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RAYTHEON tubes are selected as origi-
nal equipment by America’s leading radio
manufacturers. Cost is a factor . . . but con-
sistent performance, RAYTHEON perform-
ance, outweighs any cost factor. The 12,000
highly skilled RAYTHEON employees are
12,000 reasons why the RAYTHEON tubes
you select will give consistent perform-
ance . . . they are a quality product and
RAYTHEON gnality never varies.

RAYTHEON PRODUCTION CORPORATION
F 4 Newton, Massachusetts
Los Angeles... . New York . .. Chicago . . . Atlanta

e
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SCR-299

. IDES THE CREST OF 'I'HE
NVASION WAVE/

To our troops fighting on all fronts, the SCR-299 Mobile Rodlo

Communications unit is a familiar sight. it helped pave the way -

for the Allies in Africa and Sicily. In Africa alone it operated on five W
networks, including circuits from Oran to England, Casablanca, i3

Gibraltar, Algiers and Accra.

»
Whether set up as a fixed radio station or used as a fast-moving mobile

unit, the SCR-299 has done an excellent job transmitting

commands while in action, no matter how difficult the conditions
. thus proving that communications systems were

‘adaptable to the “Blitz"’ tactics of modern warfare. f

The World's Lorgest Exclusive Manufacturers of Short Wave Radio Communications Equipms(n' y

the I'IBI'IEI'B'F"‘EI‘S cQ-

% C H ICAGO, U.S5.A.
o BUY x v 2 \
MORE BONDs'!
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CASH PRIZE
CONTEST!

FOR RADIO MEN IN THE SERVICE!

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. A

f ’// ; ) 3-\%

\t'

! ¥
N
Wi

@
I+

the lla"u:ra EI'S co.

2611 INDIANA AVENUE, CHICAGO, U.S. A,
MAKERS OF_THE FAMOUS SCR-299 COMMUNICATIONS _TRUCK

SEPTEMBER, 1943 * ADIO
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EDITORIAL

BUTTON UP

* For obvious reasons the Government has found it
necessary to place restrictions on the publication of any
information pertaining to radar and military electronic
equipment, This fact is not as yet fullv appreciated.
To point up the importance of this matter, we quote
the following note from Byron Price, Director of the
Office of Censorship:

“The extent of current public discussion of radar is
causing increasing concern to the Government,

“The principle of radar is generally understood here
and abroad, and some lmited disclosures have been
made officially. New methods of applying the principle
are being developed, however, and there is much the
enemy does not know.

“The fact of prior publication should not be used to
cover added description, discussion, and deduction, or
to support a theory or draw a conclusion.

“Radar is a sccret weapon within the meaning of the
Code. Editors and broadcasters are especially requested
to be alert to every mention of radar and military elec-
tronic devices: to establish beyond all question that
there is appropriate authority for cvery statement
made : and to submit all material on the subject—other
than that released by appropriate Government authority
—to the Office of Censorship for review in advance of
publication or broadcast.

“So inclusive a request would not be made if the
highest constderations of national security were not
directly involved.”

As an addition to the foregoing, we wish to point out
that there has been a tendency among some engineers
to speak openly on these subjects in their own circles.
This is a liberty that should no longer be exercised
under any circumstances. An enemy agent is invariably
a person you'd never suspect. Or he (or she) may turn
aut to be a close friend of that close friend of vours.

EARLY BIRTH CATCHES NO WORM

% A well-known engineer said that, should he have a
hand in the development of post-war radio-clectronic
products, he would set a group of men to digging in the
dust of the past in search of new ideas.

What he means, of course, is that many ideas have
been born much before their time, and are therefore
worth reviewing in the light of more recent develop
ments. A scheme that proved a washout in its time
may now prove to be the answer to a trving ridile

A case in point is the original RCA loop-operitel
receiver emploving the tvpe 199 tubes. In a sense this

6

receiver represented brilliant engineering, but the use
of a loop antenna at a time when gain was both ex-
pensive and difficult to obtain was definitely a technical
fauxr pas. But some years later, when gain became
cheap and relatively easy to obtain, the loop was resur-
rected, and to very good advantage. Yet, not until
someone put two and two together to make a very
profitable four for the entire radio field.

It is also interesting to observe that a condenser
phonograph pickup was developed—and a few manu-
factured—around 1924 or so. It was designed for use
in conjunction with an r-f oscillator and some form of
detector, and had no advantages over other types of
pickups that we can recall, But there are indications
now that the capacity pickup, used in conjunction with
a small f-m unit, may find widespread use in the post:
war period.

Loudspeakers are another case in point. Small
speakers with rather good efficiency and frequency
response can be developed if the cone has sufficient
rigidity and at the same time a rather large excursion.
The answer to this problem may well rest in the use of
a single-turn voice coil. Tf that is the case, it will be
found that a single-turn voice coil was first used in a
dynamic speaker about 1924,

The future is always indebted to the past in some
manner, and it is good engineering practice to con-
stantly revalue old ideas in the light of new develop-
ments. The Radio Dibliography, published in Rapio
cach month, is a definite aid in this respect.

MASS PRODUCTION

* We do not profess to know to what extent the radio-
electronic industry in wartime has managed to duplicate
the production setup characteristic of the auto industry
in prewar days. In this method raw materials and parts
suppliers are geared tight to the assembling plants, and
stock piles have a life span of little more than two
weeks,  Flow is continuous and at the same time
flexible, and the system has numerous advantages.

We venture the opinion that this system will find
widespread use after the war. Tt is a system that calls
for continuous and precise product inspection so that
the flow of production can be slowed down or halted
when tolerances start creeping.

In the past. product inspection has been almost en-
tirely manual, and therefore subject to error. Radio-
electronic equipment would reduce this error to a
minimum and make the entire process antomatic, just
as 11 has m the sorting of beans and the manufacture of
paper. The possibilities are snormons.

SEPTEMBER, 1943 * [RADIO]
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% The large and complete Guthman '"Super Q Wire"”
Manufacturing Department serves the leading manufacturers of radio equipment
with standard types of Litzendraht and textile served wire for RF use.
# Guthman's own, specially designed vequipment for u-mfncturing insulating material is
M b# mﬁm M M to nm Idtvihml desngn requiremeﬂts * Our

“EDWIN 1. GUTHMAN & COG.NC

15 SOUTH THROOP STREET CHICAGO
PRECISION MANUFACTURERS AND ENGINEERS OF RADIO AND ELECTRICAL EQUIPMENT
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How ALLIED Helps You

simplify and speed procurement of

everything in Electronics & Radio

s ... over 10,000 items under

2. Largest Stock
one roof!

3, Simplified Pro
save you time!

4. One Order Suffices...whether for o

) or a hundred!

. Fast Shipment...
- delivery of your order! )
Emergency Service ... we have what you nee
o ... or know where to get it!

... with the leading ,
e gt S to-the-minute “sypply data!’

manufacturers. .. up-
from A to Z!

Brands...
it Well Known ‘
. to help you on electronic and

curement...we do it for youv...

ne ifem...

our Expediting Division speeds

9. Technical bsltaff,. L
radio problems: 3y
10. Central Location...in the heart of America’s

transportation system!

This complete centralized service is a
great help to industry, government,
Armed Forces. It simplifies and speeds
procurement of everything vital for lab-
oratory, maintenance, production, train-
ing and combat. Because we carry the
world's largest stocks . . . because our
personnel is geared to wartime tempo
. . . you get what you need faster! When
you must “SOS"” for electronic and
radio supplies . . . call ALLIED first.
Thousands do.

Write, Wire, or Phone Haymarket 6800

ALLIED RADIO CORP.
833 W. Jackson Bivd., Dept. 14-)-3, Chicago 7, lII.

e T PN trcar

12 weny
a
CUt00 g1y, .
— 108, 4
(LY

FREE —Send for today's most
complete and up- to- date
1943 BUYING GUIDE.

ALLIED

Over 10,000 Electronic and Radio Items

Tubes Transformers Meters

Condensers Relays Test Equip.

Capacitors Switches Microphones

Resistors Rectifiers Headphones o
Rheostats Wire & Cable Public Address

Coils Crystals Intercom

Sockets Speakers Power Supplies

Photo Cells Receivers Converiers . %e W
Batteries Training Kits Generators DW m— e R
Chargers Code Equip. Tools m—
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MEASURING SMALL DC VOLTAGES

THE DIFFICULTY of designing sensitive
amplifiers for dc is well known. One of
the ways this is overcome is to convert
the small dc voltage to be measured
into an ac voltage. Various schemes
have been developed, but a new one is
covered by T. A. Ledward in an article
entitled “DC/AC Converter,” appear-
ing in Wireless World for August 1943,
His instrument uses a magnetic core
which is polarized by the signal and
thereby causes second harmonics in an

| ac circuit.

“A simple circuit arrangement is
shown in Fig. I. Two valves, 1 and
V2 are used on the input side, as the
current through the two sections of the
winding B on the dc/ac converter must
normally be balanced in order to avoid
initial polarization. A variable tap on
the resistance R serves to adjust this
balance.

“Upon applying dc to the input ter-
minals, this balance is upset and more
current flows through one half of the
winding B than through the other half.
The cores X1, X2 become polarized and
this polarization produces even har-
monics in the alternating flux which is
produced by the ac exciting windings
Al, A2. The latter windings are con-
nected in opposition so that the fluxes
in X1, X2 due to normal exciting cur-
rent are balanced and no voltage is
induced in winding C. But the polariza-

[Continued on page 101

Vi
P
=
g =
zZ &
¢ 2
o
X{ X2 J
-
-
=il
At B A2
1
0y -
— T0 4v.AC.
= FILAMENT
SUPPLY

Fig. 1. Circuit of dc/ac converter
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A very large proportion of all the
equipment used today in America's
arproximetely 900 brcadcast stations
was supplied by RCA.

3

A
Vs
™

RCA is the cnly broadcast equipment
supp_-ier maaufacturing a complete
line of m=zasuring and -est equipment.

RCA's line of apparatus incZudes
more of the equipment necessary for
the eZficient operation of modern
broadcasting stations than shat of
any other marnufacturer.

RCA BROADCAST EQUIPMENT

RCA Victor Bvislom - RADIO CORPODRATION OF A@RBRYCA . Camden, N_J.
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COAXIAL CABLE

T2 YARD - OR V2 MILE
oyn ( /he ey)t'?ce /

.

'/he Andrew'Company is now able to supply standard
70 ohm 78" soft temper coadial cable in continuous lengths up to
4,000 feet! The cable is electrically identical to rigid cables of
equal size, but has these extra wdvantages: the cable may be
uncoiled and bent by hand, thus greatly simplifying installation;
no connectors, junction boxes or expansion fittings are neces-
sary, thus effecting a big saving in installation time and labor.
To insure that all splices are pressure tigh%and that all foreign
matter is excluded in shipment, the cable may be fitted at the

factory and shipped to you under pressure.

The Andrew glass insulated
terminal, an uniquely suc-
cessful development, may
be used wifl this flexible
cable to provide a gas
tight system.

ﬂ E 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
ANTENNA EQUIPMENT

363 EAST 75th STREET-CHICAGO 19, ILLINOIS

TECHNIGANA

[Contined from page 8)

tion due to the winding B is in the
sawme direction in both cores, so that
the even harmonic components are
additive and an even harmonic voltage
1s induced in C. This is applied to the
valve V3, in the anode circuit of which
an output transformer T is connected.”

The author further suggests a sys
tem of teedback (regeneration) by rec
tifying the output and applying the dc
to another winding on the core so as to
aid the imtial polarizing current. The
sensitivity thus obtained is such as to
give an output of 2.3 watts with 10-mv
imput and about 4 watt with 4-mv
inpu

FREQUENCY COMPARISON

THAT A “MAGIC EYE” can be used for
audio-frequency measurement by the
beat method is perhaps known to most
radio engineers, but some practical
pointers on the subject are given in an
article by G. D. Brittain entitled “Vis
ual Frequency Comparison” appearing
in Wireless World for August 1943
The circuit is shown in Fig. 2; the
triode section of the tube is operated as
a detector and the two input signals are
added by a resistance network. Thus
additive mixing takes place and the
shadow angle will vary with the beat
frequency. When the frequency ratio
of the two signals is 1:1 the greatest
variation in the shadow angle will take
place when the two signals are equal
in magnitude. Dne to persistence of the
glow, the beat frequency becomes visi-

[Continued on page 12]

MAGIC £YE
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Fig. 2. Frequency-comparison circuit

10 SEPTEMBER, 1943 * [RADIO

www americanradiohistorv.com


www.americanradiohistory.com

It’s like driving your car from a dark room
—when your windshield frosts over. Dan-
gerous '—that’s a weak word for it.

But you flip a switch and a busy little
breeze blows Jack Frost off your wind-
shield and keeps him off. You drive safely
and with a free mind. And hundreds of
thousands of defroster fans are driven so

positively, quietly and dependably by

THE

ENERAL

NDUSTRIES
COMPANY

* SEPTEMBER,

1943

“Smooth Power”” Motors, that you prob-
ably never give them a thought.

But now we ask you to think about it—
perhaps for your own good. These motors
can do other jobs—Iots of them. They
pack an awful lot of smooth power into
very small space. They’re little huskies.

If your war products need light-power
motors, let us know. And if your post-
war products are likely to need such
power, please wrile us now, so we can
work together, if possible, to keep our re-
spective businesses going after war needs

are satisfied.

THE GENERAL INDUSTRIES COMPANY
ELYRIA . OHIO

www americanradiohistorv com
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To Meet Your Specifications

PERFORMANCE 1is the real measure of success

the war, just as it will be in the post-war world. New and
better ideas—production economies—speed—all depend upon

inherent skill and high precision . . .

flexible organization has taken pride in doing a good job for
purchasers of small motors. And we can help in creating and
designing, when such service is needed. Please make a note

of Alliance and get in touch with us.

ALLIANCE DYNAMOTORS

Built with greatest precision and
“know how"” for low ripple — high effi-
ciency — low drain and a minimum of
commutation transients. High produc-
tion here retains to the highest degree
all the “criticals” which are so im-
portant in airborne power sources.

ALLIANCE D. C. MOTORS

Incorporate precision tolerances
throughour. Light weight—high effi-
ciency—compactness. An achieve-
ment in small size and in power-to-
weight ratio. Careful attention has
been given to distribution of losses
as well as their reduction to a minimum.

Remember Alliance!
—YOUR ALLY IN WAR AS IN PEACE

For many years our

TEGHNICANA

[Continued from page 10]

ble only when it is less than about 20
cycles.

It is also possible to use the tube to
compare two frequencies which are dif-
ferent and to obtain a beat when one
signal frequency is equal to a harmonic
of the other signal. Ratios up to 12 be-
come possible but a special precaution
must be taken; we quote:

“Due to the fact that the amplitude
of the nth harmonic of f; is small com-
pared to fs, for this harmonic to be com-
parable with the other input fi, it fol-
lows that the amplitude of f: will have
to be very much greater than that of fi.
Hence there will be a comparatively
large component of the anode current
of frequency f: and the shadow will be
rapidly deflected to and fro at this fre-
quency, causing blurring of the shadow
edge and difficulty in observing the slow
movement of the shadow.

“It is thus desirable to eliminate this
component of frequency f.. Since the
ratio of maximum perceptible beat fre-
quency to the lowest frequency likely to
be compared is of the order of 1:5 the
frequency f: can be eliminated by dif-
ferential bypassing. The choice of the
capacitor C2 is a compromise and 0.02
£f is suggested where the lower fre-
quency limit is about 150 ¢/s.”

When comparing equal frequencies,
the bypass capacitor C2 is not needed
and can be cut out by means of the
switch. This will then indicate that the
beat obtained is the beat of the funda-
mentals because any other beat will
appear fuzzy in the absence of C2.

in winning

MEASURING TUBE NOISE

IN HIGH-GAIN AMPLIFIERS the noise
contributed by the first tube is of prime
importance since it determines the ulti-
mate signal-to-noise ratio. A method of
tube-noise measurement is described in
the August 1943 issue of the Bell Labo-
ratory Record in an article by J. J. De
Buske titled “Noise Measurement in
Vacuum Tubes.”

The input of the tube is connected to
the type of circuit with which it is to be
used. In this case it consists of a trans-
former with an impedance ratio of
135:30,000 and terminating impedances.

[Continued on page 16]

BAATED

AMPUIFIER |
5 NETER

i} T M H
By 28BEz (7)) |wa] |we| YR
| R lg_l_..' JJ — L

Fig. 3. Tube noise measuring set-up
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THE TEAM THAT 1S MAKING
MIRACLES COME TRUE!

All along the fighting fronts where the tools of war are being used—and
in industrial plants where they are being made—electronic science is working
miracles to hasten the day of victory.

Team-mates in this new world of magic are the electronic tube, in its infi-
nite variety of types and applications, and the Automatic Electric relays,
stepping switches and other control devices that are so often needed to make
electronic developments take practical and useful form.

Electrical control has been Automatic Electric’s sole business for over
fifty years. That is why electronic designers in scores of industries are finding
it both helpful and profitable to work with Automatic Electric field ergineers
in determining the right control apparatus for each job. Together, they
speed new electronic developments through the laboratory and into the pro-
duction line.

If you have a control problem—whether electronic or just electrical—
it will pay you to take these two steps: First, be sure you have the Automatic
Electric catalog of control devices. Then, if you would like competent help
in selecting the exact combination to meet your need, call in our field engi-
neer. He will be glad to place his experience at your disposal.

AUTOMATIC ELECTRIC SALES CORPORATION
1033 West Van Buren Street, Chicago, lllinois

In Canada: Automatic Electric (Canada) Limited, Toronto

AND OTHER CONTROL DEVICES

4#AUTOMATIC ELECTRIC

S

(—
MUSCLES =% roR THE

* SEPTEMBER, 1943
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Automatic Electric control devices are working

with electronic tubes in these typical applications:

Detecting ond Indicoting —
checking operations and re-

Quality control—auto- vealing unstandard conditions

matic inspection ond
sorting operations

Selection and switching
of signaling and cor-
munication channels

Automatic or directed
selection of mechanical
or efectrical operations

Counting and totaliz-
Ing of mechanical or
electrical operations

The Automatic Electric catalog of
control opparatus is the most com-
plete reference book on the subject
ever published. Write for your copy.

Time, temperatyre and
sequence contro) of in-
dustrial processes.

MIRACLES

OF ELECTRONICS

13
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THE PEACETIME
MEASURES OF

REFLECTION AND

DEFLECTION . ...
WILL BE READ FROM

TRIPEETT

ELECTRICAL MEASURING INSTRUMENTS

WITH CONFIDENCE
AND ECONOMY

THE TRIPLETT ELECTRICAL INSTRUMENT CO., BLUFFTUN. \
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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 heing handled. Look to

Wilcox for leadership in dependable communications!

fapio] * SEPTEMBER, 1943
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WILCOX
ELECTRIC COMPANY

Quality Manufacturing
of Radio Equipment
14th & Chestnut Kansas City, Mo.

www americanradiohistorv com
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HEN the squadron leader snaps instructions into
his microphone, it's not time for doubt or confusion
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,

For 1he second time within a year, the honor of the Army-Navy Production
Award has been conferred upon the men and women of this Division.

@ 1913 Great American Industries, Inc., Meriden, Conn.

16
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[Continued from page 12]

The remainder of the set-up, as shown
in Fig. 3, consists of an attenuator, a
filter, an amplifier and a meter.

The thermal noise-power of the input
circuit can be calculated from the equa-
tion given by Nyquist; this gives 134.7
db below 1 milliwatt. Since the input is
terminated by a matched impedance
only half the noise-power, which is 3 db
less, is delivered to the amplifier.

HHHTA

yd
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-

w

5

v

~

TUBE NOISE IN DECIBELS (ABOVE THERMAL NOISE)

- o

~

P w
F— T T T—TF

>

2 3 4 S 6 a8 9 ]
TOTAL NOISE POWER IN DECISELS (2BOVE THERMAL NOISE
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Fig. 4. Conversion Chart

“If an ideally quiet tube could be in-
serted in the first stage of Amplifier
No. 1, the thermal noise would produce
a reading of one milliwatt on the cali-
brated thermocouple meter when the
overall gain of the measuring set had
been adjusted to 137.7 db. Any actual
tube in this position will give a larger
reading due to its tube noise. The db
change in attenuator setting required
to bring the meter reading back to one
milliwatt indicates in db the total noise-
power above thermal noise referred to
the input of the measuring set. The
tube noise-power is the difference be-
tween the thermal noise-power and the
total noise-power. It is shown in Fig. 4
plotted against total noise-power. Since
the input transformer is not ideal, cor-
rections must be made for its effect on
the input termination.”

THE REFLECTOMETER

THE “REFLECTOMETER” is an instrument
for measuring the ratio between the

[Continued on page 18]
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THESE VETERANS ARE SERVING
... WHERE RESISTANCE IS IMPORTANT!

IN MANY a war product— on land, at sea and in the air
—Utah engineering and precision manufacturing safe-
guard the successful performance of many types of equip-
ment. Indispensable to wartime service, Utah Wirewound
Controls are passing the tough test of combat with flying
colors.

Available in rheostats, potentiometers and attenuators,
Utah Wirewound Controls are supplied in five sizes—
3, 4,9, 15 and 25 watts—with total resistances from 0.5
ohm to 25,000 ohms.

In all types of applications, under all kinds of oper-
ating conditions, Utah construction and design have
proved their worth. In Utah Controls, high quality resist-
ance wire is evenly wound on a substantial core, clamped

tightly to the control housing. The result is a rugged and
dependable variable resistor.

Typical of the Utah line is Utah Potentiometer Type 4-P.
This rugged control dissipates 4 watts over the entire
resistance element. Resistance elements are clamped in
place in a cadmium-plated, all-metal frame, resulting in
maximum heat dissipation for its size.

Find out if Utah controls can solve your electrical con-
trol problems. It costs nothing to get the facts—and may
save you a great deal of time and money. Write today for
full engineering data on Utah Wirewound Controls.

UTAH RADIO PRODUCTS COMPANY, 84¢ Orleans St.,
Chicago, Ill. Canadian Office: 560 King St. W, Toronto. In
Argentine: UCOA RadioProducts Co.,S.R.L. Buenos Aires.

PARTS FOR RADIO, ELECTRICAL AND ELECTRONIC DEVICES, INCLUDING \

SPEAKERS, TRANSFORMERS, VIBRATORS, VITREOUS ENAMELED RESISTORS,
WIREWOUND CONTROLS, PLUGS, JACKS, SWITCHES,FLECTRIC MOTORS

CABLE

*

ADDRESS:

SEPTEMBER,

UTARADIO,

1943

CHICAGO
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“We can’t afford to 5~
lose time now ... %

R ¢
¥ :-’ i e 2 At 1?:\::;‘5 ’ ‘-‘?
~ PRODUCTION

. s " - -,

- ge those radio parts
from Lafayette Radio Corp. in Chicago

or A t’ ("lfd e o o 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.

Lafayeotie Radio Register - Free to
responsible executives. This 100 page
technical and buying aid doseribes
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

TEGHNIGANA

[Continned from page 14)

amplitude of a travelling wave along a
transmission line and its reflected wave
travelling in the opposite direction
Hence, it is a device for testing
whether or not a feeder has been prop
erly terminated.

A description of this instrument ap-
pears in an editorial in the Wireless
Engineer for August 1943, which is
again a review of the original article in
the Russian journal, Elektrosvyaz, No.
4, Vol. IX, April 1941. When a feeder
is incorrectly matched, a backward
travelling wave 1s superimposed on the
forward travelling wave and there will
then be nodes and antinodes. The ratio
of the minimum to the maximum ampli-
tude on the feeder is called & and it is
this factor which is determined by the
reflectometer. We quote:

“Two wires are arranged parallel to
the feeder and joined at each end
through loads Z1 and Z2, as shown in
Fig. 5. This constitutes a secondary.
transmission line of length ! and width
w. The electromagnetic wave travelling
from left to right along the feeder will
induce electromotive forces in the end
connections of length w as it sweeps
past them. Neglecting any loss in the
feeder, the electromotive forces will be
equal but will differ in phase by 8!
where B=2%/\. Any reflected wave on
the feeder will also induce electromo-

e e RN ——— . T

a —_—> b
1, I,
e 1 5

Fig. 5. Measuring Set-up

tive forces having the same phase dif-
ference but in the opposite direction.
The magnitude of the electromotive
forces will be proportional to the mag-
nitudes of the respective waves on the
feeder.”

It is shown mathemtaically that when
the secondary line is terminated at both
ends in the characteristic impedance of
the line, “a wave travelling from
left to right produces no current /- in
the right-hand end of the secondary
line and a similar wave travelling from
right to left; that is, a reflected wave

[Continued on page 19]
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THE INSPECTION OF QUARTZ...

DIAGRAMMED BY CRYSTAL PRODUCTS
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Quam 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

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 rrystal 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 MCCEE STREET, KANSAS CITY, MO.
Producers of Approved Precision Crystals for Radio Frequency Control

10] * SEPTEMBER
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The Game Goose gets home. .. again

® The old girl’s done it again. She's laid her eggs
where they'll count most—and in spite of hell and
high flack, she'll soon be smoothing her ruffled
feathers at home. —The capacity of America’s fight-
ing men and machines 1o absorh punishment, as well
as dish it out—to come hack again, and again, and
again—is no accident.

Electronic Lahoratories is proud of the E-L equip-
ment that is helping the ‘Game Goose,” and every

American fighting plane, get home again.

RO

LLABORATORIES, INC.

INDIANAPOLIS
E-L ELECTRICAL PRODUCTS — Vibrator Power >
Supplies for C ications . . . Lighting . . . Electric
Motor Operatlon . . . Electric, Electronic and other
Equipment . . . on Land, Sea or in the Air.

On everv front where the United N\ations are in
combat, E-L Vibrator Power Snpplies are proving
themselves as rugged and reliable as the company
they heep. At high altitudes, in steaming jungles ot
blazing deserts, they perform their appointed task
with 1he greater efficiency and freedom from wear,
characteristic of E-L Vibrator Power Supplies.

Wherever electric current must be changed in volt-

as well as for war. \,

age, frequency or type, E- L Vibrator
Power Supplies and Converters offer

many definite advantages. for peace,

For Operating High-Powered Radio Receivers and Transmitters,
Coin-Operated Phonographs, Public Address Systems and the Like—
Standard E-L Model 26! Power Supply. lnput Voltage, 115 V DC;
Output Voeltage, 115 V. AC; Output Current. 5 amperes; Output
Power, 500 Volt-Amperes: Output Frequency, 60 eveles: Dimensious,
16" x 932" x6L,": Weight, 11 Ibs.

E L Standard Vilirator Power
Supplies are designed with a wide
range of oulput wattage ratings
for input voltages inclulding 6. 12,
12, 115, and 220 volts. Custom-
designed and built power suppliea
can be provided to meet anv par
ticular needs,
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[Continwed from page 18)

in the feeder produces no current I, at
the left-hand end of the secondary line.

The reason for this can be easily seen
by considering a pulse travelling from
left to right along the feeder. As it
passes the left-hand end it will produce
a pulse of current which will travel
with it along the line and arrive at the
right-hand end just as the feeder pulse
produces an equal and opposite cur-
rent at the right-hand end, thus giving
zero resultant current.

LOGOMETER
| l N
A f

\{

Fig. 6. Circuit with “‘Logometer”

The currents or potential differ
ences at the two ends operate thermo
couples, detectors or rectifiers, and the
resultant direct currents are conveyed
as shown in Fig. 6 to an instrument
called a ‘logometer’ which indicates the
ratio of the currents.”

The instrument can be located any
where; and can be calibrated directly
in terms of the coefficient k. The read
ings are independent of frequency and
independent of the absolute values of
the induced potential differences.

SUPER X-RAY

THE RESEARCH LABORATORY of the Gen
eral Electric Company announces that
on Saturday, August 21st., 100,000,000
volt x-rays were produced for the first
time in the history of science.

They were obtained from the large
induction electron accelerator recently
completed. 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 radi-
cally from those with which physicists
are famihar.

REACTANCE TUBE

SOME INTERESTING DATA on the reac-
tance tube, its design and possible im-
provements is contained in an article
“Reactance Valve Modulator” by E.
Williams in the Wireless Engineer for

[Rabio] * SEPTEMBER,

o

PRODUCING FOR WAR

The coll come for crystols—those tough
bobies that stand up under o terrific
pounding—we rolled them out in record
time. All thonks to the foithful skilled
personnel who converted our Radio Cab-
inet Factory into an important "orsenal
for democracy.”

25,000 square feet of clean, daylight fac-
tory hummed ond is still humming with
octivity,. Our carefully plonned Electro-
nics Loboratory 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 vou
what's behind the WALLACE nome. We
want you to know that here in the Heart
of America there's o group of skilled,
happy. croftsmen with omple focilities
ond plenty of good old "Yonkee Know
How" ready to help you with your pro-
duction problems of War todoy ond
Peace tomorrow!

Write, Wire ar Phane "Bill" Wallace
Peru, Indiona

lUmT lUnLLn[E mFE [o.

PERU,INDIANA

1943
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[Continued from page 19]

August 1943. The author first discusses
the typical circuit, employing a phase-
splitting network to provide the grid-
voltage. Expressions are derived for
the input impedance and the Q. In a
particular application, due to a neces-
sary compromise, the Q becomes equal
to #%, where £ is the amplification fac-
tor of the tube.

[P ——

0.C.CIRCUIT
ONLY

-+

Fig. 7. Grid and plate voltage relation

It is then shown that in order to im-
prove the Q and to make the phase an-
gle of the input impedance equal to 90°,
the phase difference between the grid
voltage and plate voltage should be

1
6 = cos™ (——)
un

where = is the ratio between the magni-
tudes of grid voltage and plate voltage,
as indicated in Fig. 7.

This value of ¢ is greater than 90
degrees and therefore cannot be ob-
tained by a simple phase-shifting net-
work but would require an inverter
tube.

It is also possible to obtain an infinite
Q by adding a reactance X in series
with the anode circuit. The proper
value of X is a function of g~ and
therefore this modification is of aca-
demic interest only.

“RADIO NAILS”

THE “TACKING” of plywood, plastics,
and other industrial materials with
“radio nails”—an almost instantaneous
method of spot joining thin sections of
material—is made possible by one of
the newest electronic developments of
the Radio Corporation of America.
The so-called “radio nail” is a dis-
charge of high- frequency current
which can be directed through a shcet
of material, generating a quick and in-
tense heat in its path. When two shects

[Continued on page 66]
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PROBLEMS

were made to be
ELECTRONICS RESEARCH I d
I'echnicians of Delco Radio are carrying forward s o Ve

pioneerresearchin thefield of radioandelectronics.

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.

PROCESS ENGINEERING

Delco engineers are equipped through years of

experience to translate swiftly the product of re- Whether the task at hand is one of pure research,
search and design into practical, useful products. ; - .
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 gqualify Delco for =\ ‘
vehicular radio production for war.

DIVISION OF

©ENERAL UOUORS

[Abio] * SEPTEMBER, 1943 21
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" communications equipment deserves

W the best i1 speech reproduzers ...
it is natural, therefcre. that Jeasen
o speech reproducers were specifi=d

for the famcus SCR-299. the high

unit as built by Hellicrafters. 2
lensen soeech reprcducers are
servirg with eaual dis'i_ncﬁloﬂ :

.. all branches of the aamned forez
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“BIMORPH™ R

JGHELLE SAL

- GRYSTALS

AND THEIR APPLIGA

ROY S. SAWDEY, jr

10N

Engineering Department, The Brush Development Co

PART |

* The past decade has witnessed the
wide acceptance of Rochelle salt crystal
products in the fields of broadcasting,
communications, sound recording and
reproduction, and public address. These
crystal products generally have taken
the forms of phonograph record cut-
ters and phonograph pickups, micro-
phones and earphones and are found
in the home, school, studio, and audi-
torium.

Other crystal products which have
found considerable use in the fields of
science, industry and medicine are: the
Surface Analyzer, the direct-inking
oscillograph, several types of vibration
pickups, a fluid pressure pickup, elec-
trical stethoscopes, and reflecting-type
galvanometers. The surface analyzer
and direct-inking oscillographs are
playing vital roles in the present war
cffort. The former for the instantan-
eous and permanent recording of sur-
face smoothness (in millionths of an

inch) of highly finished aircraft and
automobile engine parts; the latter for
recording vibration and noise in en-
gines and for recording dynamic
strains.

Many applications of Rochelle salt
crystals can be found in the business
office, being employed in inter-office
communication systems, paging sys-
tems, ‘“one hour per side” disc record-
ing equipment, and dictating machines.

All of those products have been
made commercially possible through

Fig. 1. Slab of Rochelle salt being cut from large homogenous bar.

[RaDIO] *
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Fig. 2. Method of cutting crystal plates.

the extensive research and develop-
ment work accomplished in the past
few years which has resulted in a
highly improved method of growing
Rochelle salt erystals and of fabricat-
ing crystal elements from such crystals.
This was preceded by more than a
century of experimental work by many
well-known scientists who provided us
with many of the laws and constants
regarding piezo-electric substances.

History of Development

Piezo-clectricity or pressure electric-
ity “phenomenon as exhibited by Ro-
chelle salt appears to have been per-
ceived first by Coulomb about 1780.
Work started 40 years later by
Becquerel led to his report in 1833 of
the measurement of the piezo-electric
effect in various substances.

The Curies who later pioneered in
radium research, were chiefly inter-
ested in the relationship between piezo-

24

2lectricity and pyro-electricity (elec
tricity from heat) and in 1880 pub-
lished the result of their work with
quartz in connection with the deter-
mination of the amount of electricity
generated by unit pressure along va-
rious axes of the substance. The fol-
lowing year, Lippman predicted that
if quartz were subjected to an elec-
trostatic field, a deformation would re-
sult. Later this was experimentally
confirmed by the Curies who demon
strated that according to the principle
of the conservation of energy, any
piezo-clectric substance which acts as
a generator of electricity in response
to mechanical motion, will act con-
versely thereto.

Further contributions along these
lines were also made by such famcus
men as Kelvin, Roentgen, Henkel,
Braun and Voigt. Roentgen in particu-
lar suggested the possible acoustic ap-
plication of piezo-electric substances.

SEPTEMBER,
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By the closc of the 19th century, it was
generally recognized that, of all the
known substances exhibiting the piezo-
electric effect, sodium potassium tar-
trate or Rochelle salt was by far the
most active, being approximately 1000
times more active than quartz.

The application of Rochelle salt
crystals commercially presented many
serious difficulties. Paramount among
these were hysteresis and saturation ef-
fects, wide variations in piczo-electric
performance of the crystal at different
temperatures, and the fact that dif-
ferent crystals produced different re-
sults at identical temperatures. The
fact that Rochelle salt crystals are not
found in a natural state such as quartz,
but have to be grown artificially also
presented a serious difficulty in com-
mercial applications.

Through the introduction of the
“Bimorph” crystal element and the ac-
curately controlled processes developed
for its fabrication, these difficulties
mentioned have been practically over-
come in present-day Rochelle salt cry-
stal devices. Briefly the present “Bi-
morph” crystal element consists of two
Rochelle salt crystal plates cemented
together and so oriented that when a
potential is applied one plate contracts
while the other expands resulting in an
overall twisting or bending of the
whole unit.

Crystal Fabrication

The first step in the fabrication of
“Bimorph” Rochelle salt crystal ele-
ments is the growing of large clear
homogeneous bars. Rochelle salt is ob-
tained commercially by refining a resi-
due which accumulates in wine casks.
The product as supplied by the refiners
1s granular and has to be crystallized
from a solution to obtain crystals large
enough for most commercial applica-
tion. The Brush Development Com-
pany’s crystallizing process produces
crystals about 23 inches long, 3 inches
wide and 174 inches high. See Figs. 1
& 2-A. These bars, by the use of
unique fabricating methods are then
cut into slabs (see Fig. 2-B) and then
into small plates used in the final cry-
stal elements.

The properties of these crystal
plates may be expressed in terms of
three axes; a, b, and ¢ as shown in
Figs. 2-4 & 2-B. Because in Rochelie
salt the electric effects along the a axis
are the most pronounced, crystal plates
cut perpendicular to this axis are the
most common. The two fundamental
a-cut plates used are known as the
“expander” and “shear”, which may be
seen in Figs. 2-C & 2-D. It will be
noted that the “shear” plate is cut with
edges parallel to the & and ¢ axes,
while the “expander” plate is cut at a
45-degree angle to the b and ¢ axes.

1943 * [RADIO)
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When either type of plate has elec-
trodes attached to its faces and a volt
age is applied between these electrodes,
the plate changes its shape slightly,
expanding in one dircction at 45 de-
grees to the b and ¢ axes and contract-
ing in the other 45-degree direction.
This means that the “expander” plate
of IFig 2-C will increase its length and
simultaneously decrease its width;
these two actions reverse on change of
polarity of the applied voltage. The
cut of the ‘“shear” plate of FFig. 2-D
shows that a similar action occurs, but
that expansions and contractions occur
approximately along the diagonals of
the plate instead of in the directions
parallel to the edges as in the case of
the expander plate.

Two or more “shear” plates properly
oriented with respect to each other
are cemented together to form
twister element, and two or more “ex
pander” plates properly oriented with
respect to each other and cemented
together form a “bender” element
These names “bender” and “twister”
have been chosen because they indicate
the resulting motion of the final ele.
ment when an electrical potential is
applied. Both “bender” and “twister”
elements come under the classification
of “Bimorphs” because of their op-
posed multiple plate construction.

By this construction the generally
undesirable effects of saturation and
hysteresis are practically eliminated
and the effects of temperature on the
sensitivity and impedance as exhibited
in single plates are greatly reduced.
Such construction also permits more
efficient size and shape, and makes pos-
sible an element with much higher sen-
sitivity.

Construction of Elements

Fig. 3 shows the method of construc-
non of “bender” and “twister” “Bi-
morph” elements. The two faces of
each crystal platc arc milled smooth

Twister Bimorpr"
Erement AssemeLy

TwisTer Bimoren™

a .
Penoer Bimomen
ELemeny Assemauy

Benber Biviorer®

Fig. 3. Construction of

single electroded plates in their

“‘bender’’ and “‘twister” ‘‘Bimorph’’ elements.
relative preassembled positions.

At top are
Arrows in-

dicate the directions of maximum instantaneous strains for the indicated applied

voltage polarity.

In the lower sketches the arrows indicate the location and

direction of maximum motion of the element relative to the indicated axes.

and graphite or foil electrodes are ap-
plied. Metal leads are connected to the
clectrodes, and the plates, after proper
orientation, are bonded together with
a cement. The electrodes are con-
nected either in parallel or in series
depending on the application for which
the final element is constructed. Ele-
ments with series-connected electrodes
produce twice the voltage per given
motion as thosc elements having paral-

\

Fig. 4. Typical ‘Bimorph’ crystal elements completely fabricated.

[RaDIO] *
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lel-connected clectrodes. Their motion
per given applied voltage is one-half
that of those having parallel-connected
electrodes and they have !4th the ca-
pacitance of parallel elements.

The assembled crystal element is
finally coated with a specially prepared
moisture-proof material to insure max-
imum protection against deterioration
under unusually dry or damp conditions
of use. Fig. 4 shows several completed
“Bimorph” crystal elements of various
sizes.

Rochelle salt crystals have their
greatest piezo-electric activity at norm-
al room temperature (72 degrees) al-
though they can operate safely up to
130 degrees F. If subjected to tem-
peratures greater than 130 degrees F.
their piezo-electric properties are per-
manently lost. However, for practic-
ally all uses, this temperature is very
seldom encountered. Temperature ef-
fects that are of major importance to
the designer or user of crystal devices
are the variations of the motion de-
veloped for a given voltage, and the
dielectric constant with changes in
temperature.

For most practical purposes the po-

[Continued on page 73]
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MODERN THEORY OF ELECTRONS

PART |

* In a recent lecture we reviewed the
evidence for the existence of molecules,
atoms and the sub-atomic particles
called electrons. We also reviewed the
experimental methods that have given
us our knowledge of the mass of these
particles and the electric charges which
they carry, and it was shown that while
this charge might be either positive or
negative, it is always the same in ab-
solute value. For this reason the elec-
tronic charge (about 4.8 X 10719 ¢.5.1.)
is now regarded as one of the funda-
mental constants of nature. It was
shown also that while the charge on
all these particles is the same, their
mass may be quite different, some par-
ticles being about 1800 times as heavy
as others. Yet all these facts tell us
nothing about the ultimate nature of
matter or electricity, except that they
seem to be the two fundamental en-
tities of which everything in the uni-
verse is composed. It is our purpose
now to see what modern theory has to
say on this subject.

Scientific Theories

A few general remarks on scientific
theories may not be out of place here.
Such theories excite varying emotions
in different persons, ranging between
the extremes of awe and contempt.
Neither of these extremes is justified.
Scientific theories are never perfect,
but they have their place in promoting
human progress; and the practical man
cannot afford to neglect the theoretical
side of his subject, no matter how
academic it may appear. Later we shall
see that one of the most important in-
ventions of recent years had its origin
in a particularly abstruse piece of elec-
tronic theory.

No matter how perfectly a theory
may fit the facts known at the time
when it was formulated, it has always
happened that sooner or later new dis-
coveries show that the theory is not

26

PAUL R, HEYL, Ph.D,

without its defects. Somnctimes it can
be patched up temporarily, but eventu-
ally a new theory displaces it and
reigns in its stead, only to be super-
seded itself in time by a better.

One of the best illustrations of this
is Newton’s theory of mechanics, celes-
tial and terrestrial, as sct forth in his
Principia. This theory called forth uni-

* Progress in the science of micro- I
waves, and related phenomena close to
the borderline of matter, has focused
the attention of the engineer and the
physicist on the basic characteristics
and behavior of the electron. Hence, the
work of theorists assumes new import-
ance in the light of the most recent
inroads into the flanks of this basic
science. The practical applications of
tomorrow may well arise from a closer
study of the postulates set forth by the
eminent physicists of our time.

The accompanying lecture, published
through the courtesy of P. R. Mallory
G Company, who commissioned Dr. Heyl
to deliver a series of lectures on elec-
tronics in Indianapolis, will serve to
refresh the minds of many readers on
the subject of modern electron theory.
—Editor.

versal admiration on its publication—
and descrvedly so. Though its scope
was of cosmic breadth it was found to
account satisfactorily for all celestial
motions then known, and by its help
important progress was made in me-
chanics and astronomy.

The high esteem in which this theory
was held is illustrated by Alexander
Pope’s “Epitaph, intended for Sir Isaac
Newton.”

“Nature and Nature’s laws lay hid in
night:

God said, L.et Newton be! and all was
light.”

For a century and a half after the
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publication of the Principia no flaw
was found in the Newtonian theory;
but in 1845 Leverrier called attention
to the fact that the plant Mercury
showed a slight irregularity in its mo-
tion, inconsistent with the inverse
square law of gravitation, and too large
to be explained as an error of observa-
tion. Various attempts were made to
bring this anomaly into line with the-
ory, but for many years it remained
an unexplained puzzle. Finally, in 1916
Einstein brought forward a more gen-
eral law of gravitation to which the
Newtonian law was a closc approxi-
mation, and which satisfactorily ex-
plained the anomalous motion of Mer-
cury.

Einstein’s theory, in its turn, did
much for the practical side of astron-
omy, for it predicted two new phenom-
cna, whose existence was later verified
by experiment. But the theory of rela-
tivity, though not yet half a century
old, has been found to have its limita-
tions; for when it is applied to rotary
motion and centrifugal force, as Ed-
dington says, it stops explaining things,
and begins explaining them away.

Newton cut so closely to the line that
it was over two centuries before any-
one could improve on his work; and
how long it will be before Einstein
yields place to a successor is a matter
for the present on the knees of the
gods.

Modern Theory

Let us now see what modern theory
has done toward shaping our concept
of electrons, and of the matter and
clectricity of which they seem to be
composed.

The questions: “What is matter?”
and “What is electricity?”’ date far
back before the discovery of electrons.
To answer these questions many hy-
potheses have been advanced — and
abandoned; so many, in fact, that
though this subject is of much interest
we have not time to discuss it fully at

[Continued on page 46]
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Three units of the equipment opened for inspection from
the transmitter-room side. Left to right: The con-
trol uait, oscillator amplifier, and modulating amplifier..

Behind the scenes at Nashville's 50-kw radio station WLAC,
This view shows details of the Western Electric condenser
and switch assembly and of the tank circuit components.

WLAC'S NEW 50-KW TRANSMITTER

Left: Monitor and speech-input bays
at WLAC, including “‘program oper-
ated’’ amplifier and phase monitor.

Right: Twin water-cooled 100,000~ watt
vacuum tubes of the power amplifier.

Lower left: Tubes in the high-voltage
rectifier unit in the fereground handle
alternating current at 18,000 volts.
GCrid bias rectifier im background.

Lower right: Open view of the antenna
control units which govern distribu~
tion of energy to the antemna.
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THE CALCULUS AS APPLIED TO ELECTRICAL CIRCUITS

* An attempt will be made here to
show some quantitative relationships
between current, voltage and power
and how thesc quantities behave in cir-
cuits. To be able to express electrical
quantities mathematically requires some
knowledge of the Calculus, because the
great majority of electrical problems
deal with currents and voltages which
are changing, and the Calculus provides
means for dealing with changing quan-
tities or variables.

Many authors of techuical papers as
sume a vast mathematical background
on the part of their readers. This is
unfortunate, but perhaps it is not en
tirely the author’s fault. If he were
to stop to develop all equations, and
prove all the theorems he uses, his
original purpose would be lost and the
mature reader would be required to
spend more of his time than actually
necessary to understand the author's
new idea. It is therefore necessary to
pre-suppose a certain amount of mathe-
matical background for an understand.
ing of what is to follow, but an effort
will be made to keep the mathematics
continuously tied to the physical phe-
nomena involved. Such background as
will be pre-supposed will include simple
algebra, geometry and a little trigo-
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nometry. lFormulas, expressions and
theorems taken from these subjects can
be verified through use of a handbook
such as the Mathematical Tables from
the Handbook of Chemistry and Phy-
sics, published by the Chemical Rubber
Co., Akron, Ohio, or any other good
text.

Ohm’s Law

Most of us are familiar with Ohm’s
law stated in.its speeial d.c. sense: the
voltage across a resistance is propor-
tional to the current through the re-
sistor. In mathematical notation this is

e=1iR e))
where ¢ and ¢ are in (1), the dependent
and independent variables of a simple
function known as a proportionality.
We can write a general expression in
functional notation as.

e =1 (i) (2)

Equation (2) may represent (1) or
some other relationship of the current
and voltage. (2) is read: e equals f
of i. In (1) R is a constant; a constant
i1s a quantity which does not change
during the investigation. In this article,
resistance, capacitance and inductance
will be treated as constants which do
not vary with current, voltage or time
unless specifically stated as doing so.

SEPTEMBER,
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Equation (1) will appear, after some
thought, as mercly a special case of a
more general expression relating cur-
rent and voltage in a passive (i.e. con-
taining constant elements) network:

2R (3)

The Z in equation (3) is an expres-
sion involving the impedance of the
separate circuit elements, inductance,
capacity and resistance, to the current.
In most cases ¢ and i will vary with
time in some manner. The most fa-
miliar case is that in which they vary
sinusoidally, or that the current and
voltage amplitudes are proportional to
the sine of an angle which in turn is
directly proportional to the time. In
a right triangle, the sine of an angle is
given by the ratio of the side opposite
the angle to the hypotenuse. If the
hypotenuse rotates about the apex of
the angle at constant angular velocity,
then its projection on a plane perpen-
dicular to the plane of rotation changes
size and direction in a manner known
as simple harmonic motion. Fig. 1
shows this relationship. Mathematically
it is written,

=sin x
where & is measured in radians from
the origin, and ¥y = 0 when » 0.
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The reader may have wondered why al-
ternating current generators arc so de-
signed as to produce a sinec wave of
voltage when they could just as casily
have been designed to produce some
other shaped wave. The answer is best
e‘-\n‘vr. by tLA; I‘A-\l‘cpt ot .h(. derivative
and integral and how they are applied.

In equations (1), (2) and (3) we
said the voltage depended upon the cur-
rent, or that the voltage is a function
of the current. It is also and more
usually true that the current is a func-
tion of the voltage since we usually
deal with “constant’”” voltage sources.
The term constant here refers to the
fact that the regulation or internal im-
pedance of the source is negligible com
pared to any circuit elements across
which the voltage is impresscd.

Known Circuit

1t is probably worthwhile to diverge
at this time to point out that a circuit
analysis will produce correct results if
the real circuit is known. A simple ex
ample is shown by the following prob
lem: a storage battery is connected to
a variable resistor as in Fig. 2. If this
were the whole circuit, then an infinite
amount of current would flow when R
became zero. We know this does not
happen and upon re-cxamination of the
circuit, it is realized that the battery
contains internal resistance which pre
vents the “short circuit™ current from
becoming infinite. likewise, there are

R
=
=
=
=
=

RN

II"'«""'!"P"'I"I'
Ry

.1;

am EE slnwt
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no physically realizable leads from the
battery to the resistor with zero resis-
tance. Fig. 3 is the actual circuit. It
is well to bear in mind, then, that when
the apparent circuit does not behave
as it should, a scarch for the real cir-
cuit should be instituted.

Rewriting equation (3) in a still
more gencral form and making the
voltage, ¢, the independent variable for
the time:

f(R,LC)

where f (R,L,C) is a function of the
resistance, inductance and capacity. If
¢ is sinusoidal, that is, if,

4)

e ' Sin ©f (5)
where F, — max. value of ¢
o = 27 X freq.
{ — time
then in a series circuit, as in Fig. 4,
the absolute value of the current is
given by,
E,

max
1
(6)
27 fC
a familiar formula.

But (6) is really again only a special
case of (4). To be absolutely general,
¢ can have any time variation; that is,
¢ can be any function of the time. In
this case, we must go to the fundamen
tal definitions of inductance and ca
pacitance in order to write (4) with
a nansinusoidal e.m.f. applied.

1
\' = wf 2% f1
w(

Inductive Factors

Most of us with circuit experience
are familiar with the behavior of an
inductance through which a direct cur-
rent is flowing. So long as the current
is constant and unvarying, there is no
appreciable voltage across the induc-
tance other than the internal resistance
drop. However, when the circuit is
opened suddenly, a large voltage ap-
pears across the inductance. Qualita
tively this behavior is explained by the
energy storage in the magnetic field
surrounding the inductor. As this field
commences to collapse, the lines of
force cut the turns of the inductor and
re-induce a voltage in them, the po-
larity of the voltage being such as to
reinforce the original current flow.
Likewise, the opposite situation is true:
an attempt to increase the current flow
is met with a “back em.f.” tending
to prevent this increase. This back
e.n.f. of the inductor is expressed
quantitatively by the cxpression:

di
¢ -L — (7)
dt
—Where di/dt is the mathematical

symbol for the rate of change of the
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with respect to time. The
minus sign means that the voltage is
opposite in dircction to the change in
current. Mathematically di/dt is read:
“the derivative of i with respect to &.”
The decrivative is probably the most
fundamental concept in mathematics.
It is credited to Sir Isaac Newton and
Gottfried Liebnitz, who are said to
have developed the Differential Calcu-
lus simultaneously and independently.
Newton’s Calculus was developed by
him under the name of Fluxions.*

It is probably bhest to define the de-
rivative without reference to (7) so
that we can apply our definition more
gencrally in the future. If a variable
quantity y depends on an independently
variable quantity =z, this relationship
can be expressed in functional notation
as in (2) or

current

y=17(x) (8)

Then let & change by an amount Ax
(delta ), then y» will change by an
amount Ay, or,

v+ Ay =f (x - Ax)
Then the change or increment in ¥y is,

Ay =f(x+A8x) —y
or,

A fr48x)y —f(x) (9)
since y f (#). Next divide (9) by
the increment of the independent vari-
able, Aux,

Ay f(rtx)—f(x)
(10)
Ax Ax
Then the limit of this ratio (10) when
Ax approaches zero as a limit is the

derivative and is denoted by the symbol
dy/dzx, or,

dy  limit

f(x+8x) —f(2)

(11)
dr Ar—o Ax
From (10) we get also,
dy limit Ay
' : (12)
dr Axr—o Ax

When (11) exists the function is
said to be differentiable. We do not
have to concern ourselves with non-
differentiable functions for the moment,

* See footnote, p. 19, Elements of the
Differential and Integral Calculus, by
Granviile, Smith and Longley; Ginn and
Co., 1934,
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wl
R

é = tan '

i=1,sin (wt-¢)

L

e=Eqsinwt

F1G.6

because their appearance in applied
mathematics is rare. A function will
be considered differentiable even
though its derivative becomes zero or
infinite for isolated values of the inde-
pendent variable.

Let us apply (11) to a function, such
as sin x, as follows:

sin &
4, sin (x 4 Ax) (13)

expand the right hand side of (13) by
the trigonometric identity:

sin (@ 4+ b) = sin a cos b -+ cos a sin b

y -+ A; sin a4 cos Ax - cos 1 sin Ax
- sin x cos Ax -+ cos & sin Ax
Since sin x
A; sin x cos Ax
cos x sin &xr — sin & (14)
divide (14) by Ax
a sin x cos Ax
Ax Ax
cos ¥ sindy sy &
(15)
Ax Ax

Consider first the first and last terms
of (15). If we let Ax approach zero,

cos Ax—>1, since cos 0 1. We have
not defined the ratio
fim sin &
Ar—>0 (16)
Ax

but for small values of Ax, terms 1
and 3 of (15) approach each other.
The ratio (16) becomes very large as
Ax—>0, but this is not important since
both terms nearly cancel each other for
values of Ax near zero. This leaves the
2nd term of the right hand side of (15),

cos ¥ sin Ax

Ar

sin Ax
o cos x

e (17)

It remains to define the limit of
sin Ax/Ax as Ax+—>0. Consider the
circle of Fig. 5 whose radius is unity.
Let Ax angle AOM in radians.
Then, since r 1, arc AM Ax also.
If we make arc AM! arc AM and
draw MT and M!T tangent to the
circle at M and M1 respectively. Then,
from gcometry

30

MM < arc MAM' < MT + M'T

or by trigonometry, since MP sin
Ax and MT tan Ax
2sin Ar < 2 Ax < 2 tan Ax
Ar sin Ar
o sin Ax cosAr  sin Ax
Ax

sin Ax co

Replacing each term by its reciprocal
sin Ax
A
Ax

For small values of Ax, sin Ax/Ax lies
between 1 and cos Ax. Therefore, as
Axr—0, sin Ax/Ar—1. Thus as Ax
—0, (17) approaches cos #, and (15)
becomes

dy/dx (18)
Thus the derivative of the sine wave
is really another sine wave but shifted

in time 14 cycle earlier. Technically,
this is known as a 90° phase advance

cos ¥

L1, wcos et (19)
From trigonometry cos « sin
90 Then (19) can be written
o L I, sin (wt 4 90°) (20)

The voltage drop thus is seen to have
the same time variation as the current
and of peak value » L /.. This voltage
as read on a meter would have a value
0707 w L I,. The reader is probably
more familiar with the circuit of Fig. 6
by thinking of the current as lagging
behind the applied voltage by a certain
phase angle. In an actual circuit, re-
sistance will be present, and the cur-
rent will not lag by a full 90°, but by
an angle depending upon the ratio of
R and L.

A little thought will show that some
other time variation of the current will
not produce a voltage drop having the
same waveshape. Suppose the current
were of the shape of Fig. 7. Then the
“front” or leading edge of the current
square wave has a large rate of

FIG.8

sice the cosine reaches a maximum
90° or «/2 radians before the sine.
Now return to equation (7). The cur-
rent given by

To sin wt

Max. val. of current and the
other variables are the same
as under (5) above.

where [,

1s flowing through an inductance
Then applying equation (7), the volt-
age drop across L becomes

(L I, sin wt)
dt

LI (sinwt) (derivative of a
dt constant —0)

L I, cos ot — (wt) (derivative of
dt a function of
a function

dv/dt =dv/dx«dx/dt)

SEPTEMBER,
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change; i. e., di/dt is large, and a pulse
of voltage is obtained as in Fig. &.
Soon the voltage reaches a constant
peak value and di/dt becomes zero and
so the voltage becomes zero. When the
current is falling to its minimum value
di/dt is again large but in the opposite
direction, producing a pulse of voltage
in the opposite direction to that on the
current rise.

The advantage of sinusoidal alter-
nating currents and voltages for power
distribution thus becomes apparent.
The waveshape at the secondary of a
transformer with a square wave applied
would be different for different loads
on the secondary, but is always a sine
wave for a sine wave of applied volt
age or current (assuming a perfec
transformer).

Next consider the behavior of «
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capacitor under conditions of chang-
ing voltage, current and charge.
Charge is defined as the product of the
current and time or,

=it (21)
Thus, if a current of 1.0 ampere flows
into a capacitor for 1.0 second, the
capacitor has acquired a charge of 1.0
coulomb. Ilowever, the current is
usually some function of the time, f(t),
and to calculate the charge on a capaci-
tor due to a varying current requires
the concept of the integral. For a short
increment of time, A¢, we will consider
the current to be constant. Then, (sec
Fig. 9):

A g =1 Ay
A g = i AL (22)
m general, & gy = i, Ay,

The actual charge on the capacitor is
then nearly,
Q = Sum of (i Aty + iy Aty
=n
v ALY =D A (23)
k=1
If in (23) we allow the If's to ap-
p_ro.ach zero and n to increase withont
limit, then (23) becomes
Im k=un
Q::n—>°02ik-ﬁh,::
k=1

ts
/ 1 dt =

5
ts

/ F(dt=9 (1) —2 (1) (29

h

where ¢(t) is a new function defined
in what is to follow, and ¢,-¢;, is the
time interval over which the integra-
tion is carried out, and in which we
are interested.

Equation (24) is defined by the fore-
going analysis as the limit of a sum. It
was noticed early in the development
of the Calculus that a process was
needed which would be the inverse of
differentiation. Integration is such a
process and the mathematical technique
of integration is obtained from the cor-
responding rules for differentiation.
For example, we proved that

d
— sin ¥ = cos
dx
or more generally,
d dv
— sin ¥ = cos v —
dx dx

where v is a function of r. We now
write

fecos vdv =sinv -+ ¢ (25)
(25) is known as the indefinite integral
of cos v because a constant ¢ appears.
The derivative of a constant is zero;
being constant, it has no rate of
change. Thus,

RADIO] *
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d dv
— (sin v 4 5) = cos v —
dr

dx

dv
— (sinv —7) = cos v —
dx dx

i fact,

d dv
— (sinv 4 ¢) = cos v —
dx dx

Thus, upon performing the operation
of integration where no limits are
given, a constant appears to which any

(20) Dbecutnues

1
e — — /I. cos wt dt (27)
C

in order to evaluate (27), it is neces-
sary that the expression following the
integral sign be a complete differential
expression. In other words, the df must
really be d (wt). It is permissible to
multiply inside the integral sign by w,
provided we divide by » outside so as

Al

‘/q = Ogsinwt

A= Tgc08 wt

FIG.9 -

value can be assigned. The new fune-
tion obtained through integrating a dif-
ferential expression is thus a family of
functions, each differing by a constant.
Thus, six + -+ 1 and sin x -+ 2 are
identical in period and phase but the
latter is always onc unit of amplitude
greater than the former.

All the integrals in a class known as
clementary functions can be developed
from the rule for differentiation of
these functions. The rules for differ-
entiation can be developed in the same
manner as in equations (8) to (18),
that is, by the “delta or increment”
method. These rules, as well as in-
tegrals, are given in the references
mentioned previously.

Now return to equation (24). If the
time variation of the current flowing
into a capacitor is given by

i = I, cos wt
then the charge at any instant on the
capacitor will be,

Q=Jf@)dt =

To obtain the voltage across the capaci-

tor, we have,
Q = Ce

I, cos wt dt (26)

or

Q
e = —
c
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not to change the value of the integral.
Then (27) becomes, after moving I,
outside the integral sign, which is per-
missable since I, is a constant,

10
/ cos wt d (wt)
wC

Then applying (25)

I,
e—=— /coa wtd (wf) =
wC
I

e —

sin ot -+ C

(28)
wC
In order to remove the constant of
integration, we proceed as follows:
From Fig. 9, it is evident that when
t = 0, sin o = 0. In any event, sin
0 = 0, and ¢ is also zero. Thus,

=0+ C
Equation (28) becomes, since C = 0,
I,
e — sin ot
oC

The value of voltage as read on a
meter would be the r.m.s. value, or

I.
E = 707 —
[~
[Continued on page 68)
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PHASE MEASUREMENT
BY MEANS OF THE OSCILLOSCOPE

* When two alternating voltages are
applied simultaneously to the two sets
of plates of an oscilloscope, a great
variety of patterns may be obtained.
The exact nature of these images de-
pends upon their frequency ratio, phase
relationship and their relative ampli-
tudes. For the purposes of this paper
we shall impose the condition that the
parameter frequency be identical for
the two waves; at the same time we
will vary the amplitudes and the phases
at will independently for each wave.

Before deriving the equations for
the measurement of the phase differ-
ence between two given waves, it might
be well to discuss first the way in
which the patterns on the screen are
formed.

Graphical Analysis

Consider Fig. 1. The points P and
@ describe simple harmonic motions
within their respective orbits. Both
move with the same angular velocity o.
The instantaneous projection of P is
M and of Q is N. Both M and N ex-
ecute simple harmonic motion along
their respective axes YOY’ and XOX".
To find the instantaneous value of the
resultant point K, draw a perpendicular
to YOV’ through M, and another per-
pendicular to XOX’ through N. The
point of intersection of the two perpen-
diculars is the required point K. The
numerals around the two circular orbits
indicate the relative positions of P
and Q at any instant and are therefore
an indication of the phase difference.

The locus of the point K in Fig. 1 is
the line BOC. It is obvious from the
arrangement of the numerals that the
phase difference is zero. When M is
at O, moving in the positive direction
of OY, N is at O moving in the posi-
tive direction of OX.
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To find the resultant pattern for any
other phase differcnce it is merely
necessary to shift the numerals on only
one of the orbits by the desired num-
ber of radians. The radius of each
circle, of course, is proportional to the
magnitude of the voltage that it repre-
sents.

Figs. 2, 3 and 4 illustrate the results
for other phase angles. Examination
of these figures and scrutiny of the
aforementioned procedures for their
determination, might be suggestive of
a method by means of which the proc-
ess is reversed and the circles with
their corresponding numerals drawn
from a photographic replica of a given

pattern. The equations derived in the
next section are so simple, however,
that the labor spent on perfecting such
a graphical method seems to be rather
useless.

Mathematical Analysis

The general equations for any two
waves are

¥y =asin (v’ + « (1)

y" = b sin («t” 4 B) €3]

For our problem, however, these
equations may be written in a more
convenient way. Let y = x and y”
= y. Let of = of” = of. Since we
are not interested in the phase angles

a A B
K
M-- - Ny S
l
I
I
x' ' X
o iN
1
1
|
______ - e JL 3
it ;
G Y 1 0
|

Fig. 1. Phase difference—0. Result: Line BOC.
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Fig. 2. Phase difference — 7. Result: Line AOD.

« and B themselves but rather in the
difference between them, the above
equations are put into a more work.
able form, as follows:

x = a sin (of + ¢) )

y = b sin vt 4)
Since waves (3) and (4) are the
components in our rectangular compo-
sition, it may be recognized that eq. (3)
and (4) considered together represent
the parametric equations of a very
general ellipse. This becomes clear
when upon eclimination of the param-
cter ¢ from (3) and (4) we obtain
the equivalent expression in rectan-
gular coordinates.

b*s* — 2abxy cos ¢ +

a’y* = a'b’ sin® ¢ (5)
which is an ellipse provided @ does not
equal b and ¢ is not 0 or #. Eq. (5)
is the locus of point K in Fig. 1 for
any arbitrary values of a, b and o; it is
also the fundamental equation of this
paper.

We can now assume certain values
for ¢ and obtain the equations of the
resultant curves.

ra) for ¢ = 0, eq. (5) reduces to

bx

y=— (6)
a

This is the equation of the straight line
BOC in Fig. 1. 1t is easily seen that
the slope of this line cannot be nega-
tive and that since it is proportional
to b/a it is independent of the phase
angle.
(b) for @ = x, eq. (5) becomes
X
y=-—— )
a

[RADIO
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This is the equation of the curve 40D

of Fig. 2.
(c) for 0 = #/2 eq. (5) becomes
£y
— 4 =1 (8)
a i b

which is the equation of an ellipse

with a major semi-axis a, and a minor

b—along with x and y axes respec-

tively. For the special case where the

two voltages are of the same amplitude,

i.e. ¢ = b, (8) reduces to
st+y=r €

where * = ¢* = ¥

This is the general equation of a circle

(Fig. 3).
(d) for 0 = #/4 (5) becomes
bt — a’b’

bx*— V Zabxy + @'y = . (10)

which is the cllipse with oblique axes
in Fig. 4.

Determination of Phase Angle

In solving for the phase angle ¢ the
first tendency would be to solve eq. (5)
as a quadratic in cos ¢. The resulting
expression, though accurate, is ex-
tremely inconvenient for practical cal-
culations. Several better methods are
suggested below.

(a) First method:

Transform eq. (5) into a new sys-
tem of coordinates by means of the
two rotational-transformation equations

L b
y—x cos (tan™ -) ¥y sin (tan™ =) (11)
(] a

b b
y=x"sin (tan™ -) + ¥ cos (tan™ -) (12)
a a

Substituting (11) and (12) in (5), al-
lowing @ = b and setting y = 0, we
obtain

Fm (L —cos @) = a?sin*¢ (13)
Solving this for ¢ we have
¢ = cos™ [(xm/a)’ — 1]  (14)

where r,, equals one-half the major

axis and @ is the maximum value of x.

The units in which x, and a are meas-

ured are entirely arbitrary but both

must be measured in the same units.

By an analogous procedure but setting
/’

x O we obtain

¢ = cos [1 — (ym/a)’] (14a)

Fig. 3. Phase difference — /2, Amplitudes equal. Result: Circle.
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where y,, 1s one-half the minor axis of
the inclined ellipse.
(b) Second method:

An even simpler expression for ¢ is
obtained as follows. Solving eq. (5
for the » and y intercepts, we get re-
spectively,

) asmn e
¥y« = b sin ¢
From these we have
E 2%
sin’*
sin )

where x, and y, are the x and y inter-
cepts, and x, and y, are the maximum
values of x and y.

The reader will notice that equations
(17) and (17a) are not limited by the
condition a b. Therefore the ratios
2y /% ¥1/y, will yield the same an-
swer for a given phase angle regard
less of the choice of a and b.

Examples

In making these phase mecasurements
a graduated screen will be found valu
able; it simplifies the process and
saves much time.

In obtaining the data tequired by the
given equations, the error due to im
perfect centering of the ellipse may be
slightly reduced by taking twice the re
quired length and dividing that by two.
Thus, for example, in measuring x,,
we first measure the entire major axis

with a pair of dividers — and divide
that by two, and so on. Since the cir-
cumference of the ellipse has thickness
a uniform procedure should be decided

Fig. 5. Hypo-
thetical ellipse
used as an ex-
ample in the
calculation of

phase angle.

upon for measuring cither the inside
or the outside contours. The latter
usually give better results.

We will show now the calculation of
phase angle in the hypothetical ellipse
of Fig. 5. We have:

by (17a) ¢ = sin
by (14) ¢ =c /13y — 11

by (14a) ¢ 05"
50.1
It should be recalled again that if
eq. (17) or (17a) is to be used the two

Fig. 4. Phase difference
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amplitudes do not have to be equal. On
the other hand they must be equal if
eq. (14) or (14a) are used. For un-
equal amplitudes (14) and (14a2) be.
come:

4

Cos @
+ 4% vV (#*n—2a") (£*n—2b%)
(14)
2ab
Vi V (y'n—2a") (¥'n—2b%)
(142°)
2ab

which are not as convenient to use.

WWV FREQUENCY STANDARDS

Tae NationaL Bureau of Standards
broadcasts standard frequencies and
related services from its radio station
WWYV, at Beltsville, Md., near Wash-
ington, D. C. The service has been im-
proved and extended, a new transmit-
ting station has been built, 10-kilowatt
radio transmitters installed, and addi-
tional frequencies and voice announce-
ments added. The services include:
(1) standard radio frequencies, (2)
standard time intervals accurately syn-
chronized with basic time signals, (3)
standard audio frequencies, (4) stand-
ard musical pitch, 440 cycles per sec-
ond, corresponding to A above middle

The standard frequency broadcast
service makes widely available the na-
tional standard of frequency, which is
of value in scientific and other meas-
urements requiring an accurate fre-
quency. Any desired frequency may
be measured in terms of any one of
the standard frequencies, either audio
or radio. This may be done by the
aid of harmonics and beats, with one
or more auxiliary oscillators.

[Continued on page 72)
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FILAMENT NOISE OUTPUT

Problem: [nvestigate the noise tn the
output circuit of a filament-type battery
triode duc to a.c. filament supply.

Solution: The a.c. noisc in the output
of a filament-type triode is due to a
number of causes. There are two
causcs, however, which are of para-
mount importance. These are:

1} The non-lincar operational char-

[

Fig. 1. Explanatory circuit of ac-oper-
ated filament-type battery triode

MRo

~ e

\ =
e, = Asinpt T
+

acteristic of the tube and its associated
circuit.

2) The change of potential of grid
and plate with respect to a given point
on the filament with time.

Consider the circuit of Fig. 1, as-
suming the filament is homogenecous
and that the active portion of the fila-
ment is symmetrical with respect to
grid and plate. Let:

e, = C sin wt represent a signal voltage
applied to the grid:
Es i
E: = — - K represent the effective
u anode potential :

es = A sin pt represent the filament sup-
ply voltage.

So that the solution will he more

general, let the characteristic of the
tube be:

t = Bie + Bsé® -+ Bse® + ... Bye"

where e represents the total voltage ap-
plied to the grid circuit. ILct the fila-
ment excited by ¢, he represented by
Fig. 2. Then the voltage at distance X

RADIO DESIGN WORKSHEET

No. 17—FILAMENT NOISE; CAPACITOR

from the clectricat center of the fila-
ment will be:

N
- sin pt

The differential  space  current  for
length dX of the filament will be:

AV ¥
di = K [lf.+( ~in @f A sin N] dX

I
Whenee:

I

. 2

| K (EA4C sin wt)? /

Jop
(1

2

N
) dN

ol sin
L (L + csimwl)

Let /2, + C sin of = I to simplify the

FORMULAE

A sin pt
Fig. 2. Representative of
filament excited by a.c.

NoAON®
i=KE¥| X sin pl 4
LE 2
N(N—1) AX? .
sinpt
2 3 L’F?
NA=1)(N=2) B\
sin’® pt +
6 107

N(N—1) (N=2) (N=3)

. 24
expression.
Then: I
AX q 2
+ sin' pt 4 .. ]
2 S L L
X N(N—1) -3
{ — KE* 1 —N—sinpt + ——
e I.et KI. = q a tube constant.
L Then:
Z N(N—1)
4 X i = a I:]_;N + __45 _ JFEW-» +
sin® pf + ...]d.\'
L*E? . DI
N(N=1)(N=2) (N ).l'l;""‘ . ]
Integrating we have: 5120 '
N DIRECT CURRENT sin wt cos 2wt [sin 3wt |cos 2pt | % ’f?;ipz)pt) L
1 « E, «C
-
aZ+42¢2 —qA?
2 4[5,24»2—4] 2qCE, s 3
2 2 2 2| - = 3 2 2
¢ q[ P - +8‘2c '] f [3CE'2+C - ;Gc] _:'“czE' q4c - AeE1 ¥ Au;c

Table summing up the results of the noise in the output circuit
of a filament-type battery triode due to a.c. filament supply.
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B [N(N—l) B
a | —— gEu»
® +
N(N—1) (N—2) (N—3) ]
— AOE(H4)+_ .
3840
cos 2 pt +

Replaci_ng E with (E; 4 C sin ot) and
neglecting small terms, we have:

N(N—1)

t = a [E" + AE, v

N(N—1)(N—2)(N=3)
—  A'E4 ]
5120

N(N—1)(N=2)

+ a [.'VC El("—‘) +
4R

ACEY 4 ] sin wf

N(N—1)
+ a [ CE®™» 4 }
2 l
N(N—1) (N=2) (N—=3) \
9% |

ACEM 0 4 ...]sin’ wt !

N(N—I1) i
o ] AE™» 4 I

N (N—1) (N—2) (N—3) |
»0 ' I

3840
AE® V. .. ] cos 2 pt

— a

N(N—1) (N—2)
[ T A’CEI(KI)_*_

N(N—1) (N—2) (N—3) (N—4)
3840 -

A‘CE."“’+...] sin @t cos 2 pt + ...

Substituting for powers of sines and
sine cosine products, we have:

I

R . N(N-D)
E"4 (4 +12C')TE:("”+. . ]

+ a [NCE.""’+C(A’+6C‘)

N(N—1) (N—2)
Tk
48
N(N=1)

(U')+.”] I

(:!El(tl x +
4 .

sin @ — a

RADIO DESIGN WORKSHEET

A’CE ¥4, ] cos 2 wt

AIE‘('-’)_*_Al

c o oa
192 3840

— a

[N(N—l)

N(N—1)(N=2)(N-=3) E,"*" 4. ..

cos 2pt

N(N—1)(N=-2) T
— a [ ACEY 4. .
96 _

sin (wi2p)t

N(N—1)(N=2) 1

a [ ACEN- |,
96 ]
sin (w—2p)t

plus a series of higher harmonics and
modulation products. From which the
accompanying table results.

It is evident that the alternating fila-
ment voltage adds no noise voltage to
a circuit with a linear characteristic
(N = 1) and that it adds a second har-
monic of the filament supply if the cir-
cuit has a parabolic characteristic
(N = 2). It is interesting that the co-
efficient of the second harmonic of the
filament supply (cos 2pt) is a function
of the signal amplitude when the cir-
cuit characteristic is a cubic (N = 3).
Moreover, with a third power charac-
teristic, intermodulation between sig-
nal and power-supply voltage occurs.

CAPACITOR CONVERSION FORMULA

Problem: Determine the relation be-
tween the equivalent series and equiva-
lent shunt resistance of a low power

—
=T

PERFECT CONDENSER
Re=pr =0

Q)
n0,
Al

mmALAALAALAAA

R = EQUIVALENT
SERIES RESISTANCE

r = EQUIVALENT
SHUNT RESISTANCE

| A theoretically perfect condenser, and
equivalent circuits representing series and

shunt resistance.

factor capacitor; i.e., the formula re-
quired to convert from one to the other.

Solution: Since the equivalent resis-
tance represents resistance in series or
shunt which will produce a power loss
equal to the dielectric loss, we have:

The capacitative reactance of the
condenser is:

Xo = 1/27fC
1 =E/X, = 27fCE

Power loss = PR = 47 fC’E’R
for equivalent series resistance

Power loss =— E*/r for equivalent
shunt resistance

Whence:
ATPCER = EYr
or:
R 1/47**C*r

CAPACITANCE DETERMINATION

Problem: Dctcrmine the capacitance of
two flat metallic plates cach one square
inch in arca and scparated by a dis-
tance of 10 thousandths of an inch (10
mils) in air.

Solution: Referring to the accompany-
ing drawing, let K = specific inductive

G

ll\i SQUARE INCH = A

Factors determining capacitance.

\

capacity of dielectric = dielectric con-
stant; d the separation of the plates in
centimeters; and A4 the area of the
plates in square centimeters. Then:

. KA
Capacitance = C = —— cm approximately.
4md

In this case K = 1 (for air),and 4 =
6.54 cm.

Whence :
1 A4 .08X6.54 .523

T4r d d 4
But d=10 mils = .01 inch = 01X 2.54
em = .0254 cm.

Then:
.523 20.9

C = = 209 ecm = ——9—- = 23.2 puf

.0254 .
since conversion from C.G.S. units

| (em) to puf is equivalent to multiply-

ing by 1/.9.

This is the formula used in estimat-
ing capacities of variable air con-
densers.
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WIDE-BAND AMPLIFIER DESIGN

PART 2

* The wide-band amplifier permits a
lincar amplification of frequencies ex
tending from 5 cycles to 3 megacycles.
It was shown in the previous article*
that this may be accomplished by means
of a resistance-coupled amplifier using
a high gm tube with low input and out-
put capacities, a low value of plate load
resistor, and special high- and low-
frequency compensating circuits.

Shunt Peaking

One of the most common forms of
high-frequency compensation is the
shunt peaking method, as shown in Fig.
1-4. The peaking inductance L is in
series with the load resistor R;. The
output impedance is represented by the
network shown in Fig. 2-B. The out
put impedance Z, will be:

XceV R4+ X2
Zo = - 1)
V R+ (X —Xo)?

In order to provide a lincar response
Z o must be constant over the frequency
range to be amplified, or Z, must equal
Ry over this frequency range. In the
previous article it was shown that at
the high frequency point where the
gain was down 3 db the total shunt
reactance was equal to the load re-
sistance, or the load impedance Z,, fell
to 70.7 % of its value at the middle fre-
quency range. In order to restore Z,
to its proper value an inductance is
added in series with K;. Using equa
tion (1) the value of X, required can
be determined.

Assuming Z, = R,
ohms. Then:

Xer V R+ (Xo)*

Xegp = 4000

Zo =
V R+ (X — Xe)?
RV R+ X
RL = — - — 24\.1,
V R+ (Xi—RL)?
* Wide-Band Amplifier Design, Radio,
July, 1943, page 22.
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and solving for the reactance of the
series inductance it is found that X,
2000 ohms, The inductive reactance re:
quired to compensate the high-fre-
quency cnd of the band is one-half the
resistance of the load resistor or:

R. Xer
.\',', k= s
2 2
and:
R.
L =
47F,
and since
1
R. = ~
27 FoCr
where I7g is the highest frequency point
R Cr
L .
2

&

To find the values of the components
required to provide high-frequency
compensation to 5 megacycles in the
circuit of Fig. I, and using the follow-
ing values previously assigned:

Gw = 1600 micromhos
C 20 ppf
top frequency = 5 mc.
1
= 1600 ohms
(approx.)

Nepat 5 me, =
7l oCr

—

R, = —= 1600 ohms
2wFoCr
(1600)* X (20 X 107*)
L = — - = 25.6 uh
2
Gain = gm R: = 1600X10°X 1600 = 2.56

Without the peaking coil the response
would be down 3 dbh at 5§ me; how-
cver, using the value of L as calcu-
lated, the gain remains the same at
5 mec.

In actual practice a tube would be
chosen with a higher gm, thus permit-
ting more gain. The 6SJ7 tube was
chosen with the hope it would be more
readily obtainable. Equipment for in-
struction purposes could be built using
the values developed in this article,

| S
C;
Ry
Il - 1800
| =
ay o _“_
|
| 18 uf = L
¥ = 28.64h
TEM. = Ry
= SO0 M
Cy
o o—-—o—l
s B an;
1T
‘ B+

Fig. 1-A. Compensation by means of shunt peaking at the

hioh
ghs and p
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Phase Shift

In the operation of the audio ampli-
fier it is generally not necessary to con-
sider phase shift, as the maintenance
of a linear frequency response will in-
sure a satisfactory phase shift. Houw-
ever it hecomes important in wide-band
operation. In television application it
would mean the displacement of high-
frequency components with respect to
the middle range on the tclevision
screen, producing a blurred image.

The total distance around a circle is
27 radians where a radian is the same
length as one radius set off on the cir
cumference. [n a similar manner the
distance along a single sinc wave can
be represented by 2x radians and total
distance sct off cach second i1s 27 radi
ans times the frequency in c.p.s. or:

® 271 radians/second

In any combination of inductance,
capacitance, and resistance there i1s a
certain interval between the time the
signal is applied and the time when the
signal reaches its proper amplitude
across the network. This 1s generally
represented in a vector such as Fig. 3
where the voltage developed across the
total impedance lags the applied volt-

i = CONSTANT A
CURRENT |
- '
= |
RL EE =— €o
:::E Cr |
3 |
|
.
i =CONSTANT ?
CURRENT |
R, {
=— €y
Cr I
L I
1
¥

Fig 2. Equivalent circuits with
and without shunt peaking. coil.

age by the angle §. The actual lag in
radians can be found by solving the
vector triangle or:

Xo
tan 6° = —
[/
”
and radians =
57.3

where X, represents the equivalent
series reactance of the network and R,

38

AAAAAAAAAAAA,
RAAAAAALRAALLAS

5™

2100

o

B+

Fig. 1-B. Compensation by means of shunt peaking at the highs
and compensation of the cathode bias circuit at the lows.

the equivalent series resistance. In Fig.
2-A is represented the output network
of the amplifier without the peaking
coil; in Fig. 2-B it is represented with
the peaking coil. In Fig. 2-4 the im-
pedance is:

R (5 X¢)
! R j)-(c
L, _ R(=iX0) (R4iX0)
R —Xo
X&' R— j XoR®
R—Xs
X3 R Xc R*
R —Xo R_X7

which 1s the impedance broken down
into its equivalent series real and re-
active components. From this the angle
can be found:

XeRY/R*— X ¢
tan @
X'R/R'— X¢*
XeR? R
= 27FCR
A' 2R :'c

Using the component values chosen
for the 6SJ7 amplifier for the uncom-
pensated stage it is found that the angle
in radians will be:

tan 6, — 6.28X5X10°X 20X 107X 1600
&y = 45‘

radians - .785 radian at 5 mc.

tan 8. — 6.28X10'X20X 107X 1600
6. — 0°7°
radians — 7°/57.3 — .002 radian at
10,000 cycles

1f the phase shift would increase
linearly with frequency.no harm would
result as it would be similar to the 180°
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phase shift in a vacuum tube. How-
cver, due to the fact that it is not linear
it will take the 5-mc component of the
signal a longer time to reach its proper
value than it will the low-frequency
component.

Time Delay

In order to find the time delay in
seconds it is necessary to divide the re-
sultant phase shifts by the angular rate
o= 2xF. At 5 mc:

.785
025 microsecond
6.28X5X%10°
At 10,000 cycles:
.002
te = ————— == .0318 microsecond
6.28 X 10*
At =1, t, — .0068 microsecond

or the difference in time delay between
the high and low frequency components
will be .0068 microsecond. In television
application the beam may cover 10
inches in 6 microseconds. This would
mean a displacement of about .004 inch
between high- and low-frequency com
ponents.

Now taking the compensated case of
Fig. 2-B, it is found the impedance will
be:

(R4+7Xe) (—JjXe)

R+5 (Xo— Xe)
(—7 RXc+X1Xo) (R—j (X1—X0)
R+ (Xi— Xo)

From which the series equivalent would
be:
RX¢

9
R+ (X1 — Xe¢)*
" XI.X(?’_‘X(?XLz -'Rz
R+ (X:— Xc)?
and the phase angle:

1943 *
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XiXe— X' — R

R X¢
and by substitution :

tan @

4, 1 radians at 5 mc. = .6434

g: in radians at 10,000 c.p.s.—= .001

time delay at 5 mc. - .0204 psec.
time delay at 10,000 c.p.s. .016 #sec.

0044 mscc.

By comparison of the time delays for
the compensated and uncompensated
stages it is found that the shunt pcak

difference in time delay

Fig 3. Sketch illustrating phase shift.

ing coil not only provides a linear fre-
quency response but also aids in cor
recting the linearity of the phase de
lay.

Low-Frequency Response

In the case of the low-frequency re-
sponse the gain is limited by the series
coupling condenser C,, its reactance
being high at low frequencies. Tf it
were possible to make C, sufficiently
large in capacity and K, large in re-
sistance the linear response could be
extended to a very low value of fre-
quency; however, circuit components
prevent this alternative, due to the
physical size of C, and in case of R,
instability of the second pentode grid
circuit. In order to provide constant
phase shift and linear response with
rcasonable values of R, and C,, it is
necessary to employ a decoupling cir
cuit at the lower end of R, equal to the
time constant of R,-C, or:

R.Cr = Rch

In Fig. 4 is shown the equivalent cir-
cuit of the low-frequency circuit.

As previously calculated the gain is
2.56, and if a one-volt signal were ap-
plied to the grid of the amplifier 2.56
volts is required on the grid of the next
tube regardless of frequency. At the
low frequencies the response is limited
by C, and if 2.56 volts is to be devel-
oped on the second grid, more voltage
must be developed across the amplifier

RADIO]
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plate load at these frequencies. This is
accomplished by means of the compen-
sating circuit RpCp on the low end of
R;. Cp also functions as a by-pass
capacitor and has a reactance of 1/10
the resistance of R, at 60 cycles, and
Cr is cqual to 16y, with the value of

R, 1600 ohms and R, 500,000
ohms. Since:
R.Cr
C.
R,

we find C, in this case will be equal o
D5uf.

Now using the method utilized in
the previous article to calculate
the gain of the amplifier at low fre-
quencies we can find a value of ap-
plied voltage that will provide an out-
put of 2.56 volts from grid to ground
at 60 cycles, or, first using the value of
R, to find the current necessary to de-
velop 2.56 volts across it. This value
is 5.1 microamperes. Now taking the
series C, and R, circuit, a certain num-
ber of volts must be applied across it in
order to cause this current to flow, so
that:

Eoap, 502X 104X VR + XJ°
at 30 cycles
I 2.61 volts

Therefore the gain that must be de-
veloped across the load at 30 cycles is
2.61.

The circuit is shown in Fig. 4. The
actual signal is developed across the
series combination of R; and Cp be-
tween plate and ground. Ry must pre-
sent a resistance at least ten times the
rcactance of Cr at the lowest frequency
to be passed to prevent the signal from
being applied across the power-supply
impedance.

The gain develaped across the series
combination of R and Cp at 30 cycles
is:

Gain = 1600 X 10* V R.* 4+ X¢*

Gain = 1600 X 10 * v (1600)* + (331)°

Gain 2.614

This gain is also the amount required
to develop 2.56 volts across R, By
making the same calculations at 5
cycles it will be found that 4.34 volts
output will he required to develop 2.56
volts across K, Now, if gm Z, is cal-
culated again for this frequency, the
gain is again 4.34. Thus by maintain-
ing the products R, Cp = R,C, the low-
frequency range can be extended down
to the point where Ry becomes too high
for practical use. For a linear response
down to 30 cycles Rp would be 10 X
331, or 3310 ohms; at 5 cycles it would
be nearer 20,000 ohms. If the tube used
draws any appreciable amount of cur-
rent this would be an impractical size
as it would drop the plate voltage to too
low a value or require a power supply

1943
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developing considerable voltage output.

Cathode Bias

We can also compensate for the low-
frequency response of a stage using
cathode bias by having the time con-
stant RgCx equal to RpCp. Thus the
degeneration caused by the higher re-
actance of Cy at the low frequencies
can be restored by means of the low-
frequency compensating circuit RpCp,
as shown in Fig. 1-B.

Any degencrative cffects due to the
signal variations across Ry can be re-
stored by means of the corresponding
increase in plate load impedance accom-
plished by Rp and Cp; however, the
compensation which must be accom-
plished by Ry and Cp must be greater
than the degeneration caused by €y
and Rg by the amount of the gain of
the stage, so that:

Rr Rx Gain R« gm R.

Cr = Cx/Gain = Cx/gm R.
In the case of the 6SJ7, in order to
secure the proper tube hias a resistor is
required in the cathode circuit equal to:

800 ohms
.00375

Cx should have a reactance 1/10 the
resistance of Ry at 1000 cycles so that:
10°
Ck = 20 nf
6.28 X 1,000 X 80
From this:
Rr 800X 1600X 10 *X 1600=2100 ohms
20
— 8 uf
1600 X 10°* X 1600

L-F Phase Shift

The phase shift at low frequencies
compares with the phase shift at high
frequencies insofar as number of de-

Fig. 4. Equivalent of low-frequency circuit.

grees is concerned, but it represents a
much greater time delay in seconds, In
television application it would produce
a vertical gradation in light intensity

on the picture screen background.
In the case of phase delay without
low-frequency compensation the phase
[Continued on page 67)
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0. & A. STUDY GUIDE

STUDIO EQUIPMENT—I

Carbon Microphone

1. Describe the construction and
characteristics of a “carbon bution”
type microphone. (I11-50)

2. Draw a diagram of a single-button
microphone circuit, including the i
crophone transformer and source of
power. (11-120)

3. What are the advantages of the
single-button microphone? (11-40)

4. What is the most serious disadvan
tage of using carbon microphones with
high-fidelity amplifiers? (1V-51)

5. What precaution should be ob-
served in the use of a double-button
carbon microphone? (11-313)

6. What may cause packing of the
carbon granules in a carbon-button ni
crophone? (11-311)

7. Why are the diaphragms of certain
types of microphones stretched? (IV
52)

Condenser Microph

8. Describe the construction and
characieristics of a “condenser” type
microphone. (111-46)

Crystal Microphone

9. Describe the construction and
characteristics of a “crystal” type mi-
crophone. (111-49)

SOUND FLUX (1)

SOUND PRESSURE ()
(ovNes / cM?)
1,000,000-

(waTTS / CM?)

200,000
20,000.

2000.

C. RADIUS

Velocity Microphone

10. What is a “velocity” type micro-
phone? (I11-51)

11. Describe the construction and
characteristics of a “ribbon” type mi-
crophone. (111-45)

Dynamic Microphone

12. Describe the construction and

DB VOLTAGE SCALE
(1VvoLT = 0 0B)

.001

.0001

DB = 20 log %

FiG.2

DB Voltage Scale.

SOUND LEVEL
{ DECIBELS)

194 — MAX. SOUND WAVE

180

160

140
120-——THRESHOLD OF FEELING

e B X
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60 RANGE N STUDIO

100 —

40 *
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0 —THRE
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Inter-related sound-pressure, sound-flux and sound-level scale.
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DB POWER SCALE

(.006 WATT = 0 DB)
w DB

.6
.06

.006 —
6 x10°*
1079
107¢
1077 -40
i fold =50
107° -60
6 X 107" -70

—-80

\J
DB = 10 log 006

FIG.3

DB Power Scale.

characteristics of o “dynamic” type
microphone. (111-44)

13. What type of microphone em-
ploys o coil of wire, attached to a
diaphragm which moves in a magnetic
field as the result of the impinging of
sound waves? (I1V-50)

Microphones may be classified on the
basis of (1) requiring a current or
polarizing voltage, in which case the
microphone acts as a valve or relay;
(2) operating as a pressure-actuated
device requiring a diaphragm, or pres-
sure difference actuated device using a
ribbon; (3) having a low or high im-
pedance output. It is possible, of course,
to modify the output impedance of any
microphone. However, some micro-
phones are inherently high-impedance
generators as in the case of the crystal
and condenser microphones, and others
are low-impedance generators as in the
case of the dynamic and ribbon micro-
phones.

The “Study Guide” questions on mi
crophones are very general and ele
mentary. Most readers are acquainted
with the general operating principles.
For a general discussion and.descrip

[Continued on page 44]
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~THAT'S HOGARTH,
HE'S DIGGING A FOX-HOLE ANNEX
FOR HIS ECHOPHONE EC-1!

\ 14 _
Echophone Model EC-1
(INustrated) 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 115125 volts AC

orDC
ECHOPHONE RADIO CO., 201 EAST 26th ST., CHICAGO, ILLINOIS
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tion of the types of microphones the
reader is referred to such books as
“Practical Radio Communication” by
Nilson and Hornung, and “The Radio
Manual” by Sterling,

The remainder of this article will be
devoted to a discussion of the various
methods used in rating the output levels
of microphones. This is a subject with
which all operators should be familiar.

Microphone Output Levels

Since the output of a microphone is a
function of its acoustic input, it is nec-
essary to establish a scale upon which
various nput levels can be placed. Fig.
I indicates such a scale. Sound pres
sure measured in dynes/cm.2 or bars,
and sound energy flux measured in
watts/cm.2 arc plotted logarithmically.
The right-hand side of the scale is
marked off linearly in decibels (db).
This arrangement is based upon the
fact that a somewhat linear variation
in the subjective phenomenon of hear-
ing as rclated to loudness results from
a logarithmic variation in the objective
phenomenon of pressure variation or
changes in the sound energy flux. If
we further assume that this scale rep-
resents conditions in the vicinity of
1000 cycles, then the sound level in db
is numerically equal to the loudness
level expressed in db. Average con-
versation at a distance of ahout one
foot from the microphone produces a
sound pressure variation average of
one bar. For this reason a one-bar
sound signal is both a practical and
convenient signal to use in the calibra-
tion of microphones. One bar corre-
sponds to 74 db. This relationship is
given by the equation 74 db = 20 log
(1/.0002).

The sound levels above 120 db have
no particular significance in commer-
cial broadcasting. Theoretically, how-
ever, the pressure scale can be con-
tinued up to atmospheric pressure
which is about one million dynes/cm?2,

Two methods of measurement are
used in rating the output level of a
microphone; (1) an open-circuit volt-
age measurement (2) a closed-circuit
power measurement.

The first method is used for high-
impedance voltage generators such as
the crystal microphone. The output is
expressed as N db below one volt per
bar on an open circuit. This measure-
ment is made with a vacuum-tube volt-
meter placed across a 5-megohm load
on the microphone. Fig. 2 indicates the
db voltage scale upon which the output
can be located. Various crystal micro-
phones have outputs which range from
—40 db to —60 db.

Assume that a certain crystal micro-
phone has an output of 1.5 millivolts.
This can be expressed in db by the
equation db level = 20 log (.0015/1),
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VU_POWER SCALE

WATT = ]

YU = 40 log

FIG.4

VU Power Scale.

whence, db level = 20 (3.175) =
—36.5.

The second method gives the output
of the microphone in terms of the pow-
er dissipated in a resistive load equal

to the rated output impedance. The

output is expressed as N db below 6
milliwatts. Fig. 3 indicates the db scale
upon which the output can be located.
Dynamic and velocity or ribbon micro-
phones have output levels around —70
db

Assume that a certain velocity micro
phone has an output level of —78 db
and an output impedance of 250 ohms
The output can he expressed in watts
(7) by the equation —78 db = 10 log
(72/.006) or +78 dh = 10 log (.006/w),
whence, w = 0.95X 10710 watts. This
power, dissipated in a 250-ohm resis-
tor, produces an output voltage of
F = /(095 X 101 X 250) ; whence,
L = 0.157 millivolts. If this micro-
phone is to operate an amplifier whose
output is 6 watts, the power level must
be raised from —78 b to +30 db. This
requires an amplifier with a power gain
of 108 db.

It is becoming more common to rate
the output levels of microphones used
in commercial broadcast in terms of vu
below 1 milliwatt. The abbreviation
vu stands for “volume unit” and rep-
resents the units on the calibrated scale
of a standard volume-level indicator.
The new zero level of 1 milliwatt has
been adopted primarily for conveni-
ence. The difference between the two
scales shown in Figs. 3 and 4 can be
expressed in terms of the difference in
their zero levels as 10 log (.006/.001)
= 7.78. Thus —78 db is equivalent to
—70.22 vu.
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1943 ROCHESTER FALL MEETING
RMA-IRE Radio Conference

Sagamore Hotel, Rochester, New York
November 8 and 9, 1943

Monday, November 8

3:30 A.M. Registration
9:30 A M. Technical Session
Review of the problem:
Demountable Versus Sealed-
off Tubes
1. E. Mouromtseff
Westinghouse Electric &
Manufacturing Company

Recent Advances In Klystrom
Theory
W. W. Hansen
Sperry Gyroscope Company
. Luncheon
. Technical Session
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formers for Frequency
Modulation Receivers.
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Vacuum (apacitors
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. Committee Meetings
. Dinner
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The Signal Corps Looks to
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Lt. Col. Kenneth D. Johnson
U. S. Army Signal Corps

Tuesday, November 9
8:30 A.M. Registration
9:30 A.M. Technical Session
Message of RMA Director of
Engineering
Dr. W. R. G. Baker
A Chamber of Commerce War
Research Committee
K. C. D. Hickman
Distillation Products, Inc.

. Luncheon
. Technical Session

Report of RMA Data Burean
L. C. F. Horle

New Low Loss Ceramic In-
sulation
Ralston Russell, Jr. and
L. J. Berberich
Westinghouse Electric &
Manufacturing Company
Design of I.F. Systems
J. E. Mavnard
General Electric Company
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6:30 P.M. Stag BRanquet
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announced later)
An exhibit of the U. S. Army Signal Corps
equipment will be a feature of both days.
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Electronic

® Her job is to assemble the complex gun of a cathode
ray tubc — a precision electronic gun that shoots billions
of electrons a second with unerring accuracy.

That makes her an “electronic gunsmith.” Here she is
shown welding a ““no tolerance” gun part held in perfect
alignment by a specially designed jig.

To the making ot cathode ray tubes and other important

THAT SERVES IN WAR
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Gunsmith

electronic elements, Sylvania brings long and special-
ized radio tube experience. You know what the Sylvania

reputation for painstaking craftsmanship is in the radio
field

You can confidently specify Sylvania Radio Tubes as
replacements for wartime radios —and Sylvania Cathode
Ray Tubes for television sets and many other purposes
when vicrory is won.
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ELECTRIC PRODUCTS INC.

Emporium, Pa.
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MODERN THEORY OF ELEGTRONS

[Continued from page 26]

present. Repeated farlure to solve these
puzzles has led to another line of at-
tack; to reduce these two unknown
quantitics to one. From a philosophical
point of view there is economy of
thought to be gained by this process.
Such a reduction, presumably, would
not make the remaining puzzle more
difficult of solution; and when it is
finally solved we shall have killed two
birds with one stone.

Strangely enough, the most success-
ful of these attempts at reduction have
not followed what would seem to he
the natural path of regarding matter
as the fundamental entity and giving
a material cxplanation of clectricity.
That line of thought was orthodox in
the eighteenth century, and some of us
still speak of ‘“the eclectric fluid,” or,
more colloquially, “the juice.” Modern
scientific thought has taken the oppo-
site direction, and, strange to say, there
scems to be some experimental justi-
fication for this revolutionary pro-
cedure.

In 1893 it occurred to J. J. Thom-
son(1) that clectricity might be the
fundamental entity, and that matter
might be only an aspect of electricity,
which it displays to a greater or less
extent according to circumstances.
Thomson'’s original paper contains sev-
eral references to a hydrodynamical
analogy which probably suggested the
idea to his mind.

A body moving throngh a liquid ex-
hibits an increase in its inertia, as
though it had soaked up some of the
liquid into its pores. This is not due
to friction, and would be observable
even in a perfectly frictionless liquid.
It arises from the fact that the moving
body continually sets some of the liquid
ahead of it in motion. This portion of
the liquid is pushed aside, but another
portion takes its place. To start a sub-
merged body in motion requires there-
fore more force than would be neces-
sary were the body outside of the
liquid.

This increase in inertia varies with
the shape of the moving body. A long,
thin cylindrical rod moving end-on sets
but little liquid in motion, and exhibits
but a slight increase in inertia; but the
same rod moving broadside-on would
set much more liquid in motion, and
its increase in inertia would be much
greater. The simplest case, from a
mathematical point of view, is that of
a sphere. Here the increase in inertia
is the same for all directions of motion,
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and is equal to that which would result
had the sphere absorbed an added load
cqual to one half the mass of the liquid
which it displaces(2).

J. ]. Thomson showed, on theoretical
grounds, that there was reason to ex-
pect that a charged sphere in motion
through the cther would exhibit a simi-
lar increase in inertia (or mass), due
to what he called the “bound ether,”
carried along by the Faraday tubes of
force connected with the moving
charge. There is, however, one im-
portant difference in the two cases. The
apparent increase in mass of a sphere
moving in a liquid is independent of
the speed of the sphere, but for a
charged body moving through the ether
Thomson’s calculations indicated that
the increase in mass would bhe very
small at ordinary speeds, and would
become appreciable only if the speed
of the body were comparable with that
of light.

In 1893 this suggestion was of acad-
cmic interest only, no hodies moving
with sufficient speed being then avail-
able for experiment. A few years later
conditions had changed. The discov-
ery of electrons had placed at our dis-
posal charged particles moving with
unprecedented speeds, which in some
cases were comparable with the speed
of light. Here, it would seem, was an
opportunity to test Thomson’s theory.

Mass, Charge and Speed

It was not at first possible to obtain
a measure of the mass of such a parti-
cle, Imt only a value for the ratio of
the clectric charge to the mass which
carrted it (e/m). But in 1901 Kauf-
mann(3) found that for swifter parti-
cles this ratio was less than for slower
ones. There were only two ways of ex-
plaining this fact, both egnally radical :
cither the mass increased or the charge
decreased with an increase in the speed
of the particle.

In this dilemma opinion inclined gen
crally to the first alternative, largely
because there was in existence a the
oretical reason to expect it, while no
one as vet had been ingenious enough
to snggest any reason why a moving
charge should alter.

Kaufmann calculated that such parti-
cles as he worked with might have,
when moving slowly, an “electrical
mass” equal to about one fourth of
their total mass. In making this cal-
culation he assumed that the particle
behaved like a little metallic conductor,
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but he was careful to point out that a
different assumption might lead to an-
other result.

And so it happened. J. J. Thom-
son(4), on the assumption that a parti-
cle had no metallic conductivity, but
acted like a point charge, found that
Kaufmann’s results indicated that the
whole of the mass might be accounted
for electrically. According to this, an
clectron would be a sort of a disem-
bodied ghost—an electric charge with-
out any matter to carry it.

This was the origin of the electrical
theory of matter, which in the first
few years of the present century rapid-
ly acquired an outstanding position in
physical theory; but forty yecars is a
long life for any theory in these days,
and this doctrine, like all other scien-
tific theorics, has not proved to be free
from theoretical difficulties.

One of the difficulties arose with the
discovery of the neutron in 1932. The
nature of the neutron is still uncertain.
There are hut two possibilities: either
it is or it is not made up of electrically
charged components.

We shall consider the last alterna-
tive first. If the ncutron is non-elec-
trical in structure, it is then to be re-
.garded as a piece of ordinary, old-
fashioned matter, in the sense in which
that word was nsed before Thomson
suggested the idea of electrical mass.
We would then have two kinds of mass
—ordinary and electrical, and Thom-
son’s attempt to reduce two unknowns
to one would be a failure; the number
of puzzles would remain the same, and
in addition we would have loaded our-
seives with an additional complication
in theory. llere we are reminded of
what Newton says in his Principia(5) :
“We are to admit no more causes of
natural things, than such as are both
true and sufficient to explain their ap-
pearances. To this purpose the phi-
losophers say, that Nature does nothing
in vain, and more is in vain, when less
will serve; for Nature is pleas’d with
simplicity, and affects not the pomp of
superfluous causes.”

On the other alternative, the neutron
would be a combination of two oppo-
sitely charged components, such as a
proton and a negative electron. The
clectric field between these closely
spaced components would be very in-
tense, and may be visualized as a close-
ly packed and almost parallel bundle
of lines of force stretching from one
component to the other. This bundle
of lines would, however, be extremely
short, as the neutron is very small,
about one hundred thousandth of the
size of a hydrogen atom.

Now a hydrogen atom, when ionized,
splits up into a negative electron and
a proton. Its structure, then, qualita-

[Continxed on page 48]
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That's right. You guessed it: the electron.
The war's demand for instant mastery of
every method of communication has ma-
tured the science of electronics. When
peace is won, the world will be in for a
host of ravolutionary surprises.

Stancor transformers are now doing a job
for war . .. organizing electrons for battle.
At the same time, Stancor engineers keep
their eyes fixed on the new age of elec-
tronics that will appear when the curtain
of military secrecy is lifted. Tested and
trained by problems of war, they will be
ready for the problems of peace.

STANGOR
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ELECTRONS

[(Continsied fram puge 46]

tively speaking, must be similar to that
of the neutron; but quantitatively
speaking, it is much larger, and the
bundle of lines of force joining its
positive and negative components must
be a hundred thousand times longer
than that in the neutron. Now the mass
of a hydrogen atom and that of a neu-
tron are practically the same, and the
question arises: “Why does not the
hydrogen atom drag along much more
bound ether than the neutron, and have
a proportionately grcater mass ?”’

But we cannot escape the experi-
mental fact discovered by Kaufmann
—that the ratio ¢/m becomes less as
the speed of the charged particle in-
creases; if this change is not due to an
increase in mass, may it not be duc to
a decrease in the charge?

At first sight, this seems a more rev-
olutionary idca than the other. It is ad-
mitted that the idea of a change in clec-
trical charge is wholly unsupported by
laboratory cvidence at present; but so
was the idea of increasing mass in
1893. Only when particles moving with
speeds comparable with that of light
became available for experiment did we
realize what might happen under such
circumstances.

But has there not been later evidence
showing that the electronic charge is
one of the fundamental constants of
nature?

It has sontetimes heen said that Mil-
likan’s oil-drop experiments, by which
he measured the charge on a single
electron, prove the constancy of this
charge, and hence the variability of the
mass alone in Kaufmann’s experiments.
It is true that Millikan found that the
charge on an ion after it had been
transferred to the oil-drop was the
same whatever the source of the origi-
nal charge. Tons of different gases, un-
questionably of different speeds, gave
the same charge to the drop. But it is
to be remembered that thc measurc-
ment of this charge was made, not at
the speed of the ion, but at that of the
slowly falling oil-drop, which was of
the order of a few hundredths of a
centimeter per sccond.

Theory of Relativity

The special theory of relativity is
sometimes quoted in support of the
constant charge and variable mass. Tt
is true that Einstein(6) in his original
paper of 1905 gives a formula for the
change of mass with speed which, like
J. 1. Thomson’s formula, hecomes in-
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finite at the speed of light, and it is
also true that he gives no similar form-
ula for a change in the charge. It will
be interesting for us to see how he ob-
tained this result.

In section 10 of.his paper Einstein
gives the following formula for the
x-component acceleration of a moving
charged particle :

dzx e 1
= — —X
d 3 m B3

in which e is the charge on the particle,
m is the mass of the particle at rest, X
the component of the electric vector
and B the familiar relativistic expres-
sion

INT—22/c

It is evident that the quantity ¢/m is
altered by the factor 1/83%, but whether
the charge or the mass or both are
changed is not obvious. Einstein, with-
out comment, assumes ¢ to remain con-
stant and m to bear the full effect of
the modifying factor, and on this basis
derives his formula for the change of
mass.

This assumption, of course, was or-
thodox in 1905, but it is of intercst to

‘note that as a matter of logic the elec-

trical theory of matter can claim no
supporting cvidence from the special
theory of relativity.

On the basis of this result of Ein-
stein’s, Sommerfeld(7) introduced a
modification into Bohr’s theory of the
atom. In Bohr’s theory the hydrogen
atom was regarded as consisting of a
negative clectron revolving in a Kep-
lerian ellipse around a positively
charged nucleus, the attraction between
the two charges heing balanced by the
centrifugal force of the revolving elec-
tron. Sommerfeld (page 43 in his
paper) makes the orthodox assumption
that the electrical charges remain con-
stant, but that the mass of the revolyv-
ing electron varies with its speed in the
orbit according to the formula given by
Einstein. In consequence, the mass of
the electron is greatest at perihelion
and least at aphelion, and its centri-
fugal force will have a similar fluctua-
tion. Because of this the orbit hecomes
an ellipse with a moving perihelion,
like that of the planet Mercury. The
cffect of this is to split up the spectral
lines, producing what Sommerfeld
called the relativistic fine structure.

This predicted cffect has actually
heen found in the spectra of hydrogen
and helium, the number of the com-
ponent lines and their relative separa-
tion being in accordance with Sommer-
feld’s theory.

As to the value of this result as a
confirmation of the electrical theory of
matter, it is to be observed that Som-
merfeld would have obtained exactly
the same modification of the Keplerian
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ellipse if he had assumed the charge
to decrease and the mass to remain
constant, thereby disturbing the balance
by reducing the centripetal attraction
instead of increasing the centrifugal
force.

To sum up, the logic of the whole
situation is that the electrical theory
of matter can claim no independent
support from either Millikan, Einstein
or Sommerfeld. It rests for the pres-
ent on J. J. Thomson's theory, and this
theory tacitly assumes that the charge
is unaltered by the motion. It is re-
markable that every one we have men-
tioned, from J. J. Thomson onward,
when confronted with the necessity of
making a choice, prefers to keep the
charge constant and let the mass take
the consequences, and this without com-
ment or apology.

Positive-Negative Dependence

Of course there must be a reason for
this; and although it is explicitly stated
by no writer that I have seen, the rca-
son is doubtless to be found in what
has come to be regarded as an axiom
in electricity—the conservation of elec-
trical charge, with its corollary, the ex-
act equivalence of positive and nega-
tive electricity. This law states that no
one has ever produced the slightest
trace of a positive charge without the
simultaneous production of an equal
and opposite negative charge some-
where, usually in the immediate neigh-
borhood.

It may be admitted that the facts are
as stated; but attention must be called
to the additional fact that in none of
the experiments upon which this law
is based did the clectric charge have a
velocity at all comparable with the
speed of light.

There is also another basic objection
to be raised to the experiments upon
which this law is founded. We may.
for instance, operate within a large
conducting cube, such as was built by
Faraday at the Royal Institution; per-
form within it all the usual electrical
experiments, excite a glass tube by rub-
bing it with fur, draw sparks from an
electrical machine, and yet a sensitive
gold leaf electroscope connected to the
cube will remain undisturbed. It seems
impossible to create or destroy an elec-
tric charge without a conmpensating
crecation or destruction of an equivalent
charge of opposite sign.

It is well to remember that all such
experiments have started with neutral
bodies. The glass tube and the fur were
at first neutral, but exhibited cqual and
opposite charges after being rubbed to-
gether; the clectrical machine was at
first neutral, but on being operated its
two sides became equally and opposite-
ly charged.

[Continued on page 67 |
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A NEW TECHNIQUE
Wt v
SPEEDING VICTORY

LimERALLY a one man army, the paratrooper

strikes fast and hard—almest anywhere. He
represents a new and deadly technique of
modern warfare, one that America is utiliz

ing to the fullest.

Industry, too, has learned new techniques.
New short cuts, new refinements in design,
new wavs to build faster and better the tools
and weapons our fighting men need.

Simpson electrical instruments and testing
equipment, for example, offer a basically
superior type of movement which required a
slow and costly method of construction onl,
a few years ago. Today, in the Simpson plant,
this greater accuracy and stamina is a matter
of mass production.

Tomorrow the many things industry has
learned under the impetus of war will build
a brighter, happier world. The harder we
work on the job at hand, the sooner that

tomorrow \Vi” come.

SIMPSON ELECTRIC COMPANY
5200-5218 Kinzie Strect, Chicago +4, Illinois

. - »FECT CURRE)

P stk un ST -

’ C ?U'g D
MILLIAMPERES :o>

©

INSTRUMENTS THAT STAY ACCURATE
Buy War Bouds and W Stamps for Victory
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Even the Big Inch Needs IRC RESISTORS

Vital arteries of supply in this mechanized war
are America’s pipelines. To maintain capacity
flow, sludge and gummy deposits must be cleaned
out at intervals. For this purpose a screw-type

ANOTHER lRC DEVELOPMENT

scraper propelled by the oil pressure is employed.
When occasionally the scraper becomes stuck
and plugs the line, the point of stoppage must be
located to release the flowing oil.
But where—and how?

stantly emits an impulse message. When trouble
occurs, these signals are picked up by the
Counter, as the line is checked. At the point of
greatest intensity the pipeline is tapped and the
obstruction cleared away.

IRC engineering ingenuity plays an important
part in che functioning of Geiger-Mueller
Counters. Many specially designed IRC resistors
and controls are employed in their carefully ad-
justed circuits.

If you have a design or engineering problem
involving resistance units and you
are seeking unbiased advice, why

With the use of the Geiger- S 7, not come to Resistor headquarters
Mueller Counter, hours—and & A IRC? We make more types of
sometimes days —of search are % reststors, in more sizes, for more
sav?d. Modern scrapers contain "/‘¢ g & applicatio'm than any other manu-
radio-active metal which con- ) Q facturer in the world.
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Every Day, Every T
Month, Every Year

| RACON SPEAKER

Are Preferred By
Sound Experts

9

Iu judging the value of sound reproduction equip-
ment, the month-after-month, year-after-year de-
pendability and efficiency of loudspeakers are
prime considerations along with fidelity, outpmt
and initial cost.

RACON has never compromised with quality.
RACON Speukers and Driving Units are recog-
nized as the standards by which other loud-
speakers are judged. RACONS are used on U. S.
Army Transport and Navy vessels — by other
branches of the Military — in warplants, ship-
vards, ete. RACONS are available for every con-
ceivable application. Specify RACON when plan-
ning vour next sound or public address installa-

tion.

RACON ELECTRIC CO. 52 East 13th St, New York, N. V.

The RACON Marine Horn Speaker is used both
as a loudspeaker and as a microphone. Approvad
by the U. S. Coast Guard for all emergency
loudspeaker systems on ships. A double re-entrant
type speaker. completely waterproofed and weath-
erproof. ldeal for general P.A. and Marine use.
Several sizes avallable. RACON Permanent Mag-
net Horn Units are avallable in operating capa-
cities of from 10 to 50 watts,
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the amateur s still in radio

He’s not at his haywire rig in the attic...he’s holding
down key engineering spots in the laboratories, the
factories, the army, navy and marine corps. Today the
radio amateur is the top electronic engincer who is
doing the impossible for his country and for the
world. And why not?...the radio amateur has always
done the impossible. He's the one who refused to
obey the rules...demanded more and ever more from
his “*ham’ rig. The equipment that he used...especi-
ally the tubes...had tohave greater stamina and vastly
superior performance capabilities. Thus the radio
amateur literally forced electronics forward. For the
products created to stand up under his gruelling
treatment represented real advancement. Eimac tubes
are a good example, for Eimac tubes were created
and developed in the great amateur testing grounds.
That's one reason why Eimac tubes have proved so
vastly superior for commercial and war uses. Yester-
daythe leading radio amateurs throughout the world
preferred Eimac tubes. Today these radio amateurs
are off the air as amateurs butwherever theyare, as the
leaders in electronics, they're still using Eimac tubes.
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NEW PRODUCTS

DIRECT-READING FREQUENCY METER

A new direct-reading frequency meter
with an accuracy of 2% retained over its
entire range of 50,000 cycles is announced
by North American Philips Company, Inc.
through its Industrial Electronics Division
at 419 Fourth Avenue, New York

It has wide applications as a laboratory
test instrument, for testing quartz crvstals
for use in a wow meter for phonograplh
motors and for experimental work as the
base of a frequency-modulation indicator.

\When combined with a photoelectric cell
light source and amplifier, the in<trument
can be used as a speed indicator to read
speeds usually difficult to determine such
as encountered with ultra speed centrifuges

This Norelco frequency meter drives a
recorder without use of auxiliary amplifiers.
An overload cut-out protects recorder
from damage.

The maximum frequency is 50,000 cvcles
with six ranges, 0-100; 0-500; 0-1000;
0-5000; 0-10.000; and 0-50,000. Each fre-
juency range can be individually adjusted
for maximum accuracy.

Frequency is indicated directly on front
panel of meter or on separate recorder.
The meter has an input impedance of
100,000 ohms or over. It will measure ire-
quency regardless of input signal volrage
variations between 14 and 200 volis. Sta-
bility is maintained with line voltage varia-
tions between 105 and 125 volts.

The meter, which does not use d.c.
amplifiers, is designed either for relay rack
or cabinet mounting.

*

“UNIVERSAL" T-30 THROAT MIKE

Universal Microphone Co., Inglewoud,
Cal, is now making its T-30 microphone
available in bulk orders to sub-contractors
and prime government contractors. Orig
inally conceived and designed to specifica-
tions for the U. S. Army Signal Corps«
communications circuits, the instrument can
now be secured for use on army radio
equipment with early deliveries.

The T-30 is a carbon type, dual element,
mounted in synthetic rubber neckpiece com-
plete with elastic neckband. This micro-
phone allows the use of both hands by 1he

58
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operator, such as in the case of pilots,
dispatchers, etc.

The plug is a midget two-prong break
away type PL-291. Being non-locking, it
is easily disconnected. The microphone,
to be complete, requires an extension cord

CD-354) and switch assembly CD-318 or
CD-508, which contains thie press-to-talk
switch for the microphone and control
relay circuit.

e |

LAFAYETTE TRAINING KITS

Lafayette Radio Corp. of Chicago and
Atlanta, is now able to offer radio training
kits in quantity, to military and private
training programs. The one and two tube
regenerative kits (illustrated) are designed
to provide complete basic receiver training
at the lowest cost.

The one tube kit, when assembled, demn-
onstrates grid leak detector operation and
the effects of regeneration on a detector
circuit.  With the addition of a minimum
of parts an r.f. stage can be added without

redrilling the chassis or moving any com-
ponent parts of the detector circuit. Align-
ment procedure can then be demonstrated
in its simplest form. These kits may be
operated either from power supplies or
from batteries when proper tubes are used.
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THORDARSON “FLASHTRON''

Thordarson Electric Mfg, Co., of Chi-
cago, are offering “Flashtron,” an elec-
tronic package unit, as the means of
bringing about greatly improved perform-
ance in many types of automatic control
setups. Flashtron is not, in itself, a con-
trol “system.” But it is literally the elec-
tronic nerve center which makes it prac-
ticable to closely approach zero tolerance
in regulating variables occurring in indus-
trial processes, such as pressure, tempera-
ture, liquid level, flow, speed, motion
voltage, air, fuel relation, specific gravity,
gas analysis, etc.

The Flashtron may be considered a sort
of “buffer” control element operating be-
tween the primary sensitive element and

the power operating (in many cases the
final) control element. It requires negli-
gible power for actuation and furnishes
the power necessary for actuation of
power-operating elements, It allows the
energizing of these power-control elements
without necessitating the use of the slower
acting and less dependable types of pri-
mary control elements which would other-
wise be required in many applications.

One of the two output circuits is always
energized but both cannot be energized
simultaneously with contactor type actuat-
ing devices. Its dual circuit output ener-
gizing system is especially suitable for the
control of proportioning or positioning
control elements such as valves operating
from reversible motor drives. Since one
or the other circuits must be in operation
at any given instant, the valve will be con-
stantly reset to the desired position in
exact response to the performance of the
primary sensitive element which is actuat-
ing the Flashtron unit. While the Flash-
tron cannot compensate or correct for lag

[Continued on page 60)
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Consistent performance day-after-day in all types
of critical applications . . . that’s the story of Ohmite
Rheostats and Resistors. This time-proved depend-
ability has enabled them to meet the toughest re-
quirements of military service. Today, they “carry
on’ above the clouds and below the waves—on land
and on sea—in planes, tanks, warships and sub-
marines—to help speed Victory. Tomorrow, these
rugged units will be ready to meet new peacetime
needs. Widest range of types and sizes assure the
right unit for each purpose. Experienced Ohmite
Engineers are glad to assist you on any resistance-
contro! problem.

Handy Ohm’s Law Calculator

Helps you figure 6hms, watts, volts,
amperes—quickly. Solves any Ohm's
Law problem with ane setting of the
slide. All values are direct read-
ing. Send for yours—enclose only 10¢
in coin for handling and mailing.

OHMITE MANUFACTURING CO.
4868 Flournoy St. « Chicago, U. S. A,

Send for Catalog and Manual No. 40

Write on company letterhead for 96-page
Catalog and Engineering Manual No.
40. Gives belpful data on the selection
and application of rheostats, resistors, tap
switches.
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NEW PRODUCTS

—continued

in any of the other control elements in the
system in which it is used, it does not in
any way limit the full utilization of the
performance of any of these other elements.
One of its greatest advantages accrues
from its high speed operation and its
immediate response to sensitive actuation.

Being electronic in nature, there are no
mechanical moving parts, and consequently
no inertia. Using no relays in its makeup,
Flashtron is silent in operation, hence espe-
cially advantageous where noise-free appli-
cations are required.

The Thordarson Flashtron is housed in
an all-steel box of streamline appearance
and provisions have been made for the
easy connection of a 115-volt 60-cycle a.c.
power line, the actuating circuit and the
two control sections. It is light in weight,
only 1114” x 714" x 33" in size, and lends
itself readily to almost any physical setup
of a control system.

*

HIGH-VOLTAGE TUBULAR
CAPACITORS

New Type 26 high-voltage capacitors
for X-ray, impulse generator and other
intermittent d.c. or continuous a.c. high-
voltage applications such as indoor car-
rier-coupler capacitors, test equipment and
special laboratory work, are announced by
Aerovox Corporation of New Bedford,
Mass.

These Type '26 capacitors are oil-im-
pregnated oil-filled with Aerovox Hyvol
vegetable oil. The capacitors are built
with adequately insulated and matched sec-
tions of uniform capacitance, connected in
series. Equal voltage stresses are main-
tained for all sections, with a uniform
voltage gradient throughout the length of
each capacitor. High-purity aluminum foil
with a generous number of tab connectors
provides high conductivity with low induc-
uve reactance. Capacitor sections are dried
and impregnated under high vacuum in a
closely-controlled long cycle. This elimi-
nates voids and also provides for high
insulation values and lower losses.

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. Long creepage path be-
tween terminals means an exceptionally
conservative and safe rating for these
units. Dependable operation and long serv-
ice life is assured at rated voltages and
ambient temperatures up to 65° C.

The terminals are two-piece cast-alumi-
num end caps with bakelite-treated cork
gaskets, which are locked in to provide
leak-proof hermetic sealing. Caps are avail-
able with mounting feet for space-saving
assemblies in series, parallel or series-
parallel arrangements. Also obtainable with
plain end caps.

*

DI-ACRO DOUBLE-ACTION BENDER

The O’Neil-Irwin Mfg. Co., Minneapolis
15, Minn,, have placed on the market the
Di-Acro Bender No. 3, for large radius
bending, and especially designed for air-
craft and marine work.

This Bender incorporates all of the fea-
tures of the smaller benders. The new
unit is heavier and more rugged throughout
than the smaller models and has a con-
siderably greater radius forming capacity.

to tolerance of

Accuracy guaranteed
.001” in all duplicate work. Right or left

hand mounting or operating. Automatic
and reversible forming nose. Length of
operating leverage is 35”. Increased lev-
erage up to 80” may be added. Capacity,
12" round cold rolled steel bar, formed
cold to 1” radii or larger.

Catalog sheet available on request to
manufacturer.

*
THERMEX HICH-FREQUENCY
HEATING EQUIPMENT

Almost any non-metallic material can be
heated uniformly throughout and in minutes
where ordinarily it requires hours, with
the new Thermex High Frequency Heat-
ing Equipment. Heating is accomplished
within the article or molecule itself by
reason of its molecular resistance to the
high voltage, high frequency current passed
through it from flat e‘}ectrode plates cover-
ing opposite sides or top and bottom of the
mass to be heated. All coils, tubes, con-
trols, etc., are housed within a compact
safety cabinet, certain models of which are
portable and mounted on casters. Any
average-good workman can be trained to
operate the largest units; simplest units
have single-knob control.

Already thoroughly established in the
wood-working or wood-fabricating field,
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where it is revolutionizing the processing
of plywoods and laminated woods used in
airplane and ship construction, particuiariy.
Extensive, modern laboratory facilities are
available for making test applications under
simulated operating conditions, and large
production facilities exist for manufacture.
For further data write The Girdler Cor-
poration, Thermex Division, Louisville 1,
Kentucky.

*

NEW “INDUSTRIAL™ SUPER
CAPACITORS

The Industrial Condenser Corp., of Chi
cago, is now in production on a new line
of heavy-duty, high-voltage capacitors for
continuous operation up to 150,000 volts
working. The pictured 0.5-mf unit is a
50,000 volt d.c. capacitor; it is 28 inches
high and weighs 175 pounds. It is con-
structed for 24 hours continuous operation
and total submersion in salt water.

These units can be used in surge and
lightning generators. They are equipped
with the famous solder seal terminals for
operation at highest altitudes and under
the most humid conditions encounterable.
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Your plane

After ’ 7 ;(\_

. the two-way radiotelephone will be
employed by American industry as a con-
venience, a safeguard and a business require-
ment. This modern method of communica-
tion has many proven applications in the
following fields:

Aviation Railroading
Marine Mining
Police Parrol Fire Fighting
Engineering Trucking

Public Ullities
If vou think you may be able 10 employ two-
way radiotelephone communication in your
field, we would be pleased to discuss your
problem without cost or obligation. We
have nothing to sell since our entire ourput
has been placed at the disposal of the United
Nations all over the world!

L]

Requests for information and literature from
responsible parties may be addressed to:
Industrial Engineering Dept.
Jefferson-Travis Radio Mfg. Corporation,
245 East 23rd Street
New York, N. Y.

/,A',o " — -
the war... <&~
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will have a ’phone!

OUNDS fantastic, doesn’t it? Yet the incredible

wartime developmentof the two-way radiotelephone
in military aviation is striking evidence that it will be
widely used by the planes, cars and trains of tomorrow.
Jefferson-Travis was in the forefront in the develop-
ment of this unique form of communication long
before Pearl Harbor. Today our entire facilities are
devoted to producing this type of equipment for the
United Nations, thus hastening the day when we will
be again building two-way radiotelephones for you
and vour peacetime purposes in Tomorrow’s World!

JEFFERSON-TRAVIS

RADIOTELEPHONE EQUIPMENT
NEW YORK . WASHINGTON =« BOSTON

1943
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THIS MONTH

NEW CALL LETTERS FOR FM
BROADCASTERS

A new system of Call Letters for Fre
quency Modulation broadcast starions. like
that currently used by standard broadcast
and commercial television stations, was
adopted August 24 by the Federal Com-
munications Commission. The change in
FM station calls, to become effective
November 1, next, will affect approxi
mately 45 high-frequency broadcast stations
in operation and all future licensees.

This system of Call Letters for JF )\
stations will replace the present combina-
tion of letter-numeral calls (such as
W47NY, WSIR, etc) presently used by
FM broadcasters. In cases where a licensee
of an FM station also operates a standard
broadcast station in the same city, he may,
it he so desires, retain his standard call
letter assignment followed by the suffix
“FM” to designate broadcasting on the
FM band. Thus, if the licensee of a
standard broadcast station with the call
letters “WAAX" (hypothetical), also oper-
ates an FM 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-
say, WXRI. Similarly, an FM broadcaster
on the \West Coast, who also operates a
standard broadcast station “KQO,” may,
if he likes, use the call “KQO-FM" or he
may ask for a new four-letter call
“KQOF” for his FM station. This choice
will remain entirely with the FM operator.

FM licensees may inspect at the FCC a
list of the approximately 4000 four-letter

Ted McElroy and Bill McGoni-
gle during the VWOA Marconi
Memorial broadcast over WOR,

calls which are available for assignments.
This number appears ample to supply calls
for all additional standard, commercial tele-
vision, FM stations and non-broadcast
classes for some time to come. (The Com-
mission  wishes to call attention tc the
fact, however, that all three-letter calls
have already heen assigned.)

All call letters beginning with “\W” 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 4000
four-letter calls available shows approxi-
mately 2900 “K" calls and 1100 “W's” still
unassigned.

FM stations are asked to have their

Interesting mural depicting the broad expanse of the radio-electronic ficld, that
greets the visitor to the penthouse plant of the Electronic Corporation of America, in
New York City. ECA is an old-line concern with a2 new name, headed by S. J. Novick
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requests, mdicaimg a preference in call
letters, filed with the Commission by
October 1. 1f no request has been received
from an FM licensec by that date, the FCC
will, at i1s discretion, assign a new four-
letter call to that station.

It 1s reconmended that FM operators,
who wish a new four-letter call, list their
first, second and third choices, and in the
event two stations seek identical call letters
the request first received by the Commis-
sion will be honored.

*
ACTIONS BY THE FCC

Meter Requirements

In view of the present shortage ol elec
trical indicating instruments and the need
for uninterrupted production of marine
radio equipment for war uses, the Federal
Communications Commission has amended
Subsection 8.142 of its Rules, effective
immediately, deleting the requirement for
additional meters for a main transmitter
completed by the manufacturer after
January 1, 1944,

The amended Subsection 8.142 now
reads : “Subsection 8.142(d) A main trans-
mitter shall be equipped with suitable indi-
cating instruments of approved accuracy
to measure (1) the current in the antenna
circuit, (2) the potential of the heating
current applied to the cathode or cathode
heater of each electron tube or a potential
directly proportional thereto, and (3) the
anode current of the radio-frequency oscil
lator or amplifier which supplies power to
the antenna circuit, or in lieu thereof, the
anode current of such oscillator or ampli-
fier plus the anode current of any other
radio or audio-frequency oscillator(s) or
amplifier(s) normally employed as part of
the transmitter.”

A-3 Emission

The Comnussion has modified its Rules
Governing Fixed Public Radio Services,
Part 6, deleting the reference to the term
“A-3 emission” (telephony) in the defini
tion of “radiotelegraph” in Section 6.9, and
adding a new Section 6.11 to incorporate
this stricken material and to permit the use
of A-3 emission for the control of the
transmission and reception of facsimile
material. At the same time the Commis-
sion deleted from Section 6.10 the refer-
ence to emissions which are used for tele-
graph services, and incorporated the
stricken material in a new Section 6.12.

The modified sections and new sections
read as follows:

“Section 6.9 Radiotelegraph—The term
‘radiotelegraph’ as hereinafter used shall
be construed to include A-0, A-1, A-2 and
A-4 emission.”

“Section 6.11 Use of A-3 Emission by
Radiotelegraph Stations—The licensee of a
point-to-point radiotelegraph station may

(Continued on page 64)
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THIS MONTH

—continued

be authorized to use type A-3 emission for
the purpose of transmitting addressed pro-
gram material as set forth in Section 6.51
and for the purpose of controlling the
transmission and reception of facsimile
material.”

“Section 6.10 Radiotelephione—The term
‘radiotelephone’ as hereinafter nsed shall
be construed to include tvpe A-3 emission
only.”

“Section 6.12 Use of A-0, A-1 or A-2
emission fy Radiotelephone Stations—The
licensee of a point-to-point radiotclephone
station may be authorized to use type A-0
A-1 or A-2 emission for test purposes or
for the exchange of service messages.”

Notice of Status

The Commission has adopted a new Sec-
tion 2.66 of its General Rules and Regula.
tions to require written notice to the FCC
Inspector in Charge of the district in which
a radio station operates two days prior to
the voluntary removal of that station, tem-
porary or permanent discontinuance of
operation, and within two days subsequent
to involuntary discontinuance of operation.
Radio stations in Alaska are excluded from
this requirement.

*
UTAH PROMOTES ELLITHORPE

Mr. F. E. Ellithorpe becomes Sales
Manager of the Carter Division of the
Utah Radio Products Company, according
to a recent announcement of O. F. Jester
Vice-President in Charge-of-Sales.

Having wide experience in the radio and
electrical fields, Mr. Ellithorpe has been
connected with the Utah organization for
a number of years. He will be in charge
of industrial sales of Utah Jack Switches,

F. E. Ellithorpe

Utah Vitreous Enameled Resistors, Utah
Phone Plugs, and Utah Wirewound Con-
trols and other Utah-Carter Parts. This
division is devoted to the production of
parts for the armed forces

*
RADIO TECHNICAL PLANNING BOARD

Procedure to establish a radio industry
technical planning organization, for post-
war radio services and products, has been
completed by committees of the Institute
of Radio Engineers and the Radio Manu-
facturers Association.

Plans for the “Radio Technical Plannin
Board” are being submitted to other in
dustry organizations concerned and a mcet-
ing September 15 in New Yeork to form-

il

il

Al

Machine-gun trainer, joint development of Edison General Electric Co. and Operadio
Mfg. Co.; an electro-hydraulic device that reproduces the report of am actual
50-calibre machine gun with background noises of tanks, dive bombers, etc.

64

SEPTEMBER,

www americanradiohistorv.com

ally inaugurate the Board’s work is sched-
uled.

The “R.T.P.B.” will be a technical ad-
visory body to formulate recommenda-
tions to the Federal Communications Com-
mission and other government, also indus-
try, agencies on the technical future of
radio developments, including spectrum
utilization and systems standardization for
many public services, such as television
and frequency modulation. The R.T.P.B.
will develop studies, investigations, recom-
mendations and standards as are required,
submitting them to the F.C.C. and other
agencies having final authority.

Chairman James L. Fly, of F.C.C,
originally proposed the industry technical
organization now being established. The
R.T.P.B. will be a representative, demo-
cratic all-industry body. Initial “sponsors,”
in addition to R.M.A. and I.R.E, now
being invited to participate in its organ-
ization Sept. 15 include : American Institute
of Electrical Engineers; American Insti-
tute of Physics; American Radio Relay
League; F. M. Broadcasters, Inc.; Natl.
Assn. of Broadcasters; Natl. Independent
Broadcasters.

Other major, non-profit radio organiza-
tions, as weli as communications, aero-
nautical and similar groups concerned also
may be included later.

The organization plans for the R.T.P.B.
were completed and approved by the
R.M.A.and I.R.E. Committees at a confer-
ence August 11th at New York. The re-
spective chairmen are A. S. Wells of Chi-
cago and Haraden Pratt of New York,
who now are submitting the plans to other
industry groups prior to the formal organ-
ization meeting on September 15th.

The other members of the RM.A. Com-
mittee are H. C. Bonfig, Camden, N. J.;
W. R. G. Baker, Bridgeport, Conn.; R. C.
Cosgrove, Cincinnati, Ohio; Walter Evans,
Baltimore, Md., and Fred D. Willians,
Philadelphia, Pa. The other members of
the I.R.E. Committec are Alfred N. Gold-
smith, New York, N. Y.; B. J. Thompson,
Princeton, N. J,, and TI. M. Turner, New

Haven, Conn.
*

SOLAR MOVES GENERAL OFFICES

Solar Manufacturing Corporation and
Solar Capacitor Sales Corporation an-
nounce the removal of general oflices to
285 Madison Avenue, New York 17, N. Y.,
from the Bayonne, New Jersey, plant.
Manufacturing activities continue in this
plant as well as in Eastern Plant No. 2
at Bayonne, \West New York, and in
Plant No. 3 at Chicago. The departments
occupying the new quarters are Accounts,
Credits, Sales and Export.

*
JIM QUAM NAMED DIRECTOR

The Nichols Steel and Wire Company,
manufacturers of steel wire, galvanized
sheets, etc, has just announced the elec-
tion of Jim Quam, President and General
Manager of Quam-Nichols Company, as
director of that organization.

[Continued on page 74]
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NINTH EDITION

Revisions in this edition adapt it even better than ever before for war-training and general use; contains
added and simplified theory in the simplest possible language; added test equipment which can be
home- or field-constructed; and a review of mathematics for solving simple radio problems.

More than 600 pages; durably clothbound; goldstamped. Cet it from your favorite dealer, or direct
from us, postpaid; please add any applicable taxes.

$2.00 in continental U.S. A, Elsewhere, $2.25
Published by

Edstors and Engineers, 1422 North Highland Avenue, Los Angeles 28, Calif.
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TECHNIGANA

[Continied from paye 20]

of material are placed together with a
coating of plastic glue between them,
heat thus induced can be used to form
a bond at the point of application.

The “radio nail gun™ or spot gluer
which RCA has developed is an experi
mental device which has not as yet
been offered commercially, but its op
erating principles bear promise of va
ried industrial usefulness. One field of
use now foreseen, for example, is in
the fitting together of thin veneers in
the manufacture of molded plywood
aircraft parts.

Before assembly, such sheets are
coated with plastic glue. They are
then “laid up,” one at a ume, on a
wooden mold, and each sheet is cut and
trimmed to fit the mold before the next
1s applhied. To prevent shifting of the
veneers during this operation, the con
ventional procedure 1s to tack cach
sheet in place with metal tacks or
staples, which must be pulled and reset
as each successive layer 1s added to
build up the preformed piece. The use
of “radio nails” in place of metal fast

Tacking thin ven-
eers with the “flat-
iron'’ type of
radio-frequency
heating unit. The
r-f generator is
shown at the left,
connected to appli-
cator by a cable.

Tacking applicator
shaped like short-
barreled automatic
—a gun that shoots
“‘radio nails’’. The
pin and casing are
the electrodes.

eners would eliminate this tedious and

time-consuming procedure.
Resembling a short - barreled auto-
matic pistol or a narrow-based electric
flatiron in the two styles thus far de-
signed, the “gun” or applicator is at-
tached by a cable to a portable radio
frequency generator. Manecuverability
[Continued on page 71}

VOICE COMMUNICATION COMPONENTS

P
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?‘:

FOREIGN DIVISION,

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

301 CLAY STREET, SAN FRANCISCO 11, CALIFORNIA
CANADIAN DIVISION, 560 KING STREEY W., TORONTYO. 2, ONTARIO, CANADA
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WIDE-BAND AMPLIFIERS
[Continued from page 39)]

angle becomes the simple serivs circuit
of C; and R, or:

Xe
tan § — —
R,
8 at 1000 cycles 0° 22

.00637 radian

1.01 microseconds .
51° 53

905 radian

28,800 microseconds

phase shift
time delay

8 at 5 cycles
phase shift
time delay

Hence the difference in time delay =
28,799 useconds.
In the case of the compensated stage
it is found that:
(Re—jXer) (Ry—jXeo)
(Ry—7Xep) + (Ry—j Xcr)
Zo = (R(x—]' )&"‘f‘) (Ry'_‘j Xee)
J(Re4+RuY 4+ j(Nep+ N} ]
(Re+ Ry)* + (XNer 4 Nee)®
tan ¢ — .\'cr:X"c-‘}- ,\’cp.\"'c:
RNty
RLZR, + RLR,z -+ 2R Xcr Xee +
2R, Xep Xcg +
RoNe¢r + RiXed
8 at 1000 cycles =0° 21’
phase shift =.00622 radian
time delay =1 microsecond
8 at 5 cycles =7° 33

phase shift =.132 radian
time delay =4200 microseconds

Zo =

Ri*Nee =

The improvement in phase can be seen
at once. IHowever, this is assuming the
ideal case when R approaches infinity.
By increasing the product RpCp better
gain can be obtained at a lower fre-
quency and the low value phase shift
extended to a lower frequency.

With K, = 20,000 ohms, as shown,
there will be an additional phase shift
of about 3° and a drop in gain of a few
per cent.

ELECTRON THEORY
[Continued from page 48]

Suppose a chemist should announce
that as a result of the analysis of sev-
eral thousand neutral salts he had come
to the conclusion that acid and basic
radicals existed in equal amounts in
nature: we would likely think him ig-
norant of such syntheses as that of the
acid radical cyanogen (CN) from its
elements in the electric arc.

But is there any known electrical
analoguc of such a synthesis or its re-
verse dissociation?

No, nothing that we have so far been
able to produce in the laboratory; yet
if we imagine some race of children of
the gods who could play with planets as
we with pith balls, something of this
kind might come to their notice,

Among the phenomena of atmospher-

[RADIO] *
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ic electricity there is an unsolved mys-
tery. Many fruitless attempts have
been made to explain it consistently
with the principle of conservation of
electrical charge. Continual failure has
led more than one physicist to look for
the explanation in a slight departure
from this principle, and it has been
shown that a departure so slight as to
be beyond laboratory detection would
vet, on the large scale, solve this mys-
tery. The difficulty in question is to ac-
count for the negative charge of the
earth.

Our carth is not a ncutral body. TIts
entire surface is negatively charged to
such an amount that there exists near

.
/'0 -
@80//'0.?

Ken-Rad

tasks

of peaceful progression the techniques developed for war

the surface a potential gradient of 150
volts per meter. The conductivity of
the atmosphere 1s small, but not zero;
and because of this conductivity and
the potential gradient there is a con-
tinual conduction of negative electricity
away from the earth, amounting over
the whole of the earth's surface to a
current of about 1000 amperes, five
millionths of an ampere per square
mile. Small as this may appear, it is
sufficient to bring about a loss of ninety
per cent of the earth’'s charge in ten
minutes if there were no means of re-
plenishing the loss. The nature of this
replenishment is the mystery referred
to,

completely converted to the mightiest of all war

looks to the day when it can place at the command

New

miracles will then be performed with Ken-Rad electronic tubes

EN-RAD
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CATHODE RAY TUBES
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So great has been the dithculty of
accounting for this repienishment that
in 1916 G. C. Simpson(8), now direc-
tor of the British Meteorological Office,
raised the question of a possible spon-
taneous production of a negative
charge in the eartl’s interior, but of-
fered no suggestion as to how this
could be brought into line with existing
theory.

In 1926 Swann(9), the present di-
rector of the Bartol Research Founda-
tion of the Franklin Institute, who had
worked unsuccessfully with the same
problem, followed Simpson’s lead, but
chose the other alternative of a slight
annihilation, or, as he called it, “death”

of positive electricity. He brought this
into line with existing theory by gen-
eralizing Maxwell’s equations. His fun-
damental idea was that there might be
a very slight difference in the proper-
ties and bechavior of the two electrici-
ties.

This suggestion was not without pre-
cedent. Lorentz(10), in 1900, had pos-
tulated a difference between the attrac-
tion of unlike charges and the repul-
sion of like charges to account for an-
other mystery—gravitation. It must be
admitted that the accepted idea of the
absolute equivalence of the two elec-
tricities had weakened somewhat when
three such men could join in express-

Meissner
“Align-Aire”

Condensers Meet Exacting
Performance Requirements!

“PRECISION-BUILT ELECTRONIC PRODUCTS "

SEPTEMBER,

68

Meissner “Align-Aire” (midget) units are now
encased in the newly developed, low loss, bakelite
(number 16444) and occupy extremely small space...
only 7/16” in diameter and 1'4” long . . . they are an
ideal trimmer for high frequency coils. Midget
“Align-Aire” Condensers are exceptionally stable.
Capacity range 1 to 12 mmfd.

Many years of engineering research developed the
Meissner “Align-Aire” Condensers to meet exacting
performance requirements of high frequency circuits.

Samples sent upon request.

AVAILABLE ONLY ON PRIORITIES

MT. CARMEL, ILLINOIS
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ing doubt of its accuracy(1i1).

Swann showed that to account for
the known electrical facts there would
be necessary an annihilation of less
than one proton per cc per day, equiva-
lent to a loss of 0.5 per cent of the
earth’s mass in 102 years. Such a
change would be beyond detection on a
laboratory scale. Whatever may be
thought of Swann’s fundamental postu-
late, it must be admitted that his theory
is experiment-proof. Moreover, it
should have the lasting merit of im-
pressing upon us caution in extrapolat-
ing laboratory results to the cosmic
scale.

To sum up, it is an experimental fact
that the ratio e/m for rapidly moving
electrons is less than for slower ones.
Whether this is caused by a change in
mass or in charge (or both) is still an
open question.

‘Well, then,” T think I hear you say,
“whichever way the theoretical cat
jumps, we can at least visualize an elec-
tron as a particle of something or other
——either matter or electricity.”

[To be continued]

APPLIED CALCULUS
(Continued from page 31]

The voltage drop is seen to be of the
same time variation as the current but
lagging the current by 90°. This is
the reverse situation of the inductance
where the voltage drop led the current
by 90°. Since the voltage drop across
a capacitor is the integral of the cur-
rent, then according to our definition
of integration as the inverse of differ-
entiation, the current through a capaci-
tor must be the derivative of the volt-
age. Accordingly, if we apply a square
wave of voltage to a capacitor, pulses
of current are obtained at the leading
and trailing edges of the applied square
wave much as in the case of a square
wave of current through the induc-
tance. Fig. 7 and §.

Concluston

The value of the Calculus as a tool
for dealing with changing quantities
becomes apparent. The principles of
differentiation and integration are very
valuable to the technician and engineer
from the standpoint of background,
even though he possesses little knowl-
edge of the technique of their manipu-
lation. Alternating current theory is
based on what has been said here plus
a good bit more, but these mathemati-
cal methods can be used to deal with
any waveshape whatsoever and provide
means for explaining the performance
of a circuit which would otherwise re-
main a mystery.
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OPERATING STANDARDS

Continued from. page 41

music, and these mien should be as-
signed to the performance of technical
maintenance or transmitter duty. It is
nevertheless important that the trans-
mitter technician understand that a
great amount of modulation during
classical music will be below 20 per
cent.

It is well to remember that record-
ings and transcriptions of symphony
music have already been compressed
into broadcast dynamic range, since
the recording engineer has essentially
the same problems to contend with in
relation to this difficulty. Usually all
that is necessary for the control tech
nician to do is to set the level on the
peaks of the music to agree with 0 vu
or 100 on the scale, and “let it ride”

Loudness Of Speech and Music

The problem of correlating volume
levels with comparative loudness of
speech and music has appeared as an
item of major importance and should
no longer be ignored bv broadcast sta
tion personnel. Table 1 was compiled
as a result of “group tests” of com-
parative loudness of different types of
music with that of male speech. (See:
Chinn, Gannett and Morris, ‘“Volume
Indicator and Reference Level”, Pro
ceedings IRE, January, 1940). The
peak factor of speech waveform is very
great in comparison to that of musical
waveform. It is apparent therefore
that 2 to 3 db more power may actually
exist in speech waves in a circuit
monitored by an rms meter than is
indicated by the meter itself.

This will explain the results shown
in Table 2, taken from the article men-
tioned above. It becomes obvious then
that when speech and music levels are
adjusted in correct ratio to avoid over-
loading, the loudness should be the
same.

Table 1 contains a discrepancy with
the author’s personal experience, and is
mentioned here with the hope of fur-
ther research and clarification. It will
be noticed that results of the tests on
this particular group of listeners dic-
tated the need for a 2.8-db higher level
for dance orchestra, and a 2.7-db
higher level for symphony orchestra
over that of male speech.

If the author were to compile a simi
lar table for equal loudness from sev-
eral years experience of watching VI's
on various types of programs, he would
choose approximately a 3-db higher
level for dance orchestras, and 4 to 6
db higher for symphony orchestras
over that of male speech. The author
feels that this is not due to a different

[RADIO] * SEPTEMBER,

MERIT wil 1take jusfifioble pride in its monufocture of
precision parts for this mirocle mobile unit which hos con-
tributed so much to the victories of our ormed forces, ond
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Now manufacturing. for cvery branch of the Armed
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Translormers—Coils— Reactors—Electrical Windings ot All
lypes for the Radio Trade & other Electronic Applications.

MERIT COIL & TRANSFORMER CORP.
311 North Desplaines St. CHICAGO 6, U.S.A.

Precision made, utilizing automatic,
electronic testing and control, these
tough little BX Xtals can take the hard
knocks at —30° or 130° F. Ample pro-
dudtion facilities now available for
large lots or individual ¢crystal orders.

BUY AN EXTRA BOND, TODAY!
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GENERAL OFFICES: 1841 W. CARROLL AVE., CHICAGO, ILL., U.S.A.
TRADK v LrLL]

69

www americanradiohistorv com


www.americanradiohistory.com

ACME

[ opzCSION-BULLT
ReCSION B

TRANSFORM

FOR ELECTRONIC PERFORMANCE

Controlling electrons 1o a useful purpose
requires transformers of exact performance
characteristics. Acme precision-built trans-
formers for electronic applications. when
submitted to unbiased tests. invariably win
tophonorsfor performance. If your electronic
application is out of the ordinary. let Acme
transformer engineers help in its solution.

Ty s

FOR
EXAMPLE

Acme ¢com-
pound - filled
transformers
for short 5
wave communication, public address systems
and other radio applications are preferred for
their serviceability under temperature vari-
ations from —40° to 4120°.

And preferred for rugged construction
trouble-free long-life. Typical. high voliage
plate supply transformer far transmitter.
33,000 volrs, 1.8 ampere secondary.

ISOLATING TRANSFORMERS

For use wherever radio, communication, or
other clectrical equipment must be tested
with complete freedom from outside incer-
erence. Shiclded secondary winding and
shielded secondary cable isolate primary fluc-
tuations and incterference. Write for details.

THE ACME ELECTRIC & MFG. CO.
55 WATER ST. CUBA, N. Y.

physical response of the ear itself, but
rather to possible difference of
acoustical factors involved, plus the
fact that certain psychological factors
were not considered in the original
tests. By this 1s meant the important
difference in listening technique be-
tween the symphony audience and the
dance music listener.

As was mentioned before, due to the
nature of the classical type of music,
the symphony listener at home will
operate his receiver on the average a
good deal higher in level than he would
for ordinary programs. Five minutes
of symphony music will have perhaps
3 to 4 minutes of low to very low
levels; the average intensity level over
a period of time being far lower than
the average intensity level of a dance
orchestra in the same time interval
It should then be obvious that a greater
difference should exist in the ratio of
music to speech levels for symphony
programs than for dance music.

Perhaps if tests were carried out
with this difference in receiver volume
considered, as well as the type of
music on the program, the results
would be more nearly in agreement
with the above argument.

Studio Acoustics

The acoustical trcatment of the
studio from which the program is

broadcast will affect to a great degree
the loudness of voice and music for a
given imensity level, and in different
ratio. A studio overtreated with ab-
sorbant material deadens the room, and
becomes an outstanding enemy to mu-
sical programs. Music from “dead”
studios is “down in the mud”, lacking
in brilliance and generally dull to listen
to. The effcct on speech, however, 1s
not so pronounced as that on music,
since speech originates within a few
feet of the microphone, whereas the
space between the source of the music
and the microphone 1s greater, and
many things happen to the musical
waveforms that must eventually be
translated into perceptions of loudness.

Fig. 7 is a graph drawn on the as-
sumption of a necessary 2-db differ-
ence of voice and music levels on an
rms meter under normal acoustical
conditions. The optimal reverberatior
time will vary according to the size of
the studio, but, in general, for a studio
of medium proportions intended for
musical pick-ups, is about 0.8 second
for speech and 1.5 seconds for music,
based on the assumption of a full audi-
ence. The curve is drawn on a proba-
bility basis, correlating known facts
concerning reverberation time with
loudness sensation of voice and music.

This graph shows the necessity of a
lower peaking of voice in relation to

. ... Accuracy and
dependability are
built into every
Bliley Crystal Unit.

Specify BLILEY for

assured performance.

BLILEY ELECTRIC COMPANY

UNION STATION BUILDING

SEPTEMBER,
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nmusic for less reverberation time than
normal, and at the same time shows
that for twice the optimal reverbera
tion time, where a great amount of re
inforcement of the original musical
waves takes place, the voice should be
peaked at the same level as the music.
The newer “live-end, dead-end” stu
dios, with musical instruments placed
in the live end, and microphones spot-
ted in the dead end, are apparently the
best solution to date for proper con
trolled reverberation. In maost of these
studios, voice and music peaked at
approximately the same level will ap
pear the same in loudness sensation.
(To be continued)

TECHNICANA
[Continued from puge 60]

is enhanced by the use of a principle
which makes it possible to locate both
clectrodes in the "muzzle” of the gun,
whereas earlier diclectric heating de-
vices have required passage of the ma
terial to be heated between two elec-

In the spot gluer. a pin extending
lengthwise down the center of the bar-
rel forms one electrode. while the
casing of the barrel is the other. In
operation the muzzle is pressed against

the material over the spot to be honded
and the current is applied by pressing
the trigger. Since the material to be
bonded is a better conductor than the
air betwceen the pin and the casing of
the barrel, the current, following the
line of least resistance between the
electrodes, follows a curved line
through the material.

In laying up vencers on a molding
form, as well as in some other opera-
tions, it may he desirable to advance
the resin only enough to set the glue
to-a thermoplastic state — a sufhcient
bond to prevent accidental shifting of
the shects while handling, but with
enough flexibility to allow for neces

to effect the permanent bond.

To permit such variation in the de
gree of fastness or permanency of the
original bond, the spot gluer is equipped
with an electronic timer which can be
set to control the interval of applica
tion. The spot gluer has an output of
approximately 30 watts and an oper-
ating frequency of about 200 mega-
cycles.

Joseph E. Joy, development engineer

in RC.\’s Camden, N. J., plant, has had
a leading part in the company’s experi
mentation and developmental work on
the spot gluer, although others in the
organization have participated.

BUD PRECISION CONDENSERS

BUD

In the crucible of war, BUD con-
densers and other precision parts
have proven themselves depend-
able and accurate under all con-
That is why the BUD

parts you buy after the war will

ditions.

serve you even better than ever

before.

RADIO, INC.

CLEYELAND, OHID
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PHOTO-COPIES
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ANYONE — ANYTIME

& PHOTO-CEPTER
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letters ¢ documents e records o
blueprints e pictures  drawings

Same-size copies of anything
up to 18" x 22". Accepted as
legal evidence. Eliminates steno-
copying, tracing, proof-reading.
Photo-copies direct from blue-
prints, graphs, tracings, tele-
grams, receipts, shop orders —
anything written, printed, drawn,
photographed. Endless uses for
A-PE-CO. Needed by all de-
partments. Big savings. Thou-
sands in satisfactory use.

No Camera — No Film
Easy to Use
Simple, fast. No focusing. Con-
serves man-hours. Any office
employee quickly becomes expert.
Low cost per copy, lowest invest-
ment in equipment. Saves other
equipment. Put A-PE-CO on
any available desk or table. Im-
mediate delivery. Representatives
in principal cities and Canada.
Write for A-PE-CO folder.
AMERICAN PHOTOCOPY EQUIPMENT CO.

Dept. FR-9
2849 N. Clark St. Chicago 14, lllinois
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WHEN the Smoke Has Cleared Away

® Visions of the future are somewhat
obscured today by smoke that ascends from
battlefields. Until victory has dissipated this pall,
industry knows but one duty . . . service to its
government. Diversion of Astatic facilities to the
manufacturing of wartime radio cable connectors,
has necessitated limited production of Astatic
Microphones, Pickups, Cartridges and Cutting Heads, only
certain models of which are now made to fill orders with high
priority ratings. Later, when the clouds of war have been rolled
away. a complete line of Astatic products, incorporating new-
est ideas advanced in the miracle field of electronics, will
again be available.

N CanaDa
CANADIAN ASTATIC. LTD.
TORONTO. ONTARIO

THE ASTATIC CORPORATION

YOUNGSTOWN, OHIO

SHEARS BRAKES BENDERS
Di-Acro Shear squares and sizes Di-Acro Brake forms non-stock DI-Acro Bender bends angle, chan-
material, cuts strips, makes slits or angles, channels or ''Vees''. Right nel, rod, tublng, wire, moulding.
notches, trims duplicated stamp- or left hand operation. Folding strip stock, etc., 2 sizes. Capacity
ings. Shearing widths — 6%, 9%, 12°. widths 3%, 127, 18 up to 34" cold rotled steel bar.

WOMEN AT WAR

Saving Man Hours and Critical Materials

No delay waiting for dies — parts ready quicker
deliveries speeded up all to bring the Victory
sooner! Women arc rapidly taking a major place on
the industrial front. DI-ACRO Precision Machines
Shears, Brakes, Benders — are ideally suited for
. J usc by women in making duplicated parts accurate
to .001" Die-LEss DupLicaTiNG. Thousands of

Send for Catalog E 5 ;
“METAL DUPLICATING DI-ACRO Machines are now in use in \War plants.

WITHOUT DIES”

ONEIL-IRWIN Ssu® MFL. C0. Gty

WWV TRANSMISSIONS
[Continued from page 34]

The service is continuous at all times
day and night. The standard radio fre-
quencies are:

5 megacycles (= 5000 kilocycles
5,000,000 cycles) per second,
broadcast continuously.

10 megacycles (= 10,000 kilocycles
10,000,000 cycles) per second,
broadcast continuously.

15 megacycles (= 15,000 kilocycles
15,000,000 cycles) per second,
broadcast continuously in the day-
time only (i.e, day at Washing
ton, D. C.).

All the radio frequencies carry two
audio frequencies at the same time, 440
cycles per second and 4000 cycles per
second; the former is the standard
musical pitch and the latter is a useful
standard audio frequency. In addition
there is a pulse every second, heard as
a faint tick each second when listening
to the broadcast. The pulses last 0.005
second ; they may be used for accurate
time signals, and their one-second
spacing provides an accurate time in-
terval for purposes of physical meas-
urements.

The audio frequencies are inter-
rupted precisely on the hour and each
five minutes thercafter; after an inter-
val of precisely one minute they are
resumed. This one-minute interval is
provided in order to give the station
announcement and to afford an inter-
val for the checking of radio-frequency
measurements free from the presence
of the audio frequencies. The an
nouncement is the station call letters
WWYV in telegraphic code except at
the hour and half hour when the an
nouncement is given by voice.

The accuracy of all the frequencies,
radio and audio, as transmitted, is
better than a part in 10,000,000. Trans-
mission effects in the medium (Dop-
pler effect, etc.) may result in slight
fluctuations in the audio frequencies
as received at a particular place; the
average frequency reccived is however
as accurate as that transmitted. The
time interval marked by the pulise
every second is accurate to 0.00001
second. The l-minute, 4-minute, and
S-minute intervals, synchronized with
the second pulses and marked by the
beginning and ending of the periods
when the audio frequencies are off, are
accurate to a part in 10,000,000. The
beginnings of the periods when the
audio frequencies are off are so syn-
chronized with the basic time service
of the U. S. Naval Observatory that
they mark accurately the hour and the
successive S-minute periods.

Of the radio frequencies on the air
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Get the Original
DRARE

Patented Features

DRAKE Patented Features are the natural de-
velopment of many years’ experience making
better Pilot Light Assemblies, exclusively. Con-
stant striving for improvement, sreatcr efficiency,
more dependability, has resulted in producing a
degree of quality in our products unapproached,
we believe, by any other Dial or Jewel Assembly
in the world! S;ECIFY DRAKE. Quick de-
livery in any quantities assured.

HAVE YOU THE DRAKE CATALOC?

Dial and Jewel

PILOT LIGHT
ASSEMBLIES

DRAKE MANUFACTURING CO.

1713 W. HUBBARD ST. = CHICAGO, U.5. A

SLIDE RULE

OR SCREWDRIVER

... which will YOU be using
2 years from now?

Thousands of new men have joined the ranks
of the radio industry for the duration. But
after the war, even more thousands will re-
turn from the armed forces. War production
will settle down to supplying civilian needs.
Where will you fi into this picture!? If you
are wise, you will look ahead and prepare for
the good-paying jobs in radio-electronics and
industrial electronics.

It is up to you to decide if you will be a
“screwdriver” mechanic or a real technician
in a responsible engineering position.

CREI can help you prepare by providing you
with a proven program of home study train-
ing that will increase your technical ability
and_equip you to _advance to the better-paying
radio Jobs that offer security and opportunity.
The facts about CREI and what it can do for
you are printed in a 32-page booklet. It is
well wortl your reading. Send for it today.

Write for Details
About CREI Home Study Courses

If yow are a professional or
amateur radioman and want
to make more money—lct us
prove to you we have some-
thing you meed to qualify for
the BETTER career-job op-
%ortumtm that can be yours.
o help us intelligently an-
swcr_lyour inquiry—PLEASE

PRESENT POSITION. Free Booklet Sent

‘GAPITOL RADIO

ENGINEERING INSTITUTE

Dept. RA-9, 3224-16th St.. N.W., Washington 10, D. C.

ADIO]
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at a given time, the lowest provides
service to short distances and the high-
est to great distances. For example,
during a winter day good service is
given on 5 megacycles at distances
from 0 to about 1000 miles, 10 mega-
cycles from about 600 to 3000 miles,
and 15 megacycles from about 1000
to 6000 miles. Except for a certain
period at night, within a few hundred
miles of the station, reliable reception
is in general possible at all times
throughout the United States and the
North Atlantic Ocean, and fair re-
ception over most of the world.
Information on how to receive and
utilize the service is given in the
Bureau’s Letter Circular, “Methods of
Using Standard Frequencies Broadcast
by Radio,” obtainable on request. The
Bureau welcomes reports of difficulties,
methods of use, or special applications
of the service. Correspondence should
be addressed to the National Bureau of
Standards, Washington, D. C.

ROCHELLE SALT CRYSTALS
[Continued from page 25]

tential generated by the crystal for a
given stress is proportional to the
stress and the factor of proportionality
remains constant over the temperature
range provided the load impedance for
all conditions is considerably greater
than the impedance of the crystal.
Should the load impedence be compar-
able to that of the crystal, temperature
change will cause variations of the
terminal voltage, since the capacitive
reactance or impedance of the crystal
varies with change of temperature thus
causing a variable voltage loss.
When the crystal elements are used
as motors, the displacement or motion
developed by the crystal elements of
any given temperature and frequency
is practically proportional to the ap-
plied voltage. However, the motion of
the crystal element produced by a
given applied voltage varies somewhat
with temperature. Where extreme ac-
curacy of calibration is required, ther-

1012-14 McGee 5. Kansas City, Mo.
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/
WANTED:

RADIO ENGINEER

Permanent radio engineering posi-
tions in Southern California for men
with creative and design aptitude,
especially with UHF circuits. Starting
salory and advaoncement 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 care of The Shaw Com-
pany, 816 W. 5th St., Los Angeles 13

| Bonfig,

\_ J

Here's news for men in
radio and electronics—

—

One of the most complete works
of its kind ever published, Ter-
man’s Handbook concentrates on
those topics which the radio man
thinks of as constituting radio en-
gineering—presented 4n concise de-
scriptions, fundamentals, formulas,
procedures useful in actua) design.
tables, diagrams, ete. Consult it
for data needed in routine prob-
lems of design and practice, or in
investigation of special problems or
branches of work. Check your
methods against best accepted
practice. Save time, trouble and
error — get quick, dependable
answers to your questions, when
you need them, from Terman's
Radio Engineers’ Handbook.

RADIO ENGINEERS’
HANDBOOK

By Frederick E. Terman

1,019 pages., 6 x 9, profusely illustrated, $6.00

Covers: Tables, Mathematical Refations, and Umits: Cir-
cuit Elements; Circuit Theory; Vacuum Tubes and Elec-
tronics; Vacuum-tube Amplifiers; Oscillators; Modula-
tion and Demodulation; Power-supply Systems; Radio
Transmitters and Receivers; Propagation of Radio Waves;
Antennas; Radio Aids to Navigation; Measurements.

10 DAYS' FREE EXAMINATION
McGRAW-HILL BOOK CO.

330 W. 42nd St., New York 18, N. Y.

sSend me Terman's RADIO ENGINEERS' HMANDBOOK
for (0 days’ exdmination on approval. In 10 days |
will send you $6.00 plus few cents postage or return
hook postpaid. (We pay postage on cash orders.)

Name

Address

City and State
Position

Company ......R.9-43
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mostatically controlled heater elements
have been used with crystal elements
for temperaturc stabilization. In such
devices the temperatures are usually
adjusted above those normally encount-
cred (i.e. approximately 95 degrees F).

[To be continued]

| THIS MONTH

[Continued from page 64)

RCA PROMOTES TEEGARDEN

As part of the Company's broad-gauged
postwar program, the appointment of L.
W. Teegarden to Assistant General Sales
Manager was announced by Henry C.
General Sales Manager of the
RCA Victor Division of the Radio Cor-
poration of America.

In his new capacity, Mr. Teegarden will
have direct supervision over the selling,
distributing and warehousing of all RCA
products. In addition, the Company's four
Regional Directors in the Eastern, Central,
Western and Southern territories will re-
port to him.

*
KAAR AND NEVIN PROMOTED BY G. E.

[. J. Kaar and G. W. Nevin have been
appointed managers of the Receiver and
Tube divisions, respectively, of General
Electric’'s Electronics Department. it has
been announced by Dr. W. R. G. Baker,
vice-president in charge of the department.
The Receiver division is located at the
company's Bridgeport, Conn., works, while
the headquarters of the Tube division are
located in Schenectady, with manufacturing
plants in four cities

*
G. E. PROMOTES PETERSON

E. F. Peterson has been placed in charge
of design engineering of receiving tubes,
according to O. W. Pike, engineer of the
Tube Division of the General Electric
Electronics department at Schenectady,

Y

“K. C. DeWalt, designing engineer, Tube
Division, will continue his responsibility
for design engineering of all other product
lines of the division.” Mr. Pike explains.

*

FATTIG NAMED ACTING SUPERVISOR
OF G-E RECEIVER DIVISION;
P. R. BUTLER IN NAVY

W. L. Fattig has been appointed acting
supervisor of the Technical Service section
of the General Electric Receiver Division,
Bridgeport, Conn., according to a recent
announcement by I. J. Kaar, division man-

ager. P. R. Butler, former manager of
the section, is now a lieutenant in the
U. S. Navy.

Manufacturer's Representative, 42, 3AH,
covering Wisconsin, Upper Michigan,
Minnesota and North & South Dakota
with lines of industrial paging, inter-
com. systems and electronic devices for
industrial use, now desires one or two
additional lines of top quality equipment.
Able to handle through jobbers and deal-
ers or direct. Record of accomplishment
will stand strictest investigation.

Write Radio, Box 177.
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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 1t must surmount.

BUMP TEST

Ever stop to think of what a leaping, bouncing jeep or peep can
do to a tube’s " innards’'? One answer to the question of a tube’s
ability to withstand such punishment, i1s the Bump Test.
Several resounding smacks by a heavy, swinging hammer
loosens up the weak sisters pronto!

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 é:re thoroughly soaked tn a hot bath, before they are
O.K.d.

() O I3

Day and night, Hytron 807's on life-testracks 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-trairer 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

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
fir exactly the circuit constants with which they must operate

CUSTOMER TOLERANCES

OLDEST EXCLUSIVE

SALEM AND NEWBURYPORT,

www americanradiohistorv com
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Your temperature coefficient and
absolute frequency specifications
for crystals will be met quickly, in

small or large quantities, by our

Special Crystal Division. Such

service—with speed and without
red tape—is of definite assistance
to those industries engaged in

special war work.

Just reach out and

PHONE PLYMOUTH (Indiana) 33

e
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PLYMOUTHINDIANAS
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