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Recelver!

... better because Hallicrafters are pioneers
in FM. Model S-27 (illustrated) was the first
general coverage U.H.F. communications
receiver to incorporate both AM and FM in
one receiver. Hallicrafters, through continu-
ous research, both for our armed forces and
civilian use, have become the authoritative
source for FM communicaiions receivers.

Hallicrafters Model S-27 FMAM re-
ceiver, 15 tubes, 3 bands, cover 27.8 to 46
me., 45 to 84 mc., 81 to 143 mec. Switch

changing from FM to AM reception.

halitrarl'er
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How to remove tubes, tube shields

Electrodynamic loudspeaker:
How it works
Replacing damaged cone
Recentering voice coil
Remedies for open field coil

Gang tuning condenser:
Construetion of rotor, stator
How capacity varies
Restringing dial cord

hints

Here is a Partial List of Subjects
This Lesson Teaches

With 31 Photos, Sketches, Radio Drawings
How superheterodyne receivers work

Three reasons why Radio tubes fail

Output transformer construction, repair

Straightening bent rotor plates
transformers—
What they do, repair

How to locate defective
soldered joints

CETTING ACQUAINTED WITH
RECEIVER SERVICING

Inside story of carbon resistors
Paper, electrolytic, mica, trimmer eon-

densers

How condensers become shorted, leaky

Antenna, oscillator coil facts

Power transformer:
sible troubles

Installing power cord

Troubles of combination volume control,

on-off switch
Tone controls
Dial lamp connections
Receiver servicing technique:
Checking performance
Testing tubes
Circuit disturbance test
Isolating defective stage
Locating defective part

construction, pos-

1. E. SMITH, President
NATIONAL RADIO INSTITUTE
Established 28 Years

Course.

home in spare time,
I’ll send my 64-page illustrated book, RICH REWARDS IN RADIO.

See For Yourself How
| Train You at Home to

BE A RADIO
TECHNICIAN

Mail the Coupon for a FREE lesson from my Radio
It shows how N.R.IL trains you for Radio at

And with this Sample Lesson
It de-

scribes the many fascinating jobs Radio offers, explains how N.R.I. teaches you
with the unique training methods I have perfected over 28 years.

Act Now! Many Radio Technicians
Make $30, $40, $50 a Week

Right now, in nearly every neighbor-
hood, there's room for more spare and
full time Radio Technicians. Many Ra-
dio Technicians are stepping into FULL
time Radio jobs, or are starting their

own shops, and make $30, $40, 350 a
weelk!
Others (ake good-pay jobs with

Broadeasting Stations. Hundreds more
are necded for Government jobs as Civ-
ilian Radio Operators, Technicians, Ra-
dio Manufacturers, rushing to till Gov-
ernment orders, need trained men.
Aviation, PPolice, Connnercial Radio and
Loudspeuker Svstems are live, grow-
ing fields. And think of the NIEW jobs
Television and other Radio develop—
ments will open after the war! 1 give
yvou the Radio knowledge required for
tirese fields.

@ Extra Pay in [y
Qg“, Army, Navy, Too \- ]

Men likely to go into military
service, soldiers, sailors, marines,
should mail the Coupon Now!
Learning Radio helps Service men
get extra rank, extra prestige,
more interesting duties, MUCH
HIGHER PAY. Also prepares for
good Radio jobs after service

My Method Helps Many Make $5,
$10 a Week EXTRA While
Learning
Many N.R.I. students make $5, £10 a week
extra money fixing Radios in spare time while
learning. I send EXTRA MONEY JOB SHEETN

thut tell how to do it!

My Course is so interesting, with hundreds of
pictures, charts and diagrams—so easy to grasp
with simplitied explanations and special teach-
ing melhods»[]mt we believe you will he “old
friends” with Radio before you know it. You
¢an run your own ware time shop, get pmcuce
tixing friends’ Radios, get paid while training!

Find Out What N.R.l. Can Do For You
MAIL COUPON NOW for FRET Sample Lesson and
64-pare illustrated book.  You'll see the wany fasci-
naring jobs Radio offers amd how you can train at
home. If vou \nmt to_jump your pay—>iail (.lJupou
AT ONCI! ). E. SMITH, President, Dept.
tionat Radio lnstltute, Washmgton, D. C.

TRAINING MEN FOR VITAL RADIO JOBS

$10 a Week in Spare Time
+1 repaired some Radio-sets when I was
on my tenth lesson. I :ellb‘r don’ tlsee
how you can give so much for such a
smallyamo\mt of money. I made $600

- § in a year and a hall‘ and I have made
L an average of $1 a week—just spare
P i T JOHN JF‘!({XRY‘ 1337 Kalamath

o

time.
st.. Denver, Color;

7

$200 a Month in Own Business

‘For several years T have heen m |v||$|
ness for -myself making around
month. Business has steadily in
I have N.R.I. to thank for my
this field.””—ARLI J. FROEH)
W. Texas Ave.

Goose Creek,

Texas.

N.R.[. Student Now Lleutenant In
U. S. Army Signal Corps

““I cannot divulge any information as to

nmy pe of work, but I can say that

N.R.I. training is certainly coming in

mighty hamly these days.”’—iName and

address omitted tor nulitary reasons.)

Chief Operator Broadcasting Station
“'Before I compleled your lessons. 1 ob.
tained my Radio Broadeast Oy ar
license and immediatel joined
WMPC where I am new Chief Operator.
—HOLLIS F. ITAYES, 327 DMadison St.,
Lapecr, Michigan.

Service Manager for Four Stores
41 was working in a gorage when T en.
rolled with N.R.I. 1 am now Ruadio
Service Manager for (he MM Frrnis
ture Co. for their four stores.” —JAMES
. RYAN., 119 Pebhle Court, Fall River,
Mass.

$500 Per Year In Spare Time
“1 am doing spare lime Radio work,
and I am  averaging  wound 300 a
vear. Those extra dollars mean S0 much
—the ditference between just hi n?ly got-
ting by and living comfortably,”’-—JOIIN
WASIHKO. 97 New Cranberry, Hazleton,
Penna.

ends. Over 1,700 Service men now
enrolled.
March. 1943

§ Mr. ). E, SMITH, President, Dept. 3CR B
1 NATIONAL RADIO INSTITUTE, Washington, D. C, [
Mail me FREE, without obligation, Sample Lesson and 64-paze book, “Rich 1
] Rewards in Radio.”  (No Salestan will call.  Write plainly.) i
1 Bges . . = 1
! 1
l NAME] wime TR I oo WL ? « o e NS Sl SRl wted | - LTI - ] - - Joma e 1
1 1
B RISy g u el vod o3 o 4 T B [ S50 e ] - S T [
' i
P e T I State <. g e 4FR-2
[ ]
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Volume 29

BEY THE EDPITOR

'

FTER many months of debate, the

War Manpower Commission has
finally certified that repair and hand-
trade services are essential to the sup-
port of the war effort. Included with-
in this certification, appears ‘“radio
repair.” Thus under the Occupational
Bulletin issued by Selective Service
and known as bulletin No. 42, radio
repairmen now have the status of a
critical occupation, eligible for occu-
pational deferment, until a replace-
ment can be trained. To receive con-
sideration for occupational deferment,
the serviceman or the employer of a
serviceman will have to fill out Form
42A. Such deferment will place a per-
son in class 2A.

Servicemen who seek such defer-
ment are not evading their duty, says
the War Manpower Commission. A
balance of manpower in the military
and home fronts is essential, they say.
This viewpoint is best expressed in a
statement by Paul V. McNutt, Chair-
man of the WMC, which declared, “Oc-
cupational deferment usually indicates
that a man is making a more valuable
contribution to the war right now
than if he were in uniform . .. it is
the War Manpower Commission’s job
to see that the nation’s manpower is
properly allocated.”

Coast-to-coast networks have al-
ready begun a campaign outlining the
importance of radio maintenance.
Newspapers and magazines have also
swung into the program. Such effec-
tive cooperation further proves the
importance of the home receiver and
the man who keeps it working.

THE serviceman has been receiving

some excellent promotion these
days on the air. With stations from
coast-to-coast stressing the impor-
tance of the serviceman and his work,
everyone has become more conscious
than ever of his value to a community.
Perhaps the most effective air tribute
to the serviceman was made by Fra-
zier Hunt recently during one of his
broadcasts. Said Mr. Hunt . .. “to
the list of hard-working public serv-

(Continued on page 56)
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The Technical Magazine devoted to Radio in War, including articles
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2333 for the 325 employees and the
2008 products of the American Radio
Hardware Co. 1918 for the new symbol
of Victory . .. fateful date reminding the
enemy of what was and what is to be.

Partner in the pattern for Victory
are American Radio Multi-Contact
Plugs and Sockets of which only
a few are illustrated. The total
line covers almost every known
type of plug and socket ... and if
the need arises for special jobs, our
flexibility in manufacture and ex-
perience permits us to produce
practically overnight. These plugs
and socket board assemblies
are characterized by their ability
to withstand tough punishment
over the entire range of the ther-
mometer . .. from extreme heat to
extreme cold. Write for further
information.

2333 fa‘l ,9,g- Working day and night. Putting away 10% every

week for War Bonds and Stamps. Being good citizens by buying only the
things »e need. Welcoming rationing. Discouraging hoarding of any kind. Particivating n civilian defense activities,.

vicarn Radio Hadware €Co., Ine.

476 BROADWAY, NEW TORK, N. Y.

ARRHNCO

MANUFACTURERS‘ OF SHORT WAVE » TELEVISION ® RADIO e SODUND EQUIPMENT

Mareh, 1943 3
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In the postwar world, when the saving of a life is a matter of seconds;
your doctor will be as close as your nearest microphone.

"Doctor

cer—*¢

Instant contact! . . . this is the future of communications. Not just
station to station, but person to person in the broadest possible.
application of communications. Firemen fighting a raging fire, the
policemen on the beat, the salesman on the road, the businessman
on the plane, all will be able to do a better job because of a micro-
phone and communication equipment.

The equipment that will make this possible is being produced for
our Armed Forces today. Microphones for this equipment are being
developed and manufactured by Shure Brothers. The War Micro-
phones of today will be the Peace Microphones of Tomorrow. Shure
Brothers will provide Better Microphones for Better Communica-
tions for this new world of the future.

SHURE BROTHERS, 225 W. Huron $%., Chicago, lllinois
Designers and Manufacturers of Microphones and Aconstic Devices

Send for This New Shure Reactance Slide Rule

Makes extremely simple the calculation of complicated problems in
resonant frequencies. Also helps in the solution of circuit problems in-
volving inductances and condensers. Covers a frequency range of 5 cycles
per second to 10,000 megacycles. Indispensable for radio and electrical
engineers, technicians and circuit designers. Send 10c_in coin to cover
mailing costs to Dept, 174X,

6 RADIO NEWS

www americanradiohistorv com


www.americanradiohistory.com

March,
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Speed the Liberty

5

... Awarded the Maritime M “for Outstanding
Development and Production of Radio Equipment”

1913

The new Liberty Ship radio

Developed for The Maritime Commission
By I. T. & T.’s manufacturing associate
Federal Telephone and Radio Corporation
Is helping save the manpower hours

That build our bridge of ships.

Not eight or ten separate parts
Butone

Compact, all-in-one
Radiotelegraph Unit—

Takes care of

Both sending and receiving.

got

the Ways and On the Way...

Installed in one-fifth the time
Normally required—

Ready to plug in and tune in—
It is freeing skilled craftsmen
For other vital jobs.

In recognition of

“Qutstanding performance

In the development and production

Of radio equipment”

The Maritime Commission has awarded
Federal Telephone and Radio Corporation
The Maritime ""M” Pennant

The Vicrory Fleet Flag

And Maritime Merit Badges.

Federal Telephone and Radio (orporation

General Offices: 200 Mt. Pleasant Avenue, Newark, N. J.

AN I T T ASSOCIATE

waann amaricanradiohistaory com
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VOLUME CONTROL

Pays *5002° in WAR BONDS

Do you know how to make a sick radio
sit up and sing? Would you swap a few
minutes’ time for a $100 U. S. War
Savings Bond? O.K. ... if youlive within
the boundaries of the United States—
you’re qualified. Not only one, but FIVE,
$100 Bonds are offered! Let’s go!

Nobody knows better than you how
important the radio is to a democracy at
war. And nobody knows better how
difficult it is sometimes to get a radio
into working order . . . what with the
difficulty of getting exact replacement
parts, etc. The question is: HOW DO
YOU DO IT? IRCis going to pay a $100
Bond each for five answers. Don’t you
agree one of them might as well be de-
livered to YOU?

HOW TO WIN A BOND!

All that’s required is a simple account,
told in your own way, and your own
words, describing:

How you were able to replace a vol-
ume control and get the set working
satisfactorily—when you couldn’t ob-
tain the volume control you would
ordinarily have considered necessary
for that particular make and model
of radio.

Name the make and model instrument
you were working on. Tell what the
VOLUME CONTROL trouble was. De-
scribe exactly what you did and why,
whether you made certain mechanical
changes in the substitute control and/or
electrical changes in the circuit.

IRC suspects that in these times radio
service men are displaying more inge-
nuity and inventiveness and resourceful-
ness than most of us have any idea of.
We'd like to uncover some of these
stories.

It’s the IDEA that Counts

Remember, no one expects you to submit a literary
masterpiece. Your spelling makes no difference;
grammar doesn’t matter. Just “let yourself go” and
tell us how you licked the volume control prob-
lem you faced (it may have been as simple as
filing down a shaft, or making a special shatt),
and send the story in.

You May ALREADY Have Won a Bond

What we mean is that some Volume Control job
you’ve already done may be the one to cop one of
those Bonds. It may be only a matter of putting
down the detailed facts and mailing your entry!

IDEAS to be Shared

In entering this contest you have the satisfaction
of knowing that worth-while ideas will be publi-
cized for the entire service profession. You your-
self will benefit from the information made avail-
able by the results of this contest. This exchange
of ideas is certain to help you keep radio sets
going, through the use of standardized controls.
These same sets might otherwise be kept out of
service and become lost jobs for you.

The Judges

Judges, whose decision will be final as to the five
winning entries, include IRC’s Chief Engineer,
Jesse Marsten, and two “outside” experts—
Joseph Kaufman, Director of Education of the
National Radio Institute, and William Moulic,
Service Editor of “Radio Retailing Today.” If, in
the opinion of the judges, winning ideas of equal
merit are presented, duplicate awards will be
made. It is understood, of course, that all ideas
submitted become the property of IRC.

CLIP THIS—FILL

MY NAME_

IN—SEND

INTERNATIONAL RESISTANCE COMPANY
401 N. Broad St., Philadelphia, Penna.

o Gentlemen: Here is my entry in your $500 U.S.War Savings Bonds Contest.

WHAT HAVE YOU GOT TO LOSE?

Don’t say, “Aw, the Volume Control job
I'm thinking of was too easy—any good
radio man would have done the same as
I did.” Remember this: ANY job looks
easy when you know the answer. ... And
besides, even if someone else did have
the same idea, HE may not tell us about
it. So get busy yourself—surely a crack at
one of those $100 Bonds is worth some
trouble! All entries must be in IRC’s
hands by April 10, 1943 when contest
closes.

FILL OUT THE COUPON

—and send it in with your entry this week—
TODAY if possible. Don’t put it off. Five
men are going to be richer by a $100 Bond —
make one of them YOU!

Uncle Sam’s Men, Too

If you're now in Government
service, in or out of uniform,
you're still eligible in this
contest. Maybe the job you did was
handled before you went into the service.

IN WITH YOUR ENTRY

BN

COMPANY.

ADDRESS.

CITY

STATE

MY REGULAR DISTRIBUTOR IS.

—_——————_—— - - ———

www americanradiohistorv com
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DEDICATES #. PRESENT
% PRESERVATION ./ % FUTURE

HYTRON'S SOLE PURPOSE for the duration
is o maintain an always-increasing flow of
jubes into the radio and electronic equip-
ment which is playing a vital part in winning
this Radio War. It is our firm conviction that
the torch of Liberty which Hytron is helping
to keep burning will light the way to the
unconditional surrender of our enemies and
{0 an electronic age which will amaze a

{reed world.

HYTRON CORP., Salem and Newburyport, Mass.

..+ Manufacturers of Radio Tubes Since 1921 . . .

PPN - e et ) i ———— i S

P e Sy
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GERMAN AIRCRAFT

By

LEWIS WINNER

A revealing study of
the radio receiving and
transmitting apparatus
found on captured Nazi

planes in recent weeks.

10

HE recent release of data on

I German aircraft equipment by
the British Air Ministry has cap-
sized many theories and suppositions.
Probably the most important of the
revelations was that the Nazi equip-
ment was not as inferior as we had all
imagined. The equipment found on
captured planes shows that it is ex-
tremely durable, more than truly
requisite, and its design is good . . .
not superior to ours . . . but equal in
many respects. The material em-
ployed is of the highest order, with
practically no thought given to econ-
omy. Of course, it must be remem-
bered that this apparatus was made
prior to 1940. Today, the rigidity and
ruggedness are not so evident, ac-
cording to those who did see one of
these instruments recently captured.
As an example, pressed aluminum
sheet was used instead of aluminum
alloy die castings. However, complete
data on this newer equipment is still
in the composing stage, and thus we
will concern oursclves with pre-1940

equipment, on which information is
quite complete.

In the earlier equipment, the rotor
plates in the variable condensers were
milled out of a single solid aluminum
alloy sheet. All housings and chassis
were also aluminum die castings. In
some of the receivers, the chassis con-
sisted of an intricate die-cast frame-
work, bolted to the panel casting. On-
to this framework, the various stages,
consisting of cast boxes, were bolted.
Thus the components were fixed with-
in these cell-like units. This method
has its good and bad features. It does
provide rigidity but it hampers servic-
ing. For it is almost impossible to get
to the components in the box, and thus
the entire box has to be removed;
rather a cumbersome and tedious job.
Another complexity of this design is
that it is usually necessary to unsolder
connections to the box, since there are
no connecting strips. The casings are
so involved in some of the assemblies,
that bosses are provided. Components
are mounted on these bosses.

N German Messerschmitt 109E shot

www americanradiohistorv com

down somewhere over England.
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The method of wiring is quite
unique. In some instances, it is
bunched to form a so-called snake for-
mation. A grooved recess provided in
the casting and lined with copper foil,
houses this snake wiring, thus provid-
ing protection and shielding.

In the components were found many
interesting features. For one thing,
silvered ceramic trimmers are used
almost universally, instead of micas,
even at audio frequencies. Oddly
enough these ceramic type condensers,
which are now so popular here, were
introduced several years ago in Ger-
many. In the transmitters, molded
bakelite mica condensers are used, in
addition to the wax-paper Mansbridge
type of condensers. Laminated bake-
lite is used in some instances for re-
sistor and condenser mounting. Sol-
dering strips are of ceramics.

As was pointed out in a previous
paragraph, the rotor plates of the va-
riables are machined out of a die cast
piece. They are mounted onto a ce-
ramic spindle. Similarly made are the
stator plates, they being clamped to
two ceramic rods. Tracking is pro-
vided with a two-rotor and three-sta-
tor master oscillator condenser. In
both the doubler and amplifier cir-
cuits, a rotor and two-stator unit is
used, in addition to a trimming plate.
This plate is mounted on the rotor and
meshes with the rotor. A serrated
edge provides movement of the plate.

Spiral grooved ceramic forms, with
silver deposits in the grooves to form
turns, are used in most of the instru-
ments. This deposit, applied by elec-
trolysis rather than spraying, affords
stability, low capacity between turns
and additional surfaces for the ultra
high currents.

Iron dust cores are used rather ex-
tensively. In one coil construction
studied, a plastic, three-section bobbin
fitting over an iron core and molded
in one piece served as an r-f and i-f
unit. To provide adjustment, a screw
action is employed.

Let us now see where some of these
parts were used. One was the Junkers
88, which is a bomber. The transmit-
ter here, a voice type, and the receiver,
a nine-tube superheterodyne, provided
coverage of from 38.6 to 42.2 me. The
operator cannot tune the device, since
there is no remote mechanism. In-
stead, either of four frequencies are
selected, and the equipment set to
these predetermined frequencies. In
the intermediate frequency, 3.15 mc.
is used.

Two pentode tubes, one in a Col-
pitts oscillator operating at half the
carrier frequency with a frequency
doubler, and the other a power ampli-
fier, are used in the transmitter. The

Marech. 1913

EQUIPMENT

Power Unit and associated filter circuit components for
the transmitter and receiver removed from Nazi aircraft.

This German radio receiver was found intact upon being
removed for inspection by British radiomen in England.

5
R et B

gﬁ’@ﬁ Y

www. americanradiohistaorvy com



www.americanradiohistory.com

The trailing winch of a dissected antenna system.
Note the automatic reel and drum assembly units.

modulator tube is a standard type re-
ceiving pentode, and thus grid modu-
lation is used.

Dynamotors supplied with three
commutators supply energy for the 24
volt direct current motor supply,
anode supplies and grid bias, respec-
tively.

A single wire, 6 feet 11 inches long
suspended from a deck type insulator
to a point on the tail, and matched to
a concentric feeder by means of a T
network, serves as the antenna.

Of unique design is the equipment

installed on the reconnaissance and
more recent bombers. This consists of
apparalus that affords four fixed-fre-
quency short and long wave lengths,
a direction finder, intercommunication
system, and a blind landing approach
unit. A separate direction finder re-
ceiver, combined with a compass re-
peater, is used for navigation by the
navigator. Pulses from the long wave
transmitter provide hearings from the
ground, that are free from night er-
rors.

On these instruments, electrical re-

This is one of the transmitters taken from Nazi
aircraft. Note the intricate multi-point plugs.

12
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An underside view of a direction-finder loop., a
part of the Telefunken direction-finding equipment.

mote control is used. 'An intermediate
frequency of 140 kec. is used for the
long waves and 1.4 mc. is used for the
short waves. Here again we find the
free use of the ceramic condensers
and powdered iron core transformers.
In the compact superheterodyne re-
ceivers (8 x 8% x 7 inches), acorn type
pentodes are used. They have ring
seals. When the tubes are used as
triodes, the suppressor and screen grid
are connected to the anode. And in-
cidentally no automatic volume con-
irol is provided for in these receivers.

In the short wave transmitter,
which has been designed for continu-
ous waves only, a master oscillator is
used to drive two power amplifier
tubes in parallel. In the grid circuit
of the master oscillator circuit, the
keying system prevails. The master
oscillator system is also used in the
long wave transmitter.

Remotely controlled tuning circuits,
fitted to a special base, are used in
association with fixed and trailing
type antennae. A remote controlled
antenna winch provides a choice of
two trailing lengths of antenna.

In the fighter plane captured, a
Messerschmitt 109, a transmitter and
receiver built only for voice and op-
erating between the frequencies of 2.5
and 3.75 mc. was found. A master oscil-
lator is used in the transmitter, with
grid modulation and two output tubes
in parallel. As in the Junkers 88 unit,
preset operation is used here too. A
single antenna is used for the receiver
and transmitter, with a variometer
tuning the antenna for the transmit-
ter. An output of 21 watts is avail-
able from the transmitter. The re-
ceiver, a superheterodyne, uses penta-
grid tubes, and an intermediate fre-
quency of 509 kc.

Probably the only transmitters that
can be classified as quite unusual from
an electrical and mechanical stand-

(Continued on page T7)
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DYNAMOTOR
FILTERING

by HARRY GOLDBERG

Chief Eng., Pioneer Gen-E-Motor Co.

Increased use of motor generators makes it

necessary to understand the correct means

for the removal of unwanted interference.

Motor-Generator set with control box.

RAWINGS shown are intended
]) to indicate a method of effec-

tively filtering a dynamotor.
Figure 1 and Figure 4 indicate respec-
tively an ungrounded unit and a
grounded unit. This type of filtering
should be used for sensitive receivers
or when exceptional filtering is desir-
able con a transmitter dynamotor. Fig.
2 and Fig. 3 indicate a less effective
filter (ungrounded and grounded) al-

transient condensers. They must be
mounted as near to the generating
source of radiation as is physically pos-
sible. This source is at the surface of
the brush in direct contact to the face
of the commutator. Condenser ground
connections must be direct and as
short as possible. The term ground in
this application shall be considered
only as the dynamotor housing or
frame. All condensers in the radio

Ly, Ly, Le—Iron core reactors
Ly, Ly, L;, L—Single layer R.F. chokes
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Fig. 1.

though in many applications such a fil-
ter will serve sufficiently.

In regard to condensers, it should be
noted that air, mica, oil, and good qual-
ity paper types are theoretically de-
sirable in this order. However, prac-
tical considerations eliminate the air
type. In r.f. circuits, only mica or oil
condensers should be used. In the audio
filter, any good capacitor may be used.

Shielded compartments around in-
dividual filtering units are highly de-
sirable; a unit is a reactor and its asso-
ciated capacitor.

Condensers C;, C,, C,

and C, are

Fig. 2. 2nd best ungrounded

system.

Best ungrounded system.

frequency trap shall be grounded to
one common point if possible and prac-
tical. Avoid long ground leads or high
resistance grounds. When necessary to
make ground connections at several
points, be sure to reduce the high fre-
quency ground current to a minimum
by a proper bond.

When strong ground currents are
present due to r.f. condensers discharg-
ing into the ground, such ground cur-
rents can couple into other circuits of
a radio receiver, and when such is the
case, such a condenser discharging fre-
quency into the ground will be tun-

Fig. 3.

Mcdel RA-10 single-cylinder, 1 kva. unit.

able to its corresponding frequency
and its harmonics, resulting in audible
noise.

The function of condensers Cs, Cs, Cu
and Cy is to suppress any coupling that
may be picked up by the leads from
within the dynamotor. These condens-
ers shall be connected to the leads as
they emerge from the frame to its
shortest possible dimensions. Once r.f.
filtering starts they must run their
course so that no coupling exists,
namely, the l.v. going in one direction
while the h.v. goes in another direction
and away from each other.

Only thoroughly filtered wires can
be re-grouped together again or the re-
sult will be in vain. Condensers C,, C,,
Cs, Ci, C:. and Ci are to suppress

(Continued on page 58)
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ELECTRON CONTROL METHODS

o

o

A AR

o P

Dual beam-power tube.

U.H.F. Pentode.

by C. D. PRATER

Bartol Research Foundation

Transmitting triode,

This continnation of Fuudamental Atomic Physics explains
the characteristies of vacuum tubes and analyzes their
behavior when subjected to changes of cathode potentials.

N the last article the methods used
lto obtain electrons in a high vac-

uum tube were discussed. In or-
der to utilize these electrons some-
thing has to be done to control them.
Since electrons are negatively charged,
they are affected by charges existing
within the tube. These charges can
be ions, other electrons, or the charges
on the metal or the glass parts of the
tube. If the charges on two bodies
are of like sign. i.e., both negative or
both positive, the forces acting be-
tween them will be such that the two
bodies will repel each other and tend
to move apart. If the signs of the
charges are opposite, i.e.., one negative

Fig. 1.

FLATE

CURFENT
METER

. CATHODE

VARIABLE
PLATE
SURFLY o

Fig. 2.

and one positive, the forces acting will
be such that the bodies will be at-
tracted to each other. This is illus-
trated in Fig. 1 by means of two very
light pith balls supported by a silk
string.

If a vacuum tube, containing one
metal electrode and a hot cathode, is
connected as shown in Fig. 2, a cur-
rent will be observed flowing through
the meter. This current is caused by
electrons being attracted by the plate
which is being operated at a positive
potential with respect to the cathode.
If the plate is given a negative poten-
tial with respect t6 the cathode, no
current will be observed since now the
plate is repelling electrons. If the po-

www americanradiohistorv com

tential of the plate is varied, and the
current for the different potentials
noted, a curve similar to the one
shown in Fig. 4 will be obtained on
plotting the results. During this ex-
periment the cathode temperature was
maintained at a constant value. It
might seem surprising at first that a
curve such as this should be obtained
since on first thought it would seem
as though the plate would remove as
many electrons from the cathode as
the cathode emits as soon as the plate
potential was a small positive value.
It might be thought a curve similar
to curve X of Fig. 4 would be obtained,
but this is not the case.

The reason for the more gradual
rise in plate current as the plate po-

Fig. 3.

POSITIVE PLATE

HEGATWE FLATE
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tential is raised is that the electrons,
being negatively charged, shield elec-
trons on the side of it away from the
plate from the action of the plate.
Since the electrons do not move from
the region of the cathode to the plate
instantaneously but require a finite
time of transit, even though this time
is extremely small, the electrons in

——
———
——-
= |
——
|
—
E——
—_ |
‘———‘—
———F
—
f————

3
i
H
H
u
%l
P
f
5
|
K
£y
?
L]
?
i

NORMAL GRID
(A)

VARIABLE MU GRID

Fig. 6.

transit will tend to shield other elec-
trons {rom the action of the plate and,
therefore, if the {ransit time is not
small enough there will be an accu-
mulation of electrons in the region of
the cathode.

The accumulation will cause elec-
trons to be forced back into the cath-
ode as rapidly as they are emitted
because of the repelling forces between
the electrons. The transit time of the
electrons becomes less with greater
plate potential, and, therefore, more
electrons will feel the effect of the
plate potential to a greater extent.
More clectrons will then arrive at the
plate. This process will be continued

..... SCREEN VOLTAGE =250
PLATE VOLTAGE = 100

PLATE CURRENT (MA)

=50

-60 -30

CONTROL GRID VOLTAGE
Fig. 7.

on raising the plate potential until the
electrons are accelerated to such an
extent that all eclecirons emitted by
the cathode at this temperature will
move towards the plate as rapidly as
they are emitted.

When this point is reached there will
be no further increase in plate cur-
rent with an increase of plate voltage.
This is represented by the section, cd,
of the curve in Fig. 4. When there is
an accumulation of electrons in the
region of the cathode due to an in-
suflicient rate of removal of electrons
by the plate, the tube is said to be
operating under a space-charge lim-

March. 1943

I
kL

PLATE CURRENT

120
ANODE
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Fig. 4.

ited condition. The term space charge
comes from the fact that the accu-
mulated electrons in the region around
the cathode have a negative charge.
As long as the tube remains in a
space-charge limited condition the
plate current will be determined en-
tirely by the geometry of the tube and
the plate potential.

The relation between the current
and the plate potential in a tube oper-
ating under space charge limited con-
ditions is given by the equation

I = KE'/
where I is the current flowing to the
plate, K is a constant depending upon
the shape and distance between elec-
trodes, and E is the plate voltage.
The first part of the curve shown in
Fig. 4 is a graph of this equation and
is shown continued by the dotted line.
The flat part of the curve that de-
pends upon the number of electrons
the cathode will emit is determined by
the temperature of the cathode, and
is therefore governed by Richardson’s

equation given in the preceding arti-
cle.

As the cathode temperature is raised
the cathode will emit more elcctrons,
and the emission will follow the
power law until some higher value of
plate potential is reached which will
now give the electron enough acceler-
ation to remove all electrons from the
cathode. When the tube is operated
with the plate potential suflicient to
remove all electrons from the cathode
as fast as they are emitted, the tube
is said to operate under emission lim-
ited conditions. A tube of this sort,
having two electrodes, a plate and ¢
cathode, is called a diode and as will
be seen has the property that it will
only conduct electricity in one direc-
tion.

In 1907, Lee de Forest placed an-
other electrode in the vacuum tube
which enabled him to exert much more
conirol over the elecirons than it is
possible to obtain with the diode. This

(Continued on page 61)
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MOBILE
CRIME

LABORATORY

Driver’s position in truck. Control panel and handset are within easy reach.

HE advantages of radio com-

munication and sound equipment

have been fully realized in the
new mobile crime detection laboratory
and emergency unit recently placed
into operation by the Illinois State
Highway Maintenance Police.

This ingenious crime laboratory on
wheels which also can be utilized as a
mobile hospital, a combat unit tough
enough to handle anything short of
an army tank, an emergency electric
power station and a fire fighting and
life saving unit, was designed by T. P.
Sullivan, director of the Illinois De-
partment of Public Safety and Pro-
fessor Leonarde Keeler, an interna-
tionally famous criminologist and in-
ventor of the lie detector.

It is completely equipped with every
conceivable scientific device and prac-
tical piece of police apparatus for

16

emergency use. The idea of the labo-
ratory was originated by Governor
Dwight H. Green of Illinois and the
final result of this work developed
into a huge mobile unit 29% feet long
and 11% feet high, armoured through-
out with bullet-resistant steel, with
windows and windshield of heavy bul-
let-resistant glass, and powered by a
131 horsepower Hercules engine.

It carries elaborate radio and audio
equipment to provide the necessary
communication and public address
facilities needed in a modern police
system.

The main radio transmitting equip-
ment consists of a 150 watt crystal
controlled transmitter capable of op-
erating on five frequencies of the
emergency, special emergency, zone,
interzone and state police channels. It
was built by radio engineers of the

www americanradiohistorv com

The huge truck shown with tower in place
ready for action.

Note officer in turret.

by CARL H. NICHOLSON

Chief Eng., Illinois Slate Police Radio System

This specially-designed mobile
Iaboratory contains the finest

radio equipment and aceessories.

Illinois State Police radio system at
the laboratory in Springfield, Illinois.
The circuit consists of a 616 oscillator
and an 813 amplifier operated class C.
To modulate the 813 an audio ampli-
fier employing a 6SJ7, two 6C5 tubes
(one being an audio limiter) and a 6L.6
is used driving two type TZ-40 tubes
in Class B.

The tank circuits for the transmit-
ter are all pretuned and the frequen-
cies are selected by means of a selec-
tor switch. The transmitter may be
operated remotely from either the
driver’s seat or from the rear of the
vehicle if the regular operating posi-
tion is not used.

The remote control panels allow the
AC generator power supply to be
placed in operation, controls the tube
filaments, contains a microphone jack,
receiver volume control and a switch

RADIO NEWS
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to select either a front or rear loud-
speaker or both. The microphone con-
tains a press to talk switch which con-
trols the plate voltage of the trans-
mitter.

An ultra high AM 25 watt transmit-
ter operating on 39.180 mc. is also
available to be used in conjunction
with small pack transmitters and re-
ceivers. These pack units are not com-
pleted at this time. However, they will
be able to be carried on foot and will
be of ample sirength to cover walking
distances from the vehicle.

The receiving equipment consists of
a Hallicrafter SX-28 communications
receiver and a S27 AM or FM ultra-
high-frequency receiver covering the
entire spectrum of police frequency
allocations. An RCA MI-7819 auto-
mobile receiver is mounted in the [ront
cab and is fix-tuned to the 1610 ke
state police frequency. With this re-
ceiver the state frequency is moni-
tored at all times withoul using the
AC gencrators.

All transmitters, receivers and high
voltage supplies, with the exception of
the 1610 ke. receiver in the front cab,
are mounted on a single standard relay
rack structure which is hinged 1o
swing out for maintenance and service
work. A hinged shield is attached at
the proper height on the rack for use
as an operating table to hold a tele-
graph key, typewriter and microphone
when nccessary, and adjacent com-
parimenis are furnished for message
forms, telegraph key, spare parts, mi-
crophone and tubes.

Lt Stuper speaks through the elaborate PA system which
is e¢n important part of the complicated radio system.

Schematic diagram of the 150 watt phone and cw transmitter with power supply.
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Two transmitting and one receiving
antennae are provided on the vehicle.
Two horizontal insulated railings
twenty-five feet in length mounted on
the roof are utilized. One is used for
transmitting and the other for receiv-
ing while the vehicle is in motion. A
compressed air operated telescopic
vertical antenna is used to obtain
maximum transmitting range when
the vehicle is in a fixed position. This
vertical antenna, which extends to a
height of 35 feet above the top of the
laboratory when fully extended, is a
custom built affair. It consists of five
sections of brass pipe, the bottom sec-
tion being about 1% inches in diam-
eter, each section of reduced diameter
to about % inch at the top. The ve-
hicle’s engine supplies air pressure
through the regular air brake supply
tank. It is so constructed that it will
remain vertical even though the en-
gine is not running.

The proper transmitting antenna is
selected by a rotary switch controlling
relays for selecting one of the three
antenna couplers. Number one posi-
tion connects the main transmitter to
the vertical antenna through a coupler
fixed at 1610 ke. only. The second po-
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An elaborate antenna coupler was designed for the special transmitters.

HORIZONTAL I
ANTENNA POS. | 1610 K.C. VERTICAL

POS. 2 1610 K.C. HORIZONTAL

POS. 3 C.W. VERTICAL

POS. 4 CW. HORIZONTAL

TO
TRANSMITTER

Q) J

sition selects a second coupler for the
horizontal antenna. The third and
fourth position selects either vertical
or horizontal antennas for radio tele-
graph through adjustable couplers for
all other frequencies.

The public address system is an RCA
type MI-4117 50 watt audio amplifier
with four channel inputs with individ-
ual mixer controls. It is mounted un-
der the armoured turret accessible
from the radio operating position.
This amplifier may also be controlled
from the remote control position.

Two narrow beam trumpet type
speakers are mounted concealed in
front of the vehicle for maximum pro-
jection of sound directly ahead of the
unit. Two non-directional high fidel-
ity waterproof cone type speakers are
mounted on the rear of the unit. These
speakers allow a wide coverage for
addressing assemblies and the micro-
phone may be used in the cab, rear
compartment or turret if desired.

A portable Presto 12-inch recorder
is used for recording confessions,
statements, etc. By means of jacks
and patch cords the following com-
binations can be obtained. The radio
receivers may be fed into the recorder,

www americanradiohistorv com

the PA system may be fed into the
recorder or the recorder may be
played back through the PA system.
The radio receivers may also be placed
on the PA system.

In conjunction with the recorder and
lie detector, a portable rotary con-
verter is used in which 110 volts AC
is obtained from a 12 volt DC supply.
This DC supply consists of two 6 volt
storage batteries placed in a carrying
case. The converter and batteries have
a compartment of their own in the
laboratory, however, they may be eas-
ily carried out if portability is desired.

The purpose of this rotary converter
is two-fold. One reason is to obtain a
noise and vibration free source of
power for the lie detector. This sensi-
tive instrument cannot be operated on
the 3 kw. motor generator supply with-
out picking up vibration from the unit.
The other reason is to enable either
the lie detector or recorder to be taken
out in the field where no AC supply
source is available.

Power to operate the radio and
audio equipment is furnished by two
3000 watt 60-cycle 115 volt single
phase gasoline driven generators

(Continued on page 78)

Master control panel has full
complement of indicator lamps.
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E. Erickson, Supervising Operator, at the
key in front of the receiver position.
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The modulators for the transmitter are a pair of TZ 40's.
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Rear view shows the Hallicrafters sets
and speech amplifiers.
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A THYRATRON
TUBE TENTER

by WILLARD D. STEWART

Tubes used as shield-grid thyratrons muast be
checked for emission and matching eharacter-

isties in order to insure best performance.

All parts of the tester are mounted on the panel.

www americanradiohistorv com

service where the operating fre-

quency is relatively low is an
important phase of electronic applica-
tions. For this medium of control, the
20350 and 2051 inert or hot gas tetrodes,
or more popularly known as shield-
grid thyratrons, are used very effec-
tively. So as to assure the utmost in
tube efficiency, it is necessary that
these tubes be checked for emission
and matching characteristics, partic-
ularly after they have seen some con-
stant service. To provide such a
checking service, the test device shown
in Fig. 1, was developed.

The structure and resultant prop-
erties of thyratrons are quite unlike
those of receiving tubes and thus the
test instrument must include the
necessary means of checking these
properties. In the thyratron, for in-
stance, because of the special electrode
structure, the preconduction of gas-
leakage currents to the anode are ex-
tremely small right up to the begin-
ning of the conduction cycle. Once
the plate current has started to func-
tion, its magnitude is determined by
the plate supply voltage and the load
of the plate circuit.

The plate current is independent of
the grid bias value, but the initial bias
starts the plate current. The plate
current is stopped by opening this cir-
cuit or by creating a polarity reversal.
In order to accomplish the latter, the
condition must occur at a no-grid-bias
interval. The value of the grid poten-
tial at which the plate current starts
is called the critical value. It is this
value that this test instrument checks,
in addition to other necessary char-
acteristics.

In these tubes, the grid current is
very low (less than a microampere),
so that a high resistance may be used
in the grid circuit. This character-
istic provides the tubes with a high
sensitivity, permitting their operation
directly from a vacuum type photo-
tube.” Since the 2050 and the 2051
have a very low grid-anode capaci-
tance, they are not appreciably af-
fected by line-voltage surges.

Either a direct current or alternat-
ing current source may be used to sup-
ply the anode voltage in a relay ap-
plication circuit using the thyratrons.
When the direct current supply is
used, the circuit is said to have a
lock-in feature, since the anode poten-
tial must be removed momentarily in
order to restore the tube to a non-
conducting condition. However, this
so-called lock-in feature is not present
when the supply is of an alternating
current nature. However the average
anode current may be controlled by
the relative phase of the control-grid,
shield-grid and anode potentials.

To match a pair of tubes with this
test device or to compare a tube under
test with a tube of known character-
istics, three steps must be followed.
First the tubes must be inserted in the
sockets, power turned on and ten sec-
onds allowed for normal operating
temperature to prevail. Then the di-

' ; RID-CONTROLLED rectifier
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rect current bias is adjusted to two
and a half-volts. This is regarded as
an index value. Once adjusted it
should not be changed during the test.
This caution is emphasized because of
the alternating current and direct cur-
rent bias circuit arrangement. In the
concluding step. the alternating cur-
rent grid bias is increased to the crit-
ical point, so as to establish trigger
action in the grid. This reaction is
indicated by the meter showing the
plate current.

The plate current meters used are of
the zero-to-fifty ma type. The direct
current bias voltage readings are sup-
plied by a zero-to-fifteen voltmeter,
while a zero-to-ten voltmeter supplies
the alternating current bias voltage
readings.

Thyratrons may be used in truly an
endless variety of systems for control
operations. At the present it appears
as if only the imagination can be
called the controlling factor in their
application. If, for instance, the volt-
age or current to be controlled is quite
low, the necessary amplifiers can be
inserted to raise the impulses to a level
that will activate the contro! grid.

In industry thyratrons have been
employed successfully in such unique
projects as seam welder controls. This
tube is so efficient as a control device
here because it controls with extreme
accuracy the current flow producing
ecach of the overlapping spots or
spaced spots which comprise a seam
weld.

By closing the circuit at precisely
the same point on the alternating cur-
rent voltage supply wave each time,
transient currents are minimized. And
these transients are quite troublesome
and a cause of irregular welding. Es-
sentially, the thyratron control is a
precise timer controlling an electronic
switch, with no moving parts. This
governs the current to the welder.

Sequence timers are another popular
user of the thyratron. Using the tube
here in a synchronous system affords
an accuracy of control that is better
than plus or minus !4 cycle per second.

The use of the thyratron for control
of motors, which today is an excep-
tionally important factor, is quite an
old project for the thyratron. While
it is true that today, the systems have
been improved and streamlined, those
adopted as far.back as 1938 were quite
successful, too. In a report made by
G. W. Garman of General Electric, the
value of the thyratron as an effective
means of direct current motor control
was shown. He pointed out that this
tube when used as a phase-controlled
rectifier could provide the necessary
smooth control of the voltage applied
to the armature or the field without
materially increasing the losses or
changing the load-speed characteris-
tics. Another advantage, he explained,
was in the fact that the desirable char-
acteristics of the direct current motor
could be used without requiring a di-
rect current source of power.

Today we hear of many instances
wherein the thyratron is used to con-
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trel lighting. Its use for this purpose
started many years ago too. In 1937,
its use was adopted for scene fading
systems, rehearsal systems and even
a three-scene preset system. Today its
use in the theatre is as essential as the
lights, or bus wires that carry the cur-
rent. When the three scene preset
system was installed in the Metropoli-
tan Opera House some six years ago,
the innovation frightened the old-
timers. However one performance
convinced everyone that here was a
new mode of light control that was
destined to become a “must” through-
out the theatrical industry.

Actually there are two types of thy-
ratrons. One contains a heated cath-
ode, control grid and an anode. The
other, for which this test device was
designed, contains the additior.al ele-
ment . . . the shield grid. This shield
grid, shields the control grid partially
from the electron stream, permitting
the use of higher grid impedar.ces. It
also shields the plate and cathode from
cach other, thereby affording more
flexible control properties.

The inert gas in the tube reacts in a
fashion similar to that occurring in a
gas phototube. That is, it is ionized
by collision with the emitted electrons,
and increases the current many times.
Since an ample supply of electrons is
assured by the large cathode &t oper-
ating temperature, the positive voltage
of the anode will never appreciably
exceed the ionizing voltage of the gas,
of let us say, 10 to 20 volts, for any
reasonable current. IHowever, if cur-
rent should be demanded before the
cathode has reached the proper tem-
perature, and this may requ:re five

Fig. 1.

THYRATRON
TUBES UNDER TEST

minutes or more in the larger sizes,
sufficient electrons to neutralize the
heavy positive gas ions may not be
available. Thus the ions may bombard
the cathode at high velocity, chipping
off the active material and damaging
the surface. And the same action may
take place if an excessive load, short
circuit or other defect demands a cur-
rent which exceeds the cathode rating.

As long as the thyratron is not con-
ducting, as for instance, when the grid
is held sufficiently negative to prevent
current flowing, the anode may remain
positive without current flow, exactly
as in a standard vacuum tube. }ow-
ever as soon as electron current be-
gins to flow to the extent that ioniza-
tion may take place, the resulting ion
sheath completely shields the grid and
no further grid control is possible.
The grid control can only be regained
if ionization ceases and the current
stops. If an alternating current power
supply feeds the anode, the current
will stop when the negative half-cycle
is reached. And if the anode is sup-
plied with direct current the current
may be stopped by opening the anode
circuit, connecting the anode to cath-
ode for an instant, or driving the
anode negative by a capacitor charge.

The use of thyratrons as a phase-
control device offers students, engi-
neers and experimenters a most fas-
cinating subject and field, in which to
dwell today.
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Circuit diagram of the thyratron tube fester.
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Camera lenses are ground for specific func-
tions. Photocell units use several different types.

1CN FOR PHOTOCELL HOBBYISTS

by GUY DEXTER

The experimenter who deals with photocell equipment should

understand the fundamentals of oplics and associated lenses.

concentrates mainly on photocell

applications soon discovers that
the principles of light transmission and
measurement are invaluable working
information. He finds that transmis-
sion of light energy, reflection and re-
fraction of light beams, and measure-
ment of light intensity and the effi-
ciency of optical systems embody more
technical details than meet the eye.
In order more effectively to utilize
light as a link in electronic control,
familiarity with the leading ones of
these details is essential.

The basic principles of light, includ-
ing basic technology of lenses, re-
flectors, prisms, etc., are encountered
by every student of physics. However,
it is unlikely that the radio man, who
concentrated on another branch of
physics — electricity, will remember
much of his light physics. We present
this review for the benefit of those,
who having forgotten the principles,
need a refresher and for those who,
having never before encountered the
subject, require a streamlined survey
of the field.

Photometry is the art of measuring

THE electronic experimenter who
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light intensity. The art of measuring
light is older than that of measuring
electricity.

A number of the units and defini-
tions for optical quantities are the con-
tribution of photometric science. Pho-
tometry reduces to quantitative terms
all reckoning regarding amount and
intensity of light energy.

Photometry is not a difficult subject
for radio and electronic experimenters
to understand; since light, being of a
vibratory nature, behaves very much
like radio waves and we may accord-
ingly fetch up many radio analogies in
explaining light action.

Wavelength and Velocity

Like radio waves, light waves may
be measured with respect to wave-

Fig. 1.

Converging lens action (real image).
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length. Wavelength, as in the case of
radio waves, is proportional to fre-
quency or vibrations per second. Wave-
length in light very conveniently re-
veals itself in visibility or invisibility
and color. This brings up the point
that there is more to the light spec-
trum than the human eye is able to
detect—at either end of the visible
band are the enormous invisible re-
gions.

In the visible spectrum, light wave-
lengths extend from 7800 angstrom
units (red) to 3800 angstrom units
(violet). The angstrom unit, standard
for expressing the wavelength of light,
is equal to 0.0000000001 meter (one
hundredth-millionth of a centimeter).
Compare these wavelengths with those
of radio waves—e. g., a radio fre-
quency of 1000 megacycles equals 0.3
meter. Along the visible spectrum, lie
red (7800-6300 A. U.), orange (6300-
6000), yellow (6000-5600), green (5600-
4900), blue (4900-4400), and violet
(4400-3800). Beyond the red region, lie
the infra-red rays; and beyond the vio-
let region, lie the ultra-violet rays.

The velocity of light is identical with
that of radio waves; 186,000 miles per
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second or approximately 300,000,000
meters per second.

Reference to the data supplied by
manufacturers of photocells will re-
veal that some of these devices are es-
pecially sensitive in certain regions of
this visible spectrum. Spectral sensi-
tivity curves supplied show the re-
sponse of the photocell (generally in
microamperes output) for a given
amount of light excitation at various
wavelengths (colors). The wave-
lengths are generally stated on these
curves in millimicrons. 1 micron is
equal to 0.001 millimeter, or 0.000001
meter.

The Solid Angle

Since a number of the definitions
of photometry are based upon the wunit
solid angle, we introduce here an ex-
planation of that term. The solid angle
is defined classically as the angular
region enclosed by three or more
planes meeting at a point, such as at
the vertex of a cone. If we visualize
a solid angle formed by planes which
meet at the center of a sphere, we see
that the planes describe an enclosed
area on the surface of the sphere. If
we assume the sphere to have wunit
radius, then we may say the solid
angle is equal numerically to the afore-
mentioned enclosed arca on the sur-
face of the sphere. Thus, any solid
angle may be defined in terms of the

Fig. 3. Virtual image action.

sphere of unit radius, by determining
the size of the section (which may be
of any shape) that is enclosed on the
surface of a sphere of unit radius.

The unit solid angle is the steradian,
equal to the central solid angle inter-
cepting a spherical area equal to the
square of the radius. About any point,
the totul solid angle is equal to 12.56
steradians.

The solid angle becomes extremely
useful to us in dealing with light
which we conceive as composed of a
number of rays in a solid section of
space. This concept is analogous to
that of magnetic flux, which we con-
ceive as made up of numerous lines of
force in a solid portion of space.

Terms and Definitions

Luminous intensity has to do with
the amount of light impinging upon a
surface, and is governed by the inten-
sity of the source and its distance from
the illuminated surface. The unit of
luminous intensity is the candle, in
which term the luminous intensity of
any source may be expressed. Our uni-
versal use of the term candlepower
results from the fact that candles were

March. 1913
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Fig. 2.

the established source of artificial light
when the basic photometric standards
were set.

Illumination describes the amount of
light falling upon a lighted surface
and is expressed in foot-candles. One
foot-candle is the illumination given
by 1 standard candle placed 1 foot
from the illuminated surface. Simi-
larly, 1 meter-candle (also called 1
lux) is the illumination produced by 1
standard candle at a distance of 1
meter.

Luminous flux has been defined as
the “rate of flow of radiant energy.”
The unit of luminous flux is the lumen.
One lumen is the luminous flux emit-
ted in 1 steradian (unit solid angle) by
a light source with average intensity
throughout the solid angle of 1 candle.
1f the source has uniform candle
power in all directions (such as would
be true if the source were at the cen-
ter of a sphere of reference) and is
numerically equal to 1 candle, the
emitted flux is 12.56 lumens.

From a slightly different viewpoint,
the lumen may be said to be the
amount of light which flows through
an area of 1 square meter at a dis-
tance of 1 meter from 1 standard can-
dle, or through 1 square foot of area
at a distance of 1 foot.

Brightness expresses intensity per
unit area and applies both to self
luminous and illuminated objects or
surfaces. Thus, brightness is ex-
pressed as the luminous intensity of
the surface divided by its area. The
unit of brightness is the lambert. It
is also common to express brightness
in candle power per square centimeter
(1 ¢. p. per sq. cm. — 3.14 lamberts).
The practical unit of brightness is the
millilambert, equal to 0.001 lambert.
The interrelation of the various bright-
ness expressions may be seen from the
following equations:

1 candle per sq. cm. = 3.141 lambert.

1 candle per sq. in. = 0.1150 candle
per sq. cm. = 0.4869 lambert.

1 lambert == 0.3183 candle per square
cm.

Luminous efficiency is expressed in
lumens per watt, and is the ratio of
the total light radiation in lumens to
the total energy radiation in watts.
The mechanical equivalent of light is
shown by:

1 lumen = 0.001497 watt.

1 watt = 668 lumens.

(From Handbook of Engineering
Fundamentals. Eshbach. Wiley.)
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Iustrated above are six types of lenses.

Light Brightness Kif.
Souree (candles/sq. (lumens/

. cm.) watt)
Sun, outside

earth’s at-

mosphere.. . 200,000 100

At horizon.. 600 5000
Clear Sky

(av.) ...... 0.4 0000
Black Body at

6500° K.... 294,000 90

At 4000° K. 24,350 52.2
Electric Arcs
Searchlight

Arc........ 50,000 to cese

70,000

Crater of car-

bon arc .... 16,000 eeee
Mercury-va-

por arc

(glass) .... 2.3 14
Incandescent

Electric

Lamps
1000 watts

gas-filled

tungsten ... 1210 20
500 watts

tungsten ... 1000 18.1
100 watts

tungsten ... 579 129
40 watts vac-

uum tung-

sten ....... 203 10
Tantalum (2

watts per

candle) .... 53.1 S
Treated car-

bon (3.1

watts per

candle) .... 70.6 34
Untreated car-

bon (4 watts

per candle). 54.9 2.6

Standards. The international can-
dle is the international unit of lumin-
ous intensity. It is taken as the light
emitted by 5 square millimeters of
platinum at the temperature of solidi-
fication. The international foot can-
dle is the direct illumination on a sur-

(Continued on page 75)

Fig. 4.

Relations for lens equation.
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WARTIME PROGRENS IN
ELECTRONICY

by ROBERT EICHBERG

Electronics Research Engineer

New cirenits for applications in military

and civilian production are discunssed.

ALF - WAVE voltage - doubling
l’l rectifiers have been widely

used for a long time, particu-
larly in inexpensive receivers designed
to operate directly from the 115-volt
A.C. lines without benefit of a power
transformer. Yet it has remained for
D. L. Waidelich of the University of
Missouri and C. H. Gleason of West-
inghouse, both Associates of the Inusti-
tute of Radio Emngineers, to analyze
their operation and to compare the
half-wave with the full-wave circuits.
This is illustrated in a recent issue of
the LR.E. Proceedings, from which the
accompanying diagram, Fig. 1, and the
following information are taken.

At a glance, the connections will
show that Tube T, conducts during
half the A.C. cycle, while T. conducts
during the other half; and according
to the authors, condenser C, is charged
to approximately the peak value of the
supply voltage while T. is conducting
while being discharged during the re-
mainder of the cycle. For the purpose
of simplifying the analysis, the au-
thors assume that the A.C. supply has
a sinusoidal wave-form of zero impe-
dance; that the resistance of the tubes
is zero when conducting and infinite
at other times; that the condensers
have the same capacity and zero
power factor; and that the load re-
sistance has zero inductance.

As these assumptions are made, the
complete circuit may be broken down
into three equivalent circuits: (1)
with Tube T, conducting, (2) with

neither tube conducting, and (3) with
Tube T. conducting. With T, conduct-
ing, the effective circuit may be de-
scribed as a D.C. circuit consisting of
C, in series with R, with C, in parallel
with R, and with the positive potential
applied through C,. With neither tube
conducting, the equivalent circuit is
merely C. in parallel with R, with po-
tential stable so that current flows
unidirectionally, in the same direction
as during the conductive period of T,,
due to the charge on C. The third
equivalent circuit (which, together

with the second, described above, illus-
trates the conductive period of Tube
T.) shows C, inserted in a D.C. line of

AN

Fig. 1. Half wave voltage-doubler,

the same polarity as that in the
previously mentioned circuits.

The input condenser, C,, must be of
sufficiently high rating to withstand
the supply voltage; while C., the load
condenser, must be able to handle
twice that voltage.

According to the authors, both half-

Fig. 3. A new circuit for producing negative resistance.
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wave and full-wave voltage doubling
rectifiers afford advantages and disad-
vantages. The full-wave, they say, af-
fords higher input power factor, lower
peak tube currents, output voltage
with somewhat less ripple (and that
ripple of higher frequency) and slight-
ly better voltage regulation. The half-
wave provides lower peak inverse tube
voltages, lower effective input cur-
rents, and permits grounding of both
load and input source, for one lead is
common to both.

The article in Proceedings goes into
considerable detail as to the design of
the circuit and an analysis of its char-

Fig. 2.

How negative resistance is obtained.

acteristics, but space does not permit
a more complete discussion here.

In the same issue, a couple of
engineers discuss the use of positive
feedback in conjunction with inverse
feedback to secure high stability in a
two-stage amplifier of this sort. The
writers are Cledo Brunetti, formerly
Assistant Professor of Electrical En-
gineering at Lehigh University, now a
Radio Physicist at the Nuational Bureau
of Standards in Washington, and
Leighton Greenough, Byllesby Re-
search Fellow at Lehigh.

Assuming that a negative resistance
is necessary in certain oscillators,
tuned parallel circuits and special net-
works, they have designed one which
is independent of frequency, normal
supply voltage and tube variations. It
is possible, they point out, to couple
part of the output of an amplifier back
to the input, so adjusting the positive
feedback and degree of amplification
that the amplifier’s input impedance
becomes a pure negative resistance.

In Fig. 2, which shows the basic
method of obtaining negative resist-
ance, the impedance Z is connected
between one of the input and one of
the output terminals of a two-stage
amplifier. With an extremely high
impedance of the input grid of the
amplifier, if Ei is the input voltage
and A the amplification, the resulting
current will be Ii — (Ei —AEi)/Z.
From this, the input impedance, Zi, is
seen to be Zi = Ei/Ii =Z/(1—A). Thus
if A has no phase shift and is greater
than unity, say the authors, Zi—
Z(—X), where —X is a negative num-
ber. Zi may be varied by changing
either Z or A-—preferably both—for
altering the feedback resistance, Z, af-
fords large-step variations in Zi, while
changing the amplification affords
finer control. However, keeping am-
plification low increases stability, pro-

(Continued on page 70)
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THE

SMAGA (F

THE

VACUUM TUBE

by GERALD F. J. TYNE

HE modern vacuum tube may

l well be regarded as the goal to-

ward which scientists were grop-

ing for approximately two hundred
and fifty years. The early scientists
were seeking an explanation of known
electrical phenomena, trying to extend
the scientific knowledge of the world,
and their contributions to later in-
vestigations became of great impor-
tance. Actually two centuries of sci-
entific research went into building the
foundations of the science of ther-
mionics. Another fifty years elapsed
before scientists and technical ex-
perts produced the tube which in one
generation affected everyday living
for people all over the world. Around
this tube great industries have been
built, great fortunes made and lost.
In the short space of fifteen years
after its first practical application the

Born at Binghamton, N. Y., 1899, Attended
Canisius College & Rensselaer Polytechnic
Institute. Served at latter as instructor,
1921-29. Since then has been engaged in de-
velopment work in one of largest research
and engineering organizations. Was ham
1912-15. Started collecting tubes in 1923
and studying tube history in 1932. Has to
call in serviceman when anything except a
blown fuse develops in his own home set.

tiny glow from this tube lighted up
endless paths for study in communi-
cation. medicine, and other fields. It
shed light on some of the darkest mys-
teries of nature. The culmination of
this two hundred and fifty years of
tireless searching, studying, and ex-
perimenting was the modern Aladdin’s
lamp, the vacuum tube.

These men of science spent lifetimes
spurred on by the conviction that if

the electrical phenomena could be un-
derstood, this great force in nature
might be harnessed and utilized. The
solving of the mystery of the combined
effects of heat and electricity was one
of the greatest challenges science had

.ever faced. The story of these men

who took up the challenge and through
sheer heroic persistence mastered the
task is a saga as thrilling as any cpic
of ancient or modern times.

To a great extent we will see that
the results attained by scientists and
technical experts responsible for the
evolution of the vacuum tube reflected
the tempo of the ages in which the
men lived. In 1672 and the two cen-
turies following, research was geared
to a slow pace, partly because of the
lack of adequate support for the effort
and lack of an efficient system of com-
munication. For what work was done,

Part I of this especially-prepared series of articles giving the

complete history and development of the radio racunm tube.

Fig. 1. Von Guericke's sulphur ball ma-
chine used in early static experiments.

e —
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Fig. 2.
ments.

Cylinder Machine as used by Hauksbee in his early experi-
Note the belt drive to increase speed of rotating elements.

Fig. 4. A reproduction from ‘Treatise of Electricity
in Theory and Practice” (1st edition, London, 1777).
r———
f
'[ 36 A COMPLETE TREATISE OF ELECTRICITY. 307
/ touch the rofin, or penctrate a liule way riment be repeated wirh the fame iron, when |
in 3. This done, let a perfon hold the cold, 4 e. by kringing it within the fame
tube over a clear fire, fo as to melt the rofin diitance of the oledrified FleQrometer or
within it; ar the fame time, by connciling prive Conduclor, their Ele@ricity will not be
one of the wircs A, or B with the outfide of 2 condued away as before.
/ charged jar, and touching the other with
the knob of the jar, endcavour to make the The above experiments may rcafonably
/ difcharge through the rofin, and you will induce us to fufpn &, that feveral fubflances,

obferve that, while the rofin is cold, no
thocks can be tranfmitted through it; but
it becomes a Conduttor, according as it melts,
and when totally melted, then the fhocks
will pafs through it very trecly.

ExperiMENT IIL

Do fhow that hst Air is a Condulor.

Elc&rify one of the cark-ball clectrome-
tere, fulpended upon the fland fig. 4 of
Plate I, orcle@rify the prime Condutlor with
the quadrant cledtrometer 3 then bring a red-
hot iron within a {ufficient diftance of the
cle@trometer or prime Condulor, and you
will find that they fuon lofe their Ele&ricity,
which is certainly condutted by the hot
air contiguous to the iron; for if the expe-

riment

which are ranged amoag Condudors, would
become cle@rics it they were brought into
a colder temperature; and that all the elwc-
trics become Condudlors, when they are leat=
¢d in a very high degree.

* Tt has been often obferved, that ‘a batte'y may be
difcharged by introduting a red-Liot iron between w0
knobs iniwerpofe?, and funding at fome diftunce from
cach other in tle circuit: but of, inftezd of iron, there
he iatroduced a piece of red-hot glais hetvicen the kr.abs,
Che diftance between them remsining as at frt) the
battery cinnot be difcharged: whence v e may infer that
wither hot air is nnt fo good a Condudor 13 Nas been
imugined, or clf, that 3ir leated by iron (perhaps (rom
its ignited particles) is fronger with refpe®l to its cona
dudling power, than wihiei heated by the 1ed-hot glak.

X2 Exrge
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long periods might elapse before men
in Germany or France appreciated
what was being done by a scientist in
England, though all might be work-
ing on the same problem. Better com-
munications no doubt would have ac-
celerated the study of thermionics.

The period from 1850 to 1880 was
notable chiefly for the investigations
of men who were duplicating, but with
better facilities, the work done by
their predecessors in the field.

News of the discovery of the “Edison
effect” spread rapidly to other coun-
tries. This and further development
of the incandescent lamp served as an
impetus to stimulate scientific in-
vestigation. With the improvement of
both transportation and communica-
tion at this time we find the picture
of research and development quite
changed. Sir William Preece visited
America. Having heard of the work
of the great Edison he witnessed
demonstrations of the “Edison effect”
and took back to England not only his
notes on the demonstration but also
samples of the magic lamps. Sir John
Ambrose Fleming, who was at that
time Electrical Adviser to the Edison
Electric Light Company of London,
studied Preece’s work of repeating
the experiments he had seen in Amer-
ica and continued investigation in this
field, using the same types of lamps.

By 1895 scientists in the United
States, England, and on the Continent
had carefully studied the phenomena,
seeking an explanation.

Five years later men coping with
the problems of the wireless telegraph
began to investigate the possible use
of this device as a detector of electro-
magnetic waves.

While we will present evidence that
Lee de Forest and his co-workers had
conceived the idea of using a heated
rarefied gas as a sensitive detecting
medium in wireless telegraphy, which
idea was later developed into the “Au-
dion,” it was actually Sir John Am-
brose Fleming who obtained the first
patent for the application of a ther-
mionic device, as a rectifier, to wire-
less telegraphy, in 1904.

Even at this stage of the game few
saw the possibilities of the device
which was the grandfather of the
present day detector, amplifier, and
oscillator tubes. Several years later,
when highly trained physicist-techni-
cians attacked the problem, having at
their command all the facilities which
only large capital could provide, the
full potentialities of this “bottle” be-
gan to be realized.

Who really started the ball rolling
toward the modern vacuum tube? As
we examine the foundations of the
science of thermionics we find that the
first stones were placed securely in
position by such men as von Guericke,
Gray, du Fay, Nollet, Winckler, Bose,
von Kleist and their successors. To
the casual observer these may be no
more than a list of names picked out
of a physics book, and placed in
chronological order. Viewing the evo-
Iution of the vacuum tube from pres-
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ent day knowledge, however, we real-
ize the significance and importance
of each man’s contribution.

Looking closely at these scientists
they begin to live again. We see von
Guericke poring over his books, work-
ing in his laboratory, proclaiming his
discoveries to any one who would
listen; Gray, experimenting prodi-
giously, for years jealously guarding
the products of his struggles; du Fay
“the interloper,” performing his so-
called “tricks,” an expert at coming
to the wrong conclusions; Abbé Nol-
let, the exhibitionist, in his curled wig
and black skull cap, with his black
gown barely concealing the richly
laced coat and rapier beneath, dem-
onstrating the fruits of his genius
with one eye on the gallery of the
lords and ladies of the French nobility;
and Bose, giving superhuman demon-
strations, to the awe and wonder of
the populace.

They were all real men, the proto-
types of men who played a prominent
part in the feverish activity surround-
ing the final forging of the link be-
tween the scientific discovery of the
“Edison effect” and its practical ap-
plications.

Probably no electrical discovery of
major importance ever was made but
that the honor of discovering it was
claimed for more than one person. The
origin of the Leyden jar was claimed
for von Kleist, van Musschenbroek,
and Cunaeus, and there are those who
credit de Romas rather than Franklin
with the discovery that lightning is an
electrical phenomenon. The invention
of the electromagnetic telegraph is
ascribed to Steinheil by the Germans,
to Wheatstone in England, and to
Morse in the United States. Reis,
Drawbaugh, Gray, Dolbear, and Bell
all claimed the invention of the elec-
trical transmission of speech. In the
field of the incandescent lamp we have
the conflicting claims of Edison, Saw-
yer, and Mann. In the field of the
thermionic tube we have von Lieben,
the de Forest-Fleming controversy,
and that of Arnold and Langmuir.
The scientific forefront from which
these advances flowed truly is of in-
ternational scope.

In the days of the philosophers these
disagreements were largely confined
to the annals of scientific societies, but
in the past half century the commer-
cial interests at stake have been so
large that invention disputes have
been the subject of long drawn out
actions in the civil courts. This is
partly the result of the patent sys-
tem. Whether in the annals of the
learned societies or in the courts of
the land, these controversies are pro-
ductive of a wealth of material for
the historian. In modern times, when
much development work is done In the
research laboratories of large com-
mercial organization, such actions
bring out and place on record many
of the details of interest which would
not otherwise become generally
known.

In the earlier days of which we shall

March., 1913
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Fig. 3. Details of Winkler's Machine. Fig. 1 shows the ma.
chine set up for operation within ¢ vacuum in glass jar.

treat it will be seen that a device
produced by a philosopher was im-
proved and adapted by those in other
countries, and the use of the improved
device brought about still further dis-
coveries or resulted in more fruitful
work in still a different country. A
barrier to this free interchange of
knowledge and ideas is found in the
language differences involved. That
this was recognized in the early days
may be seen from the preface to the
second edition of Priestley’s famous
“History and Present State of Elec-
tricity,” published in 1769. In this
work Priestley says:

“It is certainly to be regretted
that philosophers have not one com-
mon language but neither the theory
of language in general, nor the na-
ture and analogies of things to be
expressed by it are sufficiently un-
derstood to enable us to contrive a
new and philosophical one, which
might be easily learnt and would
be completely adequate to all the
purposes of science;—These circum-
stances make it the more necessary,

waany amaricanradinhistary caom

that there should be in every coun-
try, persons possessed of a com-
petent knowledge of fareign lan-
guages, who should be attentive to
the progress of science abroad, and
communicate to their countrymen
all useful discoveries as they are
made.”

In addition to the language barrier
it should be realized that the down-
fall of feudalism and disintegration
of the Holy Roman Empire had re-
sulted in sweeping changes in the
social and political system of Europe,
which were in progress during this
period. Countries were torn by inter-
nal strife and external war. While
this had its bearing on scientific de-
velopment and research, consideration
of it belongs more to the field of social
than electrical science. We need con-
sider only the disastrous effect of
these factors upon possible intellectual
unity. ‘The rise of nationalism fre-
quently resulted in the negation of
honestly attributing the truth where
truth was due. The resultant dissen-

(Continued on page 44)
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Priority-Free Radio Intercomm

by ROBERT F. SCOTT, cx-WA4FSI

The small AC-DC sets made during the past several years may

be converted to excellent intercommunicators for home or office.

Front view of the Master Siation, built from DeWald midget receiver.

This front view of a remote station shows the selector switch mounted on unit.
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TH the advent of National
Defense and priorities, there
are many small business firms

that are in dire need of interoffice
communication equipment and call
systems but are unable to get them
because of the priority ratings that are
necessary for the purchase. Al-J rat-
ings or better are often required. Per-
haps all of you know of some small
diner, store or business office that is in
need of this equipment.

The only immediate answer to this
problem is to convert radios already
on hand to do double-duty. The mar-
ket is open to those who want to pur-
chase small AC-DC radio receivers.
There are many radio-bargain coun-
ters that have numerous permanent
magnet dynamic speakers and assorted
switches that are available. With a
radio receiver and a speaker to be used
in each sub-station and a few switches,
you can have a first class radio, inter-
communication set and call system.

The receiver that was converted was
a six-tube AC-DC table model. The
tube line-up in the audio circuit in-
cludes a 12SQ7 as second detector and
first audio, 12SQ7 as second audio,
35L6GT as audio output tube. The
system used here has four remote sta-
tions and a master station. The equip-
ment purchased was: 1 radio receiver,
9 switches, 4 speakers (permanent
magnet dynamic). A roll of shielding
braid and hook-up wire completed the
purchases.

With this system the master station
is able to call all of the sub-stations
at once or may call the stations in-
dividually. The sub-stations may an-
swer the master or originate a call to
him. Radio programs can be broad-
cast to all of the sub-stations or to any
one of them. If a radio program is
being received at a sub-station, the
station or stations receiving the pro-
gram may interrupt the program to
call the master position.

The Master Station

The master station is the station
that controls the selection of stations
and the radio programs and is the
key position for the call system. The
equipment at the master station is
composed of a radio receiver (super-
het-) and a control box (for mounting
the switches). The switches at the
master position are four SPST toggle
switches, and a Push-to-Talk switch.
The latter switch is a two pole-three
position, lever type, positive action
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switch. This switch changes the vari-
ous stations through the various posi-
tions. The switch is shown in two
parts on the drawing. The toggle
switches SW2 to SW5 inc. are used
to select the stations that are to be
placed or removed from the circuit.
There is a six terminal, terminal strip
mounted on the back of the control
box. The three wire cables, that run
to cach sub-station, are connected to
this strip. It is not advisable to use
a 3-wire cable where the wires are
interwound as the capacity between
wires will reduce the voltage output
considerably. Use 3 wires strung
loosely side by side, between the sub-
stations and the control panel. The
control box is 3'% inches deep and is
just large enough to support the radio
that is mounted on the control box.
The control box is so wired that the
sub-stations may originate a call at
any time regardless of the position of
the toggle switlches.

One fterminal from each toggle
switch is connected to one of the
terminals on the strip. The other
poles of the switches are connected to-
gether and a shielded wire run from
this point to one of the movable blades
of Swl. Positions 2 and 3 on the same
side of the switch are joined together
and wired to positions 1 and 2 on the
cther side of the switch. The remain-
ing positions, 1 and 3, on opposite sides
ot the switch are wired together and
a shielded wire run from this point to
the grid of the first audio tube. The
jumpered positions, 1 and 2; 2 and 3,
are connected by shielded wire to one
end of the high impedance winding of
T2. The other end of this winding is
grounded. The remaining blade of
switch Sw1 is wired to the high im-
pedance winding of T3, the other end

Front view and layout for the Master Station.

A three-position

vertical switch is centered on the front of the sub-chassis.

of which is connected to a common
ground point. The voice coil of the mas-
ter speaker is connected 1o the voice
coil winding of T3. The voice coil wind-
ings of T1 and T2 are connected to-
gether. T1 is the transformer that is
mounted on the receiver speaker.
Transformers T2, T3 and T4 are bar-
gain counter output transformers de-
signed to match a 35L6GT to voice
coil. (3000 ohms to voice coil im-
pedance.) They cost less than 25

cents each. It was originally planned
to replace T1 with a plate to 500 ohm
transformer. T3 was to have been a
voice coil to grid transformer. T2 was
planned as a duplicate of T1. T4 to T7
inc. were to be 500 ohm line to voice
coil transformers. We later found that
these could not be purchased without a
priority rating. Suitable substitutes
have been found in the present trans-
formers. The matching seems very
(Continued on puge 78)

Wiring diagram of the converted receiver, now adapted for use as an intercomm.

T4 TS
SW6 ; %El@ SW7 @ sSws

SUB - STATIONS

( GREEN

M MASTER

RECEIVER i

VOLUME CONTROLI _—»

AAAAAAAAAA
VWWWWWWA

al SPEAKER

K

PARTS WITHIN DOTTED
LINE ARE IN CONTROL BOX

Ti—Output transformer (on receiver)

T., to T; inc—OQuiput trans. 3000 ohms to v.c.,
Stancor

Sw—2P3T Lever type switch, Centralab

Sw,, Saw, Swy. Swi—SPST toggle switch, H & H
Swi, Swr, Swy, Sw—SPDT spring return toggle

switches H & H

Speakers, four P.M. dynamic, Utah or Jensen

March. 1913
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PRACTICAL RADIO COURSE

by ALFRED A. GHIRARDI

Part 12 of the present series tells what tubes
specifie circuits and shows their behavior under various conditions.

N ORDER to intelligently select
l the proper tube for a particular

application it is necessary to
know the desirable characteristics for
that particular application. The tube
manuals published by the various
manufacturers give a brief descrip-
tion of the recommended applications
along with the characteristics, but in
order to obtain optimum performance
from the circuit it is necessary to se-
lect each tube used with particular

attention to the circuit needs. Of
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course considerable latitude in this

respect is possible as there are a great
many types which are electrically
similar, differing only in base connec-
tions, filament voltages, and physical
size and construction.

Tubes for R-F Amplifiers

If for example, a tube were to be
used as an r.f. amplifier, we would se-

Fig. 2.
600
50!
~_.1.550 V. RMS. PER PLATE

&

400
5 =~[_450 v. RMS. PER PLATE
W
R \'_\
e
e 309 350 V. RMS, PER PLATE
.
< 200
(4]
5
(=3
>
S 100
o

4} 40 80 120 160
DC. LOAD IN MA,

lect one with high gain, low interelec-
trode capacitances and ability to han-
dle various signal voltages without
crosstalk or modulation distortion.
An examination of the various types
listed shows that these requirements
are best met by the variable-mu pen-
todes such as the 66 or 6SK7 in the
six-volt series or the 1P5G in the bat-
tery type. There are other tubes of
the same general type listed in the
tube manuals for other supply volt-
ages which would serve equally as
well with slight circuit modifications.
Components generally available for
home construction are usually listed
in the manufacturers catalogs for use
with various groups of tubes of the
same general type.

Tubes for Frequeney Converter or
Mixer Service

The selection of a tube for use as a
frequency converter or mixer in a su-
perheterodyne offers considerably
more difficulty. First, the signal fre-
quency range the receiver is to cover
has an important bearing upon the
tube selected. For general broadcast
and medium range coverage any of
the pentagrid converters such as the
6AS8, etc., are satisfactory, as they of-
fer the necessary conversion gain and
transconductance. However at high
frequencies such as are encountered
in so-called “all-wave” receivers the
frequency stability of the oscillator
section of these tubes is poor and the
output of this section is too low for
efficient conversion, or ceases entirely.
The only remedy for this condition is
to either use a separate tube as an

are best suited to

oscillator, coupling it into the normal
oscillator grid of the converter, or
use a tube designed to give efficient
operation at these frequencies (such
as the 6K8 or 6SAT). For the best all
around operating results the separate
oscillator offers the best solution.
However in commercial construction
of receivers it is necessary to temper
optimum results with costs so the
usual choice is a tube of the 6K8 or
6SA7 variety. Both of these tubes
function fairly well at these fre-

quencies.
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Tubes for I-F Amplifiers
In general the requirements for a
tube to use in an i.f. amplifier are the
sanre as those for r.f. stages as the
only difference lies in the signal level

Fig. 4.
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and frequencies at which the circuits
operate. For most broadcast receiver
applications sufficient gain is fur-
nished by one stage of amplification
using a tube of the 6D6 or 6SKT7 type.
However in receivers of the communi-
cation type the need for greater se-
lectivity and gain requires the use of
two or sometimes three stages of i.f.
amplification. The i.f. amplifiers used
in f.m. receivers must be capable of
considerable gain as well as have a
broad band width, so to satisfy this
requirement with a minimum number
of tubes and a minimum of compo-
nents special tubes such as the 6AC7
and 6AB7 have been developed. By
use of such tubes it is possible to get
as much as four times the gain per
stage as is obtained with tubes of the
6SK7 type. Naturally with such tre-
mendous gains it is necessary to take
special precautions in construction
and wiring to prevent undesired re-
generation and oscillation.

Detector Tubes

Tubes for use as detectors can be of
several different types depending on
the results desired. For use as a grid
leak detector a tube such as a 6C35 or
equivalent is often used, in simple re-
ceivers, as it is possible to use head-
phones directly in the plate circuit of
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such a tube. The plate resistance is
low and a good impedance match is
obtained. Where an audio amplifier
is to be used following the detector
the usual practice is to use a tube
such as a 6C6 or 63SJ7. Considerably
more gain and sensitivity can be ob-
tained {rom a tube of this type than
from a simple triode, and the follow-
ing amplifier furnishes the proper
plate load for the tube. As the power
handling capabilities of a grid leak
detector are poor, when fidelity and
output are important, recourse to
some other type of detector is neces-
sary and either the plate detector or
diode is used. For use as a plate de-
tector either a triode such as a 6C5
or a pentode 6C6 or 6SJ7 is satisfac-
tory. While a plate detector does not
load the tuned circuit feeding it, and
does contribute considerable gain, it
has the disadvantage that A. V. C. is
not possible unless a separate tube is
used. Consequently in most receiver
designs the usual practice is to use a
diode such as a 6H6 for a detector, or

March, 1913
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a combination diode-triode or diode-
pentode such as the 6Q7 or 6B8 re-
spectively. In an application such as
this the triode or pentode section is
used as an audio amplifier and cou-
pled to the output of the diode.

Tubes for Audio Amplifiers

The choice of a tube for the input
stage of an audio amplifier varies
widely, depending on the gain neces-
sary and the input voltage available.
Where high gain is needed with small
inputs either a remote-cutoff pentode
of the 6C6-6SJ7 type or a high gain
triode such as a 6F5 is used. In re-
ceiver applications the practice is to
use a diode with a high gain triode in
the same envelope.

The audio stage following the input
in most cases does not require a great
deal of gain and can be a fairly low
gain triode such as a 6C5 or 6J5. If
this stage is used to drive the power
output stage either of these may be
used as a phase inverter or a twin
triode 6C8G or 6F8G depending on
which type of phase inverter is de-
sired.

Tubes for use as output amplifiers
must be selected with regard to the
output power desired, the voltage
available to drive the grids, the type
of load the stage is to feed, the plate
voltage available, and the fidelity de-
sired. The greatest fidelity is ob-
tained with low-mu triodes such as
45's and 2A3’s but they have the dis-
advantage of low plate efficiency, high
grid bias, and require a large grid
driving voltage. However, where cost
and other considerations will permit
it, their use is justified as they are
much less critical as to circuit condi-
tions than tetrodes and pentodes.

The present trend is to use either
beam power tetrodes, or pentodes for
the output stage, either singly or in
push-pull. They require little grid
drive, low grid bias, and have a high
plate efliciency, giving considerable
power output at low plate voltages.
Their greatest fault is the high har-
monic distortion, and critical load re-
quirements. The impedance of a
loudspeaker varies considerably with

www americanradiohistorv com

frequency and this varying load is re-
flected back to the output tubes.
Much of this variation can be elimi-
nated by the application of inverse
feedback. Inverse feedback also
serves to reduce the harmonic distor-
tion considerably, although it does
reduce the overall gain of the ampli-
fier, in some cases enough to require
the addition of another stage. The
more commonly used beam power
tubes are the 6V6, 6L6, and 251.6 while
(Continued on page 60)

Fig. 7.
0.4 0.6 0.8 1.0 1.5 2.0 2.5
10
8
7 //
= /
/
) /
4
£ 5 / /
7
: o/
& /
. \\P <%§-/
) \7‘ L~
= N
o N
E 1.0
- 0.8 A / ~
Z . I~ //
o 0.7
2 0.6
X /|
> 0.5 o
S / /
V0.4 /
oY :
0.2 /
0.1
0.4 0.6 0.8 1.0 1.5 2.0 2.5

VOLTAGE CONVERSION FACTOR

31



www.americanradiohistory.com

POCKET VIVM'

by RUFUS P. TURNER

Consulting Engineer, RADIO NEWS

A Vacunm Tube Volimeter need not be of complicated
design in order to make numerous circuit measurements.

UR new unprecedented military
0 radio needs and current war-

industrial requirements have
struck a keynote in the mobilization
of electrical equipment. Test equip-
ment of late design displays this trend.
Wherever possible, test instruments
are being made portable in type in
order to satisfy the demands for ready
movement, adaptability to field use,
and minimum storage space.

Among the laboratory instruments
which traditionally have been bulky
in size is the vacuum-tube voltmeter.
Seldom have these instruments been
made less in girth than the size of
a midget receiver. Only recently has

ance of military and civilian radio
technicians who have need of com-
pletely portable v. t. voltmeters. Un-
fortunately, time did not permit ex-
ploration of all possibilities. However,
it is felt that the circuits presented
are representative of others which
will occur readily to the ingenious
technical reader.

A. C. Midget

The first meter, shown in circuit
schematic in Figure 1, is a complete-
ly a.c. operated instrument based
upon a 6P5GT triode and a 0-1 d.c.
milliammeter.

The small size of this instrument is

Fig. 1.
C;, C.—0.1 ufd. 200 v. tubular, Aerovox 284
C3, C;—Dual 20 ufd. electrolytic, Aevovox PRS-B
20-20

Ri—9 megohm miniature 1 w. resistor (see text),
Aerorvox 1098

R,—900,000 ohm miniature 1 w. resistor (see
text), Aerovox 1098

R3—100,000 ohm miniature 1 w. resistor, Aerovox

R,—1000 ohm miniature 1 w. resistor, Aerovox

1098
R;—10.000 ohm miniature 1 w. resistor, Aerovox
1098

A simple. but extremely accurate VIVM circuit.

R;—500 ohm miniature 1 w. resistor, Aerovox

1098

R.—2000 ohm miniature wire-wound volume con-
trol, IRC W-2000

Rs—3000 ohm miniature 1 w. resistor, Aerovox
1098

Jq, Jo, Jy, Js—Insulated banana jacks, Gordon

S—SPST toggle switch, Arrow

T—Midget 6.3v. filament transformer, Thorardson
T19F80
M—0-1 d.c. milliammeter (2”), Simpson

one of the leading radio instrument
manufacturers offered an entirely
portable v. t. voltmeter for field use.

Working to reduce the dimensions
of simple, but immensely operable
v. t. voltmeters to pocket size, we
have carried on a number of tests with
minimum-component circuits, select-
ing the parts with great attention to
overall dimensions. The results of
these tests we present herewith in
circuits and information for the guid-
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made possible by operation of the
triode at a low plate potential—12
volts, which permits the use of an
ultra-midget power supply.

The 12 volts required for the triode
plate are obtained from a compact
voltage doubler which employs a
miniature 6.3-volt filament trans-
former, a type 6H6 tube, and a dual
20-ufd. electrolytic capacitor. In ad-
dition to furnishing plate voltage, the
miniature 6.3-volt transformer, a

wwWw americanradiohistorv com

Thordarson TI19F80 (measuring only
2"x13%"x1%" overall), supplies heater
voltage to both 6H6 and 6P5GT tubes.

The drain imposed upon this power
unit is unusually low, and the unit
consequently runs sufficiently cool to
permit its inclusion in the close quar-
ters of the small instrument case. A
low-voltage electrolytic doubler capac-
itor is employed with the greatest
safety, since the peak voltage im-
pressed upon it will never exceed
about 18 volts. However, it will be
observed that this component must,
in addition to having the smallest
possible overall dimensions for the
desired capacitance, be provided with
independent leads for each section.
One capacitor recommended for the
application is Aerovox PRS-B 20-20,
which measures 1 inch in diameter and
2%" in length and is provided with a
handy metal mounting bracket and
long leads.

The a.c. model v. t. voltmeter util-
izes a conventional plate rectification
type triode circuit, with approximately
1 volt of grid bias obtained from a
point on the voltage divider R4-R5-
R6.

It will be seen that the 0-1 milli-
ampere d.c. indicating meter operates
in a four-arm resistance bridge in the
6P5-GT plate circuit, one arm of this
bridge being the tube plate resistance.
The adjustable arm is composed of the
variable resistor R7, a 2,000-ohm
I. R. C. type W-2,000 wire-wound con-
trol, and the limiting resistor R8. The
milliameter is initially set to zero by
means of R7 which balances the bridge

Fig. 2. A calibration curve for the 6P5GT tester.
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Fig. 3. An easily-built battery-operated VITVM uses only 1 tube.

C,—0.02 pfd. mica (tno 0.01 pfd. units in paral-
lel), Aerovox 1467

C.—0.1 pfd. 200 v. tubular, Aerovox 284
1, Ro, Ri—=Same resistors as in Fig. 1

Ri—10.000 rheostat, IRC
W-10,000

ohm  wire-nound

M—0-1 d.c. milliammeter (27). Sunpson

Iy, Jo—Insulated banana jacks, Gordon

B, B.—1%, v. pen-size flashlight cclls. Evercady
B.—71 v. flat battery, Everecady No. 773
8$,—SP3P rotary switch, Centralab

s +——D.P.S.T. toggle switch, Arrow

with respect to the steady triode plate
current. The use of a series combina-
tion of fixed and variable resistance
in the adjustable arm permits a larger
amount of the variable member to be
used during balance adjustments and
removes any tendency toward ‘“hair-
irigger” zero adjustments.

The indicating meter is a 2-inch 0-1
d.c. milliammeter (Simpson Model
0O-1). With this instrument, the fun-
damental full-scale deflection of the
v. t. voltmeter is 4 volts RMS. A curve
showing meter deflection versus a.c.
input volts is given in Figure 2.

The normal 0-4-volt range of the in-
strument is increased by the input
voltage divider R1-R2-R3, made up of
small carbon resistors, which afford
additional full-scale deflections of 4G
and 400 volts.

R1 is made up of one 5-megohm and
one 4-megohm resistor connected in
series between jacks J1 and J2. R2 is
one 500,000- and one 400.000-ohm unit
connected in series between jacks J2
and J3. These resistors are mounted
well back from the metal case of the
instrument as possible, in order to re-
duce ground-capacitance effects. The
jacks are mounted through and along
the front edge of the instrument case,
which is really a chassis, and as close
together as the resistor length will
permit.

With every cubic inch of space
utilized to the fullest in the instru-
ment, no room was available for a
rotary voltage-range switch. So input
jacks have been provided instead. J1,
J2, J3, and J4 are insulated banana

Fig. 5.

A real pocket meter.

R—2 megohm 1 w. resistor, Acrorox 1098

B—7Pen size flashlight cell (1V5 +.), Eveready

11, Jo—Insulated banana jacks, Gordon

M—0-50 d.c. microanumeter. Simpson

S—SPST toggle switch, Arrow. (May be slide-
type switch if flashlight case is used as yolt-
meter probe.)

March, 1913

jacks (Gordon) into which the test-
probe leads are plugged.

Due to the low plate voltage em-
ployed in this v. t. voltmeter circuit,
zero drift is almost totally undetect-
able on the 0-1-milliampere scalc.

The scale of the author’s instru-
ment was replaced with a new dial

and voltage source during high-fre-
quency measurements, i.e. the shorter
and heavier the input test wires, the
greater is the H.F. accuracy.

If the specified components and the
layout as intended are employed, the
complete a.c.-operated pocket v. t.
voltmeter may be constructed into a
5"x61%”x2" chassis as a “flat” instru-
ment case. With some ingenuity, the
builder may reduce these dimensions
still further.

Battery V. T. V. M.

For complete portability, battery
operation is recommended. And by
keeping voltage requirements low, as
in the case of the a.c. instrument,
small-size batteries may be employed
and the instrument size kept down to
pocket dimensions.

The first of the battery circuits with
which we experimented is shown in
Figure 3. Plate voltage In this in-
strument is 74 volts. Built around a
1Q5-GT tube and a 0-1 d.c. milliam-
meter, this v. t. voltmeter is powered
by two pen-size flashlight cells (one
for filament heating and one for sup-

Fig. 4. Another single tube battery-operated meter.

C—0.1 pfd. 200 v. tubular. Acrovox 284

Ry, R.. R.—Sce same resistors as in Fig, 1

R,—18 ohms wire-wound, made up from Nichrome
wire, wound on small dowel

R:—150 ohms, 1 w., Aerovox 1098

R.—20 ohms, 1 w,, Acrovox 1098

R—10,000 ohms, 1 w., Aerovox 1098

Rs—150 ohm wire wound rhcostat. IRC W-150

Ji. J.—Insulated banana jacks, Gordon

B—Flat 7Y, ». miniature battery, Evercady No.
773

$.—SP3P rotary switch, Centralab
S.~—SPST toggle switch, Arrow

made of stiff white Bristol board on
which was drawn a special 0-4-volt
scale in accordance with calibration
points. It is strongly recommended,
for complete case of operation, that
the reader make a similar scale. Ref-
crence to voltage curves or tables
necessarily slows down measurements
considerably, and the outstanding vir-
tues of the special scale are quickly
realized.

The circuit of Figure 1, like those
of the other v. t. voltmeters described
in this article, will be found useful for
power-frequency, a.f., and r.f. meas-
urements. However, the upper radio-
frequency limit will be somewhat
limited by the capacitance of the input
jacks to ground and to cach other
and by the length of the test leads. A
series of measurements made by the
author with standard multimeter test
leads indicates that objectionable volt-
age errors enter at about 4 megacy-
cles. But these effects may be reduced
satisfactorily by employing short,
heavy wires not more than one inch
long as test leads between input jacks
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pressing the steady plate current
and a flat 7T%-volt Dbattery for
plate potential (the latter battery is
an Eveready No. 773 which measures
4”}(2311 /lxl%li/l)-

The 1Q5-GT tube, a beam power
model, is arranged as a triode by con-
necting together its screen and plate
terminals directly at the socket. This

(Continued on page 54)

Fig. 6, Calibration set-up for basic meter.
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EVERAL more members are in line for
entrance into the Tube Collectors Club.
Many letters are being received from indi-
viduals giving a list of tubes available for

cash or trade. This information is being

compiled and will be presented in an early

issue. We want to hear from any reader

having one or more of the tubes listed below.

Send us your lists, giving full information

on the condition of the tubes and we will see

that membhers are notified as to what is avail-

able. Address all letters to the Tube Collec-

tor, Ranto News, 540 No. Michigan Ave.,

Chicago, Ill. The following are needed:

Amrad “S” tubes, both cylindrical and pear
shaped

Audiotron

Bartley

Connecticut Detector

Corcoran tube

De Forest Audion-spherical bull single grid
single plate type-candelabra base

De Forest Audion-spherical bulb double grid,
double plate type-candelabra hase

De Forest Audion-cylindrical—Type T—with
or without adapter i

De Forest Audion-pear shape—*Singer type”
—Shaw base

De Forest Oscillions R

Donle B6, B8, BA2, BP71. BR4

Electro Importing Company Audion

Emerson Multivalve

Fleming Valves

Liberty Valve

l.ieben-Reisz “LRS” Repeater

Marconi V24, Q, QX

Margo Detector

Moorhead Electron Relay (cylindrical, un-
based)

Moorhead Electron Relay—Shaw Base

Moorhead cylindrical tube with external grid

Moorhead A-P Amplifier

Rectobulb R3, 6EX

Roome Thermotron, Oscilaudion

Sovereign AC

Strongson Copper Plated Tube

WRC 20, WRC 22

Wunderlich

Kellogg (top-heaters)

All foreign tubes, modern or antiques

Thermo Tron

Electron Relay (single fil.}

Electron Relay (double fil.)

De Forest RJ9 detector

Audio Tron (National Elect.)

Audio Tron (double fil.)

Moorhead (Pacific Lab’s)

Ultra-Audion (1916)

Tigerman Detecto-Amplifier

Donle Type C

Telefunken 1919

TeCo Audiotron adapter

Vacuum Rect. (Wireless Equip. Co.)

A-P Electron Relay

A-PVT Amplifier-oscillator

Moorhead transmitting (1920)

Moorhead Amp-Osc (1920)

De Forest VT21 (Signal Corps)

De Forest 14 kw. Oscillion

De Forest 12.5 w. transmitting

Edison Swan Elect. £ES2, ES4

TV203 (early)

UV204 (early)

A-P rectifier (shaw condensite base)

Kenotron UV217 (early)

Kenotron UV216 (early)

De Forest 20 rectifier

(Continued on page 81)
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Radio Vacuum Tube
Litigation Is Settled

URING World War I, litigation over rights

for the manufacture and sale of vacuum
tube detectors for radio work was suspended by
common consent, and tubes or “bulbs” for gov-
ernment use were made at various plants. As
the situation stood at the close of hostilities, an
attractive market for bulbs was in prospect, but
patent rights prevented any one manufacturer
from entering the field independently. The Mar-
coni Company held rights covering the use of a
two-element bulb, Dr. deForest’s patents pro-
tected the use of the third element, and the
Moorhead Laboratories in San Francisco had
patented still other features also essential to the
commercial production of the best tubes, among
these being the use of a chemical process for
exhausting air. During the war, the JMoorhead
Company had developed manufacturing facili-
ties rapidly, and bulbs were being turned out for
the Allied governments at the rate of 30,000 per
month,

Early in May representatives of the Marconi,
deForest and Moorhead companies held a con-
ference in San TFrancisco and agreed that pat.
ent rights of all three should be extended to the
Moorhead Company, for which the latter should
make payment to the other two on a royalty
basis. In this connection it was noted that this
company was only permitted to make receiving
and amplifying tubes, the Western Electric Com-
pany having the rights to manufacture the trans-
mitting tubes, It was also agreed that the Jar-
coni Company would become the sole sales and
distributing agent for the dMoorhead output. "The
tube produced under the agreement is to be
known as the Moorhead audion. Government
contracts still operative will call for 15,000
bulbs per month, and within sixty days after
the date of the contract, the Marconi Company,
in the capacity of main distributing agent, is to
receive bulbs at the rate of 50,000 per month.

Wireless Questions—1919

ALBERT SMITH, Hoboken, N. J., asks
® ceveral questions on radio matters.

A. 1. We cannot understand why the mere
adjustment of a detector should necessitate such
a great change in the inductance used in tuning.

You must have made some change in the ca-
pacity of your aerial to cause this marked effect,
as detectors have little or no effect on the wave
length,

Your suggestion for a new loose coupler is not
exactly new and possesses no advantage over
modern types. In winding the two coils so close
you practically destroy all selectivity which is
the secret of the operation of the loose coupler.
The plan will work, we admit, and the coupler
will produce louder signals under certain circum-
stances, but for all around work use your present
loose coupler,

The adopted method of shortening the wave
length of an aerial is to connect a variable con-
denser in series. This is done on shipboard when
the “distress signals” are sent out and all sta-
tions with the long wave require a series con-
denser to pick up short waves. We know of no
instruments which will eliminate excessive static
without also weakening to a certain extent the
wireless signals. The only way this static may
be done away with to an appreciable extent is to
shunt a variable condenser across the coupler
secondary, which dissipates considerable static.
The Rogers Underground Aerial is perhaps the
best present method to eliminate static.
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Combination Code Practice
Instrument
EMOVE the gong and hammer from an or-

dinary bell. Mount an ordinary battery
binding-post on the frame between the two bind-
ing posts of the bell, insulating it from the
frame by rubber washers. The key is a 6-inch
girder from a model engineering set, fitted with
a knob at one end. The other end is fastened
to where the gong was, using the same hole, nut
and screw. This time be sure connection is
made with the frame.

To make the buzzer hy-tone insert a piece of
match stick between the armature and the vibra-
tor.

All that is necessary now is to connect one
wire from the battery to the magnet binding-
post, and the other to the insulated one, which
serves as the contact for the key. Connect the
phone terminals to the unused post and to the
vibrator point. Pressing the knob so that it
touches the contact will cause the buzzer to op-
erate.

Reviewing American Radio
History

HE Great War, just ended, has given us

many renewed reasons for pride in our coun-
try, pride in what America has accomplished in
scientific achievement as well as in noble seli-
sacrifice for the common cause of liberty. We
all are justified, therefore, in reviewing what
contributions in invention has been especially
the work of Americans, in what fields of work
we have been pre-eminently pioneers, and not
only pioneers, but, better yet, have kept at the
head of the procession, says Lee deForest.

The world admits that two American boys,
the Wright brothers, were the first of all man-
kind to fly, to wrest from the birds the secret
which baffled human ingenuity since the begin-
ning of history. But, to our shame be it said,
we Americans did not follow up this splendid
beginning as we should have done. The French
and British sportsmen, perhaps because of more
enthusiastic and far-sighted support by their
governments, learned the lessons which Wilbur
and Orville Wright first taught, better than did
Americans, so that at the beginning of the war
the Allies’ bird-men knew far more about avia-
tion, about planes, about engines, than we did.
They were far ahead and had we not swallowed
our pride and diligently gone to school to the
Allied aviators, we would never have been able
to make even the belated showing which during
the last weeks of the war began to prove our
American-trained aviators and our American-
made planes of use to General Pershing’s mighty
armny.

So it was with especial pride that we hailed
the big Navy NC-4 seaplanes the first aircraft
in history to cross the wide Atlantic.

U. S. to Drop Radio Station

RDERS have been received by Ensign W.

C. Finch, in command of the naval radio
station, to withdraw all the naval forces on
August 1 and to return the New Brunswick,
N. J., station back to the Marconi Wireless
Company, from whom it was taken over in the
summer of 1917.

The station will be closed for six weeks or
more, as all the naval equipment is to be re-
moved, according to the instructions from Wash-
ington, and the Marconi people will have to in-
stall new apparatus before they will be able to
take up commercial work.

RADIO NEWS


www.americanradiohistory.com

Non-Wire-Wound Potentiometers

Important developments in the
processing of resistive coatings have
resulted in potentiometers and rheo-
stats claimed to be virtually on a par
with wire-wound units in matters of

resistance permanence, immunity to
climatic conditions and wearing quali-
ties.

"larostat Series 37 controls employ
1the new stabilized element developed
after years of intensive research and
exhaustive tests. This element takes
the form of a resistive coating on a
bakelite base, being practically as
smooth and hard as glass. The ele-
ment is chemically treated during
processing to eliminate all further
changes in its composition. It is like-
wise heat treated to stabilize its tem-
perature and humidity characteristics.

Controls incorporating the new sta-
bilized eclement were quietly intro-
duced to the trade many months ago,
so as to get the reaction of users out
in the field. Users have been prompt
to spot the new element. Accurate re-
sistance values first and last, even
after months of continuous usage un-
der adverse conditions, have been
noted.

Series 37 controls with the new sta-
bilized clements are made by Clurostut
Mfg. Co., Inc., 285-7 N. 6th St., Brook-
lyn, N. Y.

Solenoid Contactor

Among five types of approved sole-
noid contactor units announced by
Guardian Electric Muanufacturing
Compuany, Chicago, the B-5 series has
a contact rating of 50 amperes con-
tinuous and operates on 24 volts d.c.,
producing a coil current of 210 milli-
amperes. It has double pole, single
throw, normally open contacts. Weighs
11.2 ounces.

The B-5 Solenoid Contactor, like the
balance of the series, is built to U. S.
Army Air Force specifications and can
be adapted for numerous applications
of heavy current control in aircraft
and other products.
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Unit is said to resist acceleration
and vibration over 10 times gravity,
that it operates in any position and is
so constructed that it may be disas-
sembled with pliers and screwdriver.
Metal parts are plated to withstand
200-hour salt spray test. Full details
obtainable by writing to Guardian
Electric, Dept. B-5, 1630 West Walnut
Street, Chicago, Illinois.

New Oscillograph

Critical wartime requirements are
responsible for a new cathode-ray os-
cillograph characterized essentially by
a greatly extended frequency range,
more versatility in the handling of ap-
plied signals, and special pickup means
whereby input capacitance is reduced
and stray pickup eliminated. Remov-
able front cover protects panel, con-
trols and tube screen, and also holds
the shielded-cable test probe, when in-
strument is not in use.

Known as Du Mont Type 224, this
new oscillograph is now offered as a
standard instrument by Allen B. Du
Mont Luboratories, Inc., Passaic, N. J.
One of its outstanding features is the
Y-axis or vertical deflection response
which is uniform from 20 c.p.s. to 2
million cycles. It has a comparably
faithful square and sinusoidal wave
response. The X-axis or horizontal de-
flection amplifier has a uniform char-
acteristic from 10 c.p.s. to 100 kilo-
cycles. Both amplifiers have distor-
tionless input attenuators and gain
controls.

The widest variety of signal input
connections are available. In addition
to the conventional amplifier connec-
tions, signals can be applied directly
to the deflection plates of the 3-inch
cathode-ray tube, when it is desirable,
by means of terminals at the front
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panel of the unit. The Y-amplifier has
an input connection for the Shielded-
Cable Test Probe Type 2424, supplied
with the instrument. This reduces in-
put capacitance and eliminates stray
pickup. Al high-voltage electrolytic
condensers are eliminated from circuit.

Type 224 Oscillograph weighs 49
Ibs., and measures 143%” high, 83%”
wide. 15%” deep. It operates on 115
volts, 60 cycles a.c.

Manufactured by the Allen B. Du
Mont Lab., Inc., Passaic, N. J.

Inter-communication System

Illustrated is the Super-Chief model
in the Talk-A-Phone Mfg. Co. of Chi-
cago’s new line of inter-communica-
tion systems.

As noted by the diagram. the
“Super-Chief” has incorporated in its

exclusive features
never before used in inter-communica-
tion systems. Outstanding among these

design many new

is “Conference Traffic Control.” This
enables any number of stations to hold
a private conference without interrup-
tion or eavesdropping from other sta-
tions outside of the conference group.
When one of the conference group is
being called, he is signalled by a light
so that he knows that the call is wait-
ing. Working in conjunction with the
Traffic Control is the “Busy Signal
Light.” This light is illuminated when
the line on another station you are
trying to reach is busy and so remains
lighted until that station is ready for
a new conversation.

Other new features include “Uni-
Trans” or one way automatic trans-
mission, especially effective for the
dictation of letters and the complete
recording of conferences. When “Uni-
Trans” is wused, the “Talk-Listen
Switch” does not have to be operated.

The Super-Chief also uses the latest
type finger-tip pushbutton control
which utilizes in its construction the
“Hold-O-Matic Switch.” In the con-

(Continued on puge 82)
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A group of foreign radio equipment and shortwave set built in Denmark.

MAINTENANCE OF
REIGN MARINE RADIO

by CARL COLEMAN
and
J. T. DONNEL

Arnessen Elect. Co., New York, N, Y.

A litele-known radio subject is covered by

lweo specialists in this unusual profession.

NE of the most difficult situa-
0 tions that has arisen in the ma-

rine radio maintenance service
as a direct result of the present world
conflict is the maintenance of radio
equipment aboard foreign vessels.
This is especially true aboard the
ships of the United Nations whose
countries are now occupied by Axis
forces, thus making it impossible for
these ships to obtain standard mate-
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rial for repair and maintenance of
the ship radio stations.

The necessary radio equipment
aboard steamships today is usually
composed of a main transmitter,
emergency transmitter, automatic
alarm system, radio direction finder
and short wave transmitter, together
with the main receiver and short wave
receiver. There is also the motor
generator, batteries and the battery
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charging equipment and various an-
tenna systems required, which com-
plete the ship’s radio station equip-
ment, all of which must be inspected
thoroughly and repaired when neces-
sary before the ship can proceed to
its next port.

The repair and maintenance of for-
eign equipment aboard ship required
a complete study of the various items
manufactured. This must be done in
order that the best possible advantage
may be taken when it becomes neces-
sary to replace defective equipment
with substitute equipment, made in
this country, when the standard re-
placement parts are no longer avail-
able. When one considers that there
are in Europe alone more than forty
concerns engaged in the manufacture
of marine radio equipment for use in
the ships’ radio stations, together with
the material made in other foreign
countries, the magnitude of such a
task becomes apparent. A (jetailed
study of these various items made by
the foreign companies discloses that
while the basic circuits used are of
standard type, tube design is consider-
ably different and various ideas are
used which are not common in this
country.

Tube replacements must be made
because many European tvpes are of
course no longer available under the
present conditions. Tubes used in
commercial marine radio receivers,

RADIO NEWS
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This smashed up all-wave receiver was taken from a torpedoed ship and arrived at the shop in this condition.

while of the same general character-
istics as most of those manufactured
in this country, are f{itted with pins
to fit an entirely different type of
socket than that used in the United
States. The commnion triode and pen-
tode tubes use a pin and socket combi-
nation such as that shown in Figure 1;
the tube cap, if any, is connected to
the plate within the envelope rather
than the grid, as is common with our
type of tube. Another common type
of socket and tube arrangement is
shown in Figure 2. This arrangement
is used in the double purpose type
tubes. To compare with our present
octal—eight pin type tubes—the for-
eign manufacturers have designed
tubes fitted with small flat pins, as
shown in Figure 3, which fits a socket
with a spring-wiping contact. DMost

Fig. 1. Foreign triode and pentode socket.
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receiver tubes operate at either two
or four volts on the filament, very few
are manufactured for six volt opera-
tion, as is the casc with many of our
common types.

The tubes used in transmitters are
also fitted with different types of
sockets and holder arrangements,
with the exception of one or two,
which are interchangeable with Amer-
ican designed tubes. Most transmit-
ting tubes of foreign design are also
operated at different filament voltages
from tubes of similar American de-
sign, running on twelve and a half,
fifteen and twenty-two volts. Plate
voltages are likewise higher for a sim-
ilar power rated tube, running as
high as ten thousand volls on tubes
of five hundred watts.

One common type used in medium
powered ship transmitters has neither
pins nor prongs, being fitted with holes
in the lower end for the filament and
grid leads of the socket and a similar
hole in the opposite end for the plate
pin on the socket arrangement. An-
other type is fitted with pins similar
to our layouis but has a screw con-
nection binding post fitted at the top
of the envelope for the plate lead.
This tube happens to be a one-kilo-
watt pentode of a design entirely dif-
ferent from any manufactured in this
country, and if no replacement is
available, an entirely new tube layout
for the transmitter must be designed
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—together with the necessary socket,
resistor and condenser changes.
Transmitter design of equipment
built prior to the war was quite a bit
different from that made here in a
similar period. Most intermediate
frequency band transmitters were de-
signed to use a single oscillator tube,
although there were a few more mod-
ern types designed around the master
oscillator power amplifier type cir-
cuits. Many of these master oscilla-
tor power amplifier types of equip-
ment, however, are designed to use
radiotelephony as well as continuous
wave and modulated continuous wave
transmission, whereas it is not com-
mon to find radio-telephone equip-
ment incorporated in the same trans-
mitter on American designs used as
(Continued on page T6)

Fig. 2. Socket for dual-purpose tubes.
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TECHNICAL BOOK

& BULLETIN REVIEW

“PRINCIPLES OF AERONAUTICAL
RADIO ENGINEERING” by P. C. San-
dretto, Superintendent of the Com-
munications Laboratory, United Air-
lines Transport Corp., published by
McGraw Hill Book Company, New
York, N. Y. 406 pages plus index.
Price $3.50.

This book is intended for those hav-
ing basic knowledge of the fundamen-
tals of radio and electrical engineering.
In order to derive full benefit of its
contents, it is essential that the reader
have a fundamental knowledge of
radio and at least understand the
terms used in describing the charac-
teristics of apparatus. To the prac-
tical man, this book may seem too
mechanical, but the mathematician
will recognize the limited depth of its
derivations. Mathematical formulae
are frequently used, and are presented
in such a manner that references may
be made by the serious mathemati-
cians. The book is filled with a liberal
treatment of the history and philoso-
phy behind developments in aircraft
equipment, devoted chiefly to the mili-
tary aviation angle. It illustrates and
describes various units, particularly
from the standpoint of continental
commercial airline operation.

The author states in his preface,
“Although the information contained
in this book may not be sufficient for
military use, it should, however, serve
the purpose for which it was written;
that is, as a basis to which additions
can be made by the student . . . the
factor of secrecy has come into many
of the discussions. For both commer-
cial and military reasons, some of the
facts cannot be published.” Partial
contents of the book are devoted to
application of radio to aeronautics, the
radio range, the ultra-high-frequency
radio range, aircraft direction finders,
markers, instrument mounting, abso-
lute altimeters, direction finding from
ground stations, medium - high - fre-
guency communication, ultra-high-fre-
quency communication, and chapters
including aircraft power supply sys-
tems, considerations in aeronautical
radio systems design and an appendix
containing mechanical requirements
for aircraft radio equipment.

This book is entirely up-to-date, hav-
ing just been published. The material
it contains is of current vintage. Stu-
dents of aviation radio will find this
book a valuable addition to their li-
braries.

“COYNE REFERENCE ENCYCLOPE-
DIA” (Volumes 1, 2 and 3), published
by Coyne Electrical School, Chicago,
Illinois. 1212 pages. Price $12.00 per
set.

Designed especially for the student
of electricity and radio, this reference

(Continued on page 81)
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by JERRY COLBY

UR mail these days is like the
0 ebb and flow of the ships that

are going and coming to and
from all parts of the globe. Here a
radiop has just arrived from around
Midway, there a chap sends in greet-
ings on his return from North Africa
and others send in 73 from Australia.
All of them have seen action of one
sort or another. Some have been so
close to it that the heat of battle seems
to remain in the descriptions of the
written word. As one publisher said
recently there won’t be a depression
after this war is over because a mil-
lion books will have to be published
recounting the experiences of all those
who have been in it. And some of the
best storytellers are radiops . . . or
shouldn’t we know.

BROTHER HC Craig, Chief

radiop USN, who has just re-
turned from the North African coast
tells us “when I wrote you my last
letter it was just before we shoved
off for the assault on Morocco. It
was quite an adventure, my ship was
in the group that went into action at
Safi, a small port about 125 miles
south of Casa Blanca. While our
group did not meet the stiff opposition
that the boys did at Casa Blanca.
Fedala and Mehdia and up around
Oran and Algiers we had our trou-
bles. We suffered no losses in ships
or personnel. Our forces knocked out
the French shore batteries which were

Bt
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“It’s interference from that Indian
reservation!”

www americanradiohistorv com

155’s and 75’s and machine gun posi-
tions. It was a thrilling sight in the
early dawn of November the 8th to
see the flight of shells with tracers
from our supporting ships which in-
cluded a battleship, a light cruiser
and a number of destroyers and
smaller craft. We made good speed
in unloading and got out of there. As
you have read in the papers you know
that five of our transports were tor-
pedoed around Casa Blanca.”

HC continues: “Upon my return to
the states I was detached from the
ship to shore duty here at My
billet here is with the radio school
where I am in charge of the radio sec-
tion of group two. This is a very in-
teresting place but I am not at liberty
to tell you a great deal about our
training program. Suffice to say that
we are turning out some pretty good
operators in the short period that is
allotted. Many of our students have
had no previous training and learn
the code for the first time. Of course,
once in a while an ex-Ham or some
fellow with previous experience does
pop in. Incidentally, the Navy is
training Negro recruits in practically
all classes of naval ratings. They are
at Camp—and the first group of ra-
diomen, yeomen, storekeepers, Quar-
termasters and signalmen graduates
on January 4th. But I want you and
the gang to know that although I had
understood that this was a large train-
ing base, I had no idea that it was as
large as it is. They make the claim
that it is the largest of its kind in the
World. 70,000 persons are supposed
to be attached here . . . which is quite
somethin’. Radiomen are going to
tops after this shinding is over, so the
more the better.”. . .

HAL STYLES, Prexy of the Los

Angeles-Hollywood Chapter of
the VWOA, has this to say on the clos-
ing days of 1942: ‘“The closing of
1242 marks the ending of a period in
which we in America have made great
strides towards total mobilization of
our industrial, economic and man-
power forces. As an indispensable fac-
tor in the war effort, Wireless has
made a great contribution of which
we veterans can be especially proud.
Not only because many of us have
hearkened to the urgent call of Uncle
Sam, but because of the influence our
Association has lent toward awaken-

(Continued on page 58)
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Presenting latest information on the Radio situation.

IT ISN'T NECESSARY TO RACE
to Washington anymore to get WPB
assistance on radio production prob-
lems. For branches or ‘“local field-
service units” of the radio and Radar
division of the WPB have been estab-
lished in several cities thus far. In
the New York office, Frank Mistlery
has been appointed as head of this di-
vision. He is being assisted by a staff
of six. The Chicago office is headed
by Ray C. Woodford, who was formerly
in charge of sales and production of
Stewart Warner.

In charge of the complete division
is Frank S. Horning. Mr. Horning has
had extensive engineering and produc-
tion cxperience in the radio and allied
fields and is thus fully familiar with
the maze of problems that cross a
manufacturer’s desk today. Among
the problems that the new division will
solve are those, for instance, involving
available materials. One such instance
came up recently. A manufacturer re-
quired a rarely used alloy. The public
utility industry, the chief user of this
material, was canvassed. The alloy
was found and with the aid of the
RFC, financial assistance was also ar-
ranged to provide the funds for this
purpose.

That the opening up of these service
branches will shortly be a haven of
help is quite evident. Washington
hopes to expand this service into a
nation-wide network that will increase
production by leaps and bounds.

YOU CAN STILL INVENT. even if
you are in the Army. A new Army
regulation now permits men to contact
the Chief Signal Officer when they
have a new invention. Thus far many
important contributions have been
made. While new developments have
not paralleled the commercial equiva-
lent of quantity, the inventions have
been of vital import and have con-
tributed materially to the war effort.

WE HAVE IHAD MANY ALTER-
NATES for materials, but now com-
ponent alternates are being adopted.
This is particularly true in the case of
meters. The demands for meters are
great and in many instances in excess
of production. Accordingly, it has
been found necessary to use other
means of indication of circuit action.
The Material and Pre-service Tests
Branch of the Signal Corps is study-
ing and making rapid strides on this

March. 1913

by LEWIS WINNER

RADIO NEWS WASHINGTON CORRESPONDENT

phase. Lamps, fuses and our good
friend the vacuum tube are playing
a major role in this work. The use of
the vacuum tube as an indicator is
well known to many radio set owners
as the “magic eye.” It will be recalled
that before the magic eye, tuning
meters were frequently used. While
no complete development data is
available on the alternate indicating
devices produced in the Signal Corps,
it is simple to see from the magic eye
applications, that the possibilities are
many.

Incidentally on the material alter-
nate front appears friend solder. In
an effort to save solder and its scarce
ingredient, tin, solderless type termi-
nals are becoming more and more a
specified requisite in Signal Corps
specifications.

THE IMPORTANCE OF RADIO
IN ENGLISH WARFARE has been
emphasized with the appointment of
Sir Stafford Cripps as Minister of Air-
craft Production. In his new post, Sir
Stafford will be in charge of a special
group whose sole purpose will be the
development of radio for the war ef-
fort. Sir Stafford is able to take on
such an important assignment for he
is a trained scientist and fully familiar
with the communication problems of
the aircraft units. Heretofore the ad-
ministrators of the Ministry of Air-
craft Production have not been of a
scientific type. They have been more
familiar with the production and labor
problems. In Sir Stafiford, England
has the ideal administrator. For being
a lawyer, an able executive and an
expert in science, he can cope with the
variety of situations that have bogged
down the others.

According to reports released from
Washington, technicians were elated
over this appointment for it was a first
official government implication of the
importance of radio.

TURNING IN THE OLD FOR
THE NEW has become an official
radio practice now. You will recall
that some seven months ago we told
of several retailers and associations
who organized campaigns highlighting
the necessity of turning in an old part,
before a new one could be purchased.
The plan worked well. It spread
throughout many communities and
even a few states. Now, the WPB has
adopted the plan. Thus far only tubes
are concerned. But it won't be long
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before the trade-in practice extends to
the complete scope of parts.

This trade-in practice should receive
wide application in the service shop-
distributor-manufacturer setup. For
there are plenty of components idling
away in corners that could be easily
turned in to usable apparatus. This
material should not be characterized
as plain scrap either. There are an
endless variety of pieces that have re-
finishing and reprocessing value, such
as choke and transformer cores, i-f
cases, lugs, wire strips, ete. Disman-
tled from their basic unit. these sal-
vaged pieces can be readily reclaimed
and used effectively. This is a practice
which both the service man and manu-
facturer can follow effectivelyv. Of
course, we do not mean to imply that
the service man should go into the busi-
ness of manufacturing.

There is no harm, however, in his
utilizing every available method to ex-
pedite the replacement of effective
components. This procedure assisted
by the coming Victory allotment of
parts should provide the service man
with an effective source of supply of
replacement items. This Victory line,
by the way, appears now to have
gained real headway. The Spring
should see its inauguration. All of the
V line of parts will not, of course, be
available at the opening gun of the
inauguration. But there should be an
attractive allotment that will at least
tend to alleviate the situation. The
members of the various standardiza-
tion committees are to be congratu-
lated on their efforts in bringing this
outstanding plan to a practical and
effective completion.

NEW TYPE WATERPROOF
BAGS enclosed the radio equipment
that was taken ashore in the North
African campaign. The bags, which
were designed and developed by Quar-
termaster Corps technicians and indus-
trial experts, were manufactured in
sufficient quantities for the campaign,
within a period of only two weeks. The
bags are so sturdy and so resistant to
water that the equipment shows no
signs of any immersion even after
having been hit by waves of salt
water. Some of the bags are so large
that tackle is necessary to hold them.

So unusual is the design of this bag
that many have requested permission
to use it for other than the military
purpose for which is was designed. In
view of its military importance, this
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permission may not be granted. How-
ever, this interest further proves that
we will certainly see countless unusual
military developments applied to
peace-time equipment, when the war is
over and the restrictions have been re-
moved.

THE F.M. FRONT SEEMS TO BE
GROWING rapidly. In the latest tally
of F.M. outlets, there were 36 on a reg-
ular commercial basis, with nine oth-
ers continuing as experimental ven-
tures. The 36 stations maintain op-
erating schedules ranging from six
to a maximum of twenty-four hours
daily. Some curtailment of the longer
schedules may be expected as 1943
proceeds, due to the scarcity of re-
placement tubes and parts. Shut-
downs, however, are not expected, in
spite of what the rumors may say. In
the F.M. roll call of 1942, we find one
station in California (Los Angeles),
two in Connecticut (Hartford), four in
Illinois (Chicago), two in Indiana
(Evansville and Fort Wayne), one in
Louisiana (Baton Rouge), two in
Massachusetts (Boston), two in Michi-
gan (Detroit), one in Missouri (Kansas
City), one in New Hampshire (Mount
Washington), nine in New York (New
York City with four, Schenectady with
two and one in Rochester and Bing-
hampton), one in North Carolina
(Clingham’s Peak), one in Ohio (Co-
lumbus), seven in Pennsylvania (five
in Philadelphia and two in Pittsburgh),
one in Tennessee (Nashville) and one
in Wisconsin (Milwaukee). In addi-
tion, there are experimental transmit-
ters on the air in Worcester and
Springfield, Massachusetts; Washing-
ton, D. C.; Rochester, New York;
Kansas City, Missouri; Superior, Wis-
consin, and New York City, where
there are three operating.

According to latest statistics, there
are approximately a half-million re-
ceivers that tune in to F.M. programs.
In Chicago, there are 30,000 F.M. own-
ers and in New York City, there are
80,000. That’s quite a growth for a
comparative newcomer and interesting
evidence of the strides F.M. will take
when the productibn lines roll again.
Veteran A.M. will have quite a sprinter
to keep pace with!

WITH THE CESSATION OF THE
RECRUITING OF MEN (except
those above 38 and below 18), the drive
for women to enter the Signal Corps
has become quite an affair. In New
York City and other cities, a steady
stream of applicants has appeared
before the Civil Service and Army of-
ficials to apply for positions as assist-
ant radio engineers, assistant wire en-
gineers and assistant senior draftsmen.
Although these women do not actually
become fullfledged members of the
Army as the WAACS, they do have to
serve the Signal Corps for at least one
year and must accept assignment in
any portion of the United States. The
minimum requirement for this position
is four years of high school, and eight-
een years of age minimum. There is no
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top limit for age. During the first six
months of training, they are paid $1440
a year, after which the trainees are
eligible for promotion to $1620 a year.
A special training school has been
set up in Long Island for those in the
New York area. After the training
period, these women engineers will
move on to Fort Monmouth, to join
the staffs of men engineers, previously
recruited in similar campaigns.

EVERYONE IN WASHINGTON
from administrator down to clerk is all
astir about the indictment of a wire
manufacturer for presenting false
claims on $1,000,000 worth of wire
manufactured for this country and the
lend-lease countries. The charges say
that for an insulation test the company
installed transformers and a vacuum
tube device, that reduced the test volt-
age to one-fifth of the amount re-
quired by the government. Thus the
wire broke down not only in field tests
because of the voltages used, but be-
cause of the climatic conditions which
this wire was supposed to tolerate.
Another practice that was used to de-
ceive the inspectors said the Justice
Department, was the substitution of
specially prepared saturation com-
pounds used in waxing the wire and
preventing it from becoming damaged
in the event of dampness or immersion
in water. A specially prepared wax
which met all of the specifications re-
quired under the contract was substi-
tuted in the test, for the actual wax
used in manufacture.

This is the first instance of such
wartime misrepresentation in manu-
facture, that appears to have been
prompted by an unfortunate series of
“personal” incidents. In the indict-
ments announced by Attorney General
Francis Biddle, branches of the com-
pany in two states, where the defective
wire was made, were included.

TWO ADDITIONAL FREQUEN-
CIES FOR INTERNATIONAL
BROADCASTING were granted by
the FCC recently, at the request of
the Board of War Communications.
The two frequencies, 7805 and 7935
Kilocycles, that were allocated, actu-
ally belong to the police station zone
and inter-zone communication sys-
tems. However, since the intended
transmissions are for reception out-
side of continental United States, and
since most the police work is dur-
ing the daylight hours, interference
is not expected. Thus the police will
be allowed to use these frequencies,
too. Of course, if interference does
prevail, it will be necessary to make
corresponding changes. And from the
importance that the BWC attaches to
international broadcasts, the changes
will not be in the international trans-
mission setup.

This problem of allocating frequen-
cies serves to further the efforts being
made to use the ultra-highs more and
more, for this international broadcast-
ing media. Propagation problems are
present in the ultra-highs, but sufficient
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knowledge of frequency behavior and
control is available now to provide
solutions to most of these difficulties.
The recognition of the value of the
spectrum of ultra-highs has been not
only established by engineers but by
many administrators, such as chair-
man Fly of the FCC and BWC. As a
matter of fact, in his last address be-
fore the IRE, Mr. Fly stressed the fact
that most transmission will probably
be in the upper regions, now if possible,
but certainly at the conclusion of war.
We hope it will be possible to begin
now, at least with the international
broadcasts.

THERE’S A TENTH YEAR CELE-
BRATION awaiting that vital link in
television . . . the iconoscope. During
the latter week in June 1933, Dr.
Vladimir K. Zworykin announced his
now-famous magic electric-eye that
established television as a practical
instrument. The tube developed then
provided an image of 4 x 5 inches. We
know today that 9 x 12 inch images
and even larger are possible and with
a clarity that is truly amazing.

In his television prophecy of 1933,
Dr. Zworykin gave the first hint of
development of the now famous elec-
tron microscope. Said he at that
time, “And there is the possibility of
a radio-vision microscope, an ex-
tremely sensitive, all-seeing - device
that will peer into the realms beyond
the reach of the most powerful micro-
scope.”

With the development of the icono-
scope came the possibilities of outdoor
televising. And with outdoor televis-
ing came the beginning of a television
era. For the ability to televise out-
door scenes effectively gave television
a scope of usefulness that could only
be classified heretofore as a Jules
Verne dream. It is unfortunate that
the present emergency has necessitated
the curtailment of widespread televi-
sion activities for Mr. and Mrs. Public.
But, as mentioned before, television
progress has not ceased. Not only are
the military racing ahead with devel-
opments, but many a university and
personal laboratory is delving into the
uncanny properties of television. Yes,
the world owes Dr. Zworykin a debt of
gratitude for his great invention, the
possibilities of which are beyond the
scope of imagination and time alone
will show its many possibilities.

WHEN ARTHUR VAN DY(CK AT
THE LAST IRE banquet mentioned
the fact that radio may have to be re-
titled “radionics” to parallel our good
friend electronics, everyone stopped to
ponder a bit. For the new term did
sound strange. It seems, however, as
if a new word or title was coined that
night and that hereafter we may see
many references to this term. Among
the first to use this new nomenclature
is Zenith. Advertisements exploiting
radionics as ‘“the miracle industry,”
have appeared from coast to coast. As
a matter of fact, an electronic division
of Zenith has been formed to engage
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OHMITE

RESISTORS

fzmctz'on under all
variations of
climatic conditions. ..

Extremes of climate are an old story to Ohmite Resistors.
These rugged wire-wound vitreous enameled units have
proved their worth in both the freezing cold of the arctic
and the heat and humidity of the tropics. Often the same
resistors face both extremes as they go from one climate
to the other, yet they keep doing their job accurately,
dependably, because they are built right. Ohmite Resistors

are used today in endless variety and number in war and

industry, and are ready to aid in the development of new

devices for tomorrow.

=2 SEND FOR THESE HANDY AIDS

\'3‘?/"‘)’ A \ Ohmite Ohm’s Law Calculator— Helps you figure ohms,
& > ’ ) watts, volts, amperes—quickly, easily. Solves any Obw’s
;’.3,/ Law problem with one setting of the slide. All values
e P are direct reading. Available for ounly 10c. {Also
\4:?“ available in quantities. }

Free Quick -Reference Catalog 18 —(/ves
helpful information on Obmite stock resistors, rheostats,
chokes and tap switches for all types of applications.

OHMITE MANUFACTURING CO.

Foremost Manufacturers of Power Rheostats, Resistors, TapSwitches
SRS 4885 FLOURNOY STREET, CHICAGO, U. 5. A,

March, 1913 41
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A TECHNICAL
' must”

T the risk of repeating myself, I'm
L & plugging again the new revised

Sylvania Technical Manual on Radio

Tubes, because it should be a “must”
on the bench or in the pocket of every-
one interested in radio sales and serv-
ice. Particularly now, because it has
the basic data behind the Correlation
for Substitution Chart and the Char-
acteristics Sheet.

One section of this 275-page handbook
lists new types of tubes released since

issue of the last Manual. There isalsoa |

new section on panel lamps. Thus, it is
as complete as possible at this time.

A plastic-ring binder allows the book
to lie flat and remain open at whatever
page is being consulted. Data arrange-
ment remains the same, as do the easy-
to-use index tabs.

The new revised Technical Manual
still sells for the prewar price of 35
cents. If your jobber is unable to supply
you, write to Frank :
Fax, Dept. N-3,
Sylvania Electric
Products Inc.,
Pa.

Emporium,

Complete and reliable tech-
nical duata on radio tubes
— recently revised— price only
35 cents.

4
SYLVANIA

ELECTRIC PRODUCTS INC.

RADIO DIVISION
Formerly Hygrade Sylvania Corporation
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| in the manufacture of “all types of
electronic, radionic radio, radar tele-
vision and electric apparatus and sound
detecting.”

Other similar units are being organ-
ized to produce the unusual in equip-
ment that can already be anticipated,
as the result of our war development
efforts. We can truly expect an un-
paralleled wealth of miracle products
in radio or “radionics” when the peace
has been won.

FOR THE FIRST TIME. A MAN-
UFACTURER OF A PRODUCT,
other than radio, has entered the net-
work scene. A tire company has pur-
chased the Yankee network and six
stations with the consent of the FCC.

| In the decision that made this un-
usual sale possible, two commissioners
of the FCC, Mr. Walker and Mr. Durr,
dissented. Commissioner Walker
pointed out that broadcasting is of
such public interest and importance
that an effort should be made to
keep it separate from other busi-
nesses. “If a transfer of chain broad-
casting interest may be granted to a
tire company,” he said, “may it not
likewise be granted to a motor com-
pany or to a public utility? The
precedence having once been estab-
| lished of transferring licenses control-
ling a network to other interests . . .
where can the line be drawn? Chain
broadcasting is of such vital public con-
sequence and public interest, that it
should be a business in and of itself
and disassociated from any other busi-
| ness.”
| A similar viewpoint appeared in the
| statement of Commissioner Durr. He
implied that an acquisition of this type
tends to make broadcasting an adjunct
of private commercial enterprise, in-
stead of the independent medium of
entertainment and expression which it
must be if it is really to serve the
| public interest.

“Unless some limitation is imposed,”
said Commissioner Durr, “they may
| embark on a program of station acqui-
sition which will force their competi-
tors and even concerns in entirely dif-
ferent lines of business to follow the
same course in order to survive.”

Notwithstanding these dissentions,
the approval for the sale was granted.
It is understood that no material
changes are contemplated in the oper-
ation of the network or of the stations.
Nor are changes in personnel contem-
plated. Even John Shepard 3rd, who
is the operating head of the network,
will remain as president and general
manager under a five-year contract.
This arrangement served in a large
way to secure the necessary permis-
sion for the sale.

INTERCOMMUNICATIONS SYS-
TEMS ARE JUST AS POPULAR
in Sweden as they are here. Adver-
tising literature received here recent-
ly indicates that these office aids are
becoming essentials in most busi-

nesses. Smartly designed, in attrac-
1 tive plastic cases, these intercoms
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resemble our streamlined midget re-
ceivers. Unlike the models here,
though, the front and rear of the
cabinets carry the design through.
Ventilation is afforded by a series of
attractively designed louvres that also
serve the speaker-microphone. Push-
buttons, a couple of suitable signal
lights and a moderne-handled switch
are all that appear on the cabinet.
Where additional speakers are re-
quired, a triangular shaped device that
fits onto a stanchion or pillar is avail-
able. The unit is handsome enough,
too, for the office, and like the other
units offers surprising evidence of
strides in design and production.

LICENSES FOR RECEIVERS IN
ENGLAND are on the rise again. In
1941, there were 8,625,579 licenses is-
sued. On August 31, 1942 (the latest
available date from which these data
are available), the number of granted
licenses had jumped to 8,836,724. In
1939, when the war began, there were
close to nine million licenses issued.
This information was released during a
debate in the House of Commons, dur-
ing the first week of December of last
year. This increase, of nearly a quar-
ter of a million is most encouraging
and tends to indicate the upward
march of morale in England.

OVER A THOUSAND-PERCENT
INCREASE in deliveries to the Signal
Corps was reported for the month of
November 1942, as against January
1942. The month of November itself
was 30.5% ahead of October. This
consistent production rate of increase
will be maintained throughout the
year to provide the greatest output of
radio apparatus the world has ever
seen . . . radio apparatus that is also
the world’s most efficient . . . as our
enemies are finding out daily!

AN IMPORTANT PRIORITIES
AMENDMENT that will unravel
many knotty problems has just been
issued. This basic document pro-
vides that, if for any reason, ma-
terial obtained with priority assist-
ance, or by allocation, cannot be
used, as first intended, the material
owner may ... (1)—use it to fill pur-
chase orders placed with him which
bear a rating of AA-5 or higher, or a
rating at least as high as that upon
which the material was obtained, pro-
vided such use is permitted by other
regulations and orders controlling the
production or distribution of the par-
ticular material or item ... (2)-—use
it for his own needs, if he has been
authorized to obtain material for such
use by applying or extending a prefer-
ence rating of AA-5 or higher ... (3)
—re-deliver the material to the per-
son from whom he purchased it . . .
(4)—if it is impossible to use the ma-
terial or dispose of it, he may then
file a report with the regional WPB
office, which will assist in the redistri-
bution of the property.

Thus, if it becomes necessary to wait

(Continued on page 74)
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N the manufacture of precision instruments for

the Armed Forces we strive for short cuts in
production—but not in quality. There can be no
expediency, no compromise, no half-way measures.
The success of the bomber’s mission depends as
much upon the efficiency of the instruments as it
does upon the skill of the officers and men.

Meeting the specifications of
the United States Armed Forces

R A
e WLt

March, 1943

Manufacturers of DeJur Meters, Potentiometers, Rheostats and
other Precision, Quality Electrical Instruments

is in itself an eloquent testimonial to the quality
of DeJur meters, potentiometers and rheostats.
However, we do not rest upon these laurels alone.
Behind DeJur workers is the stern tradition of
New England. .. honesty of craftsmanship, pride
of skill, the deep, personal delight in doing a job

and doing it better than anyone else—anywhere.

SHELTON, CONNECTICUT
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PERFORIIANCE

/2
MURDOCK

William J. Murdock was the first to see
that sensitive radio phones must be built
with precision—the first to make every part
with scientific exactness. For 39 years
precision-engineeringhasmade MURDOCK
Radio Phones famous for super-sensi-
tivity, clear reception, trouble-free per-
formance.

This insistence on precision in every
manufacturing detail is expensive, but
prices have been kept down by eliminat-
ing unnecessary frills and concentrating
on essentials. With this precision, go
strong, durable construction and fine
craftsmanship that make MURDOCK
Radio Phones stand #p under the toughest
operating conditions.

Make sure of performance—get MUR-
DOCK! Write NOW to Dept. 40 for
Catalogue.

THE
EARS OF ¢
A

"“]urdOCk
RADIO PHONES

WM. J. MURDOCK CO.
CHELSEA, MASSACHUSETTS
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Saga of the Vacuum Tube
(Continued from page 27)

tion in the scientific world, however,
gives a multi-faceted picture which,
even though it sometimes defies evalu-
ation, gives to the historian much ad-
ditional factual information.

The story of the development of the
vacuum tube may be approached
along two different paths, one of
which leads us through the study of
high voltage-heat phenomena, the
other the study of high voltage-
vacuum phenomena. Much has been
written concerning the evolution
which took place along this latter
path, hence we shall confine ourselves
to travel along the former.

Glazebrook’s “Dictionary of Ap-
plied Physics” defines the word ‘“‘ther-
mionics” as the term “applied to the
phenomena associated with the dis-
charge of electricity from hot bodies.”
While we usually think of thermionics
only in connection with electron emis-
sion in vacuo, the term as defined is
much broader than that, and includes
phenomena taking place under atmos-
pheric conditions, such as the ioniza-
tion of air by emission from hot bodies,

| flames, etc., and it is in this broader

sense that we shall use the term.
The early work in thermionics is
inextricably bound up with the work
done by the philosophers of the seven-
teenth and eighteenth centuries on
static electricity, and usually the ex-
periments were conducted in air at
atmospheric pressure. Under these
conditions ionization phenomena be-
come observable only where high volt-
ages are available, which was the case
during this period, the era of so-called
static electricity. Knowledge in any
field becomes greater as the tools
available for use in investigation be-
come perfected; hence it will be seen
that as better tools and higher con-
centrations of energy became avail-
able, knowledge of thermionics grew
apace. This era of static electricity
was the era of high voltage.
Beginning around the turn of the
nineteenth century with the work of
Galvani and Volta the emphases in
electrical research shifted to the field
of galvanism and voltaic electricity,
which was essentially a technique of
low impedances. Hence we find little
done in the field of thermionics dur-
ing this era. Not until the tools of
galvanism were developed and per-
fected, and higher wvoltages and
greater energies were available from
low impedance sources, could any
great amount of work be done in the
high impedance field of thermionics.

Early Investigators

The earliest reference in literature
to the beginnings of thermionics is
to be found in the work of William
Gilbert of Colchester, physician to
Queen Elizabeth, as recorded in his
famous “De Magnete, Magneticisque
Corporibus—.” In this book’ in dis-
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cussing the effect of heat on amber,
he says:

“Moreover the spirit of the amber
which is called forth is enfeebled by
alien heat—"

and later he makes the statement:

“It is manifest indeed that the
effluvia (charge) are destroyed by
flame and igneous heat; and there-
fore they attract neither flame nor
bodies near a flame.”

After Gilbert we find little of im-
portance recorded until Otto von Gue-
ricke, Burgomaster of Magdeburg, en-
tered the scene. Von Guericke is one
of the few of the early workers to
have made contributions to both the
paths of research which led to the
development of the modern vacuum
tube. For, as every high school physics
student knows, he was the inventor of
the air pump, a device which has
proved to be a most useful tool in
many branches of research. He also,
literally, started the ball rolling, with
the invention of the friction type elec-
trostatic generator, the first electrical
machine. This machine is shown in
Figure 1. It consisted of a globe of
sulphur mounted on trunnions and
rotated manually. The hand of the
operator was used as the friction de-
vice. With this machine as a power
source von Guericke made many ex-
periments. During the course of his
work he observed® that a body once
attracted by an “excited electric” was
repelled by it, and not again attracted
until it had been touched by some
other object. He also observed that if
the repelled (charged) body came near
a flame it could again be attracted by
the electric without having touched
any other body.

While von Guericke was delving so
assiduously we know now that over
the Alps in Italy similar observations
were being made. Some of the mem-
bers of the Accademia del Cimento,
which was founded by the Medici
family, and flourished from 1657 to
1667, were making their contributions
to the advancement of various
branches of human knowledge. We
find that they observed® that if an
electrified amber was presented to a
flame it lost its “attractive power,”
that is, its electric charge.

Over in England Francis Hauksbee
published, in 1709, a book* of interest-
ing experiments on electricity. He im-
proved on von Guericke’s machine by
substituting for the heavy sulphur
globe a hollow glass globe, with which
higher rotational speeds could be at-
tained. A reproduction of an engrav-
ing showing Hauksbee’s machine, as
used in one of his experiments, is given
in Figure 2. It will be noted that this
machine also uses a pulley and belt
drive system to enable the attainment
of higher speeds of rotation.

With the work of Hauksbee there
came a hiatus in the development of
the electrical machine, for what rea-
son we do not know. Many philoso-
phers went back to the use of the glass
tube, excited by friction of a piece of
cloth, as a source of electricity.
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EASIER
BETTER
FASTER

... and for only 35

(ON A MONEY-BACK GUARANTEE BASIS)

DON'T buy your radio training blindfolded! See it before you buy it!
Ne matter how high-priced it is, or how inexpensive it seems to be, com-
pare it first with what Ghirardi brings you for only $5. See for yourself
how his famous RADIO PHYSICS COURSE volume tops other books and

LOTS MORE TRAINING—  courses by any comparison you care to name. Learn what a miracle of

basic modern radio training is packed into this one big 972-page volume
FOR A LOT LESS MONEY —s0 much so that RADIO PHYSICS COURSE is used in more U. S. Army

With Ghirardi's RADIO PHYSICS COURSE book you Signal Corps, Navy, and civilian schools, and for more home study than
know you'll get complete Radic Training—and get it

right. Why? Well, simply because it is a matter of any other basic radio textbook published! In that type of training
record that this same inexpensive book has given more b l( + d H’ |

people their basic radio training than any other. It H\B textbook mus produce results.

has earned its way to adoption as the text in the most

important Army, Navy, Signal Corps, and civilian

courses—on its own SHEER MERIT. That is why it is IDEAL FOR PRE-INDUCTION RADIO TRAINING

just the book to pave your way to better pay, fascinat-

g srerk 1 o of Rodie’s mary brapches rom Radio  Ghirardi's RADIO PHYSICS COURSE book starts right af the beginning. It folkes no

manufacturing, electronics, public address, and various “previous technical knowledge for granted. I_f assumes nothing, and illustrates and ex-
others. It is ideal PRE-INDUCTION TRAINING for a plains every detail thoroughly and simply. With Ghirardi training there are no gaps, no
fine radio post WITH HIGHER PAY in the armed forces. bewilderment, you'll understand everything perfectly—every step of the way.

Actually, the volume gives you the scope of 36 different radio
courses in one—packed into an easy-to-follow, 972-page book
with 508 clear illustrations and 856 self-testing review questions.
Best of all, you buy it for ONLY $5—and, even then, you don't
risk a cent. Judge it for 5 days! Then, if you don't agree
fully that you want to keep it, your money will be cheerfully
refunded. Nothing could be fairer! Mail the coupon today!

OTHER BOOXS by
Radio’'s Best-known Technical Author

@ MODERN RADIO SERVICING by Ghirardi is the one

outstanding course on radio maintenance and repair— AR EIENr EE SN NN NSRRGSRy

[ 2
the ONLY single book that teactes you everything g 8
you need to know about modern Radio testing in-
struments, troubleshooting and repair procedure : RADIO AND TECHNICAL PUBLISHING CO., Dept. RN-33 :
COMPLETELY.  '300 pages, 706 illustrations, 720 re- g 45 Astor Place, New York, N. Y. N 5
view questions. Only $5 complete. FREE folder. = fRushsgne rOur R/;\DIO PhHYSICSICO.LthRSE. I 5.5f e.nclcsc;ed.f dSend C_.f o.0. ¢
@ RADIO TROUBLESHOOTER'S HANDBOOK by L nzl; fuflyps::is?izsda?emfaya;g?edrn ?heelboec:k c\:is?eh'inI S%al;"; :frsr:é)eip:h::l'd lreleiavr: L]
Ghirardi is just the data book for busy service- ® my money back. ' [}
men—the kind that pays for itself the first time u "
they use it. Tontains Case History trouble symp- : . » e e Eamer 2
ALFRED A. toms and remedies for over 4,600 popular re- a B & :
GHIRARDI ceivers, PLUS hundreds of pages of [-F alignment o AcLLtrs, T
Worid-famous "peak' charts, tables, tips and data to help g g e g [
“ahdi‘! you do almost every repair job quicker and bet- g City ... ... L State :
Autherity ter. 710 pages. Only $5. Write for FREE folder. g Rush FREE descriptive literature .
a [ ]
ABSOLUTE MONEY-BACK GUARANTEE ™ %o YOU CANNOT LOSE!
N AV I ASKED 4
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Mew and Old Workers find SPINTITE the
tastest wranch for speedy assembly of small
parts.
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Squase Seckets available on wpeuiasl

arder
SPIMTITE warks like o screw drivar

T51 Set in
Leatherette
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465 SHREWSBURY STREEY L
WORCISTER, MASSACHUSETTS, U. 5.
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Shortly after Hauksbee's book was
published the work of another Eng-
lishman, Stephen Gray, began to at-
tract attention. Unfortunately the
records of Gray's life and work are
hidden in the early annals of the
Royal Society. When we first hear
of him in 1720, he was about fifty years
of age and a pensioner in the Charter
House of London. Even then he was
described as a crusty and testy old
gentleman, to whom life had not been
kind. He had no wealthy sponsor in
his early years. Truly in his case
“Necessity” was the “Mother of In-
vention.” His apparatus was built of
materials readily available to the
poor. And yet with this crude ex-
perimental equipment he determined
that the electrical conductivity of
bodies depended on the substances
composing them, and gave to the
world the first practical and useful
information on electrical conduction
and insulation.

Gray’s contribution to thermionics
was an indirect one, and consisted of
stimulating others. One of these was
his co-worker, Mr. Granville Wheeler,
who introduced the element of heat
into some of his experiments. Another
of those influenced by Gray was du
Fay, of whom we shall hear more in
a short time. Gray's early experi-
mental work was unpublished for some
time probably, according to Dr. De-
saguliers®, writing some years after
Gray’s death, because of his intoler-
ance of opposition and fear of contra-
diction. In his later years he seems to
have changed this attitude, perhaps
with the improvement in his economic
security which took place. This we
deduce from the fact that he contrib-
uted a number of papers® to the
Royal Society, and even while on his
deathbed, dictated® some of his con-
clusions to the Secretary of that au-
gust body.

Across the Channel in France,
Charles Francois de Cisternay du Fay
began, in 1733, his famous work in
electricity. At this time he was thirty-
five years of age. While it is possible
that Gray’s temperament prevented
philosophers in England from enter-
ing the field as competitors, it is evi-
dent that neither awe nor fear of this
genius crossed the water to frustrate
the working of du Fay. As we read of
Charles du Fay he becomes a vivid,
vital person. To his heritage of cul-
ture had been added the gifts of a
brilliant mind, keen wit, and charming
personality. He used these gifts to
win the friendship and co-operation of
Gray.

Du Fay’s work merited being re-
corded in the annals of the French
Academy. He wrote on every subject
considered worthy of public discus-
sion by philosophers. He was the only
member of the French Academy who
contributed to all six fields into which
science was divided by that body. His
tastes were catholic and his interests
profound.

In the spring of 1733 du Fay learned
of the work done by Gray and Wheeler.
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He immediately set about checking
their findings; and determined to con-
tinue the experiments along some-
what different lines. During this year
and the year following he wrote six
Memoires® recording his experiences
while conducting experiments on elec-
trical phenomena. In one of these
Memoires he set forth his theory of
electricity, which was known as the
two-fluid theory.

It is curious to note that although
the electrical machine of von Guericke
and Hauksbee must have been known
to du Fay and his contemporaries,
they did not use it. In all their ex-
perimental work they used glass tubes
excited by rubbing with silk.

In his Fifth Memoire du Fay de-
scribes experiments on the effect of
hot air, compressed air, and rarefied
air on the electric effect. Another
experiment, which was described in
his Second DMemoire, is especially
worthy of note. He observed that the
flame of a candle could not be elec-
trified at all, and that it is not at-
tracted by an electrified body. He adds
the following:

“This singularity merits a close
examination, in which we will per-
haps enter into the question of leak-
age; but of this we can assure our-
selves, for the present, that this
(phenomena) is not due to the heat
nor to the burning; for a red hot
iron and a glowing coal, placed on
the glass table, become it (electri-
fied) exceedingly.”

Du Fay never examined the effect
further, probably because of his inter-
est in other electrical phenomena. He
died in 1739 at the age of fortyv-one
and his last Memoire, which was a
summary of his concepts of the great
pPhenomenon, was published in 1737.

Du Fay, in December 1733, wrote
a brief synopsis of the Memoires which
he had published in the annals of the
French Academy and sent it to the
Duke of Richmond and Lenox for
presentation to the Royal Society® and
to Gray “who works on this subject
with so much application and success,
and to whom I acknowledge myself
indebted for the discoveries I have
made, as well as for those I may pos-
sibly make hereafter, since it is from
his writings that I took the resolution
of applying myself to this kind of ex-
periment.” This is probably the hand-
somest recognition of the work of an-
other investigator that has ever been
published, and completely won Gray’s
heart. From that time on Gray and
du Fay maintained communication
with the greatest of friendliness. It
was this which led Fontanelle to re-
mark that he wished that such rela-
tions might always typify the inter-
course between great nations.

All the experiments of the lonely
Gray in England and the spectacular
demonstrations of du Fay were soon
repeated and publicized by Abbé Jean
Antoine Nollet, who might have been
as successful in the theater as he was
in the field of science.

Nollet, because of his charm and
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wit, his talent for simplifying and ex-
plaining his theories, entertained the
gay French court with his dramatic
revelations. The public clamored for
the theatricals of the intriguing
French philosopher. Contemporary
scientists recognized his genius.

Nollet carefully repeated the experi-
ments of du Fay and came to conclu-
sions which contradicted the findings
of du Fay, particularly those pertain-
ing to the effect of heat on the electric
virtue. Nollet felt™ that if his friend
had lived long enough to study the re-
lationship as exhaustively as he had
planned, he would have contradicted
himself. Du Fay stated briefly that
the application of heat to an electri-
fied tube had little or no effect on the
electric virtue. Nollet, after perform-
ing many experiments meticulously™,
found that a white hot piece of iron
dissipated the virtue very quickly, and
that the result was the same when the
iron had cooled to a red heat. As the
temperature of the iron decreased the
dissipation of the virtue was slower.
He noted further that when the cool-
ing iron had resumed its brown color,
the electricity showed no sign of dis-
sipation.

While Nollet was pursuing his re-
searches in France, scientists in the
Germanic states were improving the
tools of electrical science.

Johann Heinrick Winckler conceived
and brought to execution the idea of
using a fixed cushion to provide fric-
tion on the electrical machine, instead
of the hand of the operator, as origi-
nally used by von Guericke and Hauks-
bee. On March 21, 1745, Winckler
communicated to the Royal Society™
a description of his machine, which
is shown in Figure 3. With this de-
vice he could obtain much more energy
than before. This was later improved
by John Canton of England®, who ap-
plied to Winckler’s cushion an amal-
gam of mercury and tin by means of
which the excitation was increased.

George Mathias Bose, Professor of
Philosophy at Wittemburg, about this
time introduced™ the prime conductor,
in the form of an iron tube or cylinder,
which increased the energy storage
capacity of the machine. Figure 3, of
Winckler's machine, also shows a
prime conductor in the form of a
rectangular plate.

About the same time Andreas Gor-
don, a Scotch Benedictine monk who
was Professor of Philosophy at the
University of Erfurt, substituted® a
glass cylinder for the globe used by his
predecessors.

With these improved devices much
higher voltages could be obtained and
greater energies could be stored. By
this time the friction type of electrical
machine had been developed to nearly
its peak, and it seemed as though the
time had arrived for some great ad-
vance. This came in 1745, when the
discovery of the Leyden jar was an-
nounced.

The origin of this utilitarian device
has been variously attributed to von
Kleist, Dean of the Cathedral of Co-
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min in Pomerania; van Musschen-
broek, of the University of Leyden;
and N. Cunaeus, a burgess of Leyden.
It is now established that it was first
announced® by von Kleist in a letter
to Doctor Lieberkuhn, dated Novem-
ber 4, 1745, in which was described an
elementary form of the device. His
explanation of it was so obscure, how-
ever, that it was of little use. Von
Kleist felt that the human body con-
tributed part of the force of the jar.

The Leyden Jar, because of the in-
creased energy and storage capacity
it provided, was seized upon by the
philosophers of all countries as a most
versatile and useful tool. Large quan-
tities of energy, with which spectac-
ular experiments could be performed,
could be obtained by connecting num-
bers of these jars together to form
what was called a “battery.”

The addition of these instrumentali-
ties aided greatly in the progress of
research in electrical science.

While this development had been
going on, other scientists, such as De-
laval, Canton, Watson, and Wilson of
England, and Franz Aepinus of Ger-
many were seeking further explana-
tion of the effects of heat on elec-
tricity.

While it was customary for the
philosophers to repeat experiments
made by each other, for the purpose
of verification or contradiction, we
may attribute the unusual interest in
the effect of heat to the fact that in
1756 Franz Aepinus made an import-
ant discovery. This celebrated German
philosopher reported* his results in
the study of the tourmaline to the
Academy of Sciences and Belles Let-
tres in Berlin. He found that he could
electrify this substance to a high de-
gree by heating it to somewhere be-
tween 991% and 212 degrees Fahren-
heit. Up to this time very little was
known concerning the necessity of
heating the tourmaline to excite elec-
tricity. "

It is not difficult to understand what
followed the publication of his report.
Immediately heat was applied by
other scientists, not only to the tour-
maline, but to all other experiments
being conducted. The controversy of
the tourmaline stimulated not only
the study of this phenomenon but also
the exchange of ideas.

Mr. Delaval set forth the results of
his studies in this matter in a paper
read to the Royal Society on December
17, 1761, Mr. Delaval’s explanation
of his results was not satisfactory to
Mr. Canton, who was similarly inter-
ested. Mr. Canton attempted to sup-
ply his own explanation of Mr. De-
laval’s results in a paper which he
presented some three months later, on
February 4, 1763, to the Royal
Society™.

Mr. Delaval expounded the theory
that stones, tourmalines, and similar
earthly substances were convertible
from electrics to non-electrics by dif-
ferent degrees of heat. Mr. Canton
claimed, in his paper, that the sub-
stances were conductors when they
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were cold because they contained
moisture (which is the bane of all ex-
periments in static electricity); that
when the moisture was evaporated
by heat they lost their conductivity;
that when they were made very hot,
the hot air at or near their surfaces
would conduct and the substances only
appeared to be conductors again. Mr.
Canton then proceeded to prove this
contention. He says:

“Hot air may easily be proved to
be a conductor of electricity by
bringing a red-hot iron poker, but
for a moment, within three or four
inches of a small electrified body;
when it would be perceived, that its
electric power would be almost, if
not entirely destroyed; and by
bringing excited amber within an
inch of the flame of a candle, when
it would lose its electricity before
it had acquired any sensible degree
of heat.”

We mention this particular incident
in the history of thermionics for a
very important reason.

Abbé Nollet had performed this
same experiment using the heated
iron to prove that heat dissipated the
electric virtue in a glass tube, arriv-
ing at the conclusion that, since the
virtue was dissipated, the heat was
responsible for the dissipation.

Mr. Canton repeated the experi-
ment to prove that hot air was a con-
ductor of electricity. Since the elec-
tric virtue was dissipated, he con-
cluded that hot air was a conductor
of electricity.

Apparently, what they found de-
pended on what they were looking
for, a condition which is not peculiar
to the ancients by any means.

But when Mr. Wilson made experi-
ments®” discharging electrified tubes
by means of heated glass, Mr. Canton,
who seemed to be always looking over
someone else’s shoulder, observed that
perhaps Mr. Wilson did not discharge
the tubes by means of the hot glass,
but rather by means of the heated air
on the surface of the material..

In 1777 the next important link in
our chain was forged by Tiberio Ca-
vallo. In his book,” published in that
year, we find instructions for perform-
ing an experiment. Because of the
significance of the explanatory note
which he attaches we are here repro-
ducing (see Figure 4) the pages of
his book on which it is given. In
reading these pages the student should
bear in mind that the “battery” of
Cavallo’s day was a bank of charged
Leyden jars as previously described,
and not the chemical device which is
today termed a battery.

We see that Cavallo contradicted
not only Wilson but Canton. Cavallo
realized that some element other than
heat or hot air was responsible for
the discharge. ‘“Perhaps from its ig-
nited particles” is the keynote of the
essential difference between his ex-
planation and that of his predecessors.

The term “thermionic emission”
was many years in the future.

(Continued on page 52)
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CATHODE-RAY TUBE
CHARACTERISTICS

HE electron beam in a cathode-ray

tube may be deflected by either
magnetic or electric means, but by far
the most common type of deflection is
electrodynamic. Magnetodynamic de-
flection is seldom employed for oscillo-
graphic purposes since the impedance
offered by the deflection coils varies
with frequency, varying the deflecting
field and therefore producing indica-
tions difficult to interpret, according
to Du Mont engineers.

Deflection voltage requirements for
electrodynamic deflection systems in-
crease directly with increasing accel-
erating potential. It is thus necessary
to investigate the signal voltage avail-
able in conjunction with deflection re-
quirements of the cathode-ray tube to
be used. At the same time if an am-
plifier such as, for example, the de-
flection amplifier provided in a
cathode-ray oscillograph is to be used
to amplify the signal for deflection of
the cathode-ray tube, care must be
taken to insure that the output volt-
age available is sufficient for full-scale
deflection of the tube.

All Du Mont instruments, it is
pointed out, are designed so that the
overload point of their deflection am-
plifiers is off the screen. ‘This consid-
eration is especially important when
it is desired to employ commercial os-
cillograph amplifiers for deflection of
a cathode-ray tube different from that
provided with the instrument, since
in most cases only sufficient deflecting
voltage has been provided for the
standard tube supplied with the in-
strument while operating at poten-
tials available in the instrument. If
this precaution is not observed, the
overload point of the amplifiers is
likely to occur on the screen, thereby
seriously distorting the unknown sig-
nal.

Electrodynamically deflected cath-
ode-ray tubes are manufactured with
either one or two plates of a deflect-
ing-plate pair available for external
connection. In the former case one
plate of each pair is connected within
the cathode-ray tube to the second
anode. The free plate of each pair is
brought out to a connecting terminal
for deflection. Such operation is per-
missible at low accelerating-poten-
tials but, when it is desired to operate
a cathode-ray at high accelerating po-
tentials, the high deflecting voltage
required is likely to develop an axial
as well as radial acceleration to the
beam, which may cause a certain
amount of defocusing to appear on the
screen edges.

When both plates of a deflecting-
plate pair are available for external
connection, higher accelerating poten-
tials such as are necessary for satis-
factory operation of long-persistence
screens and for high brilliance, may

be used. —{30+
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Saga of the Vacuum Tube
(Continued from page 50)

Up to this point we have been con-
cerned with showing a continuity in
the study of thermionics. Many sci-
entists not mentioned here were
studying the electric phenomena from
other angles, and it is true that some
considered the factor of heat in some
of their experiments. Our purpose
has been to show an unbroken chain
in the study of the relation of heat
and electricity in the early days.

Just as we have traced the foun-
dations of thermionics along the high
voltage-heat path, so also we might
trace the development along the high
voltage-vacuum path, from the work
of von Guericke in the development of
the air-pump, and the study of the at-
tractive power of electrified bodies in
vacuo by Robert Boyle in 1670, and
by the Accademia del Cimento.”

Following the above, an unbroken
chain of experiments with vacuum in
connection with electricity may be
seen by tracing the observations of
Hauksbee,” Gray,” du Fay,” Nollet,”
Allamand,”® Ludolph,® Hamberger,”
Waitz,* Canton,”” Watson,® Grum-
mert,” Wilson,” and others.

Up to this time little had been
heard from America. Suddenly in
the middle of the eighteenth century
a voice from this side of the Atlantic
was heard.

In 1750 the remarkable discoveries
of Benjamin Franklin startled the
scientific world.
the achievements of Franklin appear
when we consider his background and
contrast it with that of the foreign
scientists. Franklin, born in 1709, had
very little formal education. At the
age of seventeen he arrived in Phila-
delphia from Boston. He was penni-
less and had worked for his transpor-
tation; at the age of forty he was
Philadelphia’s leading citizen. Those
twenty-three years were spent in
work during which time he founded
schools and libraries, established a
newspaper, organized civic affairs,
and founded the Philosophical Society.
He always had a desire to study nat-
ural sciences but never had the time.
Franklin knew nothing of the environ-
ment of the European philosopher
who spent his time in slow delibera-
tion and contemplation of the causes
and effects of the universe.

Yet scarcely five years after he met
Doctor Spence and saw his crude elec-
trical experiments in Boston Frank-
lin received world acclaim for his
discoveries in electricity. So revolu-
tionary and conclusive were his find-
ings that they almost stunned his
contemporaries abroad. His experi-
ments were many, his writings on the
subject prolific. At once he was rec-
ognized as a genius. He charmed the
world with his directness and simplic-
ity, his ability to say “I don't know.”
With him worked such men as Ebene-
| zer Kinnersley, Thomas Hopkinson,
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More amazing do-

and Philip Sing, all brilliant men.

While they did not contribute di-
rectly to the science of thermionics,
their work was important enough to
make our friends abroad realize that
a new era had begun. Their own new
date line was “Since the time of Ben
Franklin.”

The achievements of Ben Franklin
are of particular significance today.
Thousands of boys in the armed forces
are being trained for work in commu-
nications. They are required to ab-
sorb present day knowledge of radio
in the briefest possible time. Many
of them have no more technical back-
ground than did Franklin. From some
of them we may expect inventions
and discoveries never thought of by
the engineers designing the commu-
nications systems. History shows
how frequently the men using a device
will adapt it to their own needs in
ways completely overlooked by the
man who, because of his absorption
in developing the device, has become
a channeled thinker.
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