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. l 'HE war record of America’s radio tube engi-
neers is an impressive one. Yet these able and
ingenious men, 100, have their “problem children”,

In this category are the miniature tubes used by
our combat troops in communication radio sets,
Admittedly these tubes are tough little “hombres”
— especially “tough” for that selected group of
engineers whose responsibility is to produce them
by the tens of thousands. Only because of the
sweat and tears of these men has the flow of mini-
atures to our armed forces been maintained and
steadily expanded month after month.

C Ll

Photo by U..§ Arm éif Corps

That National Union is one of the nation’s im-
portant manufacturers of miniatures is evidence of
the success of N. U. engineers in helping to solve
one of this Industry’s most difficult war production
problems. Thus do research and development ex-
periences in wartime build a reservoir for post-war
accomplishment.

For the advanced types of tubes and application
data you’ll be wanting when peace returns with its
new opportunities, count oz National Union.

NATIONAL UNION RADIO CORPORATION, NEWARK, N. J.
Factories: Newark and Maplewood, N, J., Lansdale and Robesonia, Pa,
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Transmitting, Cathode Ray, Re.ceiw'ng, Special Purpose Tubes» Condenserss Volunme Controlss Photo Electric Cells s Panel Lampss Flashlight Bulbs

wWwWWw.americanradiohistorv.com



www.americanradiohistory.com

B i et Tl L el o o

B

L

L

e

'LEARN RAD

x

10 THOROUGHLY

from My Easy-to-Under-
stand Lesson Texts

My Course is & test-
ed, proven Wway to
learn Radio at_home
ingspare time. My _67
Lesson Texts give
you the fundamenj:als
of Radio in praettc;ﬂ.
easy - to-grasp expla-
nations and hundx‘}:g‘sl

and diagrams.
o essons are pre-

11 for home study. Throughout
pa;idt:zipneicr:gultl.lfgl.'s staff and resouriisd:vlto
%Z squarely behind you. N.R_.I. fhas 2% g
the one job of teaching Radio ;r e
Our combined efforts have made 1t tz o
interesting. SO clear and compeﬂ.‘ AR,
believe you—Tlike thousaqu b:f “%lde frie;\ds"
students before you—Wwi e

with Radio almost before you

of illustratlons.bemuse o

Jearn quickly—

' GET ACTUAL EXPERIENCE

And Earn $5 to
$10 a Week
EXTRA in
Spare Time -
While Learning

Course I start

ent you enroll for my L

e X MO g
that ~shod g N nts make $3. a wel

i Many N.R.L studer g 0 2 P

B, Mo e e, SO0 TS, Wi

o Rasie oi2s beler "ﬁv :ban etiging old sets.
action,

(mq::erlgt trgacd in, adds Rgire;ttlyintoymi

ber of servicing Jobs. (org L i

. Many N.R.I
with spare timo

money.

ig boom
be repeate
while you

tor.

GET SAMPLE
LESSON FREE

MAIL THE CouPoN

. I want to prove that
tical, money-making intrzg:n(lzaotlilgﬁ gt’l:e: i
Ifmt you need i
1 esson - i
Aocgu aSiEteed hvg.th Receiver Sg'x?;(itc‘i ng (,}’et:;?lg
. Tllx)br efeg'odyne Receivers wori(—whs
e 1 eosu ail—how to fix Electrod ie
’ d=ho ynhamic
on I. F. Traz

d, to earn
train to

when I Train You at Home to

BE A RADIO TECHNICIAN

BUILD RADIO EQUIPMENT

o With 6 Big Kits of Stand-
: ard Radio Parts | Send

Think how
much PRACTI-
CAL experience
vou'lll get by
building a real
“Superhet” Cir-
cuit — a Meas-
uring I'nstru-
) ment—an A.M.
gxgqal Gengrator—and other stnndal:'dd

adio C[rcux.tsl Assembling and testing
lmany Circuits, you “learn by doing’'—
earn how to identify, wire install
stan.dard. Radio parts, to tcs't align
B.adxo Circuits that you will en'counter
in actual work as a Radio Technician
or Op‘erator. Such knowledge represents
thg difference between a skilled, well
paid Radio Technician or Operat'or am;
the to?-c.t?mmon “Radio screwdriver-
mechz?nlc. After a few months of thi
practical experience, you’ll be ready tz
run your own Spare Time Shop, fix th
Radios of your friends and neig'hb-ox«s—e
get PAID while learning!

™

There is a real shortage today of trained
Radio Technicians and Operators. The Radio
repair business is booming. Broadcasting
Stations, Aviation and Police Radio, Public
Address Systems, and other Radio branches
are scrambling for Operators and Techni-
cians. Radio manufacturers, now working
on Government orders for Radio equipment,
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FOR RADIO MEN
IN THE SERVICE!

“WRITE A LETTER”

As you know, the Hallicrafters
make a wide range of Radio
Communications, equipment, in-
cluding the SCR-299 Mobile
Communications unit. We are
proud of our handiwork, proud of
the job you men have been doing

with them on every battlefront.

RULES FOR THE CONTEST

We want letters telling of actual
experiences with this equipment.
We will give $100.00 for the
best such letter received during
each of the five months of No-

vember, December, January,
February and March! (Deadline:
Midnight, the last day of each
month-)

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 prop-
erty, 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.

BUY MORE BONDS!

the lla"ial'-l'ers co.-

CHICAGO, U.S.A.

2611

INDIANA AVENUE -

CHICAGO, U.S5.A.

MAKERS OF THE FAMOUS SCR-299 COMMUNICATIONS TRUCK

RADIO-CRAFT for

NOVEMBER,

1943

WWW.americanradiohistorv.com
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.... FM —Television
stations after the war
will dot the country,
linked by radio relay
towers . . . .

EDITORIAL

HUGO GERNSBACK

Founder

MoperN ELECTRICS .. 1908
ELecTrICAL EXPERIMENTER 1913
Rapio News ... 1919
Science & INvENTION .. . 1920

Rapro-CRarT . ... ... ... .. .. 1929
SHORT-WAVE CRAFT 1930
WireLESS Assoc. oF AMERIcA 1908

THE FUTURE OF FM

HUGO GERNSBACK

I am in receipt of the following letter from a soldier:

Lubbock Army Flying School,
Lubbock Texas.

“Just as almost every soldier, I am, during the term
of my service, looking forward to what the post-war
world holds forth for me. Since I want to be a broad-
caster, your opinion on the shape broadcasting will take,
will be of value to me.

“First T would like to have your idea as to whether
Frequency Modulation will be successful in the smaller
cities in the Western states. Considering that FM does
not cover a wide range compared to present type trans-
mitters, will they ever be used, except just in the large
Eastern cities where great numbers of people are reached
within a small area? Of course, there are means by
which programs may be ‘piped’ from the East via the
networks.

“And should television come a few years later, there
will be the need for more television-FM tranzmitters to
cover the territory now served by radio. In that case, is
it possible that a small progressive city of five or six
thousand population—where merchants are fairly well
sold on the value of advertising and where agriculture,
oil and air base are the principal means of support at
present—be able to make a small-power FM transmitter
worth while?

“I shall certainly appreciate your favoring me with
your opinion on these questions.

Glen Givens”

To the question as to whether Frequency Modulation
will be successful in the Western States particularly in
smaller cities, the answer is an emphatic yes.

As I have mentioned in this column before, FM already
was highly successful at the time of Pearl Harbor. Since
then the war effort naturally interfered with the rapid

progress of FM, due to the scarcity of steel for towers,
as well as necessary radio equipment.

On September 30th of this year there were already in
operation in the United States fifty Frequency Modula-
tion stations. The F.C.C. has on hand at present applica-
tions for 107 transmitters, while construction permits
have been given for 9 F M stations. That, however, is
nothing as compared to what will happen after peace
has been declared. All authorities are unanimous that
after the war, there will be a gradual change from the
present type of broadcasting (amplitude modulation)
to FM.

It can also be considered that for all practical pur-
poses FM and television transmission are one and the

same because both travel on six-meter wave lengths and-

below. The two will be inseparable in the future as they
already are at present. Radio engineers are agreed that
there may be as many as 2,000 or more FM transmitters
dotting continental United States when the system gets
into full swing.

These stations will not be linked together by metallic
telephone lines as is the case now with our broadcast
networks. The FM-Television networks will be entirely
and solely linked by radio waves through the means of
relay stations. This will do two things: 1. Frequendy
Modulation being practically staticless, we will not have
to contend with noisy wire lines and therewill be no inter-
ruptions due to line failure, to floods, snowstorms, sleet
and the like. 2. Dispensing with telephone transmission
lines, also, will make the FM-television networks much
cheaper in operation, because the cost of the expensive
wire lines will exist no longer.

From all the above it can readily be seen that small
cities, not only in Western states, but throughout the

(Continued on page 113)
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From the October, 1908 issue of MopErN
ELECTRICS |

Editorial (excerpt): “A short word
has long been needed to express what
is now known under the name ‘wireless tele-
phone.” It sounds decidedly odd to say ‘I
shall wireless telephone you,’ or ‘I shall tele-
phone you wirelessly.” The word ‘radio-
telephone’ expresses the idea a good deal
better, but still it sounds strange if we say
‘1 shall radio telephone you.' Better would
be the shorter word raJiophone."

Interesting radio articles in the same
issue :

Collins’ Long Distance Wireless Tele-
phone, by A. Frederick Collins.

Aerials, by A. C. Austin, Jr.

Aerophone Tower. Illustration shows the
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RADIO THIRTY-FIVE YEARS AGO

In Gernsback Publications

first radio telephone transmitter (broadcast
station erected on top the 125-foot Terminal
Building, .near 42nd and Park Avenue,
New York, N. Y.) erected by Dr. Lee De-
Forest’s Radio Telephone Company.

The Audion: a Third Form of the Gas
Detector by John L. Hogan, Jr.

Selective Tuning, by A. M. Curtis.

From the November, 1908 issue of Mob-
ERN ELECTRICS.

The Production of Sustained High-Fre-
quency Oscillations by M. A. Deviny.

Editorial by Mr. Gernsback chastising
early radio amateurs who as yet were not
concerned with any radio law. ‘“Nobody
cares how many messages the amateur
catches as long as he keeps in the dark and
does not “talk back.” While we talk of

wireless message making, we must mention
the wireless “joker (?)”. “This pest located
in New York, Chicago or anywhere, will
send a plausible message calling up an
ocean liner stating the machinery of his
ship is damaged or some other plausible
yarn.”

Radio articles in the same issue:

Suspension and Insulation of Aerials by
A. C. Austin, Jr.

Two New Detectors. (Special audion and
variation of electrolytic.type.)

How to Make an Electrolytic Detector by
C. C. Whitaker.

Antenna Phenomenae by Sewall Cabot.

Selective Tuner with Weeding Out Cir-
cuit, by H. H. Holden.
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Thg,arfisf's idea of the RCA television towers, which
will relay several programs in various directions.

slightly last month, according to the

statisticians who follow this phase of

radio activity. The only contribution
of note was made by Gilbert Seldes, head of
the Television Program Department of Co-
lumbia.

“When television comes,” said Mr. Seldes,
“it will include color.” This, he thought,
might be ‘‘right after the “war” or might
take a year or two. He stated also that it
would reach many more cities than at pres-
ent believed likely, and will be much cheap-
er tha_n present estimates would lead one
to believe. “A certain tube used in tele-
vision used to cost $85.00,”" he pointed out.
“After the war it will cost $5.00. The price
of a good radio set will be the price of a
medium-quality television receiver”

“In art,” he went on, “we can show the
depth and téxture of a painting as it's never
been seen hefore. In news coverage we have
visualized news in such a way as to combine
flash news 2nd the movie‘s March of Time

70

P OST-WAR predictions slumped

RADIO MONTH

News Events of Interest

made possible by radio relay stations

and other new developments, which

eventually are expected to lead to in-
ternational television, are a post-war pros-
pect, according to Ralph R. Beal, Rescarch
Director of RCA laboratories.

A radically new form of “lighthouse” ra-
dio relay station already developed by RCA
will make relaying of television programs
a simple mattcer, according to Mr. Beal.

The relay transmitters will operate on
microwaves with the cnergy concentrated
almost in a beeline. Practically all the power
is made to serve a useful purpose; it is
not scattered as in broadcasting. Therefore,
relatively small amounts of power will
operate the relay transmitters, The appara-
tus is simple and compact. It must be to
perform in the domain of tiny wavelengths
which bring radio men so close to the {ron-
tiers of licht.

Ultra-short waves and centimeter waves
travel in a straight line and lcave the earth
on a tangent at the horizon. The areca of
the earth’s surface touched by such waves,
is much like that touched by a stick held
against a basketball. Obviously, if we use
high towers or antennas on lofty buildings
or mountain peaks, we capture and re-trans-
mit the waves at higher levels, and therefore
their effective range is lengthened. With the
use of radio relay stations,” the average
range is about 30 miles, depending upon the
terrain and various other factors. An air-
plane over Washington, D. C, carrving a
television receiver, intercepted the pictures

AUTOMATlC televi‘sion networks

e R ——————

styvle with something else more potent than
mere immediacy.”

Seldes explained, “Four months after
war broke out President Roosevelt talked
on the air and said he wished he had a map
he could show all his listeners at the time.
We gave him the map. We gave the public
a lecture in geo-politics first, and then as
he spoke we moved the camera just enough
so that people could see the places he men-
tioned—but not enough to distract them
from' his speech. When he said, ‘the dis-
tance from one point to another is'—we
showed the distance. We had lines and ar-
rows marked.”

®
R ELEASE of 56,153 shelfworn but still

serviceable batteries for distribution

to volunteer amateur radio operators

serving in the War Emergency Radio
Service in the States of New York and
New Jersey, was disclosed last month by
Sinclair Hatch, Regional OCD Director in
New York.

These Dbatteries, said Mr. Hatch, will
malke it possible to put into immediate serv-
ice many radio units now idle for lack of
batteries as well as providing an auxiliary

RADIO-CRAFT -for NOVEMBER, 1943 :
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from the NBC acrial on the dome of the
Empire State Building 200 miles away. But
for such long distance reception of the
ultra-short waves, the plane had to go up
20,000 {feet,

The circuits can carry not only one
television program but several simultan-
cously, as well as “FM” sound broadcasts,
telegraphic traffic and facsimilic.

The radio map will be dotted with sta-
tions in cities like Schenectady, Utica, Syra-
cuse, Minneapolis, Erie, Buffalo, Louisville,
and many others. By the use of radig 're-
lays these too will become outlets for the
television network which before many years
pass after the war, will weave from the
cast across the Mississippi and the mid-
west plains to meet a Pacific Coast link
striking eastward across the Rockies. A re-
lay station atop Pike’s’ Peak might well be
the key station to complete a transconti-
nental television chain.

These unattended relay stations located
20 to 50 miles apart will not only link tele-
vision stations into national networks but
will open up a new era in international com-
munications, through development of trunk
lines over such vast areas as Russia and
China,

Event the Himalayas will be no barrier
to such radio relaying. Their high moun-
tain peaks will speed the process, for relay
stations at such altitudes can reach far
beyond the horizons of the valley. China
would then have a new Burma Road to
the western world—a road of television.

power source for those units operated solely
by power from commercial power lines.

ADIO PLANNING BOARD, pro-

posed carly in the year by the Insti- ]

tute of Radio Engineers, was organ-

ized at a meeting held in New York
September 29.

Representatives were present from the
American Radio Relay League, FM Broad-
casters, Inc., Institute of Radio Engineers,
American Institute of Electrical Engineers, - I
International Association of Chiefs of Po- 2
lice, National Association of Broadcasters, |
National Independent Broadcasters, Radio
Manufacturers’ Association and Aeronauti-
cal Radio, Inc. :

A permanent plan of organization was
worked out, under which sub-committees or
Panels will deal with separate radio sub-
jects and report to the Radio Technical
Planning Board as a whole.

Further details will be settled at a meet-
ing which will be held in the near future.
The group appointed Dr. W, R. G. Baker,
Vice President of General Electric, Chair-
man of the new RTPB for a period of one
year.,

’
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* IN REVIE!

to the Radio Technician

catch defective hand grenades which

might explode prematurely while these

are still on the factory conveyor belt,
it was revealed last month by General
Electric engineers.

The new device, first of its kind in exist-
ence, determines whether the fuse assembly
is correctly made up. Each of these assem-
blies contains two powder charges and a
slow-burning fuse. If too small a charge is
placed 1n any of the three, the grenade may
explode before the thrower gets it clear of
him.

The fuses are set upright on a movable
helt which passes through the machine. As
each one passes the X-ray, it is penetrated
by a 100,000-volt beam and its shadow is
thrown on a fluorescent screen. The screen
is scanned by a photo-tube, and as long as
the fuses are normal, nothing happens.
When a fuse with a “short” powder charge
passes through the beam, there is less block-
ing effect and more X-rays reach the fluor-
escent screen. More light is emitted by the
screen, and this is noted by the photo-tube.
Relays are set in action which ring an alarm
and flash a red light, at the same time plac-
ing a dab of red paint on the defective gren-
ade and making a record of the rejection on
a chart.

The new machine, now in practical use,
can check fuses at the rate of 4,000 an hour.

@
NTERNATIONAL radio programs

beamed to Britain are an important

factor in promoting Anglo-American

cordiality, reported Robert Foot, Di-
rector General of the BBC, last month. In
a cable to Brigadier General Frederick H.
Osborn, Director of the Special Service Di-
vision of the U. S. Army, which produces
the programs, he expressed-especial appreci-
ation of the “Command Performance” and
“Mail Call” broadcasts. The cable follows:

“British Broadcasting Corporation is sin-
cerely appreciative of radio programs pro-
duced by Special Services for broadcasting
by BBC domestically and overseas. All these
much enjoyed by listeners and effective
in promoting Anglo-American cordiality.
Special Command Performance for July
Fourth now received and scheduled domes-
tically and for forces overseas. Many
thanks for continued cooperation. Robert
Foot, Director General.”

Y
|:TEST radiophoto circuit between New

X-RAYS are now being employed to

York and Berne, Switzerland, one of
the few neutral countries left in Eu-
rope, was opened last month by RCA
Communications. The Switzerland circuit
is the sixth-opened by RCA since the be-
ginning of the war, the others being to

. Sweden, Russia, Egypt, Hawaii and Aus-

tralia.
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linger of the General

The 27-year-old inven-
tor, S. Lawrence Bel-

Electric research staff,
makes an adjustment
on the power pack
which lights the new
high - speed photo-
graphic lamp.

HOTOGRAPHS with an exposure

of but one millionth of a second, hrief

enough to stop a rifle bullet or any

fast moving object, can now be made
by a new high speed electronic light equip-
ment developed by engineers in General
Electric’s laboratory.

This device, using a small mercury lamp
no bigger than a cigarette, consists of a
small portable box, 10 inches square and
weighing less than 20 pounds. On the front
is the light source, resembling a small auto
headlight, which can be operated manually by
means of a push button, or automatically
by electrical contacts or a phototube and
preamplified. It will illuminate 20 square
feet of area with sufficient intensity to pho-
to the fastest moving objects, in fact in tests
has “stopped” a wheel revolving at 70,000
revolutions per minute.

Fastest camera shutters of the usual
type, with blades moving ‘between the lens
elements, ordinarily operate at a minimum
of 1/300th second. Focal plane shutters,
consisting of slits in a curtain moving im-
mediately in front of the film, cut this down
to 1/1200 second. Recently published high-

Mercury-vapor lamp with a one-second life.
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Courtesy Gene.al Electric Co.

spced photographs of athletes, ectc.,, have
been made with a lamp giving exposures of
1/30,000 second, but 1/33 as fast as the new;
G-E unit.

The new device uses standard and easily
replaccable electrical parts and a single elec-
tronic tube, with a 100-watt Mazda mer-
cury lamp as the light source. Such a lamp
is now used as a high intensity light for
illuminating airports, television and motiof
picture studios, and for other purposes. Its
brightness in such installations is one-fifth
of that of the sun’s surface. )

The ordinary 115-volt A.C. household
lighting circuit 1s used to operate the unit.
The current is rectified by an electronio
tube and then used to charge a capacitor,
really an electrical storage tank. In three
seconds enough power is accumulated to
operate the lamp at full flash intensity.

At approximately 2000 volts and 2000 am-
peres, 1t reaches a maximum of some
4,000,000 watts. Since current flows for
only about a millionth of a second the to-
tal energy in each flash is very slight. It
is only enough to light a 40-watt lamp for
a tenth of a second.

“Because of the pressure of war work,
for which the unit was made, we have not
been able to experiment fully with many
fast moving objects,” according to S. Law-
rence Bellinger, who was active in its de-
velopment. “Rather we have confined our
efforts to using the device for studying high
speed machinery, such as turbine and su-
percharger parts.

“The small mercury lamp has a lifetime
of but one second but despite this brief
period it will last the ordinary newspaper
photographer 500 years for it is good for
1,000,000 exposures.”

Earlier devices which could make photo-
graphs at an exposure of one one-hundred-
thousandth of a second were unable to ac-
complish many things expected of the new
tube. Although stroboscopic devices made
studies of extremely fast-moving machinery.
possible, this lamp can be used in photo-
graphing non-periodic events, for which the
stroboscope was useless.
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POPULAR ELECTRONICS

PART X—PRACTICAL USES FOR PHOTO CELLS

suspected versatility. Those skilled in

its use arc able to make it perform

miracles. The student of electronics
who bhelieves that the use of such cells is
limited to opening doors and counting oh-!
jects through interruption of the light heam
is a long way {rom ascribing to this device
its {ull measure of usefulness.

T HE photoelectric cell has a totally un-

< 2
CELL \ /  LAMP
* y 2
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\ /
> T \// T
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Fig. 1.—One of the simplest applications of the

photo-tube, a surface-polish meter.
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Fig. 2—A device for measuring the characteris-
tics of a liquid by checking its refraction.
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Fig. 3.—~Photo-cell used to measure light-transmissiqn
characteristics of a material.
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By RAYMOND F. YATES

In the first article of this series, we listed
a large number of applications of the photo-
electric cells of various types. In this install-
ment, we shall cover the finer points of such
applications.

One is amazed at the degree of sensitivity
in the matter of light reflected from sur-
faces. Obviously, the intensity of the light
will depend not only upon the source but
also, in the case of reflection, upon the na-
ture or polish of the surface functioning as
the mirror.

Fig. 1 supplies the method used both for
practical and experimental work. The stu-
dent may set up such an arrangement, con-
necting the output of his photoelectric cell
to a milliammeter. Various materials are set
in the beam of light. Paper, glass, wood
and other substances may be employed. It
will be noted that the current generated
by the cell will vary within wide limits de-
pending upon the nature and the degree of
polish_ or lack of polish carried Dy the
mirror.

This method is used commercially in the
automatic inspection of surface fnishes.
Some tests are purely laboratory, others
take place on the production line with auto-
matic rejection of unsuitable pieces. With
the proper equipment, this method of inspec-
tion has become so highly developed that
differences which will pass undetected by
the eye will be caught instantly by the
photoelectric cell.

A variation of the method, used in the
measurement of refraction in liquids or in
the control of gertain chemical processes, is
illustrated in Fig. 2. Here a mirror surface
is placed at the bottom of a vat containing
the liquid to be inspected. The current on
the output of the cell will vary according
to the shifting of light coming from the
liquid. This, in turn, will depend upon the
refractive index of the liquid, which may
change to a definite degrec as the result of
a chemical process. A certain index may
represent what the chemist calls an “end
point.”” Here the cell may either ring an
alarm or, working through electrically
operated valves and relays, control the flow
of chemical used in the process.

The transmission co-cfficlent (of light,
that is) may also be measured through
liquids and transparent or translucent
solids in the manner shown in Fig. 3 and 4.
Here the student will understand the ad-
vantage of employing lenses for the concen-
tration of the light. These help make elec-
tronic apparatus of this sort a great deal
nmore efficient and, consequently, far more
reliable. Therefore, it will be very much
to the interest of the student to study ele-
mentary optics.

Of course, the method shown in Figs. 3
and 4 may also be employed in the inspec-
tion of liquids of various kinds in place of
the method shown in Fig. 2. Indeed, the
former is the method employed in the checlk-
ing of water turbidity at sewage disposal
plants.

Fig. 4.—A more refined device for the same pur-
pose as the set-up of Fig. 3.

72

*Application for Trade Mark Title, pending in U, 8.
Pateut Office.
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Fig. Sy provides the actual details of a
commercial installation for the determina-
tion of the density of liquids.

GLASS

CELL

Fig. 5.—‘Afparaius of this type is commonly used
in chemical plants, sewage disposal installations, etc.

Let us note, then, that photoelectric cells
may be employed to measure. (1) refractive
index, (2) reflective conditions of surfaces,
(3) variations in color and (4) transmis-
sion co-efficients.

While we do not have space available for
a lengthy treatment of the matter, photo-
electric color comparison has now reached a
high degree of usefulness and application.
Color comparators are available as standard
equipment and are widely used in the dye
and paint industries. Not only has the use of
such cells greatly increased our knowledge
of colors but has made inspection for color
a fine art. Once a sample of the proper shade
is placed in the machine, the degree of all
variation will be scientifically measured and
observed in actual units.

It will quickly be seen that, should an
object interpose itself between a source of
light and a photocell, the shadow cast by
the object can pe made to fall upon the cell
and that the size of this shadow will deter-
mine the amount of current generated by the
cell. Such an arrangement may be so per-
fected as to detect and measure extremely
smal differences in size. Thus equipment
of this sort is used a great deal for ingpec-

(Continued on page 116)

CELL
/] AN
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Fig. 6.—A photo-cell is used here to keep a con- *
stant check on the diameter of a wire as it Is drawn.
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The Promise of i
Electronics *

By L. A. UMANSKY*

the already wide use of electronics in

our industrial life than to point out that

in 1943 more than 25 billion Kw.-hours,
or about 10 per cent of all electrical en-
ergy generated in the United States by any
source of power and for any purpose what-
soever, will pass through electronic devices.
I refer, of course, to the rapid growth of
the electro-chemical and light metal indus-
tries which require a very large bulk of
D.C. power, employing clectronic rectifiers.

Electronic control has already revolu-
tionized the art of resistance welding,
bringing into play heretofore unknown pre-
cision, speed, and reliability. And this fact,
in turn, has brought about profound changes
in many of our manufacturing industries.

The electronic control of motors—and,
therefore, of machines driven by these mo-
tors-——has long ago passed from labora-
tories into factories, and is accepted by en-
gineers and users as a routine matter. No
one familiar with industrial engineering
considers any longer as a daring or pio-
neering feat the use of electron tubes for
accurately controlling the speced or accelera-
tion of motors; for the precision position-
ing of a sheet of paper on a printing press;
for color matching; for controlling wire
tension ;- for smoke detection or for tem-
perature control—to mention a few out of
hundreds of cases.

Therefore, industrially speaking, we do
not subscribe to the claim that we are “on
the verge of an electronics age” which will
supposedly dawn on us after the guns stop

THERE is no better way to illustrate

*Asst. Mgr. Industrial Engineering, General Electrie Co.
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firing. We are in this elec-
tronics age already, and ac-
tually have been in it for
years. [ndustrial electronics
is not only a promise for
tomorrow—it 1s an accom-
plishment of today.

We look upon electronics
as another tool added to
our well filled tool chest
and used side by side with
other tools on hand. Know-
ing as we do all other
phases of electrical engi-
neering, which we have
helped to develop in the
past 65 years, we certainly

will not make you believe
that these brilliant and
basic accomplishments of
the past, like the induction
motor, transformer, high-voltage apparatus,
amplidyne, and so forth, will be relegated
to oblivion by electronics. In the true per-
spective of things, electronics has taken its
place as an equal partner, side by side with
other electrical apparatus, enhancing rather
than superseding it.

We use electronics because in many
cases it gives us better results than we can
get with other tools, or because the engi-
neering problem cannot be solved other-
wise. Nothing but harm will accrue to en-
gineering progress, and more specifically
to the electronic_art, if electronics is used
without discrimination, just because it is
relatively new and, therefore, fashionable.
For instance, in some applications, re-
sistance-type electric heating can give re-
sults equally as good
as radio - frequency
induction  heating,
and do so at lower
first cost and higher
efficiency. Electronic
cquipment would
then be a misappli-
cation and, therefore,
poor engineering.
Luckily, electrical en-
gineers have a good
assortment of tools
available, so that
they can and should
pick the right one for
the application.

Parade of industrial
electronic tubes. Here
may be seen the stout
metal Ignitron, beside
one of the large Plio-
trons used in electron-
ic heaters. Next to it
is a screen-grid Thy-
ratron, and in the
foreground a number
of the many tubes
used in the manifold
industrial applications
of Electronics.
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This photo-electric cell, which keeps colors in register, has
made savings of many thousands of dollars in color-printing.

What are, then, the advantages of elec-
tronics and when do we use and recom-
mend electronic equipment?

In many control and measurement ap-
plications, the use of electronics gives us a
chance to detect and then to amplify sig-
nals so small that they would be lost other-
wise. This may be called the “extension of
our electrical senses.” In the same cate-
gory fall numberless counting and inspec-
tion devices replacing the human eye or hu-
man touch with something much finer,
faster, and more reliable. In a fast indus-
trial process, this application of elec-
tronics opens a new page, fulfills a newly
created function.

An electronic device has no mechanical
or electrical inertia. Its speed of response
is high. This is just what is needed for
many fast-moving processes. A good ex-
ample is the ignitron contactor for resist-
ance welding.

An electronic equipment has no moving
parts. This usually means lower mainte-
nance and installation cost.

A power rectifier to convert A.C. power
to direct current requires less material—
and critical material at that—than an equiv-
alent rotating equipment. Its efficiency is
higher.

For induction or dielectric heating, re-
quiring very high frequency, say several
hundred kilocycles or even megacycles, noth-
ing but electronic equipment will do—a good
example of when electronics is a “must.” In
short: Electronics is employed when it can
do the work in a better or in a sunpler way,
or at lower over-all cost.

The great majority of industrial equip-
ments employing electronic parts also in-
clude other apparatus. In facty in most
cases, the electronic part comprises the
small end of the whole. For instance, an
electronic speed regulator with a cost of
only, say, $500 may be combined with a
$50,000 equipment including motors, gen-
erators, control, switchgear, etc. In such a
case, the electronic part, taken by itself, is
practically worthless; the rest of the equip-
ment without electronics may not deliver
the goods—the two together, properly
blended, solve the problem.

It is obvious that for best results engi-
neers interested in industrial applications
(Continued on page 122)
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RADIO GLIDER BOMB _

cnough, radio-controlled war ma-

chines have not been used as extensive-

ly as they might, despite the fact that
the art is old and radio literature as well as
patents abound with machines and imple-
ments that can be controlled from a distance
by radio impulses.

At the first clectrical exposition held in
New York—and this incidentally was before
1900—Dr. Nikola Tesla controlled a model
ship in a water tank and also blew it up,
all by radio!

One of the carliest radio-controlled ma-
chines was described in my former publica-

DURING the present war, strangely

By HUGO GERNSBACK

COVER FEATURE

controlleds from shore by radio control just
as 1t a crew were on the ship operating it.
In spite of this, Billy Mitchell—not hav-
mg to worry about anti-aircraft batteries—
demonstrated that battleships could be sunk
by bombers.

Late last September Prime Minister
Churchill described in the House of Coni-
mons a new war weapon, a radio-directed
rocket powered bomb, now being dis-
charged from heavy bombers of the German
Luftwaffe against Allied shipping.

In this war the Germans as well as the
Americans and the Russians have been
using rocket bombs, which however are
shot from a cannon to start their flight.

In the case of the new German device,
which is only new in the application of old
methods, the following action most likely
takes place:

The instant the radio-glider bomb is re-
leased its rocket goes into action as well.
Mr. Churchill mentions the fact that the
parent bomber first climbs to a height of
about 35,000 feet, before it releases the
radio-bomb. At such a height it is almaost
impossible to damage or hit the parent

It is radio-controlled and steered
aircraft fire.

The Radio Glider Bomb, according to Mr.
The device employs well-known elements an
The best method of fighting the new menace is by
bomber away from the target. A smoke screen over the
Inasmuch as the operator in the parent bomber mus

FACTS OF THE NEW NAZI| GLIDER BOMB

THE new device is an actuality, now being used by the Nazis against Allied shipping,
Churchill in the House of Commons on Se

35,000 feet, it is powered by rocket propulsion. g

from the parent bomber which remains at a sufficient height, out of reach of antis i

tion, it follows that it cannot operate effectively in darkness or fog.

Radio defense by means of “jamming’

tion MoberN ELrcTrICS, of July, 1908, The
device ran under the unusual title, “The
Ceraunograph,” invented by the Rev. P. J,
Philippe, S. J. of Spring Hill College, Mo-
bile, Ala. While it was only a miniature
model it foreshadowed its future war use.
It was operated by a one-inch spark coil with
its two old-fashioned spark balls. By operat-
ing a multiple switch the following devices
were operated at a distance: a cannon, an
electric light, a fog horn, an alarm, a light
signal, and a fan motor.

Incidentally the miniature cannon shown
in the photograph on page 116 of MopErRN
ELECTRICS went off realistically with a tre-
mendous bang.

Dr. Nikola Tesla, in his autobiography in
the writer’s mnagazine, the ELecTrrICcAL EX-
PERIMENTER of June, 1916, and October, 1919,
dealt quite exhaustively with radio con-
trolled devices which we called I ireless
Automata. One of the photographs shows
an actual model which he constructed and
which was controlled by radio at a distance ;
it rolled on four wheels and could be steered
irem afar.

About this time radio men also became
acquainted with the work of the American,
John Hays Hammond, Jr., who has since
become probably the greatest exponent of
the art in controlling machines by radio at
a distance. Indeed some of his patents
were sold to our own Navy and were used
at the time when Billy Mitchell demonstrat-
ed how airplanes could sink battleships. For
this occasion the U. S. Navy equipped sev-
eral obsolete hattleships with radio control
devices so effectively that not a human soul
was required on board the battleships, yet
they were steered over zig-zag courses,
made to run circles and figure eights. As a
matter of fact the entire battleship with
its power plant and everything on it was

74

Radio-controlled war machines therefore
have come of age and we may expect other
devices of this nature before very long. But
as the Allies have had considerable experi-
ence with radio controlled devices we might
hazard the guess that we can go the Nazis
one or several such schemes better in the
not too distant future,

It appears that the Nazi machine is for-
midable and according to dispatches printed
in “The New York Times” the device
weighs probably more than one thousand
pounds. It is therefore not to be taken too
lightly for the moment, or not until effective
cowiter measures have been perfected.

The new radio-glider bomb will prob-
ably take its toll mainly as a surprise
weapon. While up to the time we go to
press no further details of the radio bomb
have appeared in print, the following may
be taken as a rough blueprint of the con-
struction of the German aerial device:

It is in short a bomb or torpedo fitted
with glider wings that is dropped from a
heavy bomber; it then glides towards its
target, directed by radio installation in the
mother craft.

In all probability the radio-glider bomb is
attached. underneath the fuselage of the
bomber and released by the usual device
whereby the bombardier merely presses a
button or pulls a release lever which disen-
gages the glider bomb from the parent
bomber. Mr. Churchill speaks of the ma-
chine being powered and propulsed by a
rocket. Rockets are not new. They were.used
as far back as 1232 when the Chinese em-
ployed them to repel the Tartar Hordes.
Modern power rockets have been experi-
mented with for many years, both in the
United States by Professor J. H. Goddard
and in Germany by the late rocket experi-
menter Max Valier. ;
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ptember 21st last. Launched from a parent bomber, at a height of

Churchill, has already taken its toll of Allied convoyed ships.

d only the combination of all these elements makes it new,

means of Allied fighter aircraft to keep the attacking parent
convoy is another good defense.

t keep the Radio Glider Bomb under continuous visual observa-

" the enemy control signals is difficult and complex, as brought out in this article.

as reported by Prime Minister

bomber because it is up too high. Anti-
aircraft fire is ineffective at such a height.
Now when the radio-glider bomb is released,
it presents a much smaller target than the
bomber does and is therefore not so vul-
nerable. Moreover by not carrying anyone
aboard, the Germans do not risk valuable
lives when releasing radio-controlled
rockets.

We next come to the problem of steering
it. When launched the rocket glider bomb
must, of course, be pointed downwards and
it descends not only by the force of gravity
alone, but is helped to gain speed by its own
rocket propulsion as well. This gives it the
necessary high speed which makes it almost
invulnerable to anti-aircraft fire.

The glider part and in fact the entire
device is probably painted in a bright color
so that the radio operator on board the par-
ent bomber can follow the descent of the
rocket through high power glasses and then
by means of radio control, steer it to the
target.

When a number of such radio-controlled
glider bombs or torpedoes are let loose
against a convoy, the chances are that one
or more will make a hit or a near hit, rais-
ing sufficient havoc in the convoy to either
sink a number of ships or doing héavy
damage. That, of course, is the main idea
behind the new device. RN 32

At first thought several objections to the
new war machine will offer, themselves.
These are that the device can be used only
within the effective radius of  the 1land

based bomber (the Germans not having at

present any carriers to make the glider

‘bomb effective far out at sea). But such

a bomber within a ‘radius of 300 to 500

miles from land presents a serious threat.

It becomes more serious when a flight of
(Continued on page 110) ,

for NOVEMBER, 1943



www.americanradiohistory.com

o Women in the
MARINES

By PFC. HALLIE E. HOUCK*

Radio activities form an tmportant sector of
the work of these members of the Women’s
Reserve, U. S. Marine Corps.

longer questioncd; performance has
proved their expertness in this field.
But, women especially trained to free
fighting men of the United States Marines
to wage the famed Marine Corps brand of
warfare against the Axis, add another chap-
ter to the colorful history of the Corps.
Radio, because it is vital to the successes
of Marine Corps aviation and the ground
forces, is one of the highly specialized fields
of the Marine Corps Women’'s Reserve.

Hundreds of women are being trained for
radio work in specialist schools and at
Marine Corps,air stations.

Future women' radio operators are in
schools at the University of Wisconsin in
Madison and at Miami University in Ox-
ford, Ohio. They are a highly selected
group, as are the women in the Marine
Corps radio mechanics school recently
opened at the U. S. Marine Corps Radio
Materiel School in Omaha, Nebraska.

At the operators’ schools the women learn
how to operate radio transmitting and re-
ceiving equipment, and maintenance and
care of radio equipment. Four months’
training are required to complete both the
radio operators’ and mechanics’ courses.

Their schooling includes adjusting and
repairing radio direction finders and sound
equipment and they must understand the
basic operating principles of all Navy radio
and electrical equipment. To round out their
training they are given courses in typing,

*Pyublic Relations Office, U. S. Marine Corps
Women’s Reserve, Washington, D. C.

THE place of women in radio is no

shop. practice,. and
how to handle tools.

When, upon suc-
cessful completion of
the course, they are
sent to an air station
to free a man to
fight, they know how
to operate radio
transmitting and re-
ceiving equipment
and to seénd and re-
ceive messages in
International Morse

Code; their training
enables them to set
up, place in opera-
tions, disassemble
and pack ground radio equipment; to tune
-and adjust radio transmitters, replace tubes
and batteries, and make minor adjustments.

Finally, they know how to opcrate radio-
telephone equipment, they are familiar with
joint radio-telephone procedure and with
the methods of transmitting messages by
voice radio.

Experience in radio or electrical repairs
and maintenance, high school or college
courses in physics, and mathematics through
higher Algebra are desirable qualifications
for those women who choose to do their part
in the war by becoming trained radio me-
chanics.

Upon being graduated from the me-
chanics' school, they are highly competent
at inspecting, installing, testing and repair-
ing radio transmitters, receiving instruments
and related cquipment in connection with

Many hours of training go into tha duties of those members of the Marine Women's Reserve who would
become expert radio operators. Here they are practising code reception.
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Corporal Priscilla Wilson, of Braintree, Mass., stands by to give the "All
Clear" to a pilot about to land. This is one of the most interesting types of
work handled by the Women's Reserve.

the maintenance of Marine Corps communi-
cations. They can handle field testing meters
and devices like veterans and when® some-
thing's wrong with equipment they can iso-
late the trouble and either make the ncces-
sary repairs or replace the defective parts.
Should it be a loose connection they can do
workmanlike resoldering jobs. They know
how to test and repair Marine Corps field
sets and field telephone equipment.

An interesting application of radio opera-
tion is employed by women who have chosen
to become Link Trainer instructors and con-
trol tower operators. Both schools for these
jobs are located in Atlanta, Georgia.

The Link Trainer is the marvel that looks
like a plane and goes through all the maneu-
vers of a plane, yet never leaves the ground.

The women who hecome instructors con-
duct themselves as if they were in the radio
tower. By transmitting signals to the student
pilot—which he receives through head
phones—the instructor teaches him the art
of blind flving. The instructor keeps a chart
of the aviator's performance and from that
the pilot corrects himself until he has
reached the expert stage.

Control tower work, a field which Women
Reserve members find fascinating, includes
radio and voice techniques, radio aids to air
navigation, and knowledge of the Federal
Communications Commission rules and
regulations.

The operator in the control tower at one
of the huge air stations talks to the air-
planes in the air by means of the control
radio transmitter, or signals them with a
hand-operated light signal.

She regulates the—landings, take-offs,
turns, and direction of flight over the air-
drome, keeps airplanes in flight informed as
to local weather conditions.

Radio is among more than 80 assignments
open to members of the Women’s Reserve.
Each is vitally important in meeting the
slogan. of the women, “Free a Marine to
Fight.”
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ALFRED A. GHIRARDI

made with the types of electrical in-

dicating instruments commonly used

in radio and electronic service work ?
A surprisingly large number of experienced
servicemen, as well as novices engaged
in radio and electrical work, have a mis-
taken i1dea about the accuracy of their
measurements. This may be because they
are unduly impressed by the scientific-look-
ing graduated instrument dials (whose ap-
parent precision frequently is deceptive).
They ignore completely the innumerable
sources of error which are constantly like-
Iy to be present within the instrument it-
self ; in taking the reading; due to the par-
ticular method of making the measurement ;
and due to the surroundings.

One thing is certain, such measurements
never are 100 per cent accurate—nor do
they nced to be! To use a test instrument
mtelligently and tell exactly how accurate
is any particular measurement made with
it requires complete knowledge of the
various individual inaccuracies that occur
in the measurement. Not only the amount
of each inaccuracy present, but also its in-
fluence upon the reading obtained (whether
it tendedpoto increase the reading, or de-
¢rease it) would have to be considered.
This knowledge will also enable precau-
tions to be taken for minimizing these er-
rors whenever possible.

MAIN TYPES OF INACCURACY
The four common types of inaccuracies

which may occur in measurements made

with electrical indicating instruments, and
the many contributing causes of each, are
grouped and arranged for quick reference
in the convenient breakdown chart of

Fig. 1. This chart merits careful study, for

the serviceman who understands the in-

formation it contains cannot help but learn

o use his electrical indicating test instru-

ments more intelligently, and better in-

terpret the readings he obtains from them.

He will also be more anxious to take better

care of his instruments so that the degree

of accuracy originally built into them by
the manufacturer will be preserved.

Notice from Fig. 1 that there are four
possible types of inaccuracy in such meas-
urements. They are:

1. Those which are inherent in the instru-
ment itself due to its particular design,
construction, and the calibration of its
scales. These are present even in brand
new “commercially perfect” instruments
of its type.

2. Those which may occur through inac-
curate reading of the pointer position by
the observer.

3. Those which may occur because of the
particular- way the instrument is being

HOW accurate are the measurements

METER ERRORS ~

How, Why and to What Extent

INHERENT INACCURACIES—PART I

used during a measurement, or the con-

dition under which the measurement is

being made.

4. Those which may have developed in the
instrument subsequent to its manufacture
and calibration (as a result of use, rough
handling, damage, ctc.).

We will investigate each of these in de-
tail, together with its contributing causes.
Inherent errors will be considered in this
article, The others will be discussed in sub-
sequent articles to follow in this series.

NO INSTRUMENT IS PERFECT

First of all, get this fundamental fact
firmly in mind: Because of practical con-
struction difficulties no commercial elec-
trical indicating instruments are guaran-
teed to indicate 100% correctly at every
point on the scale—only very expensive
laboratory-type instruments even begin to

approach such hundred-per-cent perfection!

Some inaccuracies are inherent in every
instrument—they are a part of it! The in-
herent accuracy, sensitivity and reliability
of an electrical instrument are determined
by its design, the quality and suitability of
its materials, the care given its construction,
the precision with which it has been assem-
bled and calibrated at the factory, and how
carefully it has been used and handled
since,

The degree to which inherent errors may
be eliminated from an instrument during
its design and manufacture is governed
solely by the expense which it is desirable
to incur in its production. To make indi-
cating instruments with the price-range
of the average serviceman, accuracy has to
be sacrificed somewhat. Indicating instru-
ments may be purchased for from less than
a dollar up to several hundred dollars. As

1. Inaccurocies
inherent in

itself

the instrument ~

{new instrument)

lo) Self-heoting inflvence
/ b} Mechonicol troubles
<

te) Colibration errors

2. Inoccoracies
due to

errors

observationol
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—
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{g) Stroy magnetic fields
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Are Measurements Inaccurate?

By ALFRED A. GHIRARDI

a rule, among the instruments of any given
manufacturer, the higher the price of an
instrument, usually the better the quality of
materials used in it and the more precision
and care exercised in its workmanship and
calibration. Ordinarily, the indicating instru-
ments employed in present-day, high-grade
radio test equipment represent a practical
and acceptable compromise between inher-
ent accuracy and price—they provide suf-
inherent accuracy for the work
(usually within 2% of full-scale reading for
permament-magnet moving-coil D.C. instru-
ments, and to within 5% on A.C. for recti-
fier-type A.C. instruments), the necessary
sturdiness, and moderate price. Their man-
ufacturers deserve unstinted praise for
their clever designs, carefully selected ma-
terials and utilization of every technical
advance and every possible manufacturing
economy. Their products are really fine,
rugged instruments at prices much lower
than we would expect to pay for almost
any other delicate device of equal compli-
cation and precision!

But the serviceman should always re-
member that these instruments are not 100%
precise! No manufacturer claims them to
be, and no user should expect them to be!
The accuracy ratings are usually specified
frankly in the manufacturer's catalog or
specification data.

CAUSES OF INHERENT INACCURACY

Understanding then, and admitting, that
certain inherent errors do exist in the elec-
trical indicating instruments we are to use
in our troubleshooting and testing, and real-
izing that it is impracticable to_eliminate

* such errors entirely, the user should un-

derstand what they are, what causes them,
how much they will affect the instrument
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Courtesy Weston Electrical Instrument Co.

A typical moving-coil meter, with the case removed.

indicatings at various points on the scale,
how measurement inaccuracies due to them
can be minimized, and whether they at-
fect seriously the worth of the measure-
ments to be made with the instrument.

The common causcs of these inherent
inaccuracies may be classified as follows:

(a) Secli-heating influence
(b) Mechanical troubles
(c) Cdlibration errors

.They hgve been grouped at the upper
right in Fig. 1, and each will now be ex-
plained.

EFFECTS OF SELF-HEATING

One possible source of inherent inac
curacy is that caused by self-hecating with-
in the instrument (see item a in Fig. 1).
Most instruments contain sources of heat
confined within a relatively small enclos-
ure : movable coils of very fine wire hav-
ing resistance, springs, shunts, multiplier
resistors, rectifiers, dial lights, etc., through
which currents flow. The general cffect of
this heat is to raise the temperature of va-
rious parts of the instrument, increasing
the resistance of the metallic current-
carrying circuits, thereby decreasing the
current flowing for a given voltage. This
correspondingly weakens the actuating
forces tending to cause deflection of the
movable coil and pointer. For example, if
the circuit of a voltmeter were wholly
of copper and this all at a uniform tem-
perature throughout, it will be scen that
since the temperature coefficient of resist-
ance of copper is 0.24 per cent per degree
F., the instrument current-per-volt would
vary nearly 1% for each 4 degrees F. tem-
perature change, making a most unsatisfac-
tory instrument. Actually, the situation is
not as bad as this since in a voltmeter the

)

Courtesy Weston Electrical Instrument Co.

Fig. 2—The D'Arsonval movement, as used in modern moving-coil electrical measuring instruments.
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series multiplier resistor (which forms the
greater part of the resistance of the volt-
meter) is usually made of a material hav-
ing a very low resistance temperature co-
cfticient. Since the resistance of the copper
movable-coil winding therefore comprises
only a minor part of total resistance of the
circuit, the effect of temperature and con-
sequent resistance changes in the copper
part of the circuit are greatly minimized.
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Fig. 3.—Accuracy of a meter varies with the por-
tion of the scale on which the reading is made.

Fortunately, there are available for the
movable-coil spiral control springs certain
alloys that have characteristics such that a
temperaturc increase tends to weaken the
elastic force of the spring. In well-designed
instruments, the restraining springs made
of this material weaken just enough to off-
set the decrease in actuating force caused
by the resistance increase of the movable
coil, so this source of error is balanced out.
By these and other design refinements, the
actual self-leating error in commercial test
instruments for all ordinary temperature
changes is kept negligibly low.

Then too, the self-heating error which
may result in any given instrument depends
upon the value of the current of voltage un-
der measurement, and upon the length of
time the instrument is kept in the circuit.
Fortunately, since the currents flowing
through most radio and electronic servicing
instruments are fairly small and the in-
struments are kept in the circuit for only
a very short time while a reading is being
taken, this source of error is not an im-
portant problem.

The influence of external temperature
variations upon the accuracy of indicating

instruments is, naturally, practically the

same as that of self-heating. Since exter-
nal temperature changes involve conditions
external to the instrument, inaccuracies
caused by them will be considered flater
when discussing errors caused by conditions
under which the measurements are made.

(Continued on page 120)
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Sound -On-
For Our Troops

[

of recording. The earliest experiments

along this line were made by Valdemar

Poulsen, better known as the inventor
o1 the oscillating arc. Although from its
inception the method had advantages that
have not since been attained by any other
system, one difficulty prevented it from De-
coming entirely popular. This was the ten-
dency of round wire to twist or rotate. It
was necessary to record lengthwise along
the wire. This technique introduced numer-
ous problems, and never was entirely satis-
factory,

A few years ago a number of devices
which substituted steel tape for wire, were
produced. These were entirely successful,
but experiments aimed at taking advantage
of the universal availability and cheapness
of round steel wire were continued. The
solution was found by Marvin Camras, staff
worker of the Armour Rescarch Founda-
tion, Chicago.

Details of the new recording head are
not heing released, as the instrument is
being used solely in military service at
present. It may however be said that the
feature of the new method is that the sound
is recorded symmetrically from the center
out, all round the wire. Thus it becomes
unimportant whether or not the wire rotates
between the time it is recorded and played
back.

This great handicap overcome, the many
advantages of wire recording can be real-

S OUND-ON-WIRE is the oldest svstem

Wire

ized. One of the first
of these is cheapness
and compactness. In
the commercial model
of the new machine
which 1s now being
manufactured by Gen-
eral  FElectric, one-
half a pound of wire
will record one hour’s ordinary speech. If
high-fidelity is required, the speed at which
the wire moves through the head must be
increased, and the same half-pound of wire
can be used to record one-half hour of
fine music.

As compared to disc, sound-on-film -and
any other recording methods used up to
date, sound-on-wire recording is infinitely
rugged and durable. Records have been
played as many as 200,000 times and are still
In good condition. Age has little effect on
them—some of Poulsen’s original records
are still usable after 40 vears. It is further
suited to long-time recording because of its
compactness, which makes storage of large
numbers of records over long periods a
simple matter.

For business uses, where records are of
little value after being used once, the wire
recorder has another striking advantage.
Once used, the steel wire may be demag-
netized, erasing the record. It may then be
used over again, practically idefinitely.

To those readers who have been follow-
ing the recent series on pickup performance

Engineers Malling and Sear pick up a program and record it for iransmission to our soldiers abroad.

78

Courtesy Armour Research Foundation

The news magnetic recorder. Wire reels are plainly visible, and pencil points
out the recording head through which the wire runs,

the new method’s advantages over sound-
on-disc will seem to lie more in the direc-
tion of high-fidelity. The “pickup” in this
device remains close to the surface of the
record, without touching it. All the prob-
lems of needle size, groove depth, weight of
head, varying drag over different portions
of the record, etc., disappear entirely.

Sharp variations of magnetism permit the
use of low speed recording, the amount of
wire required for a given recording being
only one-fifth of that used in the original
Poulsen apparatus. Conversely, by advanc-
ing the machine to its high-fidelity speed
the frequency range may be made to extend
far above that of the now universally-used
disc record, with very s ight variations in
volume being faithfully recorded as well.
Present models are more concerned with
voice recordings, and are rated for a 5,000-
cycle top.

The new device makes possible a news
and entertainment service to American
troops in the field, which would be impos-
sible with older means.

Two General Electric engineers, E. A.
Malling and A. W. Sear, of Bridgeport,
Conn., pick up two news roundups and the
“Army Hour” broadcast each week on a
regular radio receiver, and record the pro-
grams on the new electronic unit. The wire,
on spools, is then air mailed from Bridge-
port to Washington where it is put on a
transport plane and flown directly to Al-
giers, Afriea,

These wire recorded programs are then
played back to soldiers who cannot hear
the broadcasts in any other way, and to
army officers and war correspondents.
This also gives correspondents an oppor-
tunity to listen in on their own broadcasts,
and to follow the war news from other
fronts, according to Colonel E. M. Kirby,
chief of the Radio Branch of the Army’s
Bureau of Public Relations.

The army hopes that the new lightweight
wire recorder will bring a new dimension
and flexibility to radio’s coverage. Experi-
ments in planes 30,000 feet above ground
and in jeeps, using power from the elec-
trical systems of the vehicles, have proved
the value of wire recording.

“Radio reporters have been anchored to
stationary radio transmitters in a war of
movement,” said Colonel Kirby. “If they go
to the front they cannot broadcast until they
return to the transmitters. In the Southwest
Pacific this means a distance of 1500 miles
both ways. In the Tunisian campaign, it
meant several hundred miles, and for Sicily,

(Continued on page 122)
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ENOTRON

HILE the term Kenotron may be ap-
W plied to any two-element, high-

vacuum rectifier tube, in practice it

is usually confined to such tubes as
are designed to work at extremely high
voltages. Thus one seldom or never hears
the humble but useful 80 called a Keno-
tron, but such tubes as the Westinghouse
WL-612 or the G-E GL+411—both de-
signed to work with plate voltages in the
order of 150,000——necver get any other name.

Where plate voltages are extremely high,
the voltage drop ipside the tube becomes
unimportant in proportion. In many appli-
cations which demand high voltages, cur-
rents are very low. Thus the high-vacuum
diode rectifier is preferable for many appli-
cations, due to its cheapness of construc-
tion, as well as to the problems that would
be encountered in attempting to design
gas-filled rectifiers for high voltages. Keno-
tron tubes are also used where compara-
tively small "currents and voltages are re-
quired, but a certain ruggedness is required,
as in home radio receivers and some indus-
trial devices.

Some special features are necessary in
the design of 'such tubes, on account of
these high voltages. The elements must be so
constructed as to prevent high-velocity elec-
trons from running wild about the tube,
and for this reason we see the peculiarly-
shaped shields surrounding the plate and
cathode in some of the models. Should an
electron, accelerated through a voltage of
150,000, reach the envelope, it would very
likely come right out through the glass.
The high voltages also make the use of
“corona shields” necessary. These are at-
tached to the sockets and are maintained at
the same voltage as the element whose con-
nections are brought through that end of
the tube. Otherwise dangerous electrostatic
strains might exist between these portions
of the bulb and nearby parts of the socket.

RADIO-CRAFT ‘for
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HIGH FILAMENT CURRENTS

The extremely high filament currents
drawn by certain of the higher-power tubes
attract instant attention. These may be as
high as 50 amperes, and even the small
tubes with a 2.5-volt filament use several
amperes. Filament voltage is critical if out-
put is to be kept near maximum, and for
this reason most installations using keno-
trons are equipped with a filament voltmeter.

1f low output currents are required,
plate and filament voltages may be reduced,
with a corresponding increase in tube life.
Caution is required in following this prac-
tice, particularly in the case of tubes with
thoriated tungsten filaments, as low fila-
ment voltages with large plate currents will
result in a “stripped” filament, with great-
ly impaired emitting ability. In many cases
such tubes may be restored to their origi-
nal .condition by operating them with nor-
mal or above-normal filament voltage for
a short time, no plate voltage whatever
being applied during this period.

A FEW KENETRON APPLICATIONS

One of the earliest uses of high voltage
kenetrons was in smake precipitation sys-
tems, where the extremely high charge
given to the smoke particles caused them
to settle on plates of opposite polarity. A
direct descendant of the smoke precipitator

is the Precipitron, which uses a pair of WL-
579-B kenotrons, to deliver a voltage of ap-
proximately 12,000 D.C. These tubes are
rated at only 25 milliamperes average out-
put current, but for this application the
rating is ample, practically no current being
drawn.

Another common use for Lenotrons is
to supply high voltages required to op-
erate cathode-ray tubes. As larger and
larger, tubes are used in television, this
may well become a very important appli-
cation. Surge generators used in insulation
testers also use the tubes to supply sudden
voltages to check the insulation of gen-
erators, motors, power cables, etc.

A very interesting use is found in the
sandpaper industry. Here the kenetron 1is
used to create a strong electrostatic field
in which the particles of abrasive material
are charged to a very high voltage. The
abrasive is then projected toward adhesive-
coated paper spread above a negatively-
charged plate. The electrostatic attraction
is such that the larger ends of the par-
ticles are drawn to the paper, producing a
sandpaper with all the sharp points upward.
There are indications that a somewhat
similar method may be used in paint-spray
machines, each droplet of spray being given
a charge, and the metal being painted, a
charge of the opposite polarity. With such
a machine,, every drop of spray reaches
the object being painted, and is travelling
at its greatest velocity at the moment of
arrival. No free-floating paint would remain
in the atmosphere, and the spray-room
would be both a cleaner and healthier place.

Brief characteristics of some representa-
tive kenetrons are given below:

TECHNICAL DATA AND RATINGS

Crest Maximum Maximum
Tube . Inverse Average Crest
Type Type of Filament Filament Anode Anode Anode
Number Cooling Volts Amperos Voltage Ampgres Amperes
WL-466 Air 11.0 20 140,000 0.06 0.60
WL-608 Qil 10.0 10 60,000 0.06 0.20
WI1-612 Air 10.0 50 160,000 0.24 0.7
WL-613 Air 11.0 10 140,000 0.06 0.20
WL-660 Air 10,0 10 230,000 0.03 0.10
WL-579-B Air 2.6 6 20,000 0.026 Q.27
KC-4 Air 20 24.6 ‘160,000 1.0
GL-411 Air - 100,000
oil 10 188 150,000 0.3
1943 79

wWwWw.americanradiohistorv.com



www.americanradiohistory.com

4

Frequency Modulation transmitter circuits are si
adapted for short-wave work. Most of the pos
them in preference to the present less efficie

mple. They require little
t-war short-wave applications will undoubtedly use
Nt or satisfactory amplitude modulation systems

power, and are admirably

Frequency Modulation

REQUENCY MODULATION, or
FFM, differs from the older AM or
amplitude modulation in the manner in
which the audio inodulation (speech,
music or other signal) is applied to the car-

— —r»
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Fig. 1.—A straight Hartley oscillator, a cir-
cuit easily adaptable to frequency modulation.

rier. In amplitude modulation, the frequency
of this carrier is rigidly maintained, and
the signal impressed by varying its ampli-
tude. The power of the carrier in an IFM
system on the contrary, is maintained at a
constant level; it i1s the frequency which is
deviated. This deviation of frequency must
be exactly proportional in extent to the
amplitude of the modulating audio signal,

MOVING
PLATE

~ STATIONARY PLATE

Fig. 2.—'Crude FM circuit, with condenser
mike.

and the rate at which it occurs must be pro-
portional to the frequency of the modulating
signatl,

With these two requisites in mind let us
now view some oi the simpler methods of
accomplishing this, to get a vivid picture of
what happens. In Iig. 1, vou will find the
simple modified Hartley oscillator. The two
factors which determine the frequency of
this oscillator are the inductance of the tank
coil L, and the capacity of the tank con-
denser C.

It is known if cither L or C arc. varied
the frequency of oscillation will vary ac-
cordingly. Take for example manually
rotating the condenser C back and forth
through resonance; rotating to a higher
capacity, the oscillator frequency goes
down; rotating to a lower capacity the fre-
quency goes up. The same is true for the
inductance. We know at resonance the fol-
lowing condition must exist:

IS =SARE - (X — X(C)?
In other words, the capacitive and inductive

80

f‘w ..

reactance muet be equal at resonance. It is
also evident that the amount of frequency
deviation will be proportional to the amount
we change either L. or C, and the rate at
which this deviation takes place will be
proportional to the rate or speed at which
we change C or L. These principles just
described give the basis for the following
discussion,

We have shown what happens when
cither the L or C are varied manually. The
problem at hand, however, is to cause this
variation in L or C of a transmitter oscil-
lator with respect to the modulating power.
The diagram of Fig. 2 shows how we can
vary the tank capacity of the oscillator by
means of a condenser migrophone,

~In this diagram we have the same modi-
fied Hartley except the capacity determin-

| ing resonance is not the tank capacity C

alone, it is the tank capacity C and the
capacity of the condenser microphone in
parallel. A condenser microphone consists
of two plates separated by a dielectric. One

plate is stationary, and the other is the |

moving diaphragm of the microphone. It
can be readily seen that this type of micro-
phone acts as a variable condenser with its

capacity determined by the amount of vibra- |

tion of the diaphragm. This vibration of the
diaphragm is caused by voice vibrations of
the air particles. As it vibrates the total
capacity of the oscillator tank is varied at
that rate and the oscillator frequency shifts.
This is shown in Fig. 3.

Here we have one instantaneous cycle of
vibration of the diaphragm of the condenser
iicrophone. In the positive half cycle let us
Say the diaphragm nioves closer to the
stator. This will increase the capacity of the
microphone, and since it is in parallel with
the oscillator tank, the total tank capacity
will increase proportionally. Hence the os.
cillator frequency will decrease (A to B).
On the negative half cycle the capacity C
will decrease and the oscillator frequency

| will rise (Bto C). Dto Aand Cto E

- grees) ahead of cur-

" represents the resting frequency. It can be

seen that the deviation will be proportional
to amplitude of the modulating signal, and
the rate at which the deviation takes place
is proportional to the frequency of this
signal.

This method of producing FM is not

By JULES M.

practical for three reasons: the sy stem
would restrict the choice of microphone to
a single type; the variation of the capacity
of a condenser microphone would be too
small; and a very low powered oscillator
would have to be employed to realize the
small variations of a condenser micraphone.

Although this system is not practical for
commercial use, it shows the principle and
gives rise to understanding of the systems
employed commercially to accomplish FM.

—

Fig. 3.—Simple frequency-modulated wave.

This brings us to the principles involved
in the reactance method of modulation. The
end to be obtained is to allow the capacity
or inductance of the frequency controlling
oscillator to be varied electronically rather
than mechanically.

Whenever that word “electronics” comes
up, so does the “vacuum tube” come to the
mind. This is exactly what we are referring
to. Let a vacuum tube act as a variable
capacitive or inductive reactance to vary
the oscillator frequency. We already know
that a class “A” amplifier acts as a linear
variable resistance, that is, if the grid is
made positive the plate current increases,
and if the grid is made ncgative, the plate
current decreases. From a resistive point of.
view: if the grid is positive the internal
resistance of a tube is decreased, and if the
grid is made negative, the internal resistance
of a tube is increased,

Looking at the characteristics of a class

R
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Fig. 4.—Phase in radio
circuits. At a, current
and voltage are to-
g.eih?r. in a re'sisﬁve VECTORS

circuit. Voltage is one- i e
quarter cycle (90 de- -
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The principles underlying Frequency
in Mr. Kleinman’s series of articles,

will be well advised to keep abreast of this important new branch

KLEINMAN

“A"” amplifier, we can also see that the plate
current is in phase with the applied signal
voltage on the grid. Therefore, the tube
presents itself to a load as a varying re-
sistance. Now let us see how the tube can be
made to resemble a varying reactance. By
definition, a reactance is the opposition to
the flow of A.C. current due to either in-
ductance or capacitance in a circuit. The
reactance in either case is caused by a
counter E.M.F. which opposes any change
in the current flowing through a circuit. We
know that through an inductance the volt-
age leads the current by 90° and through a
condenser it lags the current by 90°, while
through a D-C resistance the current and
voltage are in phase. These three char-
acteristics are shown in Fig. 4. '

At “A” is shown I and E through a pure
resistance; at “B” through a pure induct-
ance, and at “C”, a pure capacitance. The
picture is simplified by sine and vector
analysis. We also know if there is a pure
resistance in series with an inductance the
voltage across the combination will lead the
current through the combination by some
angle less than 90°, and in a circuit contain-
ing a pure resistance and capacity in series
the voltage will lag the current by some
angle less than 90°. This can be seen from
the formula:

XL Xe
- or tan ¥ =

R R

where ¥ is the phase angle, Xy, is the induc-
tive reactance, and X. is the capacitive
reactance. If the resistance is infinitely high
with respect to the resistance, ¥ will be
practically 90°, and if the resistance is in-
finitely high with respect to the reactance, b
will be practically 0°. Kemember that
through the capacity or inductance them-
selves, there is a phase shift of 90° between
voltage and current. Now we are ready to
investigate the methods by which an. am-
plifier is made to appear as either a capaci-
tive or inductive reactance.

tan. 0 =

INDUCTIVE REACTANCE CIRCUIT

A vacuum tube may be made to appear
as an apparent inductive reactance if its
plate current lags its plate voltage by 90°.
This principle was explained in the preced-
ing paragraph. In Fig. 5 is shown a simple

Fig. 5.—A simple circuit with inductive modulation.

circuit by which this may be accomplished.

As shown in the figure, we have two very
conventional stages, a class “A" modulator
and an electron coupled oscillator. You will
also notice that two pentode tubes are
shiown. These two tubes are usually of the
same type for uniformity and case of circuit
design. Peutodes are generally found in
comamercial equipment due to their greater

Modulation systems are clearly and simply explained
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rent are essentially in phase. This R volt-
age and current n the plate circuit of the
modulator is Jed to the grid of the modula-
tor through network Cl and R1. Now it is
essential that the R.b. voltage and current
he in phase through this network; there-
fore, the resistance.of R1 is made high with
respect to Cl at the frequency of operation.
The reason this networlk is employed is to
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Fig. 7.—Another type
of capacitive modu-
ulation circuit. The
reactor tube in this
system  obtains its
phase-shifting voltage
from a network in the
oscillator circuit.
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power sensitivity. The rcactance modulator
is operated class “A” utilizing cathode bias.
An electron coupled oscillator is usually
employed hecause of its excellent frequency
stability. The oscillator may be biased close
to class “C” so that the power output re-
mains relatively constant over the entire
frequency range of operation. The power
supplies usually employved incorporate vol-
tage regulator tubes to maintain constant
potentials to modulator and oscillator plates
and screen grids.

INDUCTIVE CIRCUIT ANALYSIS

Analysing the circuit, we find that the
components controlling the resting fre-
quency of the oscillator are Ceand Le. The
oscillator obtains its grid bias by virtue of
the grid-leak-condenser combination R4 and
C3. The remaining oscillator circuit ele-
ments are conventional and need no further
explanation. The reactance modulator is a
simple class “A” amplifier which is cathode
biased by R2. It is seen in the diagram that
the plate of the reactance modulator is con-
nected to the oscillator tank through a
blocking condenser C2; therefore, the volt-
age on the plate of the modulator is the
D-C plate voltage, and the oscillator R.F.
tank voltage. Now since C. and L. arc at
resonance, the R.F. tank voltage and cur-

Fig. 6.—The

block off the D.C. plate voltage of the
modulator from the grid. .
Continuing, the R.I*. current flowing
through the grid by-pass C will tead the
voltage across it by 90°, since the voltage
across C is the audio voltage impressed on
the grid of the modulator by the microphone
and transformer T1; thus we have the A.F.
voltage on the modulator grid lagging the
R.F. current in the oscillator tank by 90°,
since the R.F. tank current and tank volt-
age are in phase, and the R.IF. tank voltage
is the modulator plate voltage; the modula-
tor A.F. grid voltage will lag the R.F. plate
voltage of the modulator hy 90°, and since
the modulator is operated class “A”, the
plate current will be in phase with grid volt