales 
Managers Club, recently. 

He explained that while radio parts 
are now being produced in fantastic quan- 
tities, such parts are just as rapidly as- 
sembled into radio and electronic equip- 
ment for our armed forces. Much of 
that equipment will be used by our armed 
forces or placed in reserve after fight- 
ing ceases. Thus completed equipment, 
much of it of a vital military character, 
will hardly be dumped into civilian hands. 

Nevertheless, the fact remains that ra- 
dio parts are now being produced on a 
fantastic scale, he said. 

Mr. Golenpaul pointed out that a 
sharp distinction can be drawn between 
such surplus parts and regular items pro- 
duced for the jobbing trade. Manufac- 
turers and jobbers should collaborate in 
making that distinction clear to the trade. 
Thus parts made for set or equipment 
manufacturers are usually not individual- 
ly packaged. That is the first distinction. 

Again, manufacturers' parts usually 
carry an entirely different part number 
or type designation to the confusion of 
the jobbing trade. That is the second 
distinction. 

Still again, parts sold to manufacturers 
are protected by a blanket guarantee cov- 
ering the initial buyer only. In other 
words, if such parts are resold to others 
as parts, the guarantee no longer holds. 
That is the third distinction, explained 
Mr. Golenpaul. 

Our main job, continued Mr. Golen- 
paul, is to win the war. We cannot af- 
ford to spend valuable time worrying and 
fretting about postwar problems. How- 
ever, without detracting one iota from 
the all -out war effort, both manufactur- 
ers and jobbers alike can and must do a 
little thinking and planning as to how the 
postwar dumping situation can be met, 
by drawing that sharp distinction between 
regular goods and dumped goods. There 
is a place for both kinds of goods. 

Now is the time to be doing a little 
thinking and planning before the storm 
breaks, stressed Mr. Golenpaul. 

s * * 

WICKENDEN NOW HEADS INCO 
DEVELOPMENT AND RESEARCH 
T. H. Wickenden has been appointed 
manager of the development and research 
division of the International Nickel Com- 
pany, 67 Wall Street, New York City. 
H. J. French was named assistant man- 
ager. 

* * * 

STRONGER TIN ALLOYS DATA 
A further contribution to the develop- 
ment of stronger tin base alloys suitable 
for use as bearing metals was reported 
in a paper by Dr. W. T. Pell -Walpole, in 
the Journal of the Institute of Metals, 
June 1943. 

In the Oct., 1942 issue of the Jours<al 
it was revealed that the hardness of tin- 

(Continued on page 78) 
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-THAT'S HOGARTH, 

HE'S DIGGING A FOX -HOLE ANNEX 

FOR HIS ECHOPHONE FC -1! 

Echophone Model EC -I 
(Illustrated) a compact communications receiver 

with every necessary feature for good reception. 

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

trical bandspread on all bands. Six tubes. Self - 

contained speaker. Operates on 115 -125 volts AC 

or DC. 

ECHOPHONE RADIO CO., 201 EAST 26th ST., CHICAGO, ILLINOIS 
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VICTUBV 
the Making 

Here, at Doolittle, we are coordinating 
every effort and skill to help provide the 

communications equipment so essential for 
Victory. This will mean better peace -time 

communications after our battles are won. 

To Assure Victory 
Buy More U. S. War 
Bonds and Stamps 

RADIO, INC. 
Builders of Precision Radio Communications Equipment 
7421 S. Loomis Blvd., Chicago, U. S. A. 

la/ce/ti 

DX CRYSTAL CO. 
GENERAL OFFICES: 1841 W. CARROLL AVE., CHICAGO, ILL., U.S.A. 'rho Mean e1 pod heunin.. 
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NEWS BRIEFS 
( Continucd from page 76) 

base alloys in the range, antimony 9 to 10 per cent, cadmium 1 to 1% per cent, balance tin, can be appreciably improved 
by heat treatment. In the present paper, it is shown that the same range of alloys has improved tensile strength after quenching from the highest practicable 
annealing temperature followed by pro- longed tempering at 140 °C. The best alloy from this point of view contains 9 per cent antimony, 1% per cent cadmium, balance tin. The tensile strength of the alloy reaches 6 tons per square inch as quenched and tempered, and this strength 
is retained at 140 °C. This temperature 
was chosen as being near the maximum at which tin -base bearings may have to operate continuously. 

Reprints of Dr. Pell -Walpole's paper (Publication 114.A) may be obtained on request to the Tin Research Institute, Fraser Road, Greenford, Middlesex, Eng- land. 
* * * 

ARMY PRICING MANUAL 
The \Var Department has issued a new manual, M601, of procedure for procure- 
ment officers entitled Pricing in War Contracts. It was prepared by the Direc- tor of Purchases, Army Service Forces. 

* * * 
NANCE OF ZENITH ON RMA 
POSTWAR COMMITTEE 
J. J. Nance, vice president of Zenith Radio Corporation, has been appointed 
to the new committee on postwar plan- ning of the Radio Manufacturer's Asso- ciation. 

* * * 
W. H. HEICHER JOINS 
RCA'S INFORMATION DEPARTMENT 
Winchester H. Heicher, writer, has joined the staff of the Department of In- formation of the Radio Corporation of America. 

Mr. Heicher formerly served as re- search consultant for the Senate Commit- tee on Affairs of Cities of the State of New York, of which Senator Thomas C. Desmond is Chairman. 
* * * 

HAZELTINE WINS "E" 
The Hazeltine Electronics Corp., Little 
Neck, L. I., has been awarded the joint Army -Navy "E ". 

* * * 
I. T. Fs T. INAUGURATES 
RADIOPHOTO SERVICE TO BRAZIL 
The first radiophoto service between the United States and Brazil was inaugurated 
recently by the Mackay Radio and Tele- graph Company, an associate of the Inter- national Telephone and Telegraph Cor- poration. In Brazil the operating unit will be the Companhia Radio Internacio- 
nal do Brasil at Rio de Janeiro, I. T. & T. associate. 

* * * 
PLASTIC MATERIALS 
COST LOWERED 
The cost of laminated plastic sheets, rods and tubes, has been reduced about 10 per cent, the Office of Price Administration 
announced recently. 

OPA stated that 10 manufacturers in the industry, accounting for virtually the entire $72,000,000 annual production, have agreed to restore price levels that pre- vailed in 1939 and 1940. Most of the manufacturers have signed individual vol- 
(Continued on page 80) 
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AGREATLY magnified picture of a few 

Stewart parts- vitally important although 

small in size, as practically all assemblies would 

be useless without them. A "Great" Family in 

every sense. Great in coverage -meets virtually 

every Terminal requirement in the electrical 

field. Great because every part is made to 

highest precision standards -accurately dimen- 

sioned and to full standard gauge. Great by 

reason of the quality of the metals used, assur- 

ing maximum strength, durability and long life. 

Odd shaped pieces stamped and formed from 
wire or strip on high speed machines. 

Hundreds of items in stock. 

Complete Hot Tinning and Plating facilities 
for handling large orders. 

Send for samples and quotations. Let us have your 

prints and specifications. 

Quick Response to Inquiries! 

STEWART STAMPING COMPANY 
621 East 216th Street, 67 New York 

* 
BUY MORE 

WAR BONDS! 
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JONES 500 SERIES 
PLUGS AND SOCKETS 
Designed for 5,000 volts and 25 amperes. 
All sizes polarized to prevent incorrect 
connections, no matter how many sizes used on 
a single installation. Fulfill every electrical and 
mechanical requirement. Easy to wire and in- 
stantly accessible for inspection. Size*: 2, 4, 6, 
8, 10, and 12 contacts. Send for a copy of Bul- 
letin 500 for complete information. Write today. 

HOWARD B. JONES 
2460 W. GEORGE STREET 

CHICAGO 18, ILL. 

American 
Fighting Machines 
Require Littelfuses 

Millions of Littelfuses are guarding 
countless electrical circuits of our fight. 
ing equipment in the air, on land, on 

sea, and undersea. 

On Guard Where Protection Is Vital 
Every circuit built into a plane, tank, boat, 
or submarine must withstand unprece- 
dented shock, surges, and vibration. 

Precision instruments, dials, indicators, 
radio, all delicate electrical mechanisms of 
aircraft are subjected to shocks of dives 
to 70` F below zero, and to 150° F above -in seconds. Fuses must not fail. 

Littelfuses are engineered to meet all con- 
ditions: By mechanical depolarization, new 
protection against severest vibration; by 
spring- and -link elements protecting smaller 
fuses ; by reinforcement counteracting ex- 
pansion and contraction; by patented 
locked cap assembly sealing fuse element 
against moisture and preventing caps from 
loosening. 

The Show -Down Sets the Pace 
Besides supplying Army and Navy re- 
quirements, over 4000 manufacturers de- 
pend on Littelfuse products for sure and uninterrupted performance of their equip- 
ment for war use. 

MECHANICAL 
DEPOLARIZATION 

New protection from severest 
vibration by twisting elements 

at 90 °. 

SPRING- and -LINK ELEMENT 
(For 5 amp. rating or less) 
Fusing section protected from 
vibration and crystallization by 
copper spring at middle of tube. 

NON -CRYSTALLIZING 
ELEMENTS 

Spring forming takes up con- 
traction and expansion. 

LOCKED CAP ASSEMBLY 
(Patented) 

Capa LOCKED not cemented on 
tubes. Seals from moisture. 

Prevents cap loss. 

Fuse Every Instrument and Electrical 
Circuit for Safety -with Littelfuses 

Littelfuse Inc. 
4751 Ravenswood Ave. - Chicago 40, Illinois 
221 Ong Street - El Monte, California 

NEWS BRIEFS 
(Continued from page 78) 

untary agreements formalizing the new 
schedule of prices. The reduction will 
be effected by cancelling a price increase 
of 10 per cent announced generally by the 
industry early in 1941 and which was re- 
flected in current maximums established 
under maximum price regulation No. 406. 

The lowered maximum prices set forth 
in the individual agreements will be con- 
tinued in a regulation, to be drafted soon, 
providing uniform prices of sheet rods 
and tubes for the entire industry. An in- 
dustry advisory committee, recently ap- 
pointed by OPA, will advise and consult 
with OPA in preparing the proposed 
measure. 

* 

ALL MASS. POLICE 
NOW USING F -M 
There are now 105 f -m- equipped cars and 
seven 250 -watt fixed transmitters situated 
on strategic hilltops throughout Massa- 
chusetts (also 25 -watt transmitters on the 
islands). 

* 

HALLICRAFTERS ADDS NEW PLANT 
Another plant has been added by the 
Hallicrafters, Inc., Chicago, Ill. The new 
plant covers a block square. 

A surprise visit was paid to the new 
plant soon after its opening by Major 
General Harry C. Ingles, Chief Signal 
Officer, and Brigadier General Edgar L. 
Clewell, commanding officer of the Chi- 
cago Signal Depot, accompanied by staff 
officers. 

* * * 

4TH DISTRICT NAB POST TO HUNT 
The chairmanship of the engineering 
committee for the fourth district of NAB 
has been accepted by Clyde M. Hunt, 
chief engineer for station WTOP, Wash- 
ington, D. C. 

In this capacity, Mr. Hunt will coor- 
dinate the activities on behalf of the in- 
dustry of chief engineers of member 
stations. Mr. Hunt's term of office runs 
through the next annual NAB Conven- 
tion. He has been with CBS -WTOP for 
more than ten years. 

* * 

LAFAYETTE KITS FOR 
WAR TRAINING 
One and two -tube regenerative kits de- 
signed to provide complete basic receiver 

training in wartime programs are now 
available from Lafayette Radio Corpora- 
tion, Chicago and Atlanta. 

The one tube kit, when assembled, 
demonstrates grid leak detector operation 
and the effects of regeneration on a de- 
tector circuit. With the addition of a 
minimum of parts an r -f stage can be 
added without redrilling the chassis or 
moving any component parts of the de- 
tector circuit. Alignment procedure can 
then be demonstrated in its simplest form. 
These kits may be operated either from 
power supplies or from batteries. 

F r * 

NBC APPOINTS POSTWAR 
TELEVISION COMMITTEE 
Niles Trammell, president of the Na- 
tional Broadcasting Company, has an- 
nounced the creation of a postwar tele- 
vision planning committee to formulate 
plans for the company's postwar ex- pansion. Essential technological studies 
and the surveys of the problems involved 
are to be initiated now and the con- 
clusions held in readiness for the first 
days of peace. 

The committee consists of John Royal, 
vice president in charge of International 
shortwave and television, as chairman ; William S. Hedges, vice president in charge of stations ; O. B. Hanson, vice president and chief engineer, and C. L. Menser, vice president and manager of the program department. John T. Wil- 
liams, assistant to Noran Kersta, now in the Marine Corps, was named secretary. 

Currently, NBC is operating its Empire 
State television transmitter four hours 
weekly : Mondays, 4 :00 to 5 :00 p.m., and 7:30 to 10:30 p.m. Hereafter program- 
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ming will be under the direction of 
NBC's program department, with Wil- 
liams and his staff reporting to Menser. 

* a 

STAR ADDED TO "M" 
PENNANT OF RADIOMARINE 
A star for continued achievement in com- 
pleting wartime schedules has been added 
to the maritime "M" pennant, which was 
presented Radiomarine Corporation of 
America on March 8, 1943. 

a a 

HUNDRED -MILLION VOLT 
X -RAYS PRODUCED 
According to the research laboratory of 
the General Electric Company, 100,000,000 
volt x -rays were produced recently for 
the first time in the history of science. 

They were obtained from the large in- 
duction electron accelerator recently com- 
pleted. The characteristics of this new 
type of radiation will be published as 
fast as they can be determined. The first 
few observations suffice to show that 
these characteristics differ radically 
from those with which physicists are 
familiar. 

a a a 

QUAM NOW STEEL WIRE 
COMPANY DIRECTOR 
James Quam, president and general man- 

. ager of Quam -Nichols Company, Chi- 
cago, Illinois, has been elected a director 
of the Nichols Steel and Wire Company. 

* * * 

CAPACITOR SUBSTITUTION 
DATA IN SPRAGUE FOLDER 
A folder recently issued by the Sprague 
Products Company, North Adams, Mass., 
illustrates and describes a Victory Line 
of Sprague atom midget dry electrolytic 
capacitors and TC tubulars to be sup- 
plied through distributors in conformity 
with wartime limitations on capacitor 
production for civilian use. 

Although the Victory Line is neces- 
sarily limited to only nine Atom types 
and nine TC tubulars, these have been 
carefully selected as to capacities and 
voltages to enable servicemen to handle 
practically any replacement job. An 
article included as part of the folder 
How to Use Victory Line Capacitors, 
contains many helpful hints on how to 
substitute the few Victory capacitors for 
the many varieties of standard types. 
Subjects covered include Connecting 
Capacitors in Parallel to Make Capacity 
Values Not Available in a Single Unit; 
Replacing Filter Applications Higher 
Than 450 V D -C with Victory Line 
450 V Capacitors; and Replacing Wet 
Electrolytics with Dry Electrolytics. 

Copies may be obtained direct from the 
company or through authorized Sprague 
distributors. 

a * * 
"E" TO WEBSTER 
The Webster Electric Company, Racine, 
Wisconsin, has been given the Army - 
Navy "E ". 

* * * 
F -M BROADCASTERS TO USE 
NEW CALL LETTER SYSTEM 

A new system of call letters for f -m 
broadcast stations, similar to that cur- 
rently used by standard broadcast and 
commercial television stations, has been 
adopted by the Federal Communications 
Commission. The change, effective No- 
vember 1, next, will affect approximately 

I 45 high frequency broadcast stations in 
operation and all future licensees. 

This system replaces the present corn - 
(Continued on page 82) 

'asovE 
and BEYOND 
the co / /of pUTY" 

Men of the Signal Corps are performing 
miracles in this war. Decorations are 
being presented to those valiant soldiers 
for performances "above and beyond 
the call of duty." 

And Murdock Radio Phones are their 
"ears." Precision built "above and be- 
yond" Signal Corps specifications, they 
are sensitive to scientific exactness, and 
dependable. See these unusual Radio 
Phones. Send to Dept. 54 for catalogue. 

urdo 
RADIO 

PHONES 

ck 

Wm. J. Murdock Co. 
Chelsea, Mass. 
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ALL THREE DANIEL KONDAKJIAN PLANTS 

NOW -- all on full schedules, all pro- 
ducing the tungsten leads, bases and 
caps so vital to the war effort. Daniel 
Kondakjian electronic components are 
represented in every type of military 
application - Radar, communication, 
navigation, control mechanism, x -ray 
equipment, etc. 

LATER -thecomplete engineering and re- 
search facilities of the Daniel Kondakjian 
organization will be available for to- 
morrow's business strategies, comforts, 
conveniences, benefits and welfares. 
Inquiries, pertaining to post -war intent, 
and applicable to our capabilities, 
are invited. 

THE ENGINEERING CO., 27 WRIGHT ST., NEWARK, N. J. 

TUNGSTEN LEADS DANIEL KONDAKJIAN BASES AND CAPS 

CURRENT awe VOLTAGE 
FLUCTUATION 

REDUCED 

VOLTAGE OF 24V 
BATTERY 6 CHARGER 

VARIES APPROX 

WITH AMPERITE 
VOLTAGE VARIES 
ONLY 

AMPERITE 
REGULATORS 

1. Amporites cut battery voltage fluctua- 
tion from approximately 50% to 2 %. 

2. Hermetically sealed - not affected by 
altitude, ambient temperature, humidity. 

3. Compact, light, and inexpensive. 
Used by U.S. Army, Navy, and Air Corps. 

DELAY RELAYS: For delays ¡ram 1 to 100 seconds. 
Hermetically sealed. Unaffected by altitude.... Send for catalogue sheet. 

{ 

ENGINEERS: This 4 -page folder will help you solve 
Current and Voltage Problems: contains 

much valuable data in practical form - Write for your copy now. 

AMPERITE CO., 561 Broadway, New York (12), N. Y. 
In Canada: Atlas Radio Corp.. Ltd.. 560 King St.. W. Toronto 
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bination of letter -numeral calls presently 
used. Under the old system the first 
letter of an f -m call, either K or W, indi- 
cated the geographical position of the 
station in relation to the Mississippi River, 
the number designation showed the fre- 
quency on which that station was operat- 
ing and the last letter or letters gave a 
clue to the city from which the broadcast 
emanated. 

Where a licensee of an f -m station also 
operates a standard broadcast station in 
the same city, Ise may, if he so desires, 
retain his standard call letter assignment 
followed by the suffix "FM" to designate 
broadcasting on the f -m band. Thus, if 
the licensee of a standard broadcast sta- 
tion with the call letters "WAAX" (hy- 
pothetical) also operates an f -m station in 
the same location, he will have the choice 
of using the call "WAAX -FM" or he 
may, on the other hand, be assigned a new 
four -letter call. 

F -M licensees may inspect at the FCC 
a list of the approximately 4,000 four - 
letter calls which are available for assign- 
ments. This number appears ample to 
supply calls for all additional standard, 
commercial television, f -m stations and 
non- broadcast classes for some time to 
come. (The Commission wishes to call 
attention to the fact, however, that all 
three -letter calls have already been as- 
signed.) 

All call letters beginning with IV are 
assigned to stations east of the Mississippi 
River ; all station calls beginning with K 
are located west of the Mississippi and 
in the territories. A breakdown of the 
4,000 four- letter calls available shows ap- 
proximately 2,900 K calls and 1,100 W's 
still unassigned. 

* * * 

GALVIN POSTWAR FOLDER 
A 4 -page folder discussing postwar plans 
that will be distributed among some 40,000 
dealers has been issued by the Galvin 
Manufacturing Company, 4545 Augusta 
Boulevard, Chicago, Illinois. 

* * * 

McELROY CODE 
EQUIPMENT BULLETIN 
A 12 -page bulletin in color, describing 
high speed radiotelegraph asemblies, 
Wheatstone code tape perforators, auto- 
matic transmitters, high speed recorders, 
school tape recorders, tape pullers, keyers, 
and radio beam keyers has been issued by 
the McElroy Manufacturing Corporation, 
82 Brookline Avenue, Boston, Massa- 
chusetts. Included, too, in this bulletin is 
a full -page reproduction in color of the 
McElroy chart of codes and signals. 

* * * 

HUMIDITY EFFECTS EXPLAINED 
IN G. R. EXPERIMENTER 
In the August issue of the General Radio 
Experimenter appears an interesting dis- 
cussion of the effect of humidity on elec- 
trical measurements, by Robert F. Field. 

* * * 

INDUSTRIAL PUMP CATALOG 
A 64 -page catalog describing Westco tur- 
bine type pumps for field and plant service 
has been released by the Joshua Hendy 
Iron Works, Pomona Pump Company 
Division, St. Louis, Missouri. 

Tandem units, hot oil pumps, condensa- 
tion return units, and pump accessories 
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are also described. Included too are en- 
gineering data on types of heads, units of 
measurements, etc. 

* * 

WHITE STAR TO 
STROMBERG- CARLSON 
The Stromberg- Carlson Company of 
Rochester, N. Y., has been granted a 
renewal of its Army -Navy "E" Award 
for an additional six months' period. A 
white star has been placed on the "E" 
pennant as evidence of this award. 

* * * 

FISCHER OF WESTINGHOUSE 
WINS AWARD 
Eugene H. Fischer, manufacturing en- 
gineer in charge of ceramics in the por- 
celain department, who developed a new 
type porcelain, Prestite, was awarded the 
Westinghouse Order of Merit. 

Prestite is a mixture of feldspar, flint 
and clay of low water content moulded in 
steel dies under high pressure. Said to 
be many times stronger than earlier por- 
celains, Prestite can easily be shaped into 
intricate designs. A one -pound steel ball 
dropped from three feet will bounce 
harmlessly off a one -inch thick piece of 
Prestite, it is said. 

Prestite is now being used in bushings 
which seal radio transformers against 
trouble- causing moisture ; in radio tube 
bases which protect airplane radio sys- 
tems from violent temperature changes 
and in insulators which guard radio con - 
densers against electrical flashovers. 

* * * 

GLASS- BONDED MICA 
INSULATORS STANDARDS 
The American War Standard for glass- 
bonded mica radio insulators (C75.6- 

' 1943) has been officially approved. 
The chief feature of the standard is that 

it provides engineers and draftsmen with 
specific information about the machining 
of glass- bonded mica items. How holes 
are to be tapped, how corners are to be 
cut, and what thicknesses are available, 
are some of the design criteria set forth. 
Informative diagrams are included which 
indicate the correct and incorrect ways to 
machine glass -bonded mica. 

The new standard differs from the 
other American War Standards on mili- 
tary radio components inasmuch as no 
standard shapes or type designations 
thereof are set up. Only the procedure 
for machining glass- bonded mica radio 
insulators and recommended practice for 
the handling and machining of such in- 
sulators are indicated. 

The new War Standard was prepared 
through the coordinated efforts of repre- 
sentatives of industry and the Armed 

(Continued on page 84) 

STEP NO. 94 
This aircraft instrument housing -Step 
No. 94 for a famous maker of war planes 
-looks like one piece. But it's actually 
five pieces! Five pieces of aluminum 
formed and welded, machined, finished 
-to limits .005. Isn't there a step in 
your production cycle where our "Pack- 
aged Production" would be a big help? 
You'll get 54 years of exceptional ex- 
perience in Metal Fabrications: Precision 
Machine Work: Electrical & Mechanical 
Assemblies. Also, carefully organized 
operational methods to relieve you of all 
production responsibilities on an entire 
product -or a single part. Avoid produc- 
tion headaches and inquire if our prior 
commitments will "Let Lewyt Do It." 

I]=1101=7_rll tel . 
W A Y,=BROOKLYN, 
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Another exclusive Millen "Designed for 
Application" product. Combination high 
voltage terminal and thru- bushing. Tapered 
contact pin fits firmly into conical socket 
providing large area, low resistance con- 
nection. Pin is swivel mounted in cap to 
prevent twisting of lead wire. Easy lo use. 1" o.d. insulation high voltage cable fits 
into opening in cap. Bared conductor passes 
lhru pin for easy soldering to pre -tinned tip 
of contact plug. 

Standard 37001 available in either black or 
red bakelite. No. 37501 is low loss mica 
filled yellow bakelite for R.F. applications. 

JAMES MILLEN 
MFG. CO., INC. 

MAIN OFFICE AND FACTORY 

MALDEN 
MASSACHUSETTS 

NEWS BRIEFS 
(Continued from page 83) 

Forces at the request of the War Produc- 
tion Board. The committee that developed 
this standard was headed by L. J. Cav- 
anaugh, General Electric Company. Its 
membership included : L. C. Athy, Inter- 
national Products Corporation, (P. C. 
Stufft, Alternate) ; B. R. Boymel, Navy 
Department, Bureau of Ships, (J. R. 
O'Brien, Alternate) ; T. M. Caven and 
G. M. Heckel, Camp Evans Signal Lab- 
oratory ; D. E. Replogle, Electronic 
Mechanics, Inc., ( Robert Goldsmith, 
Alternate) ; W. A. Evans, Bell Tele- 
phone Laboratories, (K. G. Coutlee, Al- 
ternate) ; H. E. Froberg, Colonial Kolo- 
nite Company ; A. T. Krogh, Westing- 
house Electric & Manufacturing Com- 
pany, (L. T. Mallette, Alternate) ; Harold 
Miller, Aircraft Radio Laboratory; A. J. 
Monack, Mycalex Corporation of Amer- 
ica, (S. D. Haberle, Alternate) ; H. R. 
Terhune, Radio Corporation of America ; 
H. R. Wilsey, American Standards Asso- 
ciation, Secretary. 

Copies of the new American War 
Standard (C75.6 -1943) may be obtained 
from the American Standards Association 
at 25 cents each. 

* * * 
1943 ACCIDENT BULLETIN 
The National Safety Council, 20 North 
Wacker Drive, Chicago 6, Illinois, has 
issued an interesting 100 -page bulletin 
covering accidents, their causes and meth- 
ods of prevention. 

In this 1943 edition are presented vital 
statistical data. 

* * * 

NAB ISSUES WOMEN 
TECHNICIAN BROCHURE 
An attractive 16 -page brochure covering 
the story of women in the broadcasting 
industry today, has been prepared by Ar- 
thur Stringer, secretary of the NAB War 
committee, and Howard S. Frazier, NAB 
director of engineering. 

According to this presentation, women 
now have a variety of important posts 
ranging from studio to transmitter con- 
trol. There are some sixty cases cited. 
Many of the women received their initial 
training in stations. Others were trained 
at NYA classes or in the ESMWT pro- 
gram. The stations listed range from 
Alaska to New York. 

* * * 

E. F. PETERSON IN CHARGE OF G.E. 
RECEIVING TUBE DESIGN 
ENGINEERING 
E. F. Peterson has been placed in charge 
of design engineering of receiving tubes, 
according to O. W. Pike, engineer of the 
G. E. tube division. 

K. C. DeWalt, tube division designing 
engineer, will continue his responsibility 
for design engineering of all other prod- 
uct lines of the division. 

* * * 

SMPE SEMI- ANNUAL 
MEETING IN HOLLYWOOD 
The fifty- fourth semi -annual technical 
conference of the Society of Motion Pic- 
ture Engineers will be held from October 
18 to 22 inclusive at the Hollywood - Roosevelt Hotel in Hollywood, Calif. 

* * * 

TOWNSEND PROMOTED BY 
AIRCRAFT ACCESSORIES 
Calvin K. Townsend has been appointed 
assistant general manager of Aircraft 

TUBES! 

CAPACITORS 
RELAY 

COILS! 

RESISTORS! 
STS 

MERS! 

TRAA 

TEST EQUIPMENT 
ETC 

COMPONENTS AND 
EQUIPMENT OF 
EVERY NATURE! 

We've got them ... or can get 
them for you as fast as wartime 
conditions permit! 

nu mmm1mnnnnnmmMMIM wIMMUMMIMmimuuuuwuialli ffl 

For 17 years, we've done nothing 
but buy and sell electronic equip- 
ment. We know what's available 
and where. We know how to pick 
and choose, selecting onlythe best. 
We can work with you, advise you, 
save time and eliminate headaches. 

Tell us what you need! 
WE'LL DELIVER! 

`Telephone orders to BRyant 9 -1946 
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Accessories Corporation, Kansas City, 
Kansas. 

Before his promotion, Mr. Townsend 
was director of contract administration, 
which included supervision of the pro- 
curement department as well as jurisdic- 
tion over all contracts entered into by 
Aircraft Accessories Corporation, includ- 
ing those of the sales department. 

Mr. Townsend is a partner in the Jen- 
nings Radio Company, San Jose, Cali- 
fornia, manufacturers of radio tubes. 

* * * 

ECA PUBLISHES HOUSE ORGAN 
A house organ, the ECA Trans - Ceiver, is 

now being published by the Electronic 
Corporation of America, 45 West 18th St., 
New York City. 

Samuel J. Novick is president of ECA, 
now engaged in the production of numer- 
ous communication devices for war use. 

* * * 

CAPACITRONS, INC., FORMED 
A new manufacturer of capacitors, Capa- 
citrons, Inc., with M. F. Laycock as 
president, was formed recently. Located at 
318 West Schiller, Chicago 10, Illinois, 
the company is specializing in oil and wax 
capacitors for Army, Navy and industrial 
applications. 

R. F. Laycock is secretary and Al 
Sklar is treasurer and in charge of pro- 
duction and engineering. 

* * * 

G. E. TELEVISION STATION 
ISSUES PROGRAMS 
A 4 -page program is now being issued 
weekly by the General Electric Television 
Station, WRGB, Schenectady, New York. 
The program contains space for program 
rating and technical reception data. 

* * * 

SYLVANIA BEAM POWER 
AMPLIFIER DATA 
A data sheet on the 6L6GA beam power 
amplifier has been released by the Com- 
mercial Engineering Department of Syl- 
vania Electric Products Inc., Emporium, 
Penna. 

* * 

MALLORY WINS THIRD STAR 
The P. R. Mallory Company, Indian- 

apolis, Indiana, has been awarded a third 
white star for the "E" pennant, first won 
in January, 1942. 

* * * 

W. L. FATTIG SUCCEEDS 
P. R. BUTLER AT G. E. 

W. L. Fattig has been appointed acting 
supervisor of the Technical Service sec- 
tion of G. E. receiver division. P. R. 
Butler, former manager of the section, is 

now a lieutenant in the U. S. Navy. 
* * 

HEINTZ & KAUFMAN, LTD., WINS "E" 

John Fernandez, Nelson Klingler, W. Noel 
Eldred, and president Jack Kaufman with 
the Army -Navy burgee awarded the men 

and women of Heintz & Kaufman, Ltd., 
South San Francisco, Calif. 

...get those radio parts 
from Lafayette Radio Corp. in Chicago 
or Atlanta Lafayette Radio Corp., strategically located 
in Chicago and Atlanta, has helped prevent work stoppages on many 
vital war production lines. This is because Lafayette handles the elec- 
tronic parts and equipment of every nationally known manufacturer in 
the field. Besides parts for repair and maintenance, Lafayette supplies 
urgently needed radio and electronic parts and 
equipment to industry, training schools and all 
branches of the armed services. A single order, no 
matter how large or how small, will bring prompt 
delivery of your requirements. 

Lafayette Radio Register - Free to 
responsible executives. This 400 page 
technical and buying aid describes 
practically every known make of 
radio parts and electronic equipment. 

LAFAYETTE RADIO CORP. 
901 W. JACKSON BLVD. CHICAGO 7, ILLINOIS 
265 PEACHTREE STREET ATLANTA 3, GEORGIA 
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CIRCULAR WAVE GUIDES 
by FREDERICK C. EVERETT 

Transmitting Engineer, WTAM 
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VERY high frequency waves can 
be sent down wave guides with 
circular and elliptical cross sec- 

tions as well as rectangular ones. In 
the circular guide we have only one 
dimension, the diameter, as compared 
with two for the rectangular wave 
guide, but various modes of operation 
are also possible with the circular 
tube. There are transverse magnetic 
and transverse electric waves and a 
number of modes for each class. The 
nomogram shown here gives the five 
longer modes. (The subscripts refer 
to the various roots of the mathemati- 
cal functions used to derive the vari- 
ous modes of transmission and will 
not be considered here.) 

Like the rectangular wave guide, 
the circular wave guide also functions 
as a high pass filter, so that the propa- 
gation down the tube is imaginary 
until the wavelength becomes short 
enough, that the cut -off wavelength is 
reached. It is apparent that the 
TE1,1 wave requires the smallest tube 
of any of the modes of operation. And 
if the tube is made large enough for 
this wave, but not large enough for 
the TM., wave, only the TE,,1 wave 
will be propagated in the tube. How- 
ever, this will not be the size of the 
tube which will give the minimum at- 
tenuation. 

Although for many purposes the 
guide requiring the smallest tube 
might be expected most desirable for 
use, there are other considerations 
such as symmetry, characteristic im- 
pendance and attenuation which may 
enter. The TE0,1 wave is of interest 
because its attenuation decreases with 
an increase of frequency. For utiliza- 
tion this requires either large tubes or 
quite short wavelengths. 

The mode depends upon the dimen- 
sions of the wave guide and the 
method of excitation. Extraneous 
modes may be filtered by means of 
constrictions in the tube or by means 
of grids arranged to short circuit the 
undesired field, without much affect- 
ing the method of propagation desired. 

In using the nomogram a straight 
line drawn through the points labeled 
with the various modes will give the 
cut -off wavelength for a given size 
tube, or conversely the size tube neces- 
sary for any frequency desired. A 
little consideration will show how it 
can be used to determine the maximum 
size without entering the province of 
the next mode. Either dimension or 
wavelength may be multiplied by a 

suitable factor to bring the desired 
dimension onto the scale, provided the 
other dimension is also multiplied by 
the same factor. 

See opposite page for 
the Circular Wave -Guide Nomogram 

PRDDU[Iflb FOR WAR 

nvimahor t Peace 

The call came for crystals -those tough 
babies that stand up under a terrific 
pounding -we rolled them out in record 

time. All thanks to the faithful skilled 

personnel who converted our Radio Cab- 
inet Factory into an important "arsenal 
for democracy." 

25,000 square feet of clean, daylight fac- 
tory hummed and is still humming with 

activity. Our carefully planned Electro- 

nics Laboratory discovered short cuts - 
better methods -we applied these les- 

sons and passed them on to others in the 

Crystal Industry. Many of them have ex- 

cellent peace time production angles. 

We merely cite these facts to tell you 

what's behind the WALLACE name. We 

want you to know that here in the Heart 
of America there's a group of skilled, 

happy, crcftsmen with ample facilities 
and plenty of good old "Yankee Know 

How" ready to help you with your pro- 

duction problems of War today and 

Peace tomorrow! 

Write, Wire or Phone "Bill" Wallace 
Peru, Indiana 

Wm.T.WRLLAOE mFE. Co. 
PERU,moiana 
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THE INDUSTRY OFFERS... 
HIGH- VOLTAGE BAKELITE -CASED 
TUBULAR CAPACITORS 
High -voltage capacitors for x -ray, im- 
pulse generator and other intermittent 
d -c or continuous a -c high -voltage ap- 
plications such as indoor carrier -coupler 
capacitors, test equipment and special 
laboratory work, have been announced by 
Aerovox Corporation, New Bedford, 
Mass. 

These capacitors, type '26, are oil -im- 
pregnated oil -filled with Aerovox hyvol 
vegetable oil. Equal voltage stresses are 
said to be maintained for all sections, 
with a uniform voltage gradient through- 
out the length of each capacitor. High - 
purity aluminum foil with a generous 
number of tab connectors is said to pro- 
vide high conductivity with low induc- 
tive reactance. Capacitor sections are 
dried and impregnated under high vacuum 
in a closely -controlled long cycle. 

The case is of special laminated bake- 
lite tubing, protected by a high- resistance 
insulating varnish for high dielectric 
strength and maximum safety from ex- 
ternal flashover. 

ROTATABLE 
* * * 

TRANSFORMER 
A lightweight rotatable transformer has 
been developed by Kollsman Instrument 
Division of Square D Company, Elm- 
hurst, N. Y. Operating with either 32 
volts 60 cycles, or 110 volts 400 cycles 
a -c, the transformer may be continuously 
rotated at speeds up to 1800 rpm. With 
a 110 volt input the voltage varies from 
0 to 193 volts, according to the position 
of the rotor. Its weight is 10 ounces and 
overall length of less than 3 inches. 

TRAY -LER CORD SET 
A cord set, which consists of an inter- 
communication switch, jack, plug, cordage 
and neck strap is being produced by the 
Trav -Ler Karenola Radio and Televi- 
sion Corp., .1036 West Van Buren Street, 
Chicago 7, Ìll. The switch is a two -posi- 
tion, two -pole switch, and comes in either 
bakelite or tenite case. Contact springs 
are of spring temper phosphor bronze 
with silver contact points. This switch 
assembly is said to have been tested to 
withstand more than 100,000 operations. 

* * * 

TEMPERATURE INDICATOR 
An electronic temperature indicator is 
announced by North American Philips 
Company, Inc., Dobbs Ferry, N. Y. 
through its Industrial Electronics Divi- 
sion, 419 Fourth Avenue, New York. 

A switch on the front panel of the in- 
strument allows instantaneous selection 
of three temperature spread ranges. The 
standard limits of the instrument are 
from 100° below to 1000° above zero 
centigrade ( -212° F to 1832° F) with a 
normal accuracy of plus or minus 2 %. 

Five pairs of terminals for five thermo- 
couples are provided, any one of which 
can be switched into the circuit so that 
the temperature at five different points 
can be read. 

Since the connecting wires between 
thermocouple and instrument carry only 
the small fractional voltage from the 
thermocouple, no special provisions are 
necessary for insulation, while varying 
lengths of thermocouple leads do not af- 
fect the calibration. 

The instrument can be operated with 
as much as 100 feet of connecting wire 
between thermocouple and indicator. The 
apparatus is said to be so designed that 
it cannot be damaged by overload or 
wrong application. It is particularly 
adapted for permanent use, without su- 
pervision. 

It is designed in a standard radio re- 
lay rack and panel built into a metal cab- 
inet with black crackle finish ; weighs 24 
lbs. 
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FEDERAL BATTERY CHARGERS 
A complete line of wide voltage and 
practically unlimited current range bat- 
tery chargers, with selenium rectifiers 
are now being supplied by the Selenium 
Rectifier Division, Federal Telephone and 
Radio Corporation, East Newark, N. J. 

Federal's battery charger line is divi- 
ded into three general classes. It includes 
the low voltage type for automotive, 
vehicular, aircraft, high rate and radio 
uses, featured by ready portability, wide 
charging rate control, and equipped, if 
desired, for switching from 6 to 12 volts 
for operation with equal efficiency at 
either voltage. 

The communications type is in the next 
class. This type is for telephone, tele- 
graph, signaling and alarm systems rang- 
ing from 24 to 48 volts. These chargers 
are provided with filters to eliminate rip- 
ple and are available for floating or cyclic 
charging as well as with taper charge 
or automatic regulation. 

The third class includes the general 
utility types for central power stations, 
machine tools, control circuits. 

* * * 
OHMITE TANDEM 
RHEOSTAT ASSEMBLIES 
Tandem units of Ohmite rheostats 
mounted on a sturdy steel frame, have 
been developed by the Ohmite Manu- 
facturing Company, 4835 Flournoy Street, 
Chicago 44, Illinois. Control is by a 
single hand wheel. Units of from two to 
eight have been produced, ranging in 
power rating from 25 watts to 1000 watts 
and in diameter from 19/16. inches to 12 
inches. Rheostats in tandem are insulated 
from each other so that they may be 
used for simultaneous control of several 
circuits or phases of a circuit by means 
of one knob. 

Two rheostats can be separately con- 
trolled by means of concentrically located 
knobs. This may be done to conserve 
panel space or where it may be. desired 
to use one rheostat as a vernier for an- 
other. In this type of unit two rheostats 

(Continued on page 90) 
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The bulk of UTC production today is on special units designed to specific cus- 
tomers' requirements. Over 5,000 new war designs were developed this past year. 
These designs ran from open type units to hermetically sealed items capable of 
many cycles of high and low temperature and extreme submersion tests. They 
included units from 1/3 ounce in weight to 10,000 lbs. in weight and from infini- 
tesimal voltages to 250,000 volts. It is impossible to describe all these thousands of 
special designs as they become available. Our staff of application engineers will 
be more than pleased to discuss your problem as related to special components. 

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y., CABLES: "ARLAB" 
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LECTURE DEMONSTRATION 

OSCILLOCRAPH 
* DuMont Type 233 cathode -ray oscil- 
lograph is a giant- screen instrument of 
moderate cost. Suitable for lecture 
demonstration. Or for laboratory studies 
in which detailed analysis of fine- struc- 
ture wave forms is required. This in- 
strument is already playing a vital role 
in the war effort. 

The 20 -inch DuMont cathode -ray tube 
provides a brilliant trace observed with 
ease at distances normally encountered 
in lecture halls and auditoriums. 

Other essential features are the identical 
amplifiers for signal deflection along 
both horizontal and vertical axes; the 
Z -axis amplifier for intensity modula- 
tion of the cathode -ray; a linear time - 

base generator; the associated powe- 
and control circuits. Sturdy metal 
cabinet. Locking casters. Sloping con 
trol panel. Completely self- contained. 
110 v. A.C. operation. 

* Write on your business letterhead for 
new manual and catalog. Contains a 
wealth of practical information on 
cathode -ray technique and equipment. 

ALLEN B. DU MONT LABORATORIES, INC. 
Passaic, New Jersey 

Cable Address: - Wespexlin, New York 

THE INDUSTRY OFFERS ... - 
(Continued from page 88) 

are mounted in tandem with the shaft of 
the rear unit extending through the hol- 
low shaft of the front unit. For increased 
capacity, the front or back units can con- 
sist of several rheostats connected to- 
gether. 

Tandem rheostats are also available in 
taper windings and the same range of re- 
sistance values as individual units. 

* * * 

COMPCO PROJECTORS 
Two new sound system projectors have 
been announced by Commercial Metal 
Products Co., 2251 W. St. Paul Ave., 
Chicago, Ill. Speaker baffles are made 
for 12 ", 8" and 6" projector horns. Each 
size projector can be mounted vertically 
and horizontally to meet all requirements. 
The speaker baffles are of two -piece con- 
struction. 

* * * 

THERMEX HIGH FREQUENCY 
HEATING UNITS 
Thermex high frequency heating units 
for preheating and molding have been 
developed by the Girdler Corporation, 
Louisville 1, Kentucky. The plasticity, 
or flow properties, of the material are 
said to be improved by Thermex' uniform 
and speedy heating. Heating is said to 
be uniform throughout the mass of mate- 
rial, regardless of size, thickness or shape. 
Lower mold pressures are said to be 
permitted with Thermex, often 80% 
lower. 

The types of machines best suited for 
use in molding plastics have single knob 
control and one meter and are semi -auto- 
matic. The Thermex unit is completely 
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Meissner 
"Align-Aire" 
Condensers Meet Exacting 
Performance Requirements! 

Meissner "Align- Aire" (midget) 
units are now encased in the newly 
developed, low loss, bakelite (num- 
ber 16444) and occupy extremely 
small space ... only 7/16" in diam- 
eter and 11/4" long ... they are an 
ideal trimmer for high frequency 
coils. Midget "Align- Aire" Con- 
densers are exceptionally stable. 
Capacity range 1 to 12 mmfd. 

Many years of engineering 
research developed the Meissner 
"Align- Aire" Condensers to meet 
the exacting performance require- 
ments of high frequency circuits. 

Samples sent upon request. 
AVAILABLE ONLY 

ON PRIORITIES 

,A STEADY SOURCE OF ALL 
ELECTRONIC 
EQUIPMENT 

4A911 X 11. F ctb 
..4416 

T.1.rha 
SS W SEW 

`I ORK, N Y ., 
65 

CORlIANOt 

To. 

FOR ACTION 

PHONE! WIRE! WRITE 
BULLETINS AND CATALOGS ON REQUEST " err. .. rrlvri. llvl(, (rrrrrgrr.(a,w,rrófr 
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closed within a compact safety cabinet 
d is available in both stationary and 
rtable models. 

* * * 

ITTELFUSE EXTRACTOR POST 
use extractor posts with anti- vibration 
de terminals mechanically connected by 
ectrical welding to the metal shell in- 
de the bakelite body and backed up by 
.ft solder have been produced by Littel- 
se Incorporated, 4747 Ravenswood Ave., 
hicago 40, Illinois. The new welding 
ocess makes the terminal connection in 
ect one- piece, integral with the metal 

arts. The terminal is said to be proof 
:ainst heat and severest vibration. 
The new Littelfuse Extractor Post 

175 for fuses to 15 amps., is used for 
dios, auto -radios, amplifiers, fractional 

p motors, magnets, control circuits, re- 
:ys, rectifiers, plate circuits, etc. Over- 

1 length is 2Y2". Length from front 
panel 21" ; mounting hole %" ; 

aximum current, 15 amps. It is fur - 
ished for screwdriver operation meeting 
nderwriters' specifications, or for finger 

peration. 
Knob and body are molded of black 

akelite. Spacing between live parts 
ives adequate protection against elec- 
ical leakage. The tool- operated types 

ave a red knob. 
A fuse grip permits full visual shock - 

roof inspection of fuse ; spring -activated 
up at the bottom is said to insure posi- 
ve and continuous electrical contact. 
The knob not only pulls the fuse, it 

olds it. A specifically designed grip pre - 
ents the fuse from ever dropping out. 
he fuse can be taken from the knob only 

y hand. 

* 

HARVEY UNIT CELL 
COMMUNICATION RECEIVER 

he unitized cells which are self -con- 
ained, replaceable circuit elements are 
)eing used in a new model ground sta- 
ion and shipboard communication re- 
eiver now in production by the elec- 
ronics division of Harvey Machine Co., 
nc., Los Angeles. Eight cells mounted 
in a common chassis constitute the re- 

' eiver, with an additional power supply 
ell based on individual installations. The 
ntire receiver is enclosed within a dust 
sight case, and designated as the model 
KM -10. 

In the receiver are four r -f cells on 
he right side of the chassis, in which four 

wands of tuned radio frequency are pro- 
vided ; two i -f cells and two audio cells 
re on the left side of the chassis. Con- 
ecting each cell to the other are nine 

.bus bars which eliminates the need for 
:onventional wiring between circuit 
. lements. 

Another feature of the receivers are the 
-adio frequency coil assemblies of the 
rotating turret type. In the four r -f 
bands, are four r -f coils wound over 
molded lucite forms. Each coil is pro- 
vided with solid- silver contacts, turned 
from hard -drawn pure- silver wire. The 
:ontact points on the coils wipe against 
matching tumblers supported by the cell- 
DOX. 

The four standard bands of the model 
(Continued on page 92) 

HEN the squadron leader snaps instructions into 
his microphone, it's not time for doubt or confusicn 

on the receiving end. 
In manufacturing headsets for the use of our fighting 

forces, the main thing is to be certain each one is as 
perfect as it is possible to make it. 

Experience since the early days of the telephone helped 
us, of course, but it wasn't enough to be sure that we 
were building mighty good equipment on the average. 
We developed special instruments which enable us to 
give each receiver a thorough test in a matter of seconds, 
right on the production line. Thus we kept output high, 
and quality a known factor. 

Connecticut has been identified with "communications" 
for half a century. It has never been known as the largest, 
but always as among the very best, in design, engineer- 
ing, and precision production. If your post -war plans 
involve the use of precision electrical devices, in connec- 
tion with product development or production control, 
perhaps we can help you eliminate the "question marks ". 

CONNECTICUT TELEPHONE & ELECTRIC DIVISION 

MERIDEN, 

MfRICAN 

% - iNDUS1R1fS 

CONNECTICUT 

For the second time within a year, the honor of the Army -Navy Production 
Award has been conferred upon the men and women of this Division. 

D 1943 Great American Industries, Inc., Meriden, Conn. 
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Stratosphere, 
Troposphere 

or Aquasphere 
#X7-orivireezig 

alwWzr- et.reaw/ 

The ingenuity of the N -Y -T 
N Y Sample Department is repre- 

sented in practically every 
point above and below the 

four corners of the earth. 
Specializing exclusively in the design and 
development of audio and power trans- 
formers, chokes and filters for highly criti- 
cal requirements, these custom -built units 
experience every conceivable electrical 
pnd mechanical operating condition. 

Abrupt and extreme temperature fluctua- 
tions, moisture, acid fumes, concussion, 
humidity, etc. -yet maximum performance 
is assured at all times. Too, substantial 
savings in weight, area and mounting 
space attest to the resourcefulness of 
N -Y -T engineering. 
The Sample Department, now devoted 
100% to problems pertaining to Army, 
Navy and Air Corps applications, will be 
available later, for peacetime needs. 

NEW YORK 
TRANSFORMER 

COMPANY 
29 WAVERLY PLACE, NEW YORK, 3, N. Y. 

THE INDUSTRY OFFERS ... 
(Continued from page 91) 

HM -10 are 1.49 to 2.67 mc, 2.625 to 4.55 
mc, 4.50 to 7.80 mc, and 7.70 to 12.55 
mc. The i -f selectivity is said to be not 
less than 6 kc for a 10 db antennation 
with the crystal in `off" position. 

* * * 
UNIVERSAL THROAT MICROPHONE 
Universal Microphone Co., Inglewood, 
Cal., is now making its T -30 throat mi- 
crophone available in bulk orders to sub- 
contractors and prime government con- 
tractors. It was originally designed and 
engineered to specifications for the U. S. 
Army Signal Corps communications cir- 
cuits. 

The T -30 is a carbon type, dual element, 
mounted in synthetic rubber neckpiece 
complete with elastic neckband. This mi- 
crophone allows the use of both hands 
by the operator, such as in the case of 
pilots, dispatchers, etc. 

The plug is a midget two -prong break- 
away type PL -291. It is non -locking. 

* * * 

KEY SWITCHES 
Key switches are now available from 

Audio Development Company, 2833 
Thirteenth Avenue, South, Minneapolis, 
Minnesota. 

Allowing for a maximum of seven 
springs in each quadrant of the switch, 
these switches are said to provide a wide 
variety of locking and non- locking switch- 
ing combinations. Silver alloy contacts 
are standard. Special contact materials 
can be supplied when desirable ; are sup- 
plied with or without mounting plates. 

Also available are he new telephone 
type jacks. They feature welded box 
construction assuring rigid alignment of 
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LECTROHM 
SOLDER POTS 

for continuous operation 

AVAILABLE 
from STOCK 

- I 3/4 and 2 POUND CAPACITY 

SOLDER POTS 

-designed for tinning small wires 
and leads with maximum efficiency 
and minimum cost in radio, motor 
and other electrical equipment 
plants where individual solder pots 
are desired for each operator. A 
single -heat, porcelain, nickel- 
chrome heating element, which can 
be quickly and inexpensively re- 
placed when necessary, heats the 
pot. Operates on 110 v., a.c. or d.c. 
-or 220 v. if requested. Ruggedly 
constructed for long, dependable 
service. 

COMPLETE INFORMATION 
FURNISHED ON REQUEST. 

I N C O R P O R A T E 
5143 W. 25TH STREET. CICERO 50. ILL. , 

WHEN YOU CHANGE 
YOUR ADDRESS 

Be sure to notify the Subscription 
Department of COMMUNICATIONS 
at 19 E. Forty- seventh St., New York 17, 
N. Y., giving the old as well as the new 
address, and do this at least four weeks 
in advance. The Post Office Depart- 
ment does not forward magazines unless 
you pay additional postage, and we 
cannot duplicate copies mailed to the 
old address. We ask your cooperation. 
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I all parts. Non -aging springs are said to 
4, provide permanent tension. Additional 
1 springs allow for the switching of 
I auxiliary circuits as desired. They can 

be supplied for all standard two and three 
circuit telephone type plugs. 

* * 

f STACKPOLE HIGH RESISTIVITY 
INSULATED CORES 
Iron cores having high unit resistivity 
have been developed by the Electronic 
Components Division of the Stackpole 
Carbon Company, St. Marys, Penna. 

' These cores are recommended for appli- 
cations where a resistance of 150 meg- - 
ohms or greater is required, and where 
voltages do not exceed the breakdown 
value. 

r 

:S 

* * * 

INDUSTRIAL CONDENSER 
HEAVY DUTY CAPACITORS 
The Industrial Condenser Corp., Chicago, 
Ill., is now in production on a new line 
of heavy duty, high voltage capacitors 
for continuous operation up to 150,000 
volts working. 

Illustrated is a 5 -mfd, 50,000 -volt d -c 
capacitor. It is 28 inches high and weighs 
175 pounds. 

mrg i,^.0 VGiTS 

cc:,,ri;;uóv; 

The DP -B has a total of 10 con- 
tacts. Six 15 amp contacts, two 
30 amp contacts, two coaxials 
for radio antenna. The coaxi- 
als can be removed for sol- 
dering without disturbing 
other contacts. 

CANNON 
CONNECTORS help 

set new production "highs" 

In new secret applications, electronics have become 
the nerve center of our armed forces ... and electronic 
devices are helping almost every war industry roll 
back the old limits on productive capacity. 

After Victory's won, the peacetime possibilities of 
electronic products are limitless ... and since electrical 
circuits are involved, Cannon connectors will natu- 
rally play an important part in their operation. 

In either war or peace, Cannon connectors are the 
finest development in electrical plugs. They assure ab- 

solute dependability of 
operation under all con- 
ditions ... they are easy 
to service ... adapted to 
quick assembly... and ap- 
plicable to any industry. 

Send for your copy of the new 24 page bulletin 
on Cannon DP Connectors. Gives general infor- 
mation and description of parts, applications, 
dimensional sketches and tabular matter. Write 
Department A -121, Cannon Electric Develop- 
ment Company, Los Angeles 31, California. 

CANNON ELECTRIC 
Cannon Electric Development Co., Los Angeles 31, Cal. 
Canadian Factory and Engineering Office: Cannon Electric Co., Ltd., Toronto 

REPRESENTATIVES IN PRINCIPAL CITIES - CONSULT YOUR LOCAL TELEPHONE BOOK 
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HAYDU BROS 

PERFECF FOR AI -loth in manufacture and performance, is more essential 

now than ever, it you are driven by war time speed, and the constantly growing 

need for greater prod etion. 

The traditionally dependable performance of Ilaydu Bros. Burnerelptipment, 
has been an assurance of 3333 terruptcd economical production. 

Today, thousands of Haydn Bros. Burners, in many styles and sizes, for Can, 

Air and Oxygen, are usml in plants of the general glass working industry from 
coast to roast. helping to speed those essential orders. 

Specially designed Burners, Torches, Cross- 
fire, and Mixers to meet your requirements. 

-â 
WRITE FOR 

LATEST 

BULLETIN 

BROTHERS 
PLAINFIELD NEW JERSEY 

Vadirk PieciVetit 

. . .. Accuracy and 
dependability are 
built into every 
Bliley Crystal Unit. 
Specify BLILEY for 
assured performance. 

BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING ERIE, PA. 
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LIFEBOAT RADIO 
(Continued from page 20) 

tube. For telegraph transmission, it 
is necessary to emit a modulated (A2) 
wave. This is accomplished in an 
ingenious manner by introducing a 
feed -back circuit between the modula- 
tor grids and plates. An auxiliary 
contact mechanically connected to the 
telegraph key closes the feed -back 
circuit each time the key is depressed. 
This arrangement automatically pro- 
vides modulated telegraphy without 
the necessity, on the part of the oper- 
ator, to transfer circuits from tele- 
graph to telephone conditions. The 
telephone handset is fitted with a con- 
ventional push button for send -receive 
operation. 

Send -Receive Relay 

A fast operating send -receive relay 
provides break -in operation when the 
telegraph key is used, or normal send - 
receive operation when the telephone 
handset is in service. One set of con- 
tacts on this relay transfers the an- 
tenna circuit to the transmitter or 
receiver while another set of contacts 
controls the plate and screen supply. 
The transmitter is capable of deliver- 
ing 5 watts to the antenna with 100 

per cent modulation on either tele- 
phone or telegraph. 

Receiver 

The radio receiver employs conven- 
tional circuits with a 6SS7 in the first 
r -f amplifier and another 6SS7 in the 
second r -f amplifier. In the detector - 
first audio is a 6SQ7. The second 
audio has a 6G6 -G. 

The input to the grid of the first 
r -f amplifier is obtained from the 
transmitter amplifier tank circuit. 
There are, therefore, a total of four 
tuned receiver circuits made up of the 
antenna circuit, the power amplifier 
tank circuit and the two receiver in- 
terstage units. The receiver is capable 
of delivering 50 milliwatts audio out- 
put with an input of approximately 
20 microvolts. Receiver bandwidth 
is 15 kc at 10 times down and 60 kc 
at 1000 times down. Of interest are 
the three means for listening to the 
receiver output. This may be done 
with the loud speaker on the front 
panel, the telephone receiver in the 
handset, or with a pair of headphones 
which may be plugged into the phone 
jack. 

Drying Lamp 

A 25 watt, 120 volt Drying Lamp 
will be noted in the circuit diagram. 

www.americanradiohistory.com

www.americanradiohistory.com


This lamp is located in the upper sec- 
tion of the transmitter -receiver chassis 
and is for the purpose of maintaining 
a moderate temperature inside the 
unit to inhibit condensation of mois- 
ture. The lamp burns at all times 
when the lifeboat is on the davits and 
is connected to the shipboard 120 -volt 
supply through a plug connector which 
automatically disengages when the 
lifeboat is launched. 

Field Strength 

The field strength delivered by the 
transmitter with the antenna arrange- 
ments previously described is of in- 
terest. At one nautical mile a field 
strength to the order of 400 to 600 
microvolts per meter may be expected. 
At 50 nautical miles the ground wave 
follows closely the inverse distance 
law, resulting in a field of approxi- 
mately 10 microvolts per meter. The 
effective height of the average ship- 
board main antenna, at 500 kc (such 
as would be used on the rescuing 
ship), is about 13 meters. Therefore, 
the lifeboat transmitter may be ex- 
pected to deliver approximately 130 
microvolts to the receiver of a res- 
cuing ship 50 miles away. 

Effectiveness of Equipment 

The practical utility of lifeboat 
equipment may be illustrated with the 
case of the S. S. Stag Hound which 
was torpedoed and sunk off the coast 
of South America. This vessel had 
two lifeboats equipped with the ap- 
paratus. The Stag Hound was aban- 
doned. And during the night two life- 
boats from this abandoned ship lost 
sight of each other but were able to 
maintain telephone communication at 
all times. Distress calls were trans- 
mitted and replies received from four 
ships which decided amongst them- 
selves the ship that was nearest and 
which should effect the rescue. This 
was accomplished two days later, re- 
sulting in the rescue of ' the entire 
ship's crew and the naval gun crew. 
The radio operator, Edward F. Wall, 
who was in one of the lifeboats, made 
the following comments : 

"Too much praise cannot be given 
the simplicity and efficiency of the set 
we had in the two lifeboats. The 
beauty of these sets is that they can 
be worked by telephone or telegraph 
so that in case the operator is missing 
or injured anyone in the lifeboat can 
work the set. ' Another feature -no 
batteries have to be bothered with, 
and naturally the set could be used day 
after day without its source of power 
being reduced." 

BACK THE ATTACK 

BUY WAR BONDS 

The Women's Army Corps has valiantly taken 
over many non -combatant duties, releasing men 
for front -line fighting. In airports and message cen- 
ters the WACs perform well many of the arduous 
tasks involved in receiving and transmitting corn - 
munications within the vast scope of the U. S. 
Army Signal Corps. 

CONSOLIDATED RADIO PRODUCTS COMPANY takes just 
pride in the fact that its headphones are used by the 
Signal Corps on all the battlefronts of the world. 
Engineered for complete dependability, CONSOLI- 
DATED RADIO products are withstanding the severest 
demands of service with the Tank Corps and the 
Infantry, as well as the Air Corps. 

Consolidated Radio's Modern Mass Pro- 
- - duction Methods Can Supply Signal 

Corps and Other Headphone Units 
* in Quantities to Contractors. _ * ? 
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MEASUREMENTS 

CORPORATION 

BRIDGING NETWORKS 

(Continued from page 40) 

be received by an impedance z when 
equal to Z, to that received when it is 
different front Z, is termed the reflec- 
tion loss and is therefore a measure of 
the amount of mismatch of the two 
impedances. 

Since the factor k is equal to the 
square root of the power ratio, the 
reflection loss is 

db = 201og1k 
= 20 log. ((Z -1- z) /2'/Zz ) 

(25) 
which may also be written in terms 
of s: 
db = 20 log.( (s' + 1) /2s) (26) 
Equation 25 has been plotted and is 
shown as Figure 7. This chart shows 
that for moderate values of mis- 
match, no serious reflections will take 
place. 

Examples 

The following three examples were 
chosen as illustrative of the methods 
employed in the actual design of multi- 
ple bridging networks. 

Example 1. It is desired to feed the 
output of an amplifier whose impe- 
dance is nominally 500 ohms to five 
branches, each having an impedance 
of 500 ohms. Find R and r; 'also, de- 
termine the loss from the output of 
the amplifier to each of the branches. 

Solution 1. From either Table 1 or 
2, since Z/z = 1, and the value of 
n = 5, we find the value of the con- 
stant to be used. The values of R 
and r are equal because the constants 
are equal, and Z and z are equal. 
R = r = 500 x .333333 = 166.666 
ohms. From either Table 3 or Figure 
5, the loss is found to be 13.98 db. 

Example 2. Given a source impe- 
dance of 2,000 ohms from which it is 
necessary to supply eight outlets or 
branches each having a nominal im- 
pedance of 500 ohms. What values 
of R and r should be used, and what 
loss will be obtained from the source 
to each load? 

Solution 2. In this case the ratio 
Z/z = 2,000/500 = 4, and n = 8. 
Using Table 1, R = 2,000 X .472549 
= 945.098 ohms. From Table 2, r = 
500 x .378431 = 189215 ohms. From 
Table 3 or Figure 5, the loss to each 
load will be 24.08 decibels. 

Example 3. Assume that it is nec- 
essary to distribute program material 
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Get the Original 
DRAKE 

Patented features 

TYPE NO. 50. Pat. No. 2220516 
DRAKE Patented Features are the natural 
development of many years experience 
making better Pilot Light Assemblies, ex- 
clusively. Constant striving for improve- 
ment, greater efficiency, more dependabil- 
ity, has resulted in producing a degree of 
quality in our products unapproached, we 
believe, by any other Dial or Jewel Assem- 
bly in the world! SPECIFY DRAKE. 
Quick delivery in any quantities assured. 

Have You the 
Drake Catalog? 

PILOT LIGHT 
ASSEMBLIES 

1113 W. HUBBARD ST. CHICAGO, U. S. A. 

kME PEACETIME MEASURES OF 

REFLECTION AND 

DEFLECTION 

WILL BE READ FROM 

TRIPLET 
EI.ECTRICAI. 1NEASUIRIAi 

INSTRUMENTS 

WITH i O1FIDENCE 

AID ECONOMY 

THE TRIPLETT ELECTRICAL INSTRUMENT CO. ILUFFTON, OHIO 

* BUY WAR CONDS * 
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from a 600 -ohm source to five 
branches. Three of the branches have 
impedances of 500 ohms. One has an 
impedance of 600 ohms, and the re- 
maining one has an impedance of 700 
ohms. How can all of these be pro- 
perly matched, and what losses will be 
obtained to each of the branches? 

Solution 3. The bridge is first de- 
signed on a 600 to 500 -ohm basis for 
the five branches. Then minimum 
loss pads are inserted in each of the 
600 and 700 ohm branches. The loss 
is then determined for each of the 
outlets. A further refinement and a 
saving in elements results if the match- 
ing pad elements are combined with 
the bridge elements. This, however, 
decreases the flexibility of the bridge. 

Loss Data 

Table 1 shows Z/z = 1.2 and n = 5 ; 

R = 600 X .362069 = 217.2414 ohms. 
Table 2 shows r = 500 X .327586 = 
163.7930 ohms. Table 3 shows the loss 
to each of the 500 -ohm outlets from 
the 600 -ohm source as 14.7 db. Fig- 
ure 5 may also be used to obtain the 
sanie value. Figure 7 shows the 
formulae for obtaining the element 
values of the matching pads required. 
For the 600 -ohm branch from one of 
the 500 -ohm outlets, we obtain from 
the given formulae, v = 244.949 
ohms ; w = 1224.745ohms. The mini- 
mum loss pad for this transformation 
is 3.77 db. For the 700 -ohm branch, 
the ratio is 700/500 = 1.4, thus from 
Figure 7 we have a minimum loss pad 
of 5.18 db. The elements from the 
formulae on this chart are, v = 
374.1657 ohms; w = 935.414 ohms. 

Mismatching 

If the mismatch that is caused by 
connecting the 600 and 700 -ohm loads 
directly to the bridge without match- 
ing pads is taken into account, re- 
flections will be set up at each and 
every junction pair of terminals of the 
bridge. The magnitude of the losses 
caused by mismatching of impedances 
is shown in Figure 6. This does not 
show the interaction factor, however, 
but takes account of only one junction 
at a time as shown. 

Small Angle Impedances 

The impedances treated in this paper 
have been assumed as having small 
angles approaching or equal to zero. 
For a more complete and thorough 
account of the effects of reflections 
and mismatching, the reader is .re- 
ferred to standard textbooks such as 
hat of Shea'. 

The degree of precision required is 
seldom greater than one percent for 

(Continued on page 98) 

Lñf WO LIS 

Housed within four daylit 
floors is a modernly equipped 
tool and die shop, and every 
facility for fabrication from 
raw stock to shining finished 
product of such items as: 

METAL STAMPINGS . . . 

Chassis, radio parts, cans, and 
special stampings to specifica- 
tions 

MACHINE WORK . . . 

Turret lathe, automatic screw 
machine parts and products 
from bar stock to castings 

LAMINATIONS . . 

Scrapless E & I type ranging 
from '' /2" to 1' /a" core size. 
Many other types and sizes. 
Laminations made to your spe- 
cifications 

PANEL BOARDS . . . 

Bakelite items from dial faces 
to 24" panels machined and 
engraved to specifications 
PLASTIC PARTS . . . 

From sheets and rods to any 
specification 

MECHANICAL 
INSTRUMENTS . . . 

Line production checking 
equipment, jigs and tools 

ELECTRICAL 
INSTRUMENTS . . . 

Switch boxs, lighting fixtures, 
etc. 

OUR ENGINEERING DEPARTMENT WILL COOPERATE IN THE 

DEVELOPMENT OF ANY SPECIAL ITEM TO MEET YOUR 
REQUIREMENTS. 

?'e Te 9Kgutuea and Vluejvurrc 

Wi LLO R 
MANUFACTURING CORP 
794 East 140th Street, New York 54, N. Y. 
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In Canada: AEROVOX CANADA LTD., HAMILTON, ONT. 

Yes, indeed, these Aerovox paper 
tubulars, Type '84, are thoroughly 
dependable. Millions of them are 
in daily use, establishing enviable 
service records. The non -inductive 
section is sealed in wax- impreg- 
nated paper tube with extra- gener- 
ous wax -filled ends. Varnished and 
colorful jacket label makes them 
look as good as they really are. 
Maximum protection against mois- 
ture. Adequate selection of voltages 
and capacitances: 

PAPER TUBULARS 
Type 

Type 

Type 

Type 

484-400 v. D.C.W, 
.01 to 1.0 mfd. 

684-600 v. D. C. W 
.001 to .5 mfd. 

. 

1084-1000 v. D. C. W, 
.001 to .1 mfd. 

1684-1600 v. D.C.W 
.004 to .05 mfd. 

. 

Ask your jobber about Aerovox Type '84 and 
other capacitors for any radio or electronic 
requirement. Ask for latest catalog or write 
us direct. 

INDIVIDUALLY TESTED 

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

Export: 100 VARICK ST., N. Y. C. Cable: 'ARLAB' 

COMPLEX VARIABLE 
(Continued from page 70) 

that a function of a complex variable 
is, itself, generally a complex variable 
of the form. 

w = u (x, y) + jv (x, y) (14) 
where the notation u (x, y), y (x, y) 
indicates that u and y are functions of 
x and y. 

Now when we say that w is a 
function of a complex variable z, 
we mean that its component parts, u 
and v must be such that they can be 
derived by taking some function of 
x -{- jy. This excludes independent 
functions of x or y, and also excludes 
functions of x - jy. Thus, as we 
have seen, if for example 

u = x2 - yl 
v =2xy 
then w = u -}- jv is a 
x jy ; in fact, w = z2. 

hand, for the functions 

u = x2 -y2) 
V = -2xy 
no such function of z = x -}- jy exists. 

Now tnere are certain interesting 
relationships among the partial deriva- 
tives of u and y with respect to x and 
y which exist only for analytic func- 
tions of a complex variable. For ex- 
ample, in equations 6b, we have 

(6b) 

function of 
On the other 

(15) 

au_2x,au2 
ay 

=-y 
ax 

ev 218-v- = 2x -y 
ax ay 

A brief examination of these equa- 

(Continued on page 106) 

BRIDGING NETWORKS 

(Continued from page 97) 

the resistances of the multiple bridge. 
Therefore the resultant calculations 
provided may be rounded to a value 
close to the given one, without caus- 
ing any noticeable impairment to 
quality as judged by ear, or any 
change which can be detected by com- 
mercial volume indicators. 

2T. E. Shea, Transmission Networks and 
Wave Filters, D. Van Nostrand Co. 
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TOOLS DIES 
STAMPINGS 
HEAT 
TREATING 

For 
Output 

Transformers 
of highest 

permeability 
Standard 

Sizes for 
Audio, Choke, 

Output and Power 
Transformers in 

Stock. 
Write for 
dimension 
sheets. 

Alnico 
(cast or sintered) 

Cobalt, Chrome or 
Tungsten, cast, formed 

or stamped. Engineering co- 
operation backed by 41 years ex- 

perience insures quality, dependability 
and service. 

Thomas & Skinner 
Steel Products Co. 

1113 E. 23rd St. Indianapolis, Ind. 

WANTED: 

RADIO ENGINEER 

Permanent radio engineering posi- 

tions in Southern California for men 

with creative and design aptitude, 

especially with UHF circuits. Starting 

salary and advancement depends 

upon the engineer's experience and 

ability. 

Applications are solicited from per- 

sons that are not using their highest 

skills in war work. 

Write complete qualifying educa- 
tional training and experience to 
Chief Radio Engineer, Bendix Avi- 
ation, Ltd., in core of The Show Com- 

pany, 816 W. 5th St., Los Angeles 13 
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AUDIO MEASIMEMENTi 
(Continued Irons pope 27) 

the 9's of the resistance arms and the 
crmdenswr are directly additive, as 
pointed rin previously. Thus, in this 
case, it is not poseibk to use parallel 
eapaci tan( e across the resistance 
arms. The possibility suggests itself, 
however, of using series inductance in 
one of the resistance arms to compen- 
sate for the residual Q's of the circuit. 
The establishment of the initial bal- 
ance requires an inductance of high 
Q, the value of which is known to a 
moderate accuracy, or, alternatively, a 
moderate value of Q, accurately 
known. This, in turn, requires an in- 
dependent method of measuring resis- 
tance accurately, but fortunately such 
a method is available in the series - 
resonance bridge. 

Compensation for Circuit Residuals 

The secondary shield -to -ground ca- 
pacitance of the transformer is placed 
across the resistance arm A, with the 
smaller (10 mmfd) terminal capaci- 
tance across the capacitive arm N 
(722 -D precision condenser). A 
fixed inductance, LA, is used, with an 
additional trimmer capacitor C',, to 
make the final adjustment in establish- 
ing the initial balance. For an A 
arm resistance of 20,000 ohms, a 50 
or 100 -mh choke may conveniently be 
used for LA, together with a 100 -mmfd 
condenser used for CA. 

The stray capacitance placed across 
the standard condenser can he deter- 
mined by a method similar to that used 
with the capacitance bridges. If two 
balances are made for a given I,,, one 
with the Standard condenser discon- 
nected at its high terminal, the other 
in the usual manner, with Cm set at 
about 100 mmfd, the stray capacitance 
Ce will he given by 

1 

o = t N 

-- -1 
Br 

Here B, is the reading of the B 
arm resistance box with C,r discon- 
nected, B, its reading with the stand- 
ard set at a value of Cm. 

With this arrangement an initial bal- 
ance was established against a Q of 20 
(known to about ±1%, from reson- 
ance bridge measurements). The Q's 
of several other coils were then mea- 
sured, the results checking the known 
values within essentially the accuracy 
of reading of the condenser CA. 

Additional correction terms are in- 

'The resistance of the choke must, of course, 
be added to R.. The choke resistance i, small 
compared to R., however, and the d.c value 
star he used without introducing any appreci- 
able error. 
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t writes by ear... 
For years, Shure Engineers have relied upon accurate and 
scientific measurement in determining microphone perform- 
ance. They do not rely, alone, upon listening or point by 
point measurement. 

Shure Engineers designed this Automatic Curve Recorder 
to plot the operating characteristics of our microphones. It 
writes by ear. 

This and other advanced testing techniques have enabled 
Shure to meet and often exceed the rigid requirements of 
microphone design demanded by the Army and Navy. You 

will have every right to expect new standards in . 
microphone performance after the war is won. 

MICROPHONES SHURE BROTHERS, 225 W. HURON ST., CHICAGO 
Des,rners and .11anu(acturers of Microphones and Acoustic Devices 
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TODAY 

All our efforts are focused on the job of main- 
taining the highest in quality while delivering 
the maximum number of Precision Instruments 
to the Fighting Front ... THIS IS OUR 
ATTACK ! ...We will keep at it, without pause. 
until Victory Is Won. 

BOONTO ADIO 

BOONTON, NEW JERSEY, 17. :S.A. 

DESIGNERS AND MANUFACTURERS OF THE Q METER AND OTHER 
DIRECT READING INSTRUMENTS FOR PRECISION MEASURING 

__ I 

,A4r \ N' 

Aft 

AXES 
AND 

COMPOUNDS 
FOR 

INSULATION and WATERPROOFING 

of ELECTRICAL and 
RADIO COMPONENTS 

such as transformers, coils, 

power packs, pot heads, sockets, 

wiring devices, wet and dry bat- 
teries, etc. Also WAX SATU- 
RATORS for braided wire and 

tape and WAXES for radio 
parts. The facilities of our 
laboratories are at your disposal 
to help solve your problems. 

ZOPHAR MILLS, INC. 
(FOUNDED 1846) 

120-26th ST., BROOKLYN, N. Y. 

;,t0;if 
aroa-ds 

!rELNIC. 
TUBE PARTS 

and 
SHIELDS 

We specialize. in 
SMALL TOUGH JOBS 

METAL STAMP /NGS, /ne. 
Division Of THE FRED GOAT CO., INC. 

Machinery Specialists since 1893 
314 DEAN STREET, BROOKLYN, N. Y. 
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troduced into the inductance equation 
by the transformer capacitance shunt- 
ing the series inductance LA. For the 
case cited, this correction is negligible, 
but it can become significant if large 
inductances are used in the A arm. 

Accurate Measurement of 
Coil Resistance 

The resonance bridge, shown in 
series form in Figure 10, is one of 
the most accurate methods available 
for measuring coil resistance at audio 
frequencies. Since the reactance of 
the P arm is reduced to approximately 
zero, the resistance balance becomes 
the dominant one, and the circuit re- 
siduals have only a second -order effect 
on it, while having a comparatively 
large effect on the reactance balance. 
This method, then, although quite ac- 
curate for resistance measurements, is 
not very accurate for inductance mea- 
surements. 

To obtain the coil resistance, when 
the total P arm resistance is known, 
obviously requires a knowledge of the 
effective resistance of the tuning con- 
denser. Additional measurements are 
thus required, unless condensers of 
known dissipation factor are used, or 
unless Rc is negligible with respect to 
RL. 

Independence of Balance 

In any alternating- current bridge 
there are two conditions that must be 
simultaneously satisfied to obtain a 
true null balance. For maximum con- 
venience in the use of the bridge it is 
desirable that the two adjustments for 
balance be independent of each other, 
so that the element that is varied to 
secure one balance shall not affect the 
other balance. Otherwise, the condi- 
tion commonly known as a sliding 
zero occurs. It is characterized by 
the fact that balance must be ap- 
proached by comparing a number of 
successive adjustments for minimum. 
The degree of dependency of the two 
components of balance on each other 
(i.e., the amount of sliding) is de- 
pendent on the storage factor, Q, of 
the unknown impedance. The higher 
the storage factor of the unknown im- 
pedance, the less pronounced is the 
sliding effect. 

It can be shown that truly indepen- 
dent balances are obtained only when 
the two adjustments for balance are 
made in the same arm, or when one 
adjustment is made in each complex 
arm. An example of the first method 
is the Owen bridge, while a bridge 
devised by Sinclair' illustrates the 
second. 

The two elements that provide in- 
dependent balances can be made direct 
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VOICE COMMUNICATION COMPONENTS 

UNIVERSAL now makes available to prime 
and sub -contractors complete voice communi- 
cation components from microphone to plug, 
manufacturing these units in entirety within 
its own plants. 
MICROPHONES, SWITCHES, PLUGS and 
JACKS now ready for earliest possible deliv- 
eries to manufacturers of all types of military 
radio equipment . .. making available the vast 
experience and engineering ability of this ex- 
clusive microphone manufacturer. 

Available from stock, 1700U series 
microphone. Single button carbon type, 
push -to -talk switch, etc. For trainers, 
inter -communication and general 
transmitter service. 

UNIVERSAL MICROPHONE CO. LTD. 
INGLEWOOD, CALIFORNIA 

FOREIGN DIVISION, 301 CLAY STREET, SAN FRANCISCO 11, CALIFORNIA 
CANADIAN DIVISION, 560 KING STREET W., TORONTO 2, ONTARIO, CANADA 

reading for the resistive and reactive 
(or conductive and susceptive) com- 
ponents of the unknown impedance, 
independent of each other. On the 
other hand, if any element is made 
direct -reading in 0 or D, the bridge 
will have a sliding zero balance. All 
of the actual setups described fall into 
the latter category. In practice, how- 
ever, the sliding balance is not seri- 
ously annoying unless the 0 of the 
component being measured is extreme- 
ly low (approaching unity). 

The Shielded Transformer 

The transformer used to couple the 
generator to the bridge must be ex- 
tremely well shielded, or serious 
errors may be introduced into the 
bridge measurement.' Ordinary single - 
shield transformers of the type com- 
monly used in communication systems 
will not usually be satisfactory, as the 
requirement on reduction of electro- 
static coupling between the two wind- 
ings is more severe for the bridge 
transformer. The transformer used 
in all the circuits described is the Gen- 
eral Radio 578 -A, which is specifically 
designed for bridge use. 

'General Radio 916 -A, radio - frequency bridge. 
5A partial analysis of the errors introduced 

is given in the General Radio Experimenter, 
September, 1941. 

Figure 10 

The series -resonance bridge. The capacitances Ca, CB and 
CN are circuit residuals. The equations of balance are 

RBRN I - Q:,= 
RB = 

Lr = 

RA 

w"-Ce 

I + QN(QA + QB) + QAQB 

(approximately) 
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Make of Precision 

Engineered t°goNI C 

gOß5 
CORPORATION 

6327 GUILFORD AVE'NUE, INDIANAPOLIS, INDIANA 

Since 
1924 

MERIT will take justifiable pride in its manufacture of 
precision parts for this miracle mobile unit which has con- 
tributed so much to the victories of our armed forces, and 
gives but a glimpse now of the limitless post -war future. 

Now manufacturing. for every branch of the Armed 
Services, enlarged facilities enable us to offer prompt ship- 
ment on priority orders. 
Transformers -Coils -- Reactors -Electrical Windings of All 
Types for the Radio Trade &. other Electronic Applications. 

MERIT COIL & TRANSFORMER CORP. 
311 North Desplaines St. CHICAGO 6, U.S.A.] 
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SQUELCH SYSTEMS 

(Continued from page 74) 

the noise level for which the circuit 
was adjusted. If the carrier amplitude 
is less, then the receiver will provide 
no output. It is evident, therefore, 
that it is not possible to make full use 
of the inherent receiver sensitivity. 
For the exact reduction in sensitivity 
depends on the setting of the squelch 
control, which in turn depends on noise 
conditions at the receiver point. This 
means that signals below or at the 
noise level will not be heard. For a 
high quality a -m or f -m receiver this is 
an advantage since signals down in the 
noise level will not produce much en- 
joyment. For a DX listener the re- 
duction in sensitivity is a disadvan- 
tage. In fact, even strong carriers 
may be missed if the tuning is too 
rapid. With the squelch in operation, 
tuning must be done very slowly. This 
results in an apparent increase in 
selectivity, but, of course, this is not 
so. If the squelch controlling voltage 
is obtained from a more selective point 
than the detector, the effect is to force 
the operator to tune the signal on the 
nose. This method was employed in a 
Wurlitzer receiver, around 1931. In 
single frequency receivers found in 
marine installations, police and fire de- 
partment services, squelch is used ex- 
tensively. 

Relay Type Squelch 

A circuit using an interesting relay 
arrangement is shown in Figure 1. In 
operation, if no carrier is being re- 
ceived, the tube plate current increases 
and operates the relay, the contacts 
shorting the loudspeaker voice coil. 
Variable resistor Rl in series with the 
contacts may be adjusted for partial 
muting if desired. When a carrier is 
applied, the avc system biases the tube 
more negatively, reducing its average 
plate current and causing the relay to 
drop out, removing the speaker short. 
Variable resistor across the relay coil 
adjusts the squelch level. 

Electronic QA VC 

In Figure 2, we have an example of 
an electronic type qavc circuit. The 
audio amplifier receives the audio sig- 
nal through the coupling condenser as 
usual. Its grid resistor is divided into 
two parts, and the lower section of the 
150,000 -ohm resistor is connected to the 
plate of the squelch control triode. 
This may very well be the triode sec- 
tion of the duo -diode -triode detector 
and avc tube, type 6R7. When no car- 

www.americanradiohistory.com

www.americanradiohistory.com


nier is being received no bias appears 
on the 6R7 grid, so that its plate cur- 
rent is maximum. The plate current 
IR drop across its plate resistor de- 
velops a polarity of negative upward 
and positive downward. Since the 6R7 
plate resistor is common to the grid 
circuit of the audio amplifier, the IR 
drop acts to bias the grid. This bias is 
sufficient to cut off the audio amplifier 
pláte current thereby blocking the 
audio signal in this stage. Applica- 
tion of a carrier develops a negative 
voltage in the avc circuit which is ap- 
plied to the 6R7 grid as bias, reducing 
or cutting to zero its plate current. 
This removes the blocking bias from 
across the 150,000 -ohm resistor and re- 
stores the audio amplifier to normal 
allowing the audio signal to pass 
through. The 1,000 -ohm resistor in 
the amplifier cathode provides self -bias 
for this stage. The 10,000 -ohm poten- 
tiometer adjusts the plate voltage to 
the 6R7. This determines the avc bias 
necessary to be applied to the 6R7 grid 
to cut off its plate current, thus acting 
as the muting level control. To pre- 
vent making the audio amplifier grid 
positive with respect to its cathode, the 
cathode is returned to the bottom end 
of the grid resistors. The .25 -mfd 
condenser at the 6R7 plate in conjunc- 
tion with the 150,000 -ohm resistor pro- 
vides the proper time delay so that in- 
stantaneous high amplitude noise peaks 
will not open the squelch. The squelch 
becomes inoperative if the switch s is 
thrown to the on position. If a pen- 
tode is used instead of a 6R7, the level 
control may be a screen grid potenti- 
ometer, instead of control shown. 

QA VC Circuit 

A circuit with a qavc tube used in 
f -m appears in Figure 3. With no car- 
rier, the qavc 6F5 plate current is rela- 
tively high so that an IR drop appears 
across resistor R,. This drop is great 
enough to ignite the neon tube N. When 
N glows its a -c resistance is very low. 
Since the 6F5 plate is connected to the 
audio tube grid through capacitor C, 

the neon tube acts in series with C as 
a low shunt path for audio frequency 
signals across the audio tube grid cir- 
cuit, reducing the signal output of this 
stage to a negligible value. When a 

carrier appears, the 6F5 plate current 
is reduced or dropped to zero, the IR 
drop across R, disappears and the neon 
tube is deionized. In this condition, 
the neon tube offers a high resistance 
path to a -c and thus no longer shunts 
out the signal. 

When no f -m carrier is present, the 
limiters pass high noise voltages. 
These appear across R, in the plate of 

the second limiter, and are coupled via 
(Continued on Page 110) 

V he Andre ompany is now able to supply standard 

70 ohm 7 soft temper coa `'al cable in continuous lengths up to 

4,000 feet! The cable is elect cally identical to rigid cables of 

equal size, but has these extra dvantages: the cable may be 

uncoiled and bent by hand, thus g qtly simplifying installation; 

no connectors, junction boxes or ex nsion fittings are neces- 

sary, thus effecting a big saving in insu lation time and labor. 

To insure that all splices are pressure tigh 

matter is excluded in shipment, the cable m 

factory and shipped to you under pressure. 

and that all foreign 

be fitted at the 

The Andrew glass insulated 

terminal, an uniquely suc- 

cessful development, may 

be used with this flexible 

cable to provide a gasw, 
tight system. 

The Andrew Company is a pioneer in the 
manufacture of coaxial cables and acces- 
sories. The entire facilities of the Engi- 
neering Department are at the service of 
users of radio transmission equipment. 
Catalog of complete line free on request. 

COAXIAL CABLES 
A N T E N N A E Q U I P M E N T 

363 EAST 75th STREET -CHICAGO 19, ILLINOIS 
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GOULD 
MOODY 
CAN GIVE YOU THE 
RECORDING BLANKS 

YOU REQUIRE 

GLASS BASE 
INSTANTANEOUS 

RECORDING 
BLANKS 

Don't delay ordering your "Black Seal" Record- 
ing Blanks because of priorities. An AA -2X rating 
is automatically available to all broadcasting 
stations, recording studios and schools. 

"No better instantaneous recording blank was 
ever made," say engineers In major broadcast 
ing stations from coast -to -coast of the new 
Gould -Moody "Black Seal" Glass Base Instan- 
taneous Recording Blanks. 

Enclosing your priority rating when ordering 
will expedite deliveries. 

THE GOULD -MOODY 
COMPANY 

RECORDING BLANK DIVISION 

39S BROADWAY NEW YORK 13, N.Y. 

ALIGNMENT CHART 

(Continued from page 60) 

mmfd and at 2070 kc with 71 mmfd. 
These two points have been plotted 
and the line drawn through them in- 
tersects the X axis at - 40 mmfd, 
indicating a distributed capacity (arti- 
ficial) of 40 mmfd. The true induc- 
tance as indicated by the intersection 
with the line H1L1 is 54 microhenries. 

Let us consider the results if the ap- 
parent inductance is computed using 
either one of these measurements 
alone. This amounts to assuming that 
the distributed capacity is equal to 
zero. The apparent inductance is 
found by drawing the line HL at dis- 
tance of 253.0 from 0 on the X axis. 
A line from 0 through either of the 
observed points will intersect the line 
HL at a height indicating the corre- 
sponding apparent inductance for that 
point. The apparent inductance for 
the 400 -mmfd point will be seen to be 
about 59 microhenries and for the 71- 
mmfd point about 83 microhenries. 
These results are far from the true 
inductance and for the measurement 
with the lower capacity the error is 
over 50%. 

In the above measurements the ef- 
fects of distributed capacity have been 
purposely exaggerated. Measurements 
of the same coil without artificially 
changing its distributed capacity indi- 
cated resonance at 1070 kc with 400 
mmfd and 2140 kc with 91 mmfd. By 
the same method shown above the true 
inductance was found to be 54 micro- 
henries. These measurements taken 
individually indicated 55 microhenries 
and 61 microhenries respectively. It is 
evident that the later measurement is 
more than 10% higher. Single mea- 
surements with lower capacities will 
be in even greater error. 

The following table summarizes the 
preceding results: 

kc C 1 /f 
Bad Coil.... 1035 

2070 
Good Coil... 1070 

2140 

Bad Coil... 

Good Coil. 

Bad Coil.... 

Good Coil... 

Cd 

39 mmfd 
39 mmfd 
12 mmfd 
12 mmfd 

400 mmfd .93 
71 mmfd .234 

400 mmfd .875 
91 mmfd .218 

True L 
54 microhenries 
54 microhenries 
54 microhenries 
54 microhenries 

Apparent L 

59 microhenries 
83 microhenries 
55 microhenries 
61 microhenries 

Error 
+ 9% 
+54% 
+ 2% 
+13% 

These results show that, if the in- 
ductance is to be calculated from a 
single observation, the resonating ca- 
pacity should be reasonably high to 
avoid serious errors. 
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The inductance can be computed 
from Figure 1 for greater accuracy. 
In microhenries, inductance equals 
25300 (very nearly) times the tangent 
of angle B, when the frequency is in 
megacycles and the capacity is in 
micro -microfarads. 

This equals 25300 (1/f22- 1/f12)/ 
(C2 - C1) = 25300 (f12 - f22 /[(f1f2)2 
(C2- C1)]. The distributed capacity, 
Cd, equals 1 /f22 cot O - C2 = 1 /f22 

[ (f1f2)2 (C2 -C1) / (f12 -f22) ] 
C2 = fi (C2- CO / (f12 - f22) - C2. 
These equations can be simplified if 
fi is twice f2, as would be the case if a 
strong second harmonic is used for 
fi. The equations then become p.h = 
75900/ [f12 (C2 - C1) ] and Cd = (C2- 
4 C1) /3. 

By using, for C, a definite value 
such as 400 mmfd, the equation for 
inductance becomes p.h = 19000/ 
[F2 (400 - C) ], where F is the 
resonant frequency for 400 mmfd and 
C is the capacity required for reson- 
ance at a frequency of 2F. This equa- 
tion can readily be solved by the align- 
ment chart shown in Figure 2. To 
use this chart, the unknown induc- 
tance should be resonated at a fre- 
quency F with 400 mmfd. It should 
be again resonated at twice this fre- 
quency either by using a strong second 
harmonic of the test frequency or by 
resetting the test oscillator. This gives 
the value of C. The points F and C 
are spotted on the chart and a straight 
edge placed between them to intersect 
the inductance scale, L, at the re- 
quired value. For greater range two 
sets of scales are shown. The left 
hand scale of frequency in me corre- 
sponds with the left hand scale of in- 
ductance and the right hand scale of 
frequency in kc corresponds with the 
right hand scale of inductance. 

The value of distributed capacity 
depends only on the value of C. 

A separate enlarged scale for C 
shows the corresponding distributed 
capacity Cd for each value of C. 

In Figure 2 two examples are shown 
by the dotted lines. The upper line 
shows a tuning capacity of 80 mmfd at 
the second harmonic of 400 kc. The 
corresponding inductance has a value 
of 371 microhenries and the dis- 
tributed capacity is about 27 mmfd. 
The lower line shows a tuning ca- 
pacity of 100 mmfd at the same fre- 
quency, corresponding to an induc- 
tance of 396 microhenries and a dis- 
tributed capacity of zero. This is, of 
course, impossible and given only for 
purpose of illustration. 

The value 253 has been derived 
from /i 2 in the formula L = /n2f2C 
after fixing the decimal points by 
making proper allowance for the units 
used. 
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Another NEW 

PILOT LIGHT 
FOR GROUNDED PANELS 

Mounts 1" on centers. 

Body length approximatey 2 ". 

Hexbody permits socket wrench 
installation. 

Bulbs change from the front 
without disturbing wiring. 

Well ventilated. 

Takes Bayonet socket lamp 
(long or round) 

Faceted Jewel Model 900 

Plain Jewel Model 901 

Request complete information 

MANUFACTURING CO. 
1335 North Ninth St. Springfield, Illinois 

COMPLEX VARIABLE 

(Continued from page 98) 

tions quickly shows that the follow- 
ing conditions hold : 

8 u 8v 
8 x 

_ 
ey 

au av 
a y--8x 

(16) 

These equations obviously do not 
hold for equations 15 since the signs 
of the derivatives of y are reversed. 

Are equations 16 true only for the 
function w = z2 or do they also hold 
for other functions ? Let us con- 
sider an entirely different type of 
function 

w = sin z = sin (x + jy) 
= sin x cos jy + cos x sin jy 
= sin x cosh y + j cos x sinh y 
=u + jv 

(17) 
sinh y and cosh y being the hyperbolic 
sine and cosine, respectively. Thus 

u = sin x cosh yl 
v = cos x sinh y 

and the partial derivatives are 

8u =cos x cosh y 
ax 

8 u =s i n x sinh 
8y y 

áv 
= -sinx sinh 

ax y 

á%cos x coshy 
ay 

Again it is seen that equations 16 
are satisfied. These equations are, in 
fact, fundamental in function theory 
and are known as the Cauchy -Rie- 
m.aiin conditions'''. Their derivation 
is based on the following simple 
definition of an analytic function : A 
function of a complex variable, z, is 
analytic at any point, z, if the first 
derivative of the function exists at 
that point, and is unique. 

This definition also implies that the 
derivative is finite. 

To obtain a derivative starting from 
first principles we can proceed as in the 
case of functions of real variables'. 

Writing 
w = f(z) 

we apply an increment Az, to z, and 
obtain the corresponding increment 
Aw, in w, 

w+Aw =f (z + Az) 
Aw = f(z + Az) -w 

= f(z + Az) -f(z) 
Aw f(z+Az) -f(z) 
Az Az 

and, finally 

dw Aw 
Lim --- 

dz Az -' 0 Az 

dw 

Now if - is to be unique, it must be 
dz 

possible to take Az in any direction 
and, after letting Az -> 0, arrive at the 
same result for dw /dz. Thus if Az 
takes place in the x- direction, Ay = 0 
so that 

Aw Ow 

Az Ax 

DIE -LESS DUPLICATING 
The parts shown are typical of the great variety of simple or 
intricate forms and shapes which can be quickly duplicated 
to a tolerance of .001 in. with DI -ACRO Precision Machines - 
Shears, Brakes, Benders. For experimental and research work 
or production runs, DI -ACRO Units form angle, channel, tube, 
rod, moulding, wire, strip stock; shear stock sheets, trim dupli- 
cated stampings. With DIE -LESS DUPLICATING, Man Hours 
and Critical Materials are saved. 

Send for Catalog 
"METAL DUPLICATING WITHOUT DIES" 
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while if Az is in the y- direction, 
Ax = 0, so that 

Ow Ow 

Az jAy 
In any case we have 

Lbw= Au+_jOv 
since w = u + jv. Therefore 

Aw Au 
j 

Av 
-- 

Ax Ax Ax 

Aw Au Av 
+- 

jAy Ay JOY 

Equating 

Au Av Au Av 
+j = -j + 

Ax Ax Ay Ay 

Equating real and imaginary parts 
and letting Ax and Ay tend to zero 
we get 

(16) 

so that these equations are seen to hold 
generally for analytic functions. 

From this abstract theory one more 
formal step takes us into a realm of 
extremely important applications. In 
equations 16, take the derivative of the 
first with respect to x, the derivative 
of the second with respect to y, and 
add 

a2u az 
axe+ ay' -o 

Similarly, take the derivative of the 
first with respect to y, the derivative 
of the second with respect to x, and 
subtract 

a'v aPv 
=o 

ex' ay 

it and y both satisfy the same partial 
difference equation. This is a special 

:a case of Laplace's equation 

a2++.924) +á 
y 

For the case where 
âz4 

.o 

This equation is one of the most 
important in mathematical physics.2, 3 

For electrical purposes it represents 
Li the equation that must be satisfied 

Iby the equation of potential for 
I, any electrostatic field at every point 

I in the field where no charge exists. 
To cite a simple example consider 
the field due to a single point 

ÇDP 
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OU keep 

charge q located at the origin of co- 
ordinates (Figure 10). The potential 
at any point P (x, y, z) 
given as 

is usually 

q 

=-,r=Vx`+y`+z_ 
r 

( Continued on page 109) 

Figure IO 
Coordinate system to illustrate the potential 
of an electrostatic point charge. The charge, 
of magnitude q, is located at the origin of 
coordinates and the potential is evaluated 

at the point P. 
o 
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RADIO 
INTERFERENCE 

FILTERS 

INDUSTRIAL FILTERS 
Miller industrial filters ore designed for 
all types of radio interference producing 
devices and are highly effective at broad- 

cast and short wave frequencies. They 

have highest attenuation characteristics at 

all frequencies used in radio communica- 

tion. Each filter is completely sealed for 
complete protection under all climatic 

conditions. 

AIRCRAFT 
INTERFERENCE FILTER 
The No. 7884 Radio Interference Filter, 
developed expressly for aircraft use, will 
effectively suppress noise present in the 

ship's electrical system. Insure noise -free 
rodio reception by installing a Miller Duo - 

Lateral Wound Rodio Interference Filter. 

Dimension 21/2" diameter by 3" long. 

Weight 1.25 lbs. Write for specification 

sheet. 

APPLIANCE FILTER 
Designed for use with larger household 

appliances and commutator type motors, 

as well as communication type receivers 

and recording equipment, this Miller Filter, 

No. 7515, uses larger capacitors and 

heavier capacitor inductors to handle load 

requirements up to 550 watts. Size 

square x 4" long. 115 volts, 550 watts. 

r117_LZ:ì See your Wholesaler or 
Quf.ITr write us for literature 

J. W. MILLER COMPANY 
5917 S. Main St., Los Angeles, Calif. 

BUILDERS OF QUALITY RADIO INDUCTANCES SINCE 1924 

FILAMENT STEPPER -DOWNER 
(Continued front page 28) 

is thrown to the Stop position to re- 
move the low power filaments and to 
start the pump timing cycle, relay E 
drops out and the motor will run until 
X breaks contact with contact 1. The 
rotary contact is then ready for opera- 
tion during the subsequent operation 
period. The filament control switch 
then is opened. This drops out lock 
in relay (C). 
Relay Has Three Contacts 

The relay, as built for this transmit- 
ter, which is an RCA 50D, has three 
contacts operating on the rotary con- 
tactor. This removes control voltage 
from the three filament contactors. 
Also, since the first and second step 
contactors drop out when the third 
step contactor comes in, it was neces- 
sary to install another contactor to 
pick up the first two contactors, be- 
fore the third step contactor is opened 
when the rotary contactor operates. 
This contactor may be seen on the 
right of the illustration. The coil of 
this contactor, if required, may be in- 
stalled in parallel with relay (C). 

In addition, in the WCKY setup, a 
relay was installed with its coil par- 
allel with the second step plate con- 
tactor and its contacts in series with 
the push button (D). With this emer- 
gency precaution, if plate voltage is 
applied to the transmitter, if the push- 
button is accidently pushed, the step - 
off system will not operate. 

Relay Circuit 

In Figure 2 we see how the relay 
might be applied for use with a typical 
transmitter control circuit which uses 

UNIVERSITY 
REFLEX 

SPEAKERS 
are now the 

ACCEPTED 
STANDARD 

for all 
WAR USE 

EVERY REFLEX 
in the 

UNIVERSITY LINE 
is the result of 

YEARS of 
RESEARCH 

EVERY REFLEX 
in the 

UNIVERSITY LINE 
has a vital part 
to play in the 

WAR PROGRAM 

There are 
OVER 50 SPEAKERS 

in the 
UNIVERSITY LINE 

Submit your 
special prob- 
lems direct to 

our engineering 
department. 

IV E R S I T Y 

V A R I C,K STREET' , N. Y. C 

two relays or contactors to step on the 
filament power. 

Credits 

This relay system was designed and 
constructed by the author and William 
Heitzman of the WCKY technical de- 
partment. 

n 

CONTROL BUS 1 

CONTROL BUS 2 03 N Q 
N 

C O 
U) < 

z 
U) 

,C1,0 

o 
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Figure 2 
A 2 -relay "stepper- downer" circuit. 
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COMPLEX VARIABLE 

(Continued from pule 107) 

More exactly it should be written 

(19) 

where C is any constant. Now 

a 4)P- 9 ar- 9x 

8), r 2 r' 
rax $P=- 
Irz -3xZl 

By symmetry, it is readily seen that 

P g f rZ 3 
Y 

zl 

YZ :LL 

84P 9 r2_3z2 
azZ r'L 

=T z rr P+a P+a? 
= 

9 I(r? 3x=)+(r? 3y2)+(rz-3z=)1 ax' ay' az Z r' ` J 

-o 
So that Laplace's equation is satisfied. 

CRYSTALS 

(Continued from page 50) 

crystal must not only have a low tem- 
perature coefficient, but must also be 
free from spurious or coupled fre- 
quencies. Moreover, the crystal 
should also have a relatively high 
piezoelectric driving constant insuring 
good output. Usually, therefore, the 
design of a good crystal must neces- 
sarily be a compromise between all 
the various requirements. 

Methods of Manufacture 

Due to the enormous demands for 
crystals created by the war, new meth- 
ods of mass production had to be de- 
veloped. New techniques to locate 
orientation angles also had to be 
evolved, for cutting quartz crystals 
without any natural faces. 

Among all the new methods de- 
veloped, the use of x -rays for the cor- 
rect orientation of the cut may be 
considered as the most important from 
the point of view of speeding up pro- 

; duction. While the Western Electric 
Company had been using this method 
for several years, no x -ray equipment 
was commercially available when the 
crystal bottleneck developed early in 
1942. With x -rays it is possible to 
find the correction for the angle of 
cut in a few minutes. It was formerly 
necessary to finish a crystal and test 
it for drift in order to find that same 
correction. 

As in the First World War, BRACH 

radio and electrical equipment is 
once again proving its excellence 
and dependability under the most 
exacting conditions...the products of 
36 years' experience in "QUANTITY - 
plus- QUALITY" manufacture. 

World's Oldest and Largest Manufacturers of Radio Aerial Systems 

55 -65 DICKERSON STREET NEWARK, N. J. 

Furthermore, by means of x -rays it 
is . possible to locate the crystallo- 
graphic axes in totally unfaced quartz. 
The importance of this method of cut- 
ting unfaced quartz cannot be over- 
estimated since quartz with natural 
faces is becoming extremely scarce. 

To take advantage of the accuracy 
of x -rays, new cutting machinery has 
been designed with two and even three 
degrees of freedom on the orientation 
table in order to secure three dimen- 
sional motion. Most cutting machines 
have had, as a result, to be equipped 
with angular verniers giving correc- 

tion within one minute of arc. 
Grinding machines have also been 

evolved from drill presses for the 
lapping simultaneously of a number of 
crystals on both sides at the sane 
time. 

Electronic crystal duplicators have 
been put on the market in which the 
frequency of a blank being finished, is 
rapidly and conveniently compared to 
a standard crystal plugged into the 
instrument. 

New machines and methods are con- 
stantly being brought forward by both 

(Continued on page 111) 
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2 3 4 5 6 7 8 910 

SQUELCH SYSTEMS PRE -AND -POST EQUALIZATION 
(Continued from page 103) 

the filter network to the diode plate of 
the 6SQ7 where rectification occurs. 
The d -c component is fed to the grid 
of the triode section blocking it. When 
an f -m carrier appears, the amplitude 
noise drops to a low level removing 
the blocking bias. The switch disables 
the q system for reception of weak, 
noisy carriers. 

Much use of qavc circuits is made in 
fixed -tuned receivers used by police 
and fire departments and similar ser- 
vices in addition to certain marine in- 
stallations. The major difference be- 
tween these and household receivers is 
the necessity for absolute reliability of 
received signal on the emergency 
units. Quality is unimportant - the 
message must go through, even if 
the signal is noisy. Squelch circuits 
do reduce the sensitivity of the re- 
ceiver (if the control is set too high) . 
It is conceivable that in high noise, 
weak signal areas, the operator may 
set the level so that he is not bothered 
by the noise and thereby lose some 
messages. This fact has caused some 
to use equipment not provided with 
muting, thereby reducing the efficiency 
of the operators who must listen to 
varying degrees of noise for extended 
periods of time. 

Attempts have been made to retain 
receiver sensitivity and still obtain 
muting. The writer proposes a system 
whereby both may be practically re- 
tained. While this entails added equip- 
ment, it may be feasible under some 
conditions. Generally, it is proposed 
to make use of the attention signal 
(tone) usually provided with emer- 
gency systems -the tone to be ampli- 
fied by a tuned stage and caused to 
actuate a thyratron or latching relay 
for disabling the audio system. Pre- 
liminary calculations indicate a favor- 
able increase in the ratio of useable re- 
ceiver sensitivity without muting, to 
sensitivity with muting. 

(Continued from page 31) 

modulation of the signal and the 
noise. 

The effectiveness of the post equali- 
zer in reducing noise and distortion 
is well demonstrated in the manner 
in which the tone control is usually 
set when listening to commercial 
phonograph records. The average lis- 
tener will always sacrifice frequency 
range to obtain decreased noise and 
distortion whenever a control is placed 
at his disposal. 

A more general application of this 
overall principle in all sound trans- 
mission and recording systems will 
result in a substantial increase in 
signal -to -noise and quality improve- 
ment. 

Figures 3 (below) and 4 (right) 
In Figure 3, we note that a limit of ap- 
proximately 15 db equalization at 10,000 
cycles appears to be a good balance to fit 
the load factor normally occuring in speech 
and music. Figure 4 shows the RMA post - 

and pre -equalizer setups. 
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BURSTEIN- APPLEBEE CO. 
Kansas City, Missouri 
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CRYSTALS 
EXCLUSIVELY 

SINCE 
1934 

ORDERS SUBJECT TO PRIORITY 

PETERSEN RADIO CO., Council Bluffs, Iowa 

CRYSTALS by la 
Thousands of vital transmitting installations rely on the accuracy" and 
dependability of Hipcwer Precision Crystal units. With recently enlarged 
facilities, Hipower is maintaining greatly increased production for all 
important services. When essential demand begins to return to normal, 
Hipower will be glad to help with your crystal needs. 

HIPOWER CRYSTAL CO. 
Sales Division -205 W. Wacker Drive, Chicago 
Factory -2035 Charleston Street, Chicago, Ill, 
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QUARTZ CRYSTALS 
manufacturers of crystal machinery 
and the crystal manufacturers them- 
selves. 

Due to the exchange of ideas and 
the . development of all these recent 
techniques the crystal industry has be-' 
come quite standardized during the 
last few months. 

The War Effort and the Crystal Industry 

The war created a demand for crys- 
tals which the industry was not ready 
to meet. As a matter of fact, crystals 
were such a bottleneck early in 1942 
that the government had to persuade 
some manufacturers to increase their 
production enormously and requested 
many others to enter this field. 

The year 1942 was, therefore, 
marked by a tremendous expansion 
which finally succeeded in catching up 
with the demand. This rapid increase 
in production was helped by the dis- 
semination of information, the ex- 
change of ideas and methods, the de- 
sign of new machinery and the creation 
of equipment pools by the government 

(Continued from page 109) 

or large prime crystal contractors 
from which the crystal manufacturers 
could obtain whatever they needed to 
make good crystals efficiently. 

Strides of Industry 

As it was to be expected, the crystal 
industry has made great strides in 
learning how to produce crystals ef- 
ficiently. Most of the efforts during 
1942 and 1943 so far have been di- 
rected toward production. Very little 

time has been available to devote to 
extensive research and improvement of 
the crystals themselves. As a matter 
of fact, the whole production has prac- 
tically consisted of AT and BT cuts. 

American ingenuity has shown that 
it can solve production problems effi- 
ciently and fast. Crystals are now 
made by the millions where a year ago 
a few thousands only were leaving the 
factories. Naturally, the place of 
crystals in the postwar electronic in- 
dustry has been the subject of a good 
deal of debate. 

Amateur and professional short- 
wave receivers were the major type of 
popular equipment in which crystals 
were used in any quantity prior to war- 
time. They were used to provide an 
effective means of retaining signal 
consistency on c -w signals. A few 
broadcast types of receivers used 
crystals for frequency control. 

If the use of crystals should spread 
to broadcast receivers there is abso- 
lutely no doubt that the industry will 
be well prepared to take care of any 
requirements. 

TERM FIDPI7CJIÇ O. 

ENGINEERS, DESIGNERS and 
MANUFACTURERS OF COMMUNICATIONS 

to THE AIRCRAFT INDUSTRY 

-An organization pledged by experience 

to serve the needs of communications in the 
aircraft industry . . . not as manufacturers of 
the complete units, but as specialists in the 
production of major components and acces- 
sories to make complete installations in accord- 
ance with Army and Navy specifications. 

SERVING THE NEEDS OF THE ARMED FORCES 100% 

A /ec1e17 F18111111S co. 
OFFICE AND FACTORY: 3506 EAST PONTIAC STREET 

FORT WAYNE, INDIANA 

ELECTP I C PLANTS 

ELECTRICITY for ANY JOB 
ANYWHERE 

* ONAN GASOLINE DRIVEN ELECTRIC GENERATING PLANTS provide electricity where power lines are not available and for emergency service. 

They're doing a war winning job on all the fighting fronts generating light and power for communications work and other war tasks. 

Sizes from 350 to 35,000 watts. 50 to 800 cycles, 110 to 660 volts, A.C. -6 to 4000 volts, D.C. Also A.C. and D.C. output models. Engines are air or water cooled. 

Your inquiry regarding present or post -war needs will receive prompt attention. 

D. W. O1' AN & SONS 
1260 ROYALSTON AVE. MINNEAPOLIS, MINN. 
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AgenCy -MERCHANDISING ADVERTISERS 

THE GOULD -MOODY CO. 104 
AgenCy -SHAPPE- WILKES INC. 

GUARDIAN ELECTRIC 49 
Agency- KENNEDY & Co. 

EDWIN I. GUTHMAN & CO., INC 73 
AgenCy- SYDNEY S. LOVITT 

HALLICRAFTERS INC. 
Agency- BURTON BROWNE, ADVERTISING 

HARVEY RADIO CO. 84 
Agency- SHAPPE- WILKES INC. 

HAYDU BROS. 94 
AgCnCy- STERNFIELD -GODLEY, INC. 

HIPOWER CRYSTAL CO. I IO 
Agency-TURNER ADV. CO. 

HYTRON CORP. 41 
Agency -HENRY A. LOUDON, ADVERTISING 

INTERNATIONAL RESISTANCE CO 6 
Agency -THE LAVENSON BUREAU 

E. F. JOHNSON CO. 45 
Agency- DAVID, INC. 

HOWARD B. JONES 80 
Agency- MERRILL SYMONDS, ADVERTISING 

KAAR ENGINEERING CO. 75 

THE JAMES KNIGHTS CO 14 
Agency-TURNER ADV. AGENCY 

KOLLSMAN INSTRUMENT DIV., 
SQUARE D CO. 57 

Agency- ERWIN, WASEY & CO., INC. 

LAFAYETTE RADIO CORP.. 85 
Agency- BURTON BROWNE, ADVERTISING 

LECTROHM, INC. 92 
AgenCy -- MERCHANDISING ADVERTISERS 

LEWYT CORP. 83 
Agency-WALTER RAMSAY ADV. AGENCY 

LITTELFUSE, INC. 80 
Agency -MERRILL SYMONDS, ADVERTISING 

MEASUREMENTS CORP. 96 
AgenCy- FREDERICK SMITH 

MEISSNER MFG. CO. 90 
Agency- BURTON BROWNE, ADVERTISING 

MERIT COIL & TRANSFORMER 
CORP. 102 

Agency -Ross LLEWELLYN, INC. 

JAMES MILLEN MFG. CO., INC 84 

J. W. MILLER CO. 108 
Agency -JOHN H. RIORDAN Co. 

WM. J. MURDOCK MFG'. CO. 81 

Agency -JOHN A. SMITH & STAFF 

NATIONAL UNION RADIO CORP 5 
Agency -SAYRE M. RAMSDELL ASSOCIATES, 

INC. 

NEW YORK TRANSFORMER CO 92 
Agency- GEORGE HOMER MARTIN 

NORTH AMERICAN PHILIPS CO 8 
igency -ER \VIN, WASEY & CO., INC. 

D. W. ONAN & SONS II I 

Agency- PIONEER ADVERTISING 

O'NEIL -IRWIN MFG. CO. 106 
Agency- FOULKE AGENCY 

PETERSON RADIO CO. 110 

PIONEER GEN -E -MOTOR 107 
Agency -BURTON BROWNE, ADVERTISING 

R9 CRYSTAL CO., INC. 105 

RCA -VICTOR DIV. RADIO CORPOR- 
ATION OF AMERICA 7, 33 

Agency- KENYON, & ECKHARDT, INC 

RADELL CORP. 102 
Agency- BURTON BROWNE, ADVERTISING 

THE ROLA CO. 71 
Agency- FOSTER & DAVIES, INC. 

IO RADIO RECEPTOR CO., INC 
AgenCy- SHAPPE- WILKES INC. 

SHURE BROTHERS 99 
Agency -HENCY H. TEPLITZ, ADVERTISING 

SOUND EQUIPMENT CORP. OF 
CALIFORNIA 59 

Agency -ELWOOD ROBINSON 

SPRAGUE SPECIALTIES CO. 99 
Agency -THE HARRY P. BRIDGE Co. 

STEWART STAMPING CORP. 79 
Agency-TUDOR ADV. AGENCY 

SYLVANIA ELECTRIC PRODUCTS 
INC. 3 

Agency- ARTHUR KUDNER, INC. 

TERMINAL RADIO CORP. 90 
AgenCy- NORRIS L. BULL 

THOMAS & SKINNER STEEL PROD- 
UCTS CO. 98 

Agency- CHARLES J. PETTINGER CO. 

TRANSMITTER EQUIPT. MFG. CO., 
INC. Back Cover 

Agency -A. W. LEWIN. Co., INC. 

TRAV -LER KARENOLA RADIO & 
TELEVISION CORP. 105 

Agency -JONES FRANKEL CO. 

TRIPLETT ELECTRICAL INSTRU. CO. 96 
Agency -WESTERN ADV. AGENCY, INC. 

U. S. TREASURY DEPT. 12 

UNITED ELECTRONICS CO. I I 

Agency --A. W. LEWIN CO., INC. 

UNITED TRANSFORMER CO. 89 
Agency- SHAPPE -WILKES INC. 

UNIVERSAL MICROPHONE CO., 
LTD. 101 

AgenCy -RALPH L. POWER AGENCY 

UNIVERSITY LABS 108 

WM. T. WALLACE MFG. CO. 87 
AgenCy- MICHAEL F. MAYGER 

WESTINGHOUSE ELEC. & MFG. CO. 53 
Agency -F'HLLER & SMITH & Ross, INC. 

WILCOX ELECTRIC CO. 
Agency -R. J. POTTS -CALKINS & HOLDEN 

WILLOR MFG. CO. 97 
Agency- STERNFIELD -GODLEY, INC. 

ZOPHAR MILLS, INC. 100 
.Agency -J. G. PROCTOR Co. 
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GENERAL RADIO COMPANY Cambridge 39, Mass. 
NEW YORK 6 LOS ANGELES 38 
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OF PERFECT 
WORKMANSHIP 

TEMCO Model 350 -BC 

Radio Telephone Broad- 
cast Transmitter for 
single frequency opera- 
tion; power output 350 
watts. 

CO Model 
ten frequency, 

watt Marine Radio 
phone Transmitter. 
frequency range 
30 M C. 

A detail of craftsmanship -from the TEMCO Model 757 -BE Cathode Ray Life Test 

Unit, in upper background; enlarged to show the unusual excellence of inter- wiring. 

111 dit - 

THE story behind TEMCO'S dependable efficiency is a 

story of higher standards . . in design, in quality 
of component parts and in painstaking workmanship. 

From an engineering standpoint, transmitting 
equipment built by TEMCO is as handsome "in back" 
as in front. Behind each TEMCO control panel there is 

always a job of assembly, wiring and layout of such 

quality as to meet the most exacting inspection stand- 
ards - graphically revealing the plus in TEMCO per- 
formance. 

RADIO COMMUNICATION EQUIPMENT 

TRANSMITTER EQUIPMENT MFG. CO,, INC. 
345 Hudson Street New York 14, 
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