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All About Television

By special arrangement
with  the Pilot  Electric
Mfg. Co., Inc., of Brook-
lyn, N. Y., RADIO DI:-
SIGN will publish all the
details of Television equip-
ment which is heing devel-
oped by the Pilot engi-
neers.,

The Pilot Company s
leading in this new science,
and is now making tests
to determine the practi-
cability  of Dbroadcasting
regular television pro-
grams, by which people
and their actions can be
seen with the Radio Evye.

Get all this official in-
formation right from Tele-
vision Headquarters, as it
is published in Radio De-
sign.  Keep posted on what
Pilot is domg, learn how to
build television receivers,
and how to instal them.

READ RADIO DESIGN.

RADIO PHYSICS
COURSE

The Radio Physics
Course, now appearing
serially in Radio Design, is
the course which A, A.
Ghirardi has l)cen teaching
for four years in the He-
brew Technical Institute,
New York City, one of the
foremost  technical trade
schools in  this country.
This course is suitable for
all high school students.
Read it in RADIO DE-
SIGN.

The Greatest

VALUE
Ever Offered in
the History of Radio
Set Building

Beginners, who have never built radio sets be-
fore, ind Radio Design an adequate guide for
constructing successful sets which give as good
results as the finest commercial equipment.
Many successful professional set builders
started in business by following designs cre-
ated by the authorities whose articles are pub-
lished in Radio Design.  Read the offer below.

Students, who realize the importance of under-
standing the underlving principles of radio
ulmpment will find the I\d(ll() Physics Course,
in Radio Design, just the useful information

they need to explain the thousand strange ef-.
fects which have scemed so mysterious. Don’t,

permit vourself to be ignorant of these funda-
mentals.  Read the offer below.

Custom Set Builders—don't let the other fel-
low take away your trade this [Fall.  Prepare
vourself—be ready to give your customers the
very latest designs in all-clectric sets, short
wave equipment and super-range receivers.
And make sure vour prices are low enough to
meet all competition. Get on vour toes—Read
the offer below:

F()m issues of RADIO DIEESTGN, equal
a 200-page Dbook, mailed to vour
hmne bringing in the four issues the

details of thc Iate\t and finest designs,
worked out with scientific precision—Also, these
issues will contain Part 1 of the complete Radio
Physies Course.

SEND 25¢ IN COIN OR STAMPS TO

RADIO DESIGN PUBLISHING CO., Inc.

103-A BROADWAY

BROOKLYN, NEW YORK, US.A.
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YOU WANT TO KNOW—
WHETHER it’s going to be a set for your-

self or for one of your customers, before

you spend real, United States money for
radio parts you want some pretty definite assur-
ance that the design vou’re going to iollow has
beeii worked out with expert skill and scientific
thoroughness.

So, if you ask, “What has RADIO DESIGN
done to assure me that the sets shown in this
issue are going to be worth 100% satisfactory
to me or my customers?”’ the answer is:

Concerning television, the information on this
subject comes directly from the Pilot Electric
Mig. Company, which is television headquar-
ters. The article is by M. B. Sleeper, who has
been connected with this work since its incep-
tion, and has been Q. K.'d by John Geloso, chief
engineer of the Pilot Company, and inventor
of the Pilot television transmitter and receiver.
In the coming issues these two men will keep
RADIO DESIGN readers posted concerning
further television developments.

The first model of the Wasp short wave re-

ceiver was built in R. S. Kruse's laboratory, it -

was tested by him, and in its final form Dbears
his O. K. As further proof of its successful
performance, Wasp sets are at this time of
writing in use by the U. S. Army in a number
of points in this country. A standard Wasp
has been used for the ground station in tests
with the Pilot Airplane Radio Laboratory, too.
During these tests, using a 20-ft. wire for an
antenna and an automobile chassis as a ground,
signals irom California and North Dakota were
picked up in the daytime.

The A. C. power packs have been in use in
the JADIO DESIGN laboratory during the
seven’ months which have been spent in work-
ing out the Air Hound receiver. The A and B
packs have given several thousand hours of
operation during the development and life tests
on the Air Hound.

U. K. Krohne, who wrote the article on the
power packs, is a German instrunient maker by
trade, and a wonderfully skillful designer of
radio equipment. Now an American citizen, he
is the man who made the master scanning discs
for the Pilot television equipment, and coun-
structed the precision amplifying apparatus for
the television transniitter,

Frank T. Sullivan, whose name appears in the
article describing the Air Hound receiver, is
Pilot’s test engineer, the man whose job it is
to find fault with -everything. Give Sullivan the
parts for any new set and the layout drawings
and he will assemble it, test it, check it and
before- he i1s through discovers so many faults
that you feel ashamed to have let him see the
design at all. But that's his job—finding out
mistakes before they get out to trouble others,
and he never lets one slip by. So you can feel
pretty sure of the Air Hound, since he has
passed judgment on it.

Many readers remember Alfred A. Ghirardi
as associate editor of Radio Engineering when
that paper was published by M. B. Sleeper.
For three years he has been instructor of radio
and electricity at the Hebrew Technical Insti-
tute in New York City.

The Radio Physics Course which starts in
this issue of RADIO DESIGN is exactly the
course that Ghirardi has been teaching his boys.
It is for that reason that it is being published
here—because it takes up such subjects as have
been found useful to those who are seriously
interested in radio, and presents them in a way
which has already been found understandable.

Gerson lLewis, whose article on the taper-
tuned receiver appears in this issue, is asso-
ciate editor of RADIO DESIGN, and is in
charge of the RADIO DESIGN laloratory. He
is one of those unusual fellows whe can assem-
ble any kind of a set and make it work right
the first time. His success with the taper-tuned
sets is no exception. It is the finest design we
have seen for a high-power, single-control re-
ceiver, and embodies the most sensible method
for overcoming the disadvantages found in
other onc-dial sets.

Now about the short wave converter, with
which  S. W. stations can be heard on any
broadcast set. This article is by E. Manuel,
who is export manager of the Pilot Company.
He knows what’s what in radio in every port
of the world.

An old-timer at short wave reception, Manuel
has devoted much time to the S. W. converter
because, in foreign countries, there is a tre-
mendous interest in American broadcasting, and
he has found that with the converter any set
in any country can bring in American short
wave stations.

The 250 power amplifier, which also supplies
B voltages for any receiving set, is described
by W. R. Kaye. This is a suhject which he
is eminently fitted to discuss, for, among other
things, he is in charge of the transformer wind-
ing department at the Pilot factory, and in this
capacity Kaye “knows his transformers.”

These brief notes are given so that you will
know that the cquipment described in RADIO
DESIGN is not the paper guess-work of inex-
perienced men, but apparatus skillfulty planned
by experienced engineers, chosen by this pub-
lication to assure your success and to establish
vour confidence in RADIO DESIGN—No wild
ideas, bnt real stuff that you know is right.
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Fig. 1.

E. Manuel, sitting before the television transmitter. The insert is the transmitting

amplifier. Right, the combination television and broadcast receiver.

ALL BROADCAST STATIONS CAN
TRANSMIT TELEVISION

By M. B.

ceiver! You can get in at the very beginning

of a new science—vision carried by invisible
waves—a science so entirely new that its future
developments and applications are still to be de-
termined by those who are ready to undertake the
pioneer work of understanding television, and
thinking in terms of its possibilities.

When the first intelligible radio telegraph signals
were transmitted over a useful distance, no one
expected that the foundations was being laid for
a world-wide communication system of tremendous
commercial and political importance.

No one dared to suggest that the first successful
demonstration of radio telephony was the precedent
of the entertainment now provided for every
modern home in every civilized part of the globe.

The most profound students of radio engineer-
ing did not have the slightest idea, when the activi-
ties of American amateurs were legislated down
below 200 meters, that short waves were to become
so vital that they must be split and allocated by
international agreement.

Nor did the founder of the Pilot Electric Mig.
Company imagine, when the concern was organized
twenty years ago, that he would give to the Ameri-
can public the first practical and successful means
of seeing by radio, meeting thrcugh the efforts
of the Pilot engineering staff the tremendously in-
volved problems which have bafflled scientists in
their efforts, during the past 50 years, to extend
vision beyond the range of the human eye.

Piror Proneers TELEVISION

On Aug. 14, 1928, John Geloso, Chief Engineer
of the Pilot Commpany, achieved the first long dis-
tance television transmission when he looked into
the Radio Eye, shown in the accompanying il-

NOW you can build your own television re-
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lustrations, and saw the moving likeness of Mrs.
Geloso, 8 miles away, on the other side of the
Hudson River.

For months, two groups of engineers had been
working in the Pilot Laboratories to evolve a
method of transmitting and receiving images of
living, moving objects. The specifications which
had been giving them were:

1. Radio vision as clear as newspaper illustra-
tions.

2. Full reproduction of details—not merely out-
lines or silhouettes.

3. Transmission from any broadcast station
without altering in any way the equipment of the
station.

4. Transmission within a 10-kilocycle band, to
prevent interference with other broadcast sta-
tions.

5. A television receiver made up of standard
parts, so designed that it can be assembled easily
and cheaply by set builders.

By the first of August the Geloso system had
passed the elementary stages. During the second
week of August the equipment was rebuilt in
portable form, and the transmitter taken to Sta-
tion WRNY on the west side of the Hudson River,
and the receiver installed 8 miles away in New
York City.

And it worked! The first television transmis-
sion, on Aug. 14th; was tuned in as easily and
quickly as broadcast signals. As soon as the
strange-sounding signals came in on the loud
speaker, the switch was thrown to the 1dio Eye,
and while a group of half a dozen engineers
watched the small enclosure, Mrs. Geloso was seen
to walk before the transmitter. She smiled with
a little embarrassment at the extraordinary part

- ol
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Figures 2 and 3. A com-
bination Radio Eye for
recetving  television, and
broadcast set. A snap
switch changes the radio
circuit from loudspeaker to
Radio Eye. The wmoving
objects or animated pic-
ture appear m the opening
of the tuning control. This
receiver, developed by Pilot
Electric Mfg. Company, is

she was playing, waved her hand, and in a moment
stepped aside. Others appeared before the trans-
mitter, each readily recognizable.

This private demonstration was repeated for the
benefit of newspaper reporters on August 2lst, at
Philosophy Hall, New York University.

Meanwhile, work has been under way to develop
receiving equipment capable of even more perfect
visicn. The actual production of receiving sets and
equipment for the use of television set builders is
being pushed ahead as rapidly as possible, for the
Pilot Company realizes, of course, that transmis-
sion is of no value without apparatus for receiv-
ing.

Now that the equipment is being made available,
television broadcasting is a regular feature on
WRNY. Moreover, the Pilot Company is prepar-
ing to furnish television transmitters to other sta-
tions throughout the United States. Thus seeing
as well as hearing by radio will soon be a part of
regular programs,

What is also of great importance, a start has
been made toward the development of special
features which will make television highly enter-
taining, offering far more than a mere opportunity
to see people bow and smile hefore the Radio Eye.

the first commercial broad-
cast and television set ever
built. What will follow,
what will be the future ap-
plications of the Radio
Eye, no one can tell, but
to-day we have actual
television  at  broadcast
wavelengths, making pic-
tures as clear as any
printed in the daily news-
papers.

You Can BuiLp Your Own Rapio Eve

The first real Radio Eye is not merely a labor-
atory demonstration. It works, and works mar-
velously well. Considering the few months which
have elapsed since the inception of the idea, the
equipment is truly wonderful. It is far more per-
fect than the early broadcast sets.

This work was undertaken by the Pilot Com-
pany as part of its policy of keeping faith with
the set builders who look to Pilot to supply them
with apparatus in keeping with the very latest de-
velopments in radio art.

Muct has been published about “television bunk,”
and much has been justified, for a number of com-
panies have gone so far as to advertise scanning
discs, for example, to receive the WRNY television
transmission when the Pilot engineers themselves
did not know how many holes would be used in
the final transmitter disc.

But in making out specifications for this tele-
vision work the whole idea was to open the field to
experimenters, to make it possible for them to get
into this new science, and to encourage them in
pushing ahead just as they did in the beginning
with radio telegraphy, then radio broadcasting,
and finally with short waves.




Fig. 4. Detailed

The specifications previously enumerated ex-
plain why it is possible for set builders, working in
their home laboratories, to use standard parts for
building television receivers, adding only such
special devices as the disc, motor and the neon
lamp.

The accompanying illustrations show how the
first Radio Eye was arranged at the front and at
the rear. However, there are various modifica-
tions which were made in the circuit, accounting
for the discrepancies between the wiring diagram
and the parts shown on the pictures.

On the upper shelf are the television disc, bev-
eled Bakelite gears, synchronous motor, and the
two 2 mfd. condensers,

Below, at the front, is the receiver, shielded
from the amplifier and power equipment at the
rear. The last three tubes and the resistance
coupling units are enclosed in three cans. One can,
as you will see, has heen removed. To the right
is one of the new Pilot 250 type power packs, used
to provide the plate voltage for the audio amplifier
and neon tube.

At the extreme right is a small Pilot B pack.
That was not in the circuit, however, for it was
found that 90 volts of B battery gave much better
results on the R.F. and detector tubes.

As you will see from the diagram, the radio end
is a standard receiver, to which the special audio
amplifier has been added.

IMrorTANT NoOTES oN TELEVISION PARTS

Scanning Disc: Most of the scanning discs
which have ben offered for sale are not worth the
material used to make them. Some are even made
out of thin hard rubber, others of tin or galvan-
ized iron. Even if the holes were accurately lo-
cated they would be worthless because they do not
run true.

Pilot engineers have found it necessary to use
sheet aluminum 3/32 ins. thick, reinforced by a
disc of somewhat smaller diameter, as you will see
in Fig. 3.

Never buy a disc unless the shaft is furnished
with it. Any slight eccentricity will absolutely
ruin reception,
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view of the amplifier and power pack.

The mounting for the disc must have bhall-bear-
ings of the finest quality, of the type to take up
end-thrust from the gears.

The master disc, from which others are being
made for regular production, called for such a
degree of accuracy in locating the holes that it was
necessary to rebuild what was already a precision
machine, in order to locate the openings in such
a way that they would not overlap, nor leave spaces
between the holes.

Subsequent discs are being produced by a photo-
graphic method, for the cost of machining scan-
ning discs one-by-one would make the price pro-
hibitive.

Neon Lamp: Another vital element in the tele-
vision equipment is the neon lamp.

Until the advent of television, very Jittle was
known about neon lamps except as they were ap-
plied to electric signs. The production of a suit-
able type of lamp is not merely a matter of sealing
metal elements in a globe filled with neon gas.

The whole combination of the quantity and
purity of the gas, the metals used for the elements,
and their arrangement and shape determine the re-
sults to he obtained.

The illumination must change from zero light
over the entire surface of the elements to a bril-
liant illumination over the entire surface.

If the lamp has a tendency to shine more bright-
ly in one part than in another, reception is spoiled,
just as a photograph is sometimes partly light-
struck.

The light response of the lamp must be accur-
ately matched to the response of the photo-electric
cells at the transmitter. The degree of illumina-
tion must be proportioned to the voltage applied
to it. If a slight increase in the voltage brings
the lamp to full brilliancy, the picture is just a
bright blur. On the other hand. if the illumination
is very low until the maximum voltage is applied
to it, the picture is very dark.

A special Pilot neon lamp of exceedingly low
resistance has been developed. There is only the
slightest voltage drop across it, yet it handles the
high power required for clear images.

Swynchronous Motor: A synchronous motor of

la’ N 3 o7
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1/20th horse-power has been developed by Pilot to
turn the disc. This is a very simple and inexpen-
sive type, requiring no external regulation. It is
simply plugged into the light socket like any other
electrical appliance.

Radio Circuits: The radio circuits are standard,
as is shown by the wiring diagram. Three Pilot

(o)
o

No. 176 broadcast plugin coils are used, tuned by
No. 1017 Pilot .00035 mid. condensers. Adjusto-
grads are used in the grid circuits of the first two
wibes to prevent oscillations.

In the original receiver, Pilot Redi-Blox were
used to simplify the assembly. To prevent inter-
action between the radio circuits and the audio
end, the receiver was completely shielded, except
at the front, where a Micarta panel was used.

Audio Amplificr: There is so much opportunity
for difference in opinion regarding the quality of
audible reproduction that even a fairly large de-
gree of distortion can be permitted such an
amplifier. .

For television reception, on the other hand, where
distortiori appears visually, the amplification is
either perfect or imperfect.

Consequently, Pilot engineers found it necessary
to develop a special audio amplifier that gives such
perfect reproduction that it is not even possible to
see the distortion.

The three audio stages are assembled with Redi-
blox. Instead of ucing the small stopping con-
denser ordinarily supplied, you will see that a pile
of condensers are employed to give a total ca-
pacity of .06 mid.

Only two grid leaks are used. The other resist-
ances are displaced by special units, mounted like
grid leaks, but in the form of bobbins which serve
as a combination of resistance and R.F. choke, In
this type of amplifier a plain resistance is not ade-
quate, for it does not keep out the radio frequency
distortion. Hence specially developed Resistochokes.

All three A.F. tubes take 220 volts, supplied
from the heavy duty B power pack. This may
seem  strange, considering that 301-A tubes are
used, but with the resistors employed and the C
battery specified, this gives the best results.

Power Pack: Ordinary B power packs cannot
he used for the Radio Eye because, ratings to the
contrary, we have not found any which will deliver
220 volts at 60 mils without overloading the chokes
and causing A.C. distortion.

The unit shown here is the new Pilot 250 power
amplifier from which the heavy current is drawn.

How 1o OperaTE THE Rapio Eve

With the equipment assembled and wired accord-
ing to the diagram, the television signal is tuned
in by means of a loud speaker connected in place
of the neon tube, or by putting a pair of phones in
the plate circuit of the detector tube. As soon as
the signals are brought up to maximum intensity,
the phones are cut out and the motor started. With
the disc rotating at full speed, the set must be
retuned to bring the signals in at the center of the
resonance curve of each stage. Then the potentio-
meter on the 371 tube must be adjusted as well as
the Resistograd in the plate circuit to the detector.

The process is very simple; it actually takes less
than a minute to adjust the controls to bring in
television clearly. The details of the method are
clear enough when you are watching the effects of
the tuning on the reception.

ApprrioNnaL InrForMaTION ON TELEVISION
BroAbpcast

If you want additional in_formatio‘n.on the equip-
ment described, or concerning teleYlSIOH broadcast-
ing from other stations in the United States, send

vour inquiries addressed to Television Dept.,
Radio Design, 103 Broadway, Brqulyn, New
York. In this way you can get additional details

direct from the Pilot laboratories.
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Fig. 1. The Pilot Wasp has o world-wide receiving range.

SHORT WAVE PILOT WASP HAS
WORLD-WIDE RANGE

By Joun GEeLoso

17 to 500 meters, certainly should be the last

word in this type of equipment. The coils
and the set were designed with the assistance of
R. S. Kruse, recognized authority in this country
on short wave communication. To speed up the
progress of the work, the Pilot Airplane Radio
Laboratory was used to carry the engineers back
and forth between the Pilot factory and Kruse's
laboratory at Hartford, Conn. Such a long dis-
tance collaboration would be difficult ordinarily,
but the two cities are less than an hour apart via
the big Stinson monoplane.

T HE new Pilot Wasp short wave receiver, for

Wasp CoiLs WiDELY RECOGNIZED
News travels very fast among radio engineers.
The first coils were hardly produced when F. E.
Handy, from A. R. R. L. Headquarters, sent down
a hurry call for coils to use in a new receiver.
The Officers’ Radio School at Fort Monmouth,
N. J., ordered a quantity of complete kits to be
assembled by their students. A Wasp receiver, set
up in the shadow of the Statue of Liberty, is
handling U. S. Army traffic.
Wasp coils were ordered tfor use in the short
wave equipment designed for the Byrd South Pole
Expedition, which will carry 28 receivers.

Fig. 2. This is the Pilot Airplane Radio Laboratory, used for the development

of aircraft radio equipment. This photo, taken at the Stinson Field, shows

[. Goldberg, president of the Pilot Company, with Bert Hassell, the Rock-
ford to Stockholm flier, who has been found in Greenland.

e Bn.
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OrrFiciaL Wasp DESIGN

Short wave receivers are not the simple matter
that set builders expect them to be, judging from
experience with broadcast sets. Short waves are
very particular. They will not produce good re-
sulfs in the obliging manner that broadcast signals
come in on slip-shod sets. Nor is careful work-
manship any assurance of success.

Short waves insist ‘on designs which are based
upon a thorough familiarity with the vagaries of
high frequencies, as well as the most careful as-
sembly and wiring. Accordingly, we worked out
an official Wasp short wave design, simple enough
for everyone to build, and taking into account all
the special kinks which must be considered, known
only to those who have had long experience with
this sort of equipment.

T

v =
[< o001+
MF,

o
ANT. CND.

In other words, you can’t take a schematic dia-
gram of a short wave receiver and put the parts
together according to your own ideas of what looks
we!l or is convenient.

Such an outfit will prove to be a most unsatis-
factory bag of tricks. You must follow, to the
letter, the layout shown in the accompanying il-
lustrations.

Wasp ALso RECEIVEs BROADCAST

While the Wasp is intended primarily as a
short wave receiver, many splendid reports have
been received concerning its operation on broad-
cast waves.

The five coils provided have colored Bakelite
finger rangs by means of which the wave length
ranges can be identified. They are as follows:

Fig. 6. The set of five Wasp coils covering all wavelengths from 17 to 500
meters. Each coil is identified by its colored Bakelite handle.
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Fig. 7. The illuminated dial controls the
wavelength., The two center knobs regu-
late regeneration. When the broadcast
coil is mused, the upper midget condenser
1s put af maxinuon. For other coils, the
condenser is set at minimum. All regu-
lating is than done with the lower con-
denser. On the right is the rheostal knob.

Red ring............... 17 to 30 meters
Orange ring........... 30 to 52
Yellow ring............ 45 to 105 -
Green ring............. 03 to 203

Blue ring.............. 200 to 300

These wave length ranges apply when the pri-
mary coil is not used, but the antenna coupled
directly to the grid hy the 5-plate midget conden-
ser, as shown in Fig. 4.

The Wasp will bring in broadcast stations at
full loud speaker volume over a range of several
hundred miles. Moreover, it is a convenient check,
when the set is first finished, to try it out on broad-
cast waves, to make sure it is operating properly.

OFFicial. Wase Parts

Following is a list of parts which are required
for assembling the official Wasp receiver:

o1’ No. 180-4 set of Twin-Coupler plugin coils
No. 1282 Pilot illuminated dial
No. 1608 Pilot .00014 mid. condenser
No. J-23 Pilot .0001 mfd. midged condenser
. J-5 Pilot .000015 mfd. midget condenser
No. 910 Pilot 10-ohin rheostat
No. 50-D Pilot .0002 mfd. fixed condenser
No. 761 10-meg. grid leak
No. 750 Pilot .1 meg. grid leak
. 50 Pilot grid leak clips
206 Pilot UX sockets
No. 391 Pilot A. I, transformers
. 212 Pilot UY socket
No. 35 Pilot 1-in. Bakelite brackets
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1 7 by 14-in. Westinghouse Micarta front panel
@ 7 by 13-in. Westinghouse Micarta base panel
o Pilot engraved binding posts

You will also need a length of spaghetti tubing,
a few feet of No. 18 tinned copper wire, two dozen
tinned soldering lugs, and some machine screws and
nuts.

How 1o ASSEMBLE THE \Wasp

The accompanying illustrations show very clearly
how the parts should go together, so if you layout
your panels carefully in accordance with the offi-
cial panel patterns you should have no trouble at
all. Fig. 3 gives the schematic diagram and Fig.
il the actual layout as the wiring will appear in
the set. All the front panel parts should be as-
sembled first, then the base panel parts assembled
and wired as far as possible. Do not fasten the
two panels together until that much has been com-
pleted.

It is very important to use only rosin-core solder.
Do no use soldering paste under any circumstances.
Be sure that you get the terminals of the sockets
i the positions shown in Fig. 11.

As you put on the wiring, compare the directions
of the wires and also the neatness of your work-
%@nship with the photographs and the diagram in

ig. 11.

How To OrErRATE THE WaAsp
When you have completed the assembly, plug in
one of the five coils, insert the tubes, and connect
a six volt storage battery from A+ to A—. Try

Fig. 8. In these illustra-
tions, the No. 381 Pilot

F. transformers are
shown. The Wasp kit
however, contains two of
the new No. 301 trans-
formers. The .1-meg. grid
leak, between  the two
A. F. tubes, is connected
across the secondary of
the first transformer to
prevent howls when the
set goes in and out of

oscillation,
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the rheostat to see that the tubes light properly.
Then hook on the B battery, go volts from B— to
B+Amp., with a tap at 45 volts to B+DET. Attach
vour telephones to the binding post at the rear.
If you have a regular broadcast antenna, hook it
on to the binding post marked SHORT ANT. I
vou have a small indoor antenna about 20 feet long,
use the ANT. binding post.

When you use the broadcast coil, set the upper
midget condenser on the front panel at maximun.
For all other coils sct this condenser at minimum
capacity.

Tune with the big condenser for wave length,
and adjust the lower condenser for regeneration.
You will also have to regulate the small condenser
at the rear of the hase panel, in order to get a set-
ting which will permit the coils to oscillate over
the entire range.

Beyond this, you must just experiment to get
your own experience. There is a great deal of
short wave broadcasting now, not onlv in the
United States but in foreign countries as well. If
vou want to learn the code, you will have the whole
world at vour finger tips. 1In this issue of Radio
Design an up-to-date list of code and broadcasting
stations is given so that vou can locate the calls
vou hear.

Iig. 10. There is no |
complicated wiring on
the Wasp, cven under
the sub panel. The
arid condenser is held
in place by the screees
which  pass  throuyh
the grid leak clips.
Refer to this view as
vou asscmble vour set,
for it will help vou to
put on the wiring cor-
rectly.
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lFig. 9. By using a resistance-coupled am-
plifier, the Wasp can be employed for re-
ceiving the various telewvision signals, broad-
cast fromy station 3XK at 46.72 wmeters. The
present schedule goes on from 8.00 to 9.00
P. M., Eastern Standard Time, on Mondays,
I ednesdays, and Fridays. The transmitter
is of 2350 walts, and is being heard all around
the couniry.

Frosm rore Staxpakp Wase
RECEIVER

Already quite & number of reports have come
in on actual results obtained with the Wasp re-
ceiver. For example, Staff Sgt. Edwin A. Red-
ding, Jr.,, in charge of the U, S. Signal Corps
Station 2 SC, and WVP, Ft. Wood, N. Y.,
reports that “The Wasp was used in preference
to three other short wave receivers at this sta-
tion.” This set was constructed according to
official specifications.

A very interesting communication was re-
ceived from E. F. Whitcombh, 243 Gold Street,
Brooklyn, New York. He sent a photostat copy
of an acknowledgment received from station
40QG, Brishane, Australia. The card states that
an cxamination of the Offcial Log confirms
Mr. Whitcomb’s report of reception.

George L. Jones, Hazardville, Connecticut,
reported on August 2oth that he had received
3 S\V, Chelmsford, England, on 23 meters, every
night during the previous weck. Reception was
obtained with an 18 {t. antenna strung across
a room about 134 ft. from the ceiling.

[t is very interesting to ohserve the strange
things which happen on short waves. Station
WRNY, for example, reports that their short

Resvrrs Opraixen
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Fig. 11. Picture wiring diagram

wave transmitter is heard by more people in
Australia than in New York City. In other
words, if 'you are within a few hundred miles
of a shorf wave station you may not hear it
as well as signals from stations two or three thou-
sand miles distant. On the other hand, the radio
operators on the transatlantic ships find that they
can pick up KDKA or WGY, on short waves,
as soon as they are out of New York harbor,
and hold the signals all the way across the At-
lantic.

Sometimes amateur stations and commercial
stations as well are difficult to hear, not be-
cause of lack of efficiency at the receiving set
but because of defects in the installation at
the transmitter, which cause a slight swinging
of the frequency. You will notice occasionally
that when signals appear to be fading, if you
change the tuning condenser you can tune
along with them, indicating that the fading is
actually due to changing frequency at the trans-
mitting end.

If you hear a peculiar short staccato note
sounding steadily, but with varying pitch, you
will learn to recognize it as a radio photograph
transmitter or one of the short wave television
transmitters. Again, you will hear a high-speed
telegraph transmitter, clipping off a hundred
words or more a minute.

Telephone or broadcast reception takes a lit-
tle experience and skill to bring in any satis-
factory manner, but once you learn where to
hunt for the foreign broadcast stations you will
have no further difficulty.

of the Wasp short wave recetver.

BOOK REVIEW

Radio Amateur's Handbook by F. E. Handy, pub-
lished by American Radio Relay League, 211
pages, over 200 illustrations, $1.00.

The Radio Amateur’'s Handbook which we re-
viewed in our last issue is now in its second print-
ing of the third edition. It has been most fully
revised and brought up-to-date.

The Handbook still leads as a text on short-
waves and has more authentic material crammed
in it than any other book we have ever seen. F. E.
Handy, the author, is Communication Manager
of the A.RRL. and knows just what both the
beginner and the old ham want to know about
building and operating short wave receivers and
transmitters. He has done a difficult job very nicely
in the Handbenk. Whether you have been in the
game since “way back when,” or whether you are
just starting you should have a copy of the Hand-
book right beside you on the workbench.

As John Geloso pointed out in his article on the
Wasp set, short waves have many strange charac-
teristics. Many of these puzzling things are dis-
cussed and explained in Handy’s Handbook.

The Radio Amateur’s Handbook can be obtained
from the Book Dept., Radio Design, 103 Broad-
way, Brooklyn, N. Y. Bound in a paper cover, it
costs $1.00 postpaid, or $2.00 in a cloth binding.
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Fig. 1. Standard Pilot A and C power pack, and the B power pack.

HOW TO DESIGN A. C. TUBE SETS
FOR .BEST RESULTS

By U. K. KrouNE

VERY custom set builder who is planning for
big business this fall is now selecting designs
for all-electric sets. You and I may have

our pet circuits that call for battery-type tubes, but
Mr. General Public, and particularly Mrs. General
Public, feel that any set that can’t be hooked onto
the floor would be a discredit to the modern home.

Now, the clever set builder knows that the real
business comes from selling Mr. and Mrs. Public
what they want—not what we think they would
want if they knew better.

The catch is right here: Custom-built sets can’t
be exorbitant in price. Usually, they have to be
cheaper than factory jobs. Yet the battery sets
which worked just as well with a little junk slipped
in here and there aren’t A. C. sets by a long shot.

You Can’t Foor tHE A. C. Cmrcultrs

No, sir. You can’t put anything over on the 110
volts, and you have to toe the mark when you use
the new tubes.

That is, you must have the best there is for
the A and B supply circuits, and you must design
the receiver with great care to provide the proper
C biases.

If you use poorly designed power transformers
they will burn up sure as fate. This applies to the
use of separate transformers for A and B supply,
as well as to the single transformers which furnish
both A and B voltages.

The A supply must deliver a heavy current, and
operate continuously for hours at a time. There-
fore a heavy core and heavy ®winding must be
employed, together with a type of case which will
permit the degree of cooling necessary to the
design of transformer.

B eliminators for A.C. tubes must deliver a
greater amount of current than is required for
301-A’s. That is, 301-A’s draws 2.5 to 3.0 milliam-
peres, while the 326 draws 6.0 mils and the 327,
5.0 mils in the plate circuit.

Therefore, where a set using four 301-A’s and a
371 would draw 3o mils, a similar set using A.C.
tubes will draw about 45 mils.

Many B power packs are able to handle 30
mils all right, but at 40 to 50 mils the voltage drops
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way below the values necessary to operate the
A.C. tubes, and with this increased current through
the chokes, the inductance of the chokes drops
from the rated value of 30 henries down as low as
5 or 10 henries. Then, under this overload, there
1s a strong A.C. hum, usually blamed on the tubes
or the set.

A Power Pack DEeraILs

.In Fig. 1, at ghe left, is an illustration of the
Pilot A pack, with the picture diagram in Fig. 2.
This kit comprises the following parts:

1—No. 386 Pilot Filament Transformer
1—No. 959 Pilot double bias resistance
1—No. 051 Pilot single bias resistance
2—No. 801 Pilot .1 mid. by-pass condensers
1—No. 718 Pilot binding post strip

1—No. 719 Pilot base board

1—No. 723 Set of flexible leads

1—Package of wood screws

To this should be added a No. 200 Pilot potentio-
meter of 200 ohms, to be used as a voltage control,
if you want it. .

The A transformer will operate one to three
CY-327 tubes, one to five CX-326 tubes, and one or
two CX-371 tubes.

If the receiving set is made up of .the 327 tubes
entirely, three or four can be operated from the
transformer.

You will see that two special wire-wound re-
sistors are supplied. The No. 951 resistor is to
give 45 volts C bias on the 171 tube, while the
050 resistor is for biasing the R. F., detector, and
first audio tubes.

Prate CurreNT DETERMINES C Bias

The C bias for the tubes is obtained by the drop
across the resistor when the plate currents flow
through them.

The resistance values are such that the correct
grid biases will be obtained when the rated volt-
ages are applied to the tubes.

Now, if an inadequate eliminator is used, the
voltages will be below the rated values, and the C




bias will not be right. That is why you must
use first class B power equipment.

How 10 Use THE A Pack

Different circuits, with different combinations of
tubes, require various arrangements for the grid
bias. The standard Pilot No. 4 A pack has resis-
tors to provide biases which are correct for the
tuned R. F. receiver, described in Radio Design No.
2, and for the receiver shown in the accompanying
illustrations, diagrams for which are given in Figs.
5 and 7.

In Fig. 5 you will see that binding posts are
indicated in three different ways, to show those

which should be connected to the A pack only, o0
. 5%
eoda
v wov, =7 Zug
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Fig. 2. Left. Picture wiring of the A and C

power pack. Fig. 3. Right. Diagram of the

B power pack. The 387-A transformer has

only two primary terminals, but it runs cither
a BH or 280 tube.

those to go to the B pack only, and those to be
connected to both A and B packs.

For economy of space, the binding posts, as you
can see in Fig. 7, were just machine screws with
battery thumb knots to take the leads.

Since the bias resistors are supplied, no separate
C batteries are needed.

On the other hand, for the Air Hound set,
equipped with three 327 tubes, the bias resistors
are both of 2,250 ohms.

ARRANGEMENT OF THE B Power Pack
The B power pack is shown at the right in Fig.
1, with its diagram in Fig. 3. Here is the list of
parts supplied with the kit:
1—No. 387-A Pilot B transformer
6—No. 9302 Pilot 2 mfd. filter condenseéfs
1—No. 9110 Pilot .1-.1 mf. buffer
1—No. gooo Pilot condenser block clamp
2—No. 377 Pilot 30-henry chokes

Pl
B
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1—No. 96o Pilot B resistance

3—No. 8or Pilot 1 mid. by-pass condencers
1—No. 213 Pilot socket

1—No. 720 Pilot binding post strip

1—No. 721 Pilot baseboard

1—No. 724 Set of flexible leads

The 280 type tube is recommended for this set,
although a BH Raytheon can be used if you prefer.
Notes oN THE B Pack
In the standard kit, a buffer condenser is sup-
plied, to be used in the regular way with a Ray-

theon tube, or connected as shown in Fig. 3 for
the 280.

SOCKET

PIROT NQ 377
B- ELIMINATOR
CHOKE COiL

1-MFD.
BUFFER COND.

&

)

PILOT N? 3T
B- ELIMINATOR
CHOKE COiL

EACH CONDENSER
N? 801 BY PASS I'MFD.

EACH CONDENSER NQ 9302 FILTER ZMFD. N¢ 9110

Y elale? g 9 © |
Q)
ole 2

@ [ 2 e
OFFICIAlUr\?llGElﬁé a5
LOT AL 4330 3&50 1550 ZA NO 960
-POWER PACK g
FOR UX 280

e ST pk

B- Bt 45Y B+ 30V, B+135Y. B+ 180Y B+ 220V,

You will see that binding posts are provided for
180 volts and 220 volts. If you use the power pack
on old style receivers, where separate C batteries
are employed, so that you will not need the biases
from the resistors in the A pack, you should use
the 180-volt binding post to get 180 volts on the
171 tube. If you use the A pack and the bias re-
sistors, you must connect to the B+ 220-V, binding
post so that you will have 40 volts extra to use
for biasing.

A RECEIVER FOR EXTERNAL PowEer SuppLy

Figs. 5 and 7 show the circuit for a set similar to
the Air Hound, arranged for external A and
B power packs. This set has a stage of tuned R.F.
with a super-charger control, regenerative detector,
and two stages of audio amplification with an out-
put impedance to operate the loud speaker. In
addition, the set is provided with a jack for a
phonograph pickup. When the phonograph pickup
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Fig. 4. A very handsome effect is given by the new dials.

is plugged in, it operates the detector, giving two
stages of audio amplification.

The set is assembled on a 7 x 18-in. front panel,
with a 7 x 17 in. base panel supported on three No.
35 Pilot brackets.

Following is a list of parts required:

uy-221

f

%TIC
SES 600251
® L00035ME
'_"E

| T

1 No. 8o1 Pilot 1 mfd. by-pass condenser
3 No. 35 Pilot 1 in. Bakelite brackets
1 No. 130 Twin Coupler R.F. choke
1 No. 52 Pilot .0005 mid. condenser
2 No 1255-W Pilot Bakelite knob
4 Pilot engraved Bakelite binding posts
RF CHOKE .M
'[nl ux-226 GxtTe '_—l
— ?|neas I _ﬂramwla % A5 CHOHE
%ng § g gm ouTPuT

I

J ®TOMN4 A POWER PALK
: PITONSS 8 POWER PACH L
ANT  GND 15V AL +90V B0 A2 BPACKS C-45v. 25VAL 445V, +135v B- SV AC «220%

Fig. s. Circuit for the all-eleciric sct. equipped with jack to take a plhonograph pick-up. Note
the legend for power pack conneclions.

. 1617 Pilot .00035 mid. condensers
. 350 Pilot Resistograd

. 1282 Pilot illuminated dials

. 1165 ‘Pilot midget jack

. 54 Pilot .002 mfd. condenser

. 121 Twin-Coupler three circuit tuner
. 123 Twin-Coupler R.F. coil

. 51M 00025 mid. condenser

756 Pilot 2 meg. grid leak

211 Pilot UY socket

205 Pilot UX sockets

381 Pilot AF. transformers
383 Pilot output choke

—_ B o e o N =R
Z,
o

Iig. 6. Rcar

1 7 by 18 by 1% in. Westinghouse Micarta
panel

1 7 by 17 by % in. Westinghouse Micarta
panel

No detail description of the assembly is necessary
since it is well illustrated in the accompanying
pictures, and in the wiring diagrams.

Tt should be noted that the No. 52 fixed con-
denser is screwed into the rear terminal of the
Resistograd, and a lead for connection drawn
off from this common point.

The grid condenser, No. 51-M is mounted under
the base panel, and held in place by screws passing

siete of the all-elcctric four-tube receiver.
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through the grid leak clips, through the base panel
and into the threaded bushing of the condenser.

Some of the leads in this set are cabled as
much to improve the appearance of the set as
to keep the leads properly separated from others
in which a 60 cycle hum might be induced.

The operation of the set is similar to that of the
Air Scout. An ordinary broadcast antenna is re-
quired with a first class ground connection.

The two condensers control the tuning, while
the volume in the R.F. and detector stages is
regulated by the Resistograd and tickler coils re-
spectively. Once you are familiar with the opera-
tion of the set, you can adjust the Resistograd per-

NO.4 PILOT A AND C POWER PACK

ORONORONORC)
o [6

o

pression that a hum is set up when 326 tubes
are used. That is more probably due to the
extra filament wiring which must be run
around the receiver, inducing slight A. C. cur-
rents in the R. F. circuits.

The question frequently arises as to whether the
A power transformer can be mounted .right in
the radio set without making trouble. Ordinar-
ily this arrangement is entirely satisfactory. In
the Air Hound, for example, there is no hum
to be heard, even when no broadcast signals
are coming in,

Usually A. C. interference is only caused from
a filament transformer when it is overloaded

4
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Fig. 7. This set employs separate ﬁoiver packs for A and B. Note the conmections for the
phonograph pick-up.

manently and control the volume with the tickler
alone.

This set has a loud speaker range of 1,000 or
2,000 miles, and is sufficiently selective to meet
all ordinary cases of interference.

SpeciaL Notes on A. C. SETs

There is now a decided tendency toward using
all 327 tubes rather than specifying 326 tubes
for the R. F. and first audio.

The reason is simply that construction is
greatly simplified by using all 327 tubes, and
the actual efficiency obtained from them is just
as great as from the 326 tubes.

Some set builders have been under the im-

and there is, in consequence, considerable mag-
net leakage about the transformer.

Usinc PowER AMPLIFIER

If you want something very fine indeed, as-
semble an A. C. set such as is shown in F1g 7,
or the regular Air Hound, but leave off the
last A. F. stage. Instead connect the plate of
the first audio tube directly to the new 250
power amplifier. Then you will have radio re-
ception of the very finest quality and you can
use one of the new dynamic speakers. More-
over, if you use the circuit shown in Fig. 7,
with a jack to cut in a phonograph pick-up,
you can get the 250 power amplifier results for
phonograph reproduction.

L g)




Be very careful in the selection of your phono-
graph pick-up. There are several types which
have been dumped on the market, and are being
offered at very low prices, but the quality of
reproduction is on a par with the cost. Have

the dealer demonstrate the operation of the
Otherwise you may get some-

pick-up for you.

thing that sounds like the old-fashioned canned
music, instead of quality from the amplifier
that is superior to that from the phonograph
from which, on the new style records, we get
music that sounds like the original orchestra or
the artist himself.

THE PILOT AIRPLANE RADIO
LABORATORY

The Pilot Airplane Radio Laboratory has
flown more than 12,000 miles during test flights
for trying out airplane radio equipment and on
trips carrying Company officials on emergency
flights. Between 250 and 300 men connected
with the radio industry have been up as pas-
sengers on trips around the country.

Fig. 9. In many ways it
is better to use separate
A and B packs, for this
method of construction
simplifies the design and
wiring of the set, and
keeps all the A. C. equip-
ment away from the
radio frequency circuits.
This can be scen by com-
paring these illustrations
with those of the Air
Hound.

Thanks to the dependability of the Stinson
ship and its Whirlwind motor, as well as the
skill of Louis Meier, the pilot, the big mono-
plane has never had a forced landing.

Among the cities to which the ship has flown
are Washington, Detroit, Chicago, Cleveland,
Boston, Baltimore, and Hartford. The plane
is a well-known visitor at Fort Monmouth, N. J,,
where the laboratories of the U. S. Signal Corps
are located, as well as the Officers’ Radio School.
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Radio 1s playing an important part in the
promotion of safe flying. At all the Army posts
weather reports are exchanged by radio early
every morning. As the day progresses, if any
change in atmospheric conditions occur, supple-
mentary reports are sent out at once.

When the Airplane Radio Laboratory is to

| Fig. 8. Here you can see
how much it improves the
| appearance of a set fto
cable the leads. This kceps
the filament wires away
from the grid leads, and,
U also reduces the A. C. hum.
‘ Filament leads for different
| types of tubes can be cabled
! together.

start on long flights, a report is first obtained
from Mitchel Field, adjacent to Curtiss Field,
as to conditions along the route which the plane
is to cover. Probably within the next year,
planes will be able to get additional information
in flight from weather reporting ground sta-
tions.

Experience gained during the operation of the
Pilot plane indicates that radio reception of
weather reports is practical on commercial planes
operating on regular schedule, even tho the pilot
is flying alone. The use and practicability of radio
for privately operated ships is doubtful, however,
for the radio equipment must have the same in-
formed attention that is given to the other parts
of the ship, and radio equipment, until more ade-

RSN |

quate service is provided at airports might be as
much trouble as it would be worth.

In fact, the whole matter of radio equipment for
aircraft, and the methods of its use, will undergo
considerable revision within the next two years.
Much has been learned concerning this subject by
Pilot engineers, for it is only under actual average
flying conditions—not merely pleasant-day hops
around a flying field—that the scope and the limita-
tions of airplane apparatus can be determined.
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Iig. 1.

This gives vou an idea of the appearance of the finished set.

TAPERED TUNING MAKES ONE-DIAL
SET HIGHLY EFFICIENT

- 3y GersoN LEWIs

of single control receivers, you probably know
that there is a whole lot more to it than just
ganging up the condensers and matching coils. It
is almost impossible, even for the experienced pro-
fessional set builder. to build a set of conventional
coils and condensers into a single-dial receiver and
have every tuned stage exactly in step over the
complete frequency range. Even if the coils and
condensers are matched. the capacities and in-
ductances due to the wiring, the internal capacities
of the tubes, the effect of metal objects near the
coils—all add together to unbalance the tuning of
the individual stages and decrease the efficiency of
the receiver, if not to make it altogether impossible
to operate on account of whistles and squeals.
After a great deal of careful laboratory work.
1 came to the conclusion that the conventional
tuned R. F. amplifier would have to be changed
for use in single-control tuned R. F. sets built by
professional set builders. The result was the
Tapered Tuning system of construction.

lF you have played around with the construction

Tarerep TuwiNG Bic IMPrROVEMENT

Experiments proved that in a single control set
employing straight line frequency or modified
straight line frequency condensers, the set could
not be balanced up by tuning in a station and set-

ting each condenser until maximum volume was
obtained. If this was done at one setting of the
dial, since each condenser would be at a slightly
different setting than the others, as they were all
rotated together to tune in another station, the
stages would be unbalanced again due to the fact
that the variation of capacity of this tvpe of con-
denser is not proportional to the angle of move-
ment of the rotor plates. Therefore even though
all the condensers had been moved through the
same angle the variation of capacity of cach onc
would be different. This effect was especially no-
ticed at the lower wavelengths, where the tuning
1s sharp.

In the Taper-Tuned Receiver each stage is de-
signed to have a different sharpness of tuning.
Starting at the first stage the tuning is broad. As
the signal travels through toward the detector,
each stage is more sharply tuned than the preceding
one. The detector stage is designed to give knife-
like selectivity without cutting sidebands. In this
way, by constructing the coils and laying out the
set so that the stages are all electrically similar,
any slight detuning of one or more of the broad
stages has no effect on the volume or operation
cof the receiver. The proof that this theory is
sound lies in the wonderful performance of the
Taper-Tuned Receiver. The tuning is sharp

Tig. 2. The newer Pllot variable condensers have mounting legs so that they
can be sccured to the base board of the set.
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j. 3. All the wiring of the set is shown except for the B-pack. That is separate, but mounted in the cabinet. See Figs. 6 and
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cnongh so that distant stations can be tuned
in through the locals in New York City.
The three stages of tuned R. I, with the
close coupling give it tremendous sensitivity .
The high grade audio amplificr gives won-
derful tone quality when used with a good
speaker, and the single tuning control gives
ase of handling.

Losser MET110DS ARE I NEFFICIENT

There are two practical ways to make a
tmined R. I, stage tune broadly. One is to
insert resistance directly into the tuned cir-
cuit; the other is to use close coupling be-
tween the prmmrv and secondary coils. The
first method is a losser method and materially
reduces the swnl] strength.  The second
method actually increases the signal strength,
the practical limit being set by conditions
of oscillation which develop if the coupling
is made too tight. The latter method of
hroadening the tuning was adapted since it
was found that tremendous increase in sen-
sitivity could he obtained and by proper
design of coils and circuit the oscillation
tendency could bhe controlled very easily.

GREATER SENSITIVENESS OBTAINED

Referring to the circuit diagram yvou will
see that the set cmploys an untuned antenna
circuit with a 2,250-ohm resistance connected
between antenna and ground.  The ground
goes to the common grid return line so that
the proper grid bias is put on this tube.

This is followed by a stage of tuned R. T".
amplification which is purposelv made rather
broad when considered in comparison with
our modern sharply tuned R. F. stages. ()s-
cillation is controlled by a s5.000-ochm Elec-
trad non-inductive resistance shunted across
the secondary of this coil. This resistance
is of the proper range to control oscillation
perfectly over the entire wavelength range
of 550 to 200 meters and at the same time is
high enough to prevent any decrease in signal
strength, By having this control on the
front panel it is possible to keep the set
under the oscillation point over the entire
range, resulting in remarkable sensitivity.
It also acts as an excellent tone control, for
the volume can be reduced to a whisper by
its use.

The sccond and third stages have slightly
sharper tuning, and employ the popular
“arid suppressor” means of oscillation con-
trol. The detector stage tunes very sharply
and extra fine control for DX is obtained
by the midget condenser.

The phionograph pick-up jack is placed
ahead of the detector tube, just after the
erid leak and condenser, so that the de-
tector tube is used as an amplifier when the
phonograph pick-up is plugged in. This re-
sults in more volume.

The audio amplifier employs two high
quality audio transformers, and a 171-A
power tube feeding into an output flter
circuit.

The A. C. line switch controls the A and
C power pack unit and the B power pack.

Comrrere OutriTt 1IN 21-1N. CABINET

The complete receiver, with A and B power

{ L
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RADIO PHYSICS COURSE FOR
HIGH-SCHOOL STUDENTS

By ALFRED A, GHIRARDI

Chapter |—How Sound Waves Are Changed
to Electrical Vibration and Back to
Sound Waves Again

1. Breadcasting System Outlined: Radio
broadcasting, as we know it to-day, has for its
object the transmission of sound waves—speech
or music—from central distributing points, called
broadcast stations, over long distances to the homes
of thousands of people. The distance over which
sound can be transmitted directly is very limited.

method is that it makes it possible to have a num-
ber of stations broadcasting at one time and still
be able to select the program from any one sta-
tion desired, without interference from any of the
others. It is this latter feature which makes prac-
tical our modern broadcasting system where a
large number of high-powered stations are operat-
ing at one time in the same locality, while the
listener is able to select any one of them at will
by tuning his receiver.

An outline pictire of the system is shown in
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FIG 1

Fig. 1. Left, the transmitting station with the receiver at the right.

Even loud whistles or sireus can only be heard
over distances of a few miles. An ordinary
speaker’s voice cannot be heard intelligibly over
distances greater than a few hundred feet.

Consequently, some means other than the direct
transmission of sound must be employed in modern
radio broadcasting, where programs are to be sent
over thousands of miles. The great servant of
man, electricity, provides this means and is the
main factor in the ever-growing radio industry.

Instead of transmitting the sound or speech
waves directly, as in the case of one person talk-
ing to another across a room, they are converted
into corresponding electrical waves by suitable ap-
paratus in the broadcasting station. These elec-
trical waves are then radiated or sent out in all
directions from the aerial of the station through
the atmosphere for miles around to the receiving
aerials of listeners scattered over the entire coun-
try. The electrical waves striking the aerials of
the receiving stations set up currents which flow
through the receiving apparatus. The function of
the receiving set is first to detect and strengthen
or amplify these feeble currents and then to con-
vert them back into sound waves similar to the
original sound sent out from the broadcasting sta-
tion,

Thus, you see, electricity can be employed as an
intermediate agent, due to the fact that we are
able to transmit certain electrical waves over long
distances very easily through the atmosphere with-
out wires, while it is impossible to do this with
sound waves. Another valuable advahtage of this
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Fig. 1. Starting at the left, the man who is speak-
ing sets up sound waves which are converted into
corresponding electrical current impulses by the
microphone M. These current impulses are sent
into the transmitting apparatus B where they are
combined with the wave-carrying current. The
resulting current, flowing in the transmitting aerial
A, produces electric waves which are transmitted
in all directions. At the receiving aerial C these
waves set up electric currents which flow into
the receiving set R. Here they are detected and
amplified sufficiently so that when they are sent
into the loudspeaker I, they are converted back
into sound waves which are loud enough to be
heard by the listener. This outline of the com-
plete broadcasting system should be studied very
carefully since a thorough understanding of the
main function of each unit will make the study of
the subject interesting and simple.

2. Sound: Sound is the form of vibrating
motion in an elastic medium which affects the
auditory organs and produces the gensation of hear-
ing. If we strike an ordinary bell so as to set it
vibrating, it will produce a ringing sound. If the
bell is large and the force with which it is struck
is comparatively small, a series of slow vibrations
are produced, resulting in a low note. If the bell
is small and it is struck a strong blow, a series

* of rapid vibrations are set up, resulting in a high

note,

When the bell vibrates, it beats the air in front
of it and thus compresses it, while at the same
instant the air in back of the body is rarified.




These changes of pressure occur very rapidly and
are transmitted from molecule to molecule of air
in the form of expanding spheres of increased
pressures and decreased pressures which travel
outward in all directions. Any elastic body will
transmit sound.

The speed or velocity with which sound waves
travel depends upon the substances in which they
are moving. They travel at the rate of 1084 fcet
per second in air, and about 18,400 feet per second
in tempered steel. The velocity of sound in vari-
ous substances is given in the following table:

Substance Velocity of Sound
in Feet per Second
Air at O°C.... . ... . 1,084
Ash, along fibres........... .. .. .. 12,200
Brass ......... ... ... .. ... .. 8,900
Copper ... ... . 11,300
Cast.iron ............... ... ..... 13,200
Glass ......... .. ... . ... 17,050
Tead ... ... ... . ... .. ... .. 2,150

AN

and will be used almost entirely in our discussion.

If we could devise apparatus for measuring the
very small variations in air pressure caused by a
simple sound wave at any particular point, we
would find that these variations could be shown
in picture form by the wavy line or curve of Fig.
2a, where vertical distances represent pressure
and horizontal distances represent time. The axis
or horizontal line represents the normal atmo-
spheric pressure. When the sound wave comes
along, the pressure gradually increases to a maxi-
mum from P to A, then decreases from A fo B,
further to C, then increases again from C to D at
which point the pressure is again the same as at
the beginning. The next wave would continue
similarly along DEFGH. Point A, which is the
crest of a wave, represents a point of condensa-
tion because at this point the air is condensed or
compressed. Point C, which is at the hollow of a
wave is a point of rarefication, since at this point
the air pressure is lessened or rarefied.

le——DISTANCE WAVE TRAVELS IN 1 SECOND (FOR SOUND WAVES : 1084 :1)—-|

_J

WAVELENGTH {ALSO ONE CYCLE)

/\/lﬂﬂ/\/\ﬂf\/\

0

AURRRANARE

FIG.

2C 14 WAVES

Fig. 2. Hlustrating the terms cycle, wavelength, and frequency.

Mahogany, along fibres........ ... 14,500
Steel, tempered .................. 18,400
Water, fresh..................... 4,700
Water, salt ..................... 4,770

When a person speaks, his vocal cords vibrate
and set up tiny waves in the air which travel out
in all directions. When these strike the ear drum
of the listener, each pulse pushes a little against
it, causing it to vibrate inward for each pulse,
outward again during each interval between pulses.
These vibrations actuate the auditory nerves, pro-
ducing the sensation of sound to which the brain
responds. The number of these back and forth
vibrations of the drum per second is the same as
the number of pulses of the wave that arrive at
the ear per second. That is, it is the same as the
frequency of the wave. The higher this frequency,
the shriller this sound seems to the brain. What
we really hear then is the frequency, not the length
of the wave. Frequency is always a more charac-
teristic property of waves than the wave length, or
distance one wave travels before the next starts,

45

It must be remembered that the actual pressure
variations due to sound are very small. The varia-
tion due to the weakest sound_which a person with
average hearing can hear 1s in the order of
000000015 pounds per square inch. A painfully
loud sound would produce a pressure variatisn of
about .015 pounds per square inch. A consider-
ation of these figures shows that the human ear is
an extremely sensitive and delicate instrument,
since it is able to detect these minute pressures.

One of the most important distinguishing charac-
teristics of a wave is its frequency. Any wave, a
water ripple on the smooth surface of a pond, a
sound wave, or a radio wave, consists of a succes-
sion of tiny impulses, moving along one after an-
other. Simple waves, produced by a single to-and-
iro vibrating motion, have a succession of regular
crests and troughs as shown in Fig. 2a. A com-
plete wave, or cycle as it is commonly called, is
the part of the wave between one crest and the
following similar crest. The length of a com-
plete wave is called the wavelength. This may also

AN




be defined as the distance the wave disturbance
moves while the vibrating body makes one com-
plete vibration or cycle.

This term is similar to the familiar term ‘“wave-
length” assigned to broadcasting stations, with the
exception that in that case it refers to the radio
wave instead of the sound wave.

4. Frequency: The number of complete
waves or cycles that pass a fixed point in one
second is called the frequency. To show the rela-
tion betwen these familiar terms more clearly, let
us refer again to Fig. 2, a. Suppose we have an
instrument at point P which is producing the
sound wave shown, having a frequency of 10
cycles, or complete waves, per second. Then in one
second the disturbance will travel 1084 feet—this
being the velocity of sound waves in air—taking
it to point Q. In the space between P and Q) there
are 10 complete waves, because 10 waves have
been produced during the secound. Therefore, the

B FUNDAMENTAL
SECOND HARMONIC
FIG.3A
c
RESULTANT WAVE
A FUNDAMENTAL
e THIRD HARMONIC
N\ AN
FIG.38B
c RESULTANT
WAVE

the wavelength is less. The relation between fre-
quency and wavelength is:

Velocity of propagation
Wavelength —

frequency in cycles per sec.
The Greek letter A (lambda) is used to represent
the wavelength. Therefore for sound in air
1084
A=
frequency in cycles per sec.

5. Pitch: When discussing sound, frequency
refers to the pitch of the sound. Low pitched
sounds, like those of the bass violin, are low iu
frequency; high pitched sounds, like those of a
flute, are high in frequency. The normal human
ear i1s able to detect sounds of frequencies as low
as 16 and as high as 20,000 cycles per second. The
frequencies of the sound waves created by the
human voice during the course of ordinary con-
versation average 800 cycles. The actual limits of
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Fig. 3. Diagramatic representations of electric waves.

frequency of the sound is 10 cycles per second.—
Frequency is always expressed as the number of
cycles per second, The wavelength will be equal
to the total distance PQ divided by the number of
waves between P and Q, or wavelength=1084-+
10=108.4 ft.

Now suppose the instrument at P is made to
produce a sound wave of lower pitch, having a fre-
quency of 6 cycles per second. This wave is shown
in Fig. 2b. Then in one second the disturbance
travels 1084 feet as before, but since there are
only six waves produced during this time interval,

the length of each individual wave must be longer

than in the previous case.

In Fig 2,c, the instrument is producing a wave
of higher pitch, having a frequency of 14 cycles
per second. In this case the wavelength is 1084-+
14==77.4 fect. It is evident from this illustration
that as the frequency is decreased, the wavelength
hecomes greater, and as the frequency is increased

audibility depend of course ou the sensitiveness of
the hearing facilities of the individual as well as
the intensity of the sounds themselves.

6. Harmonics: Heretofore we have con-
sidered the most simple kinds of sound waves, that
is, the “pure,” fundamental, or sine-wave sound
This type of sound consists of but one vibration
frequency and is very rare. A pure sound seems
very flat when heard by the ear and has no mu-
sical value.

When we hear a musical sound, we have no dii-
ficulty in recognizing the particular kind of in-
strument that produces it. The sound of the violin.
the piano, etc,, each has its own peculiarities. The
characteristics which enable us to assign a sound
to its source are called the quality or timbre of
the tone. The physical explanation of timbre is
that most sounding bodies vibrate not only as a
whole, but also in various parts as does the string
of a piano. The quality of a note is determined
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by the presence of tones of higher pitch, called
harmonics, whose {requencies are multiples of the
fundamental or lowest tone. To take a concrete case,
let us consider the middle C string of a piano,
Fig. 4 When this is set into vibration by strik-
ing the key, the whole string vibrates as a unit,
producing vibrations of a fundamental frequency
of 256 cycles per second. At the same time, the
string also vibrates in parts, producing harnionic
vibrations whose frequencies are exact multiples
of the fundamental. That is, it will produce a
second harmonic whose frequency is 256x2=512
vibrations, or cycles, per second, and possibly a
fourth harmonic of 1024 cycles. Thus while the

same wave A with its second, third, and tourth
harmonics.

The sound waves created during the course Qf
human speech are very interesting due to their
wide variation of form. In Fig. 3d, the waves
form of a common vowel is shown by the same
graphical representation employed in previous il-
lustrations.

7. Musical Instruments: The sounds created
by musical instruments are practically always com-
plicated and contain many harmonics. The violin
produces a very strong third harmonic, while some
of the notes produced by a flute are perhaps the
purest of any sounds that are generated by musical

fundamental passes through one cvcle, a harmonic  instruments.
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IFig. 4. The complete piano key-board, showing the frequencies of the notes.

passes through a number of cycles, depending upon
what harmonic it is.

Higher harmonics than the fourth are seldom en-
countered in ordinary practice. Consequently the
single middle C piano string is really producing
four sound waves of different frequencies at one
time. These four waves do not exist separately in
the air, but combine to form a resultant wave
which is different from any of its components.
This is the wave which affects our ear.

To show how simple waves of differing fre-
quencies can combine to produce a resultant wave
different from each of them, let A in Fig. 3a,
represents one cycle of a fundamental sound wave.
The horizontal distances, called abscissa, represent

time, and the vertical distances represent air
pressure. Next, B, the wave of twice the fre-
quency, is the second harmonic wave, emitted

simultaneously with A. The resultant wave form
is then represented by C. The wave C is not
symmetrical and does not resemble either of its
component waves A or B. Also, notice that its
frequency is the same as that of the fundamental.
Fig. 3b, shows the resultant wave C produced by
the combination of the same fundamental wave A,
with its third harmonic B. Fig. 3c, shows the
resultant wave produced by the combination of the

8. Sound Sensation: The sensation of sound
as relayed to the human brain by the auditory
nerve presents an interesting and important study.
Two sounds, which have the same physical am-
plitude but which differ in frequency, do not sound
equally loud. It requires a much greater ampli-
tude in low than in high tones to produce equal
loudness sensation.—Notice the difference in ampli-
tude of vibration, between one of the high note
strings of a piano and one of the low note strings,
cven though the sound from the two is equally
loud.

The energy of the vibration is proportional to
the square of the frequency, the amplitude remain-
ing constant. That is, if we had three sounds
having equal amplitudes but {requencies of 20, 40
and 6o cycles respectively the physical energies
would be in the ratio of 1, 4, and 9. However,
these energy ratios do not exactly represent the
loudness of the sounds as they would be heard
*by the ear because, for equal energics, the human
ear hears sounds of very high frequency louder
than those of very low frequency, and sounds of
mid or normal frequency better than either. Thus
it is evident that a loudspeaker emitting low sounds
from an organ selection is really handling a much
areater amount of energy than when emitting the
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higher notes of a violin selection, even though the
two sound equally loud.

Fig. 4 shows the keyboard of a modern piano.
The lowest note on the keyboard has 27 vibrations
per second, and the highest has 4090, on the physi-
cal scale. Middle C represents a frequency of 250
cycles. The lowest C has 32 cycles. The C above
this is an octave of it, and has a frequency of 64
cycles. The octave of a frequency is a frequency
twice as large. For instance, low C has a frequency
of 32, the second octave a frequency of 64, the
third octave 128, the fourth octave, middle C, 250,
the fifth octave 512, and so on.

The practical range of frequencies, with the at-
tendant harmonics, employed in the playing of a
selection on a piano ranges from about 32 to 6000
cycles per second. This allows for the lower and
higher keys which are seldom used. This is ap-
proximately the range of sound frequencies which
are broadcast over the radio. Among the various
familiar musical instruments the bass violin goes
down to the lowest frequency of 40 cycles and
the piccolo and piano employ frequencies as high
as 096 cycles.

9. Radio, Heat, and Light Waves: If we
heat a piece of iron or steel, such as a hack saw
blade, in a gas flame, it gets hot. Continuing the
heating, causes the blade to change color first turn-
mg a dull red, then a bright “cherry red” to slight-
ly orange and finally white hot. In this simple
experiment a series of waves of different fre-
quencies are produced, giving rise to the different
effects noted. When heat is applied to the blade,
it sets the molecules of the iron into vibration,
producing heat waves which are radiated in all
directions. As more heat is applied, the molecules
vibrate faster and faster, causing the radiated
waves to follow one another more closely, ie.,
the frequency is increased and the wavelength de-
creased.

These waves coming off at higher and higher
frequencies produce the sensation of light and of
changing color ranging from dull red, for the low-
est frequency, to cherry red, orange, and finally
bright yellow at the highest frequency. Just as the
pitch of a sound is determined by the frequency of
vibration of the body which produced it, so the color
of light is determined by the frequency of the
vibration producing it. The color red is produced
by vibrations of lower frequency than those of the
color yellow. Other colors are produced by vibra-
tions whose frequencies are between and above these
extremes in the order red, orange, vellow, green,
blue, violet.

So far we have discussed sound waves produced
by mechanical vibration of the air, having fre-
quencies between 16 and 20,000 cycles per second,
and in our experiment we produced heat waves
and light waves. These three types form only
a small portion of all the classes of waves known
to science today. The entire series is divided into
bands for convenience. Starting with low fre-
quencies we have the sound waves consisting of
simple mechanical between 16 and 30,000 cycles
per sec. Above these we have the waves employed
in radio, ranging from 30,000 to 3,000,000 cycles
per second. Then come the short radio waves and
radio heat waves recently discovered by Dr. E. H.
Nichols, comprising a range from 3,000,000 cycles
to 300,000,000,000 cycles. Above these lie the heat
waves, then the ordinary light waves, and ultra-
violet light waves or rays. These latter rays are
given off by X-ray tubes, the sun, and the electric
arc. Following these we have the X-rays and then
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the gamma rays which are the shortest known at
the present time. Above these is unexplored re-
gion of waves still shorter than the gamma rays.
The wave series is shown in Fig. 5, with the ap-
proximate frequency limits for each band. The
divisions of radio, heat, light, and ultra-violet light
waves are made merely for convenience. They
really all belong to one series, since they are all
electro-magnetic waves which travel through space
at the rate of 300,000,000 meters or 186,000 miles
per second, and differ from each other physically
only in the frequency of their vibration or wave
length. These electric waves are of an entirely
different nature than sound waves, since waves are
not electrical and consist of actual to and fro
motions of the air particles. The speed of the

GAMMA RAYS FROM RADIUM

}300 000, 000,000,000,000 K. C
30,000,000,000, 0090, 000 K.C
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759, 000,000,000 K.C..
387, 000,000,000 K.C,  L'EHT WAVES
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300,000,000 K.C

SHORT RADIO WAVES
AND RADIO HEAT WAVES

< 3,000 K.C
}USUAL RADIO WAVES
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Fig. s. Frequency greatly alters the aspect of
vibrations,

electric waves is so great that they can be con-
sidered to move between any two points practically
instantaneously. The difference in frequency gives
the various kinds of electric waves the properties
which are peculiar to them. Thus, radio waves
travel with perfect ease through practically all
substances, while light and heat waves do not.
Just exactly what these radio waves are, and how
they travel, we do not know—any more than we
know what electricity is. But just as with the case
of electricity, we know how they behave under
various conditions, and we are finding out more

* and more about controlling them for our own use.

The question of how they travel is being in-
vestigated by many of our most brilliant scientific
men and, it is safe to say that the time is not far
off when we will know as much about the be-
havior of radio waves as we do now about simple
electric currents. It is these radio waves which




make modern radio broadcasting possible, and their
production and use in broadcasting stations will be
treated in a later chapter.

Chapter 2—About Electric Currents and Things
Which Happen in Electrical Circuits

HE study of radio broadcasting necessarily

includes a thorough understanding of the

action of clectric currents since the trans-
mitting and receiving stations deal entirely with
electricity. \Vhile it is impossible to present a
complete electrical course here, an attempt will
he made to give enough of the fundamentals to
cnable the average person to grasp the ma-
terial in the succeeding chapters and to act
as a review for others.

10. Current Flow: The flow of electricity
8
AJ: j ZINC
COPPER N
F
Z Z
= = .
- //
2= K B
B -
iy e N
—VL__7;;_/ g
» -~
—" aci0 —
Z FIG 6

Iig. 6. The elements of an electric batiery.
through a wire is always a puzzling thing to
the novice, possibly because the action is not
directly visible to the naked eye. We really
do not know what clectricity is, any more than
we know what gravity or magnetism is. But
like many other things, we can learn to use it
and control it by studying its wvarious pecu-
harities. Many theories have been advanced by
prominent scientists to explain the reasons for
the observed hehavior of glectric currents. The
one most commonly accepted at present is the
clectron theory.

11. Electron Theory: It is generally known
that all matter. such as the paper upon which
this is printed, consists of small particles called
molecules.  These molecules may he further
subdivided into what we call atoms. Thus a
grain of ordinary table salt may be considered
as consisting of many tiny particles, molecules,
of salt held together by some force of attrac-
tion. These molecules cannot be divided into
smaller molecules of salt, but each one can be
divided into atoms of different chemical sub-
stances. One molecule of salt can be split up
into an atom of sodium and one of chlorine.
Each atom in turn is believed to be made up
of a center nucleus having a positive charge
of electricity, around which revolves a number
of small negative charges called electrons.
Under normal conditions, the positive charge
of the nucleus is equal to the sum of the nega-
tive charges around it, so that a state of bal-
ance exists.  Atoms of different substances
differ merely in the number of negative elcc-
trons surrounding the nucleus.

At least one of these electrons is loose or
free to circulate around among its neighbors.
When an eclectric current flows, what really
happens is that these free electrons move along
the length of the wire, the movement giving
rise to the various external effects which we
assoctate with an clectric current. Thus an
clectric current is merely a stream of {rec
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clectrons passing tharough a conauctor 1 the
opposite direction to which we usually ascribe
to the electric current. Substances in which
the loose clectrons move around easily arc
called good conductors, Among these are gold.
silver, copper, brass, and iron. Substances in
which there are no frec electrons or very few.

are called insulators. These include porcelain
mica, and dry air.
12. Voltage: \We have seen that the niove-

ment of clectrons along a conductor constitutes
an electric current.  However, if we take a
picce of copper wire and hold it in our hand,
no electric current flows, since there is no
force or tendency to make the electrons move.
\We must apply some external force to the wire,
called voltage, to produce the current. 1f we
take a strip of copper wire and one of zinc,
partly immersed in a solution of dilute sulphurlc
acid, and connect them with a wire, AB—Fig. 6.
chemical action will take place and electrons
will be removed from the copper and given to
the zinc. This results in the copper plate hav-
ing less than its normal number of electrons
and the zinc plate having more than its num-
ber. The result is an unbalancing of the
charges, and electrons will flow from B through
the wire to A tending to equalize the charges
again. This constitutes the flow of an elec-
tric current and we say the current flows
through the wire from A to B. We have here
a simple electric battery where A is the posi-
tive terminal and B is the negative terminal.
The battery serves the purpose of causing a

continuous flow as long as chemical action
continues at the zmc that is, as long as a
voltage is present.

13. Current: An electric current consists of
a flow of electrons. If we measure the num-
ber of clectrons flowing past a given point in
a circuit in a unit of time, onec second, we have
a measure of the current. The unit of current
measurenment is the ampere, Current is usu-
ally measured by means of an instrument called
an ammeter.

It must be remembered that a current of
electricity cannot flow in a conductor unless

5 OHMS

E

IIIL

— =
SERIES CIRCUIT FIG. 7

Fiy. 7. Howe resistances are wived in series.
there is some force or potential applied to it.
Just as no water can flow in a pipe unless there
is some pressure applied.

14. Resistance: When current flows through
a conductor, it encounters opposition or re-
sistance, just as water flowing through a pipe
encounters resistance due to friction between
it and the walls of the pipe. The resistance
to current flow depends on the material of
which the conductor is made. Silver has the
least resistance, annealed copper is next low-
est. The resistance also depends on the length,
a conductor three fect long having three times




the resistance of one that is one foot long,
other things being equal.

Resistance is also inversely proportional to
the cross sectional aera of the conductor. Con-
ductors of large diameter have less resistance
than conductors of small diameter. The re-
sistance of most conductors also increase as
the temperature is increased.

15. Ohm’s Law: We have now considered
the three fundamental things about electric
currents—first the flow of electrons, constitut-
ing an electric current; second, the potential
or force which causes the current flow; third,
the resistance or natural opposition which every
conductor offers to the flow of current through
it.  There is a fundamental relationship be-
tween these three factors, known as Ohm'’s
lLaw.

If current in amperes is denoted by I, po-
tential, or pressure, is denoted by E, and re-
sistance by the letter R, then Ohm’s Law states
that the current in amperes is equal to the
potential in volts divided by the resistance in
ohms;

E
that is I = — (2)
R

In order to fix this relation more clearly in
mind, let us consider a few examples dealing
with electric circuits.

(a) The filament of a vacuum tube has a
resistance of 24 ohms. What current will flow
through it when connected across a 6 volt
storage batgry?

6
— = 025 Ampere.
R 24

(b) What potential must be applied across
a resistance of 24 ohms in order to send a cur-
rent of 0.25 amperes through it?

Ans. I = —

R

AW

2 OHMS

R2

5 OHMS

R3

3 ORMS

E
i

PARALLEL CIRCUIT
FIG 8

Fig. 8. Resistances connected in parallel.

E
Ans. I = —or E=1XxR
R
Therefore E = 0.253 x 24 = 6 volts.

(¢) A 6 volt storage battery is connected
across a resistance and the current flowing is
found to be 0.25 amperes. What is the value
of resistance?

E E
Ans, I = —or R = —

R 1
Thereforc R = — = 24 ohms

0.25
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From these examples it will be seen that if
any two of the above expressions either poten-
tial, resistance, or current are known, the re-
maining one can be found by applying Ohm’s
Law.

16. Series Circuits: In order for current to
flow in any conductor, the circuit must be com-
plete. In actual electrical circuits, parts are
connected in either of two ways, or in a com-
bination of the two. When they are connected
in such a way that the total current of the cir-
cuit flows through all of them, they are said

Rs

SOHMS & OHMS

10 OHMS
| £
+ I'I'IF_

SERIES PARALLEL CIRCUIT FIG.9

These resistances are wired in series-
parallel,

Fig. o.

to be in series. If two or more resistances are
connected in series as in Fig. 7, the total re-
sistance is equal to the sum of the separate
resistances.

In Fig. 7 the total resistance is:
R = Ri+R:+ Rs (&)

If R: = 2 ohms, R: = § ohms, Rs = 3 ohms,
and E = 20 volts, then the total resistance is
R = 2+5+3 = 10 ohms, and the current flow-
ing in the circuit is:

E 20

R
17. Parallel Circuits: When parts of a circuit
are connected so that the total current is divided
between them, as in Fig. 8, they are said to be
in parallel with each other, When resistances

2 amperes.

FILAMENT

R
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FIG 10

Fig. 10. A rheostat in series with a tube.

are connected in parallel, the total resistance
is expressed by the formula:
1

= 4
1 1 1
R, R2 R3
Taking the same value of resistance as in
the previous example, the total resistance R
of the three resistances connected in parallel is:

R — = 0.99 ohms,

1 1 1
2 5 3




From this it can be seen that connecting the
resistances in parallel lowers the total re-
sistance, since more paths are provided for the
current flow,

18. Series—Parallel Circuits: If the parts of
the circuits are connected so that some of them
are in series and some are in parallel with each
other, then the total resistance can be found
most easily by reducing the entire circuit to an
equivalent series or parallel circuit, depending
upon the combination. Thus in Fig. 9 we have
Rz, Ry and R, connected in parallel and this
combination in series with R: and Rs is con-
nected across the 6-volt battery. To find the
total resistance of the circuit first find the total
resistance of Rz, Rs, and R4 and then consider
the circuit as consisting of this resistance con-
nected in series with R; and R..

Let Ry = 5 ohms, Ra = 2 ohms, Ry = 5 ohms,
R. = 10 ohms, R; = 6 ohms.

The total resistance of Rz, Rs, and Ry, is then

rt+4

= +3

g;z B

Wi

(3

o < 4
e A TIME (3
Hos )

x”3 ’
x-4

=1

v FIG 12

Fig. 12. A cycle of A. C. current.

Fig. 13. Magnetic lines of force FIG 13A
around conductors.
1
R=_—— —— =125 ohms.
1 1 1
J— J— + —
2 5 10

The total resistance of the complete circuit is:
R =125+ Ri+ Ry =125+ 5 + 6 = 1225 ohms.

The total current flowing through the cir-
cuit is

6
] = — = —— = 049 ampere.
R 12.25
19. Rheostats: As stated previously re-

sistance in a circuit opposes the flow of elec-
tric current. There is a certain amount of
resistance in every electric circuit due to the
connecting wires, etc. In some cases extra
resistance is added intentionally to reduce the
current flowing. An example of this is seen
in the use of rheostats, or adjustable resistances,
in the filament c1rcults of ordinary vacuum
tubes in radio receiving sets. Here the current
from a storage battery flows through the fila-
ment of the tube and heats it to incandescence.
The amount of current flowing is regulated by
connecting a variable resistance R in series
with the filament, Fig. 10.

Resistances are made in a variety of forms,
depending upon their particular use, Low re-
sistances for radio work are usually made of
wire wound on some suitable insulating ma-
terial.  Very high resistances of several thou-
sand ohms or more are made either of impreg-
nated paper, or coated with carbon particles,
or consist of a glass thread coated with a very
thin layer of metal. Other adjustable high
resistances make use of carbon or graphite discs
or powder which may be pressed together
tightly to decrease resistance, or allowed to
separate to increase resistance. A clear mental

picture of resistance may perhaps be obtained
by the following consideration.

If we take a piece of wire of any definite
diarheter, length and material, it has a certain
value of resistance. If we make the wire twice
as long, its resistance will be twice as much,
if we decrease its length the resistance will be
decreased. Now if we keep its length constant
but increase the diameter, or cross sectional
area, the resistance will decrease; if we de-
crease the diameter, resistance increases.

Kinds of Current: Fundamentally the elec-
tricity itself is always the same in any current
no matter whether it is produced by chemical
action in a battery, by a generator, or any other
way. Electricity, as we deal with it in our lives,
however, is usually in the form of one of three
types of electric currents. When the current
flows in but one direction through a circuit it
is known as direct current, commonly abbre-
viated D, C. This is the kind of current sup-

FIG I13C
FIG 138

plied by all forms of batteries, and flows from
the positive terminal of the battery, through
the circuit to the negative terminal. If the
current flows in one direction, but is pulsating,
that is, increases and decreases in strength, it
is known as pulsating current. If the current
not only varies in strength but also changes its
direction of flow many times a second it is
called an altérnating current, commonly ab-
breviated A. C. This difference in the way in
which the current flows through a conductor
gives rise to various effects, which will be
studied later. (To be continued.)

THE TAPER-TUNED RECEIVER
(Continued from page 43)

30 enameled wire. The first coil contains 65 turns
in the primary; the second contains 6o turns; the
third contains 50 turns; and the last is the regular
coil with a 25 turn primary. The primary coils
are all wound so they start 1/16 inch from the
filament end of the secondary. The secondary coils
are left untouched. Be sure to wind the wire
tightly on the forms and connect the ends cor-
rectly. When the coils are finished the top end of
the secondary should go to grid and bottom end
to filament return. The top end of the primary
goes to B4 and the bottom end to P. The primary
is wound in the same direction as the primary.

When wiring the set, the location of all wires
in the input circuit of the R, F. and detector tubes
should be kept short and as nearly similar for each
stage as possible. The plate leads should also be
short. The two wires going to the oscillation con-
trol on the front panel should be located very
carefully to prevent feedback from the other
stages. The coils may be placed as close as 374
ins. between centers without interference,
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Fig. 1. An ideal design for an all-electric broadcast receiver.
”

ALL-ELECTRIC AIR HOUND IS MARVEL
OF RADIO DESIGNERS’ SKILL

Dy Frank T. SvLLivan

ANY people seem to have the idea that
M it is now much cheaper to buy manufac-

tured receivers than to build one or have
one built by a custom set builder.

It may seem that such should be the case this
season, but it is not. Radio Design is just as
much interested in showing new types of all-
electric receivers to be huilt at the lowest pos-
sible prices, as the set manufacturers, and as far as
bringing cost down, Radio Design scems to have
heen more successful.

Witness the Air Hound all-electric receiver.
In tests which we have made, this set has done
just as much and has done it just as well as very
much more expensive receivers. In fact, in some
ways, it is a little better than other types.

As for cost, the complete kit of parts comes
to less than $45.00. Add a simple table cabinet,
and you will have as fine an outfit as is sold up
to $100.00.

Moreover, you must remember this about cus-
tom built receivers—each part is a finished piece
of merchandise, while manufactured receivers
are made up very crudely and, generally, designed
so that several parts can be hidden under each
little box inside the cabinet.

If anything goes wrong. it is expensive and
takes quite a little while to have the set re-
paired. On a custom built receiver, each part is
an individual unit which can be removed and
replaced at once.

This is an important matter to the set owner.
Usually, if a set is going to go wrong, it is the
morning before some important event is to be
broadcast. Repairing a manufactured set is
then a matter of days. On the other hand, a
custom built receiver can be fixed up in perhaps
half an hour.

Again, a standard design of receiver, built by
an established custom set builder, does not be-
come an orphan, as is the case with so many
manufactured receivers built by companies that
seldom stay in business more than a year. Con-
sequently, it is always possible to get competent
service for a custom built outfit, and repair
parts are always available.

AR Hounp 1s & Laoratory DEvVELOPMENT
When you tune in on the Air Hound you will
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realize at once the skill and cleverness which is
Luilt into the design of the receiver. It is ex-
tremely sharp, although it can be adjusted to
give broad tuning, Out in the country, or when
yvou are fishing for DX late at night, too much
sclectivity is a disadvantage. As soon as you
learn how to handle the two adjustments marked
Super-Charger and Volume, you will be able to
regulate the degree of selectivity as well as the
range of volume.

The set is absolutely free of hum, all the tricks
of operation have been eliminated, and the de-
sign is so thoroughly substantial that, once the
outfit is installed, it should function without any
service whatever for an indefinite length of time.

The filament lighting transformer gives the
correct voltage for the tubes specified, and does
not burn out the tubes as has been the casec
with so many manufactured receivers. With
the tubes specified, the life should be from 2000
to 4000 hours. The radio frequency circuit is
highly efficient, being equipped with an R.F.
Super-Charger which serves for local reception
as a neutralizer, and on DX makes it possible
to bring in stations at full loud speaker volume
which otherwise would be heard only with the
telephones. In the audio end, the new moisture-
proof transformers are employed with an out-
put filter. This gives excellent quality in the
amplifier circuit, while the filter protects the
loud speaker from being burned out by exces-
sive current and further improves the repro-
duction. The Air Hound, mounted in a suitable
cabinet, measures up to the latest standards of
appearance. The vernier tuning dials have at-
tractive bronze plates, and are lighted indirectly
by small bulbs which shine through the cellu-
loid scales. With two walnut Bakelite knobs
at the center, to match the front panel, the Air
Hound will please the most fastidious customers.

Amr Houxp Crircuit Data

The Air Hound uses three CY 327 tubes for
R.F, detector, and first audio with a CX 371-A
as a power amplifier in the last stage. This not
only simplifies the wiring but positively assures
freedom from-all A.C. hum. With the No. 386
filament transformer these tubes will give as
long life or longer than the CX 326 tubes.

The fitament supply circuit, vou will see, is




Fig. 2. A special feature of this set is the moisturc-proof transformers and filier,

different from that specified for the standard
Pilot No. 4 A and C power pack. The reason
is that a special arrangement must he employed
to give the correct biases on the three 327 tubes.

Cunningham specifies 9 volts on the 327, when
used as a detector, with go volts on the plate,
and, for R.FF. and A.F. amplication o volts bias
with 135 volts on the plates.

This works out very nicely in the Air Hound
because it is possible to use one biasing resistor
in the center tap lead of the 2.3 volt winding
of the filament transformer, since the bias values
of all three tubes are the same.

A separate resistance of 2250 ohms in the
center tap lead of the s5-volt winding puts the
bias of 45 volts on the grid of the 371-A in the
last amplifying stage.

You will notice that, although separate pri-
mary and secondary windings are furnished on
the antenna coil, the primary and secondary
are connected together in secries, with the an-

tenna and ground across the primary alone and
tuning condenser across both coils. \We have
found this the most satisfactory way. although
you can use inductive coupling, putting the
tuning condenser across the secondary only, if
you desire.

The R.F. Super-Charger circuit in the R.F.
stage comprises a .002 mfd. condenser with a
Resistograd. The center terminal of the Resisto-
grad is threaded into one terminal of the fixed
condenser, and a lead brought off at this point
for connection to the plate. The purpose of this
adjustment is to bring the R.I. tube to the
point of maximum sensitiveness for DX recep-
tion, or to ncutralize it for local reception.

The detector circuit is the conventional 3-
circuit tuner arrangement, and has an R.F.
choke in the plate circuit to keep high frequency
currents out of the ampiifier.

The audio amplifier uses the new moisture-
proof transformers, with an output filter, von-

Fig. 3. This set is complete in itself except for the No. 5 B power pack.
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OPERATE WITH NO.5 PILOT B POWER PACK
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I'ig. 4. The parts are arranged in this diagram in the same velative positions as they are mounted
on the finished set.

taining a heavy choke coil and by-pass con-  maximum signal strength on local, or fish for
(lgnscr, i & case which matches the anpearance  distant stations. For near-by stations, turn the
ol the AF. transformer. Resistograd almost all the way in, and put the

tickler coil of the 3-circuit tuner in a position for
maximum regeneration. This will keep the

Once you learn how to tune the Air Hound, R.I'. tube from oscillating, and permit you to
vou will find it very easy to get adjustments for  get the volume adjusted with the tickler. The
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left hand variable condenser will tune a little
lower on the scale than the right hand con-
denser, unless you use inductive coupling.

When you want long distance reception, turn
the Resistograd out a little bit, and it will throw
the circuit into oscillation so that you can pick
up squeals. Then by balancing the adjustment
of the Resistograd against the setting of the
tickler work the controls together until you
bring the station up to full volume. You will
have to readjust the tuning slightly, at the same
time,

Until you learn how to handle the controls,
the set may make some squeals but once you
understand how to set the adjustments, you will
have no trouble from this.

ASSEMBLING THE SET

Following is the complete list of parts for the
Air Hound:
1—7 by 18 by 3/16 ins. Walnut Micarta front

panel.

1—7 by 17 by 3/16 ins. Micarta sub-panel.
1—Twin-Coupler No. 123 R. F. coil.
1—Twin-Coupler No. 121 three circuit tuner.
1—Twin-Coupler No. 130 R. F. choke.
2—Pilot No. 1282 illuminated dials.
2—No. L-43 5 volt lamp for illuminated dials.

For an all-clectric set. this wiring is unusually easy to put on.

>—Pilot No. 1617 .00035 mid. tuning condensers.
1—Pilot No. 350 Resistograd with 1255 W knob.
1—Pilot No. 42 toggle switch.

1—DPilot No. 54 .002 mid. fixed condenser.
1—Pilot No. 51 M .00025. mfd. grid condenser.
1—Pilot No. 58 .006 mfd. fixed condenser.
1—Pilot No. 8o1 1. mfd. by-pass condenser.
1—Pilot No. 386 filament transformer.

2—DPilot No. 951 2250 ohm wire wound grid bias
resistors.
2—Pilot No. 35 1 in. Bakelite brackets.

2—Pilot No. 391 audio transformers.
1—Pilot No. 392 audio output filter.
3—Pilot No. 215 UY sub-panel sockets.
1—Pilot No. 214 UX sub-panel socket.
1—Pilot No. 754 1 meg. grid leak.

12 Pilot engraved Bakelite binding posts.

Mount all the parts on the front panel and do
as much wiring as you can. In the past there
has been some misunderstanding about the two
contacts, shown in Fig. 4, on the No. 1282 dials.
These are contacts for the electric bulb which
illuminates the dial. You will sce that they are
connected to the 5 volt A.C. supply running to
the socket of the 371-A tube.

When you mount the R.F. Super-Charger,
thread the rear terminal of tiie Resistograd into
the .002 mfd. condenser, and then mount the
Resistograd on the front panel. Check the ar-

Fig. 6. Compare this illustration with the picture wiring diagram.
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Fig. 7.

rangements of the parts as shown in the illus-
trations against your assembly work as you
proceed.

Fig. 6 shows the method of obtaining connec-
tions for the two A.F. transformers and filter.
Double lugs are slipped cover the binding posts
and on to the screws which hold the trans-
formers to the base panel. Then all connections
are made to the mounting screws underneath
the panel. In this way. no wires need to be
brought up to the top of the base panel.

It is recommended that vou use the official
panel patterns in laying out thc set, so that the
parts will fit properly and all errors avoided.
These panel patterns are full size, and can be
applied directly to the Micarta panels and the
centers of the holes marked through with a
center punch.

Do not use soldering paste. All lugs on Pilot
equipment are silver plated. Consequently they
take rosin core solder very easily. Just watch
out that you apply heat enough for the solder

The Air Hound has « distinctly commercial apfearance about its compact design.

to melt and run freely. Use No. 18 tinned cop-
per wire. Cut this in lengths about 20 ft. long
and stretch the wire about 2 ft. Then, laying
the wire down on the floor carefully, cut it into
18-in. lengths. That will give vou straight pieces
which can be bent neatly into the necessary
shapes.

Where insulation is required, use small Em-
pire tubing. Do not use wire with cotton insula-
tion, for that collects moisture in the damp
weather and makes short circuits for the R.F
currents.

NEW CONDENSER FEATURES

This season the Pilot variable condensers, 1500
and 1600 series, are made with shafts which
can be removed without disturbing the plates.
The condensers can be mounted at either end,
giving clockwise or anti-clockwise rotation.
Mounting feet are provided, so that they can
be mounted on the sub panel.

Fig. 8. The new A.F. transformers and filter are contained in polished Bakelite cases
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HOW TO MAKE ANY BROADCAST
SET TUNE TO SHORT WAVES

By E. MANUEL

N foreign countries the short wave adapter
l has suddenly become the most important

adjunct to broadcast receivers. Where ordi-
nary broadcast scts can bring in only a few
local stations, in some places not more than two
or three, the short wave adapter makes any
city a neighbor to countries thousands of miles
away.

TFor example, such stations at WGY, KDKA
and WRNY can be picked up readily, on their
short wave transmitters, from Buenos Aires,
6,000 miles away; Rio de Janeiro, nearly 5,000
miles away; the Phillipine Islands, 11,000 miles
distant, and Australia, hali-way around the
world. )

In the United States, the short wave adapter
makes it possible to receive transmitters in for-
eign countries equally distant.

There are Pacific Coast stations which can be
heard in New York, for they send their regular
programs of short wave and broadcast trans-
mitters simultancously. Similarly, the eastern
stations can be heard on the Pacific coast.
WRNY, for example, sends all programs on
two transmitters.

Of course, for the very finest short wave re-
ception and the maximum efficiency the stand-
ard Wasp circuit is recommended in preference
to the Converter, but exceedingly fine results
can be obtained with the Converter on practi-
cally any type of receiver, whether it is operated
from batteries or A.C. supply.

However, the one tube in the Converter must
have a battery supply {or the filament, because
if it is run from A.C. there will be an objection-
able hum. If you use a 201-A tube in the Con-
verter, that will require four dry cells to run
the filament. A 199 can be operated for longer
time on three dry cells, but the 199 is not quite
as good for broadcast receiving., This filament
battery is only needed if you have an A.C.
operated receiver. If your broadcast set is bat-
tery operated, then the filament of the tube in
the Converter can bhe run from your 6-volt
storage battery.

WorLp-Wine Rance at Low Cost
It will cost vou about $10.00 and an evening's

Fig. 1. This lttle
unit, added to any
broadcast receiver,
will bring i all
the short wave sta-
tions. None of the
tuning controls on
the set are used.
All tuning 1is downe
with the illuminated
dial on the con-
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time to give your breadcast set a world-wide
receiving range. The few parts for the Con-
verter can be assembled in two or three hours.
Following is a shopping list that shows what
you need:

1 Micarta panel 9 x 7 x 3/10 ins.

1 Micarta sub panel 8 x 7 x 3/10 ins.

1 No. 1282-L Pilot illuminated dial.

No. 920 Pilot 20-ohm rhceostat.

No. 1252-W Pilot Bakelite knobs

No. J-23 Pilot midget condensers.

No. 206 Pilot UY socket.

No. 212 Pilot UX shock-proof socket.

No. 50-D Pilot .ooo1 mfd. grid condenser.

No. 761 Pilot 10-meg. grid leak.

No. 1608 Pilot .coor4 mfd. condenser.

No. 35 Pilot 1-in. brackets.

set of 5 Twin-Coupler plug-in coils.

6 Pilot engraved Bakelite binding posts.

N = o = =y =

CoNsTRUCTION NOTES

The two panels can be cut from a piece of
Micarta 7 x 18 x 3/16 in. There are varieties
of finishes, so that you can choose the sort of
panel material that will match the set you have
at present.

You will notice that two No. 1252-W knobs
arc in the parts list. These are walnut finished
Bakelite, to match the knob on the illuminated
dial. One controls the rheostat, while the other
is for the midget condenser on the right hand
side of the front panel.

Black Bakelite knobs are furnished with the
rheostat and midget condenser, but by substi-
tuting the walnut knobs you can make the front
panel more attractive in appearance.

The front pancl carries the rheostat, tuning
condenser, and one J-23 midget regeneration
control. On the base panel are the shock-proof
tube socket, plug-in coil socket, J-23 condenser
for regeneration control at broadcast wave
lengths, grid leak, and binding posts. Undecr the
sub-panel are the grid condenser, antenna series,
variable condenser, and R.F. choke.

How To ASSEMBLE THE CONVERTER

Mount the illuminated dial on the front panel
at the center and up high enough so that the

verter. At the left
is a rheostat, and
at the right, a mid-
get condenser which
regulates  the re-
generation. Differ-
ent coils are
plugged in accord-

mg to the wave-
length range de-
sired.




Figs. 2 and 3. Top and bottom views showing details of the converter.

pottom of the mounting bracket is $% in. above
the bottom of the front panel. The centers for
the rheostat and midget condenser are 1 in.
from the edge and 2 in. up from the bottom of
the front panel.

The holes for fastening are Bakelite brackets
on the front panel are 1% in. frem the edge.
The lower hole is 9% in. up from the bottom oi
the front panel, and the upper hcle is 1% in.
from the bottom of the panel. When the parts
have been put together, fasten the base panel
to the brackets so that the rear of the base
panel extends out bevond the brackets $§ in.
Space the tube socket, coil socket, and midget
condenser along a line 214 ins. from the front of
the base panel. The grid condenser and grid leak
go directly behind the two sockets and between
them. The six binding posts and the antenna
series condenser are lined up 34 in. from the
rear of the sub panel. The R.F. choke is under-
neath the panel and behind the J-23 condenser.

There is a trick to mounting the J-23 con-
denser, The two screws which hold the fixed
plates are used for mounting. Make two holes
tor these screws through the base panel and

Fig. 4. The wiring of the
converter is only a matter
of putting on a dozen
leads. Each joint must be
soldered perfectly, for
short waves—high fre-
quencies—have a way of
doing strange things that
do not happen in ordin-
ary broadcast receivers.

fasten them with nuts underneath. Note also
that a 5-in. hole must be made to accommodate
the nut on tlic end of the shaft.

The coil socket must be mounted in such a
way that the C and F posts are toward the
front, and the tube socket with the F and P
toward the front.

CONNECTING AND OPERATING THE CONVERTER

Schematic and picture wiring diagrams are
clear and can be followed readily. The only
catch is that the lower contact on the lamp
socket of the vernier dial must be connected to
the front FF post on the tube socket, and the
upper lamp socket terminal soldered directly to
the frame of the dial.

To attach the Converter to your broadcast
receiver, connect the flexible lead, shown at the
right in Fig. 6, to a brass pin which you can
insert in the plate contact hole of the detector
socket in your set. If there are any R.F. tubes
in the set, remove them as well as the detector.

Connect four drv cells in series across’ A+

Under the base panel, at
the rear, is the little an-
tenna  series condenser
which must be adjusted
until the circuits oscillate
smoothly. To the left is
the R. F. choke, and on
the right the grid con-
denser. This 1s held by
the same screws which
pass through the grid
leak clips.
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and A—omn the Converter, or to a six volt storage If you are using an antenna connected to the
hattery, and connect the B— binding post to the  SHORT ANT., adjust the small condenser at
3— terminal on the broadcast receiving set. the rear of the base nanel uutil the circuit

If you want to use your regular broadcast oscillates at any setting on the tuning d_xal. )
antenna, connect it to the SHORT ANT. on There are manv tricks about operating this
the Converter. Ii you have a 20-it. indoor an-  set that you will have to learn bv actual exper1-
tenna put it on ANT. Do not use two antenna  ence. The rheostat setting has a considerable
on the set. influence on the results. Changing the value of

For short wave reception, put the J-23 con-  the grid leak makes quite a difference. 1f, when

denser which is mounted on the base panel at  you tune out of oscillation, the set squeals, put a
zero, with the movable plates all the way out.  [-meg. resistor across the secondary of the first
Plug in any of the coils except the broadcast audio transformer.

coil, tune in your station with a variable con- To tune broadcast stations, plug in the broad-
denser, and use the midget on the front panel cast coil and set the J-23 condenser at the base
as a volume control. panel at maximum capacity, and operate as before.
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LAST MINUTE NOTES ON TELEVISION

field of telcvision developments. Aluch that
is appearing in the radio press contributes
more to confusion, unfortunately, than to progress.

Before we can all talk the same language about
television, we must agree as to what a television
transmitter is. By the nature of the word, a “televi-
sion transmitter” is one which transmits actoul
images of moving or still objects.

A device which can transmit only black and
white objects is distinctly a silhouette transmitter,
and not a televisor.

Thus, when we refer to the Pilot television trans-
mitter, or televisor, it is understood that, at the
receiving end, true, detailed images will be seen.
The eyes appear distinctly, the teeth show when
the person smiles, and the smoke of a cigarette
is clearly visible.

One of the fascinating things about television
receiving is the strange, positively ghost-like ap-
pearance of the images. When the receiver is
slightly out of phase, the images float across the
opening like spirit pictures.

Reference is made frequently to the screen of
the television receiver. There is no screen. That
is probably the reason for that fact that television
images look like nothing you have ever seen be-
fore. They are not reproduced on any flat sur-
face, as is the case with printed pictures or photo-
graphs. They are formed from individual dots
of light from the flashing neon lamp, these dots
being distributed by the holes in the scanning disc
in such a way as to forin a complete image at each
revolution of the scanning disc. This is similar
to the method employed for projecting moving pic-
tures, where one picture after another is thrown on
the screen in such rapid succession that the cye
receives the impression of continuous movement.

Altho the Pilot Company will be ready very
shortly to supply television transmitters to all
broadcasting stations, the only one in operation at
this time of writing is at WRNY, the Radio News
station operated from the studio in the Hotel
Roosevelt, New York City. Station WRNY trans-
mits television on both the standard broadcast
transmitter and the short wave transmitter for five
to ten minutes starting on the hour, every hour
that they are on the air. This is the first station
to provide a daily television schedule for experi-
menters, and the only station sending television on
broadcast waves.

The use of broadcast waves is highly important,
since the vagaries of short wave transmission are
avoided. It is enough to handle the television
receiver without having to contend with the pe-
culiarities of short waves. On the other hand, the
short wave transmitter at WRNY can be used if
you are far enough away to get good reception.

Several papers which have published articles
about apparatus for Pilot television have recom-
mended the use of ordinary fan motors to turn
the disc, the speed being controlled by variable high
resistors. The authors, it may be suspected, have
not had much experience with television, or they
would know that this method is not practical. It
is absolutely necessary to have a synchronous motor
for the disc. If the A.C. supply at the transmit-
ter and receiver are not perfectly synchronized, the
images will move slowly across the opening, but

fl"\ HINGS are happening very rapidly in the

that is_ not objectignable. In fact, it adds to the
mysterious impression you will get as you “see the
transmission.”

On the other hand, with a variable-spced motor,
if you do succeed in putting it in step for a mo-
ment, the unstable resistance of the rhcostat will
change just enough to throw the images out again,
or else someone will turn on an electric light and
drop the line voltage sufficiently to slow down the
motor.

It is no economy to buy a cheap motor. Get a
€o-cycle motor in the first place if you want clear
reception.

The scanning disc, as has been pointed out else-
where, must be a precision job. We have used
discs of aluminum and of brass. The former is a
little easier to handle, but the finest discs are made
of brass, 3/32 in. thick,

First, holes are drilled .022 in. in diameter. Then
cach hole is filed out .026 in. square. During the
filing process the workmanship is tested frequently
by revolving the disc, with a light held behind it,
to test for overlaps or spaces between the circles
formed by the holes. Given the best equipment for
receiving television, if there is the slightest error
in the location of holes, the images will be dis-
torted. It is clear, therefor, that a cheap disc is
the expensive one.

Inevitably some parts manuiacturers have started
to advertise apparatus for television which is en-
tirely unsuitable. This is even true of one or
two highly reputable concerns. You must be care-
ful, therefore, to satisfy yourself that any equip-
ment advertised for television has actually demon-
strated its ability to perform.

One company, for example, is showing resistance
coupled amplifier kits which we know cannot give
good television reception because we have already
found the ordinary amplifier, however well it may
sound on broadcasting, to be entirely inadequate
for television. Every company selling television
apparatus should give you the answer to this ques-
tion, “Have you actually used these parts in a
televisor, and how can I be sure that the results
were genuinely satisfactory?”

Personally I have always doubted the signifi-
cance of amplification curves of audio transformers
which are so commonly shown to prove that the
transformers give perfect, straight-line amplifica-
tion. Television has demonstrated that such curves
are absolutely meaningless. If the transformers
were as perfect as the curves show them to be, the
transformers would be just the thing for television
amplifiers. But when you see the amplification
results in the televisor, you know that, curves or no
curves, transformers are not perfect,

More than that, it seems as if we do not want
perfect audio amplification for perfect visual recep-
tion. If you tune in your set to get the best music
from WRNY, and then switch to the televisor
when the television program starts, vou will have
to retune”your set. And when you are getting the
best television, you will not get good musical re-
production.

Why this is so we cannot explain yet, but we
shall understand this, and many of the other strange
phenomena as we delve further into this fascinat-
ing science.
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Fig. 1. This power amplifier also supplies all B voltages to the set.

HOW TO BUILD A POWER AMPLIFIER
AND B SUPPLY

By WiLtiam R. Kave

was not intended for radio builders, but

was constructed to please a group of four
hundred girls who gather for lunch every noon
on the sixth floor of the Pilot factory.

It happened in this way. These girls, who
wind transformers, operate the filter condenser
machines, and assemble rheostats, got the idea
that, working in a radio factory, they ought to
have music with their meals.

So we built the original power amplifier for
their use, hooked it up to a simple receiver,
and ran leads out to some big Racon loud
speakers.

We had to wind a special power transformer
and extra heavy chokes, and make special filter

T HE first model of the 250 power amplifier

condensers to handle the high voltage. But
that was all right because it kept the girls
happy. Since then, we have piped the music
to other floors, so that everyone can enjoy it.

Soon after the first amplifier was finished,
John Geloso came along and, looking at it,
said, “Ah, that’s just what I need to supply B
voltage to the television receiver.”

To keep peace all around, we made up a
dozen sets of parts. One amplifier was used
to operate a Racon dynamic speaker for dance
music. The power amplifier gives much better
music for dancing than can be obtained from
ordinary amplifiers because it brings out the
low notes which supply the rhythm of the music.
Another went into a public adilress system

Fig. 2. This unit is buili to stand up under all conditions, and without attention.




and so on until our small supply of parts was

exhausted.

Checking up on their performance, we found
that they were all giving such splendid service,
and cost so little for the magnificent results
delivered, that we decided to build the trans-
formers, chokes, and filter condensers in regu-
lar production. That's the story of the new
No. 402, 375, and 9501 units required for the 250
amplifier. All other parts required are stand-
ard Pilot devices.

How 1o Use tue 250 Uxrir

The power amplifier should be connected
to the first A. F. stage of any receiving set.
Only when exceptional volume is needed should
it be put on the second stage.

No B power pack is required for the receiv-
ing set, because the power amplifier is equipped
with terminals for 45, go, 135, 180, and 400 volts.
Thc. q00-volt post is to handle any special
copment.

1—No. 402 Pilot power amplifier transformer

3—No. 375 Pilot 85-mil choke coils

1—No. 381 Pilot A. F. transformer

14—No. 9301 Pilot 500-volt 1. mfd. filter con-
densers

2—No. 9302 Pilot 300-volt 2. mfd. filter con-
densers

1—No. 956 Pilot 1,200-ohm resistor

2—No. 960 Pilot B pack resistors

2—No. 213 Pilot Bakelite UX sockets

2—No. gooo Pilot condenser clamps

1—No. goo1r Pilot condenser clamp

1—Binding post strip

1—Base board 19 x 74 x 34 in.

40—15-in. No. 6 R. H. wood screws

8—1-in. No. 6 R. H. wood screws

The illustrations show how the brackets are
arranged to hold the bank of fourteen 1. mid.
condensers. Do not squeeze them too tightly,
but see that they are firmly clamped. Con-
necting links are supplied with the kit to slip

Fiy. 3. Not an inch to spare, yel the parts are not crowded.

The power transformer is fitted with binding
posts as follows:

Nos. 1, 2, 3 deliver 7.5 volts and up to 2.0
amperes. No. 2 is the center tap. This
winding lights the rectifying tube, CX-381.

Nos. 4, 5, 6 deliver 7.5 volts and up to 2.0
aniperes. No. 5 is the center tap. This
winding lights the power amplifier tube,
CX-350.

Nos. 9 and 10 deliver 600 volts at .06 ampere.
This is the high voltage which is rectified
for the B supply of the amplifier tube.

Nos. 7 and 8 are for connection to the A. C.
supply. This must be of 110 to 120 volts, 50
or 60 cvcles.

The voltage drop in the rectifier tube, chokes,
and resistors brings the output voltage down
to 400 on the amplifier tube.

Becausc of the high potential employed in
this unit, it is important to put the amplifier
in a well-protected place where no one will get
his hands on it by accident. If you can do it,
arrange a lever-operated switch so that, when
the cabinet is opened at the back, the current
to the power transformer will be cut off.

SUGGESTIONS ABOUT ASSEMBLING

The base board must be of well-seasoned
wood, 19 by 7% in, and 34 in. thick. Fig. 3
gives the general plan of the layout, with fur-
ther details in the picture wiring diagram, Fig. 6.
Start the assembly at the power transformer
end, and wor'’s across. Space each part care-
fully, and make sure that each device is
fastened down securely. The complete list of
parts is as follows:
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over the condenser binding posts as shown in
Fig. 3. Check each condenser carefully to make
certain that it is a No. 9501, and not one of the
two No. 0302 condensers mounted separately
for the output filter.

When you mount the two resistors, compare
the terminal markings with those shown in
Fig. 5. If you make a mistake and reverse the
position of one of the resistors you will not
get the right voltages at the binding posts.

A special set of clamips with short rods are
provided for the two No. 9302 condensers.
These are of 2. mfd., and are of a lower voltage
rating, since they are connected in the output
filter.

ConnEcTIONS TO YUUR SET

No changes in the receiver are mnecessary
when you use this amplifier except that you
will have to switch the leads from your presen:
B pack to the posts on the amplifier.

On the amplifier is a post marked PLATE
INPUT in the diagrams. This is the only lead
running to the receiving set. If you are going
to use only the first A. F. stage in your set,
disconnect the wire running to the P contact
on the socket of the first audio tube. Then
connect the lead from the power amplifier to
the P post on the socket.

If you use the second stage in your set, go
through the same process, removing the wire
running to the P post on the second audio
socket, and put on that post the lead from the
amplifier.

This puts 135 volts on the tube in the set to
which the power amplifier is connected, as




you will sce by referring to Fig. 5. If you want
a higher or lower voltage on that tube, change
the resistor end of the lead running from B+
on the No. 381 transformer. For 9o volts put
the lead on the terminal of the resistor which
is connected to the ogo-volt binding post. To
get 180 volts on the last tube you are using
in the set, change the lead to the resistor ter-
minal connected to the 180-volt binding post.

Use witia TELEVISION AMPLIFIER

When you use the power amplifier as the
plate supply for a television receiver you will
not need some of the parts specified. leave

out the power tube socket No. 381 transformer,
the output choke and 2. mid. condensers, and
the No. 936 resistor. Connect the remaining
parts according to the diagrams.

Without the load of the amplifier tube, the
voltage at the 180-volt binding post will be

Never use cotton insulation for the wiring
on the power amplifier. In damp weather the

- cotton will absorb moisture and offer leakage

paths for the current to flow where it does not
belong.

Be very careful about the soldered joints.
Don’t apply so much heat and solder that you
will damage the instruments. Have your iron
very hot and perfectly clean, so that the solder
will flow freely and quickly.

There is some misunderstanding in the minds
of set builders concerning the relative merits of
the 310 and 350 tubes. Either tube can be

operated on 400 volts plate supply, although the
310 takes 35 volts C bias and the 350 requires
70.5 volts.

When you consider that the 310 has an am-
plification factor of 8 against 3.8 for the 350, it
may appear that the 310 is a better tube. That
s not true, however.

Fig. 4. The shape of the base panel fils most console comparliments.

approximately 220 volts, as specitied in the
television receiver diagram. This is the only
type of heavy duty power supply now available
that can supply sufficient voltage, without over-
loading, at 6o mils drain.

Srrcrar Notes
If you are not familiar with this type of equip-
ment, the following notes will he helpful.

N2 375
30H

N9 375
3oH

The undistorted output of the 330 tube is 3,250
milliwatts, while the 310 can handle only 1,500
milliwatts without distortion. In order to ob-
tain the most perfect reproduction, a big reserve
of power must be available to handle the low
notes. From the figures given, you can see that,
when the 310 is at its maximum, the 350 is re-
livering only half its rated power.

In the average home, high amplification is not
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Fig. 5. Schematic diagram of the amplifier and B voltage supply.
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important, for b1q volume is more often objec-
tionable. Quality is the thing. And that is what
the 350 tube will give you.

Put a good dynamic speaker on this power
amplifier, connect up your old set, and you will
think you have a whole new receiver. The
power amplifier is an excellent adjunct to a
battery-operated set, since it furnishes all the
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I'ig. 6. You can follow the layout of the parts as
shown here, for they are laid out just as in Fig. 3

B voltages, and plugs directly into the lamp
socket. Then you will need only the storage
battery to light the filaments in the set itself.
No current is drawn from the storage battery
to light the tubes in the power amplifier.
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BOOK REVIEWS

The Radio Manual, by G. E. Sterling, edited by
R. S. Kruse. Published by D. Van Nostrand
Co., Inc. Over 900 pages and more than 1,000
illustrations.

Perhaps for the first time we have in one hand-
book an entire course of training for the Depart-
ment of Commerce’s examination for any grade of
operator’s license. [t was prepared by two men
who were perhaps best fitted to do so; R. S. Kruse
and G. E. S.erling. Sterling is Radio Inspector and
Examining Officer of the Radio Division of the
Department of Commerce. Kruse, who edited the
Radio Manual, was for the past five years Tech-
nical Editor of QST, the official organ of the
American Radio Relay League.

The sixteen chapters, carry the reader from ele-
mentary circuits right through to the details of the
newest commercial equipment, so that a beginner,
with hardly any knowledge of electricity, can get
from the book a thorough knowledge of rad.o
operation.

The book is a thorough compilation of radio
information, and has some new information which
had never been published. It has a complete de-
scription of the Western Electric 5 K.W. trans-
mitter in use at most of the large broadcasters:
and a description and circuit diagram of the W.E.
superheterodyne receiver type 6004-C, as well as a
most complete description of the standard Navy
2-K.W. spark transmitter. A very valuable sec-
tion, worth the price of the entire book, is devoted
to Radio Laws and Regulations, and handling and
abstracting traffic.

Complex mathematics have heen avoided and
the different topics, introduced in a well-planned
sequence. The mechanical make-up of the hook is
generally praiseworthy.

The Radio Manual is now on the press and will
be ready October first. The regular price of the
publication will be $6.00. By a special arrange-
ment with the publishers, Radio Design can offer
this book to its readers at the special price of $4.95
postpaid. Orders should be sent to the Book De-
partment, Radio Design Magazine, 103 Broadway,
Brooklyn, N. Y.

Practical Television, by E. T. Larner, published
by D. Van Nostrand. Price $3.75, 172 pages,
100 illustrations.

This first up-to-date book written on the sub-
ject Practical Television gives the layman-a clear
understanding of the fundamentals and principles
of seeing by radio. The first part of the book is
devoted to the work of early pioneers, starting
with Abbe Caselli, who in 1862 sent drawings and
diagrams over wire. The use of selenium, which
was the first light sensitive element known, and
its characteristics are discussed as an introduction
tonthe development of the modern photo-electric
cell.

A chapter is devoted to the use of the cathode
ray as a light sensitive cell. This method is one
which has been more highly developed in Europe
than in the United States. Much space is given
to the Baird Television and to trans-atlantic tele-
vision. .

Whether you intend to build television receivers.
experiment, or just want to have a working knowl-
edge of this new art.

This book will be mailed to you postpaid if you
will send $3.75 to Radio Design, Book Department,
103 Broadway, Brooklyn, N. Y. This is a special
introductory offer to Radio Design readers,




Read what BIG-money
hese fellows have made

in the RADIO BUSINESS

%375 One Month Spare Time
“Recently I made $375 in

one month in my spare
time installing. servicing.
selling Radio sets.  And,

not, so Iong ago, | ecarnvd
enough in one week to pay
for myv course.”
FARLE CUMMINGS,
18 Webster St., Haverhill, Mass.
$1597 In Five Months
“The N. R. 1. is the best
Riclio school in the U, S AL
I have mude $1597 in live
months. 1 shall always tell
my friends llml I owe my
suceess to you.
HENRY J. NIC
302 Saflord Ave.,
Tarpon Springs, Fl
$1164 Spare Time Profits
~ Look al what T have made
since I enrolled, $1,161—
money 1 would not have
had otherwise. 1 am cer-
tainly glad 1 took up Radio
with N. R I am more
than satisfied.”
HENRY R, HEIKKINEN,
123 W, Eiie St., Chicago, 11
Over $1000 In Four Months

My opinion of the N R. 1.
course is thal it is the hest
to be had at any price.
When 1 enrolled [ didn't
know a condenser from a
transformer, but from De-
ember to April T made
well over $1000 and T only
worked in the mornings.

Al JOHNSON,

1409 shelby St , Sandusky, Olio.

S, In.,

time or full
Radlo Busi
f Your

Radio’s ama
wide usge of rec

for spare time and full time businesses.

Fver so often a new husiness is started i this country.

Own
wltlzout capital

o growth is making many .Ili"_' jobs. The workd-
civing sets and the lack of trained men to sell,
install and serviee them has opencd many splendid chances

Twill show you foo

how to start a spare

time
iNness '@

JESMITH Pres.

We have seen how

the growth of the automebile industry, electricity and others made men rich.

Now Radio is doing the sante thing.

rich and will make more wealthy i the fulure.

fts growth has already made many men
Surely you are not going to

pass up this wonderful chance for success.

More Trained Radio Men Needed

A famous Nadio expert savs there are four
«v(md jobs for every man trained to hold them.
l{d(lu has grown so fast that it simply has
not got the nmumber of trained men it necds.
Every year there are hondreds of fine jobs
amang its many branches such as broad-
casting stations, Radio factorics, jobbers,
dealers, on hoard ship, commercial lund stu-
tions, and many others. Many of the six to
ren million rece Iving sets now in use are only
259, to 109, efticient.  This has made your
hig chance for a spare time or [ull time
husiness of your own sciling. installing, repair-
ng sets.

So Many Opportunities You Can Make

Extra Money While Learning
Many of our students make $10, $20, $30 a
week extra while learning. 11 show you the
plansand ideas that have proved

1 Give You

Ny course is

you learn

dence

how to begin making extra money short!

gives you practical Radio experience—

of practically every type of Radio
set made.

andshows upin your pay envelope Loo.

successful for them—show

Practical Radio Experience
With My Course

not just thesry. My method

the “how " and “why
This gives you confi-

“to tackle any Radio problems

You can huild 100 ¢ir-
cuits with the Six Big
Outfits of Radio parts

1 give vou. The pictures
liere show only three of
them. My book explains
my incthod of giving prac-
tical training at home.

Get your copy !

3 Wiill Train You At Home In Your
Spare Time

T bring my training to you. Hold your job.

Give me only part of your spare time. You
don’t live 1o be a eolleze or high school
graduate.  Muny of my graduates now mak
ing big money in Rodio duln't even finish the
erad 13 S 1L 15 years old and men up

60 have Gnished my course successhully.
You Must Be Satistied

T will give you a written agreement the day
o enroll To refund your money if you are
not satisticd with the lessons and instruction
service when yon complete the course. You
are theonly judge. The resourcesof the NIRRT
Pionecr and Largzest Home-Study Radio sehool
in the world stand | l\ of this agreement.

Get My Book

Tind out what R. uhn offers you. Ny 6 [-page
wok, “Rich Rewards m Radio™
b intsout the money makingop-

! ’ portunities the growth of Radio
vou enroll. G. W Page. 1807-2]st Ave., * W Jus made for you. Chp the cou-
A\ufhwllc! Tenn., made \‘)33 in his spare lune MW WL pon. Send it to me. You won't
while taking my course. be obligated in the least.

Address
J. E. Smith, Pres.
Dept. 9G3

National Radio Institute
Washington, D. C.

i coupoii i good
a FREE copy gf m

J.E. Smith,

President,

Dept,, (G
National Radio Institute, Washington, 1. C.
Dear Mr. Smith: Sead cme your book. I

want to know more about the opportunities
in Radio and yonr practical method of teaching
at home in spare time. This request does

not obhigate me to cnroll and 1 understand
no agent will eall on me.
Name.......o. Age

Address. oo oo .

City . Stale
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the Important
RADIO BOOKS

Here is a specially selected
group of radio books which
you will find in constant use
on the desks of radio engi-
neers and custom set builders.
These hooks will bring your
library up to date.

SIGNAL CORPS OFFICERS’
RADIO MANUAL

1929 EDITION. Used by all officers of
the Signal Corps as a reference book on
radio subjects. Completely illustrated with
circuits and diagrams. Explains newest
equipment, including dynamic speakers
and television, as well as newest circuits
used in the Signal Corps.

Price, postpaid ................... $1.00

PRACTICAL TELEVISION

By E. T. LARNER. The only modern
book on this new subject. Written for
experimenters who are working on tele-
vision development., 172 pages, 100 illus-
trations.

Price, postpaid ................... $3.75

RADIO AMATEUR’S
HANDBOOK

By F. E. HANDY. The third, revised
edition. All about short wave transmit-
ters and receivers. Entirely “how to
make it.” Used as a guide by amateurs
all over the world. 211 pages, 200 illus-
trations.

Price, postpaid ................... $1.00

THE RADIO MANUAL

By G. E. STERLING and R. S. KRUSE.
This is the most comiplete book on mod-
ern commercial radio communication that
has ever been written. 900 pages, 1,000
illustrations.

Price, postpaid ................... $4.95

Combination Offer
These 4 books, postpaid

Radio Design Pub. Co., Inc.

103 Broadway, Brooklyn, N. Y.

Cabinets for
PILOT TELEVISION SETS

and

BROADCAST RECEIVERS

This type of cabinet is approved by John Geloso
for the Pilot Television receiver. Also used for
radio sets, with built-in loudspeaker. Write for
prices on this and other beautiful cabinets,

MAXWELL RADIO CORPORATION
98 South 6th Street, Brooklyn, N. Y.

TWIN COUPLER

Twin Coupler Coils
are sold in KRESGE,
KrEss, GRANT, and
other stores thruout

the U. S. A., Canada,

and foreign countries

WINCOUPLER]

Largest Radio Coil
Manufacturers in
the United States

GENERAL OFFICES AND FACTORY

TWIN COUPLER CO., Inc.
POUGHKEEPSIE - NEW YORK
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AJLFARIRIS

Box 83, Station W
Brooklyn, New York

Official M. B. Sleeper
Panel Patterns

Be sure you're right when you assemble expen-
sive radio parts. Use the Official Panel Patterns
so as to reproduce exactly and efficiently the
sets shown in Radio Design.

Pancl patterns of this new all-
$1.00

PPilot Air Hound:

electric high-quality breadcast set - - -

Short-Wave Wasp:

meters, finest of short-wave sets.

10,000-mile range, 17 to 500
Panel patterns. $1.00

Combination 250 power am-
$0.50

250 Power Amplifier:

plifier and B supply for receiving sets, patterns.

Full mechanical drawings of
O.k’d by John Geloso.

Pilot Scanning Disc:
Official Pilot scanning disc.
$1.00.

PILOT TELEVISION RECEIVER
On September 15th John Geloso will release the
hook-up of the redesigned Pilot Television Re-
ceiver. Complete patterns and circuit, with all
- constants and data - - - - _ $1.00

ALL PANEL PATTERNS SENT POSTPAID

areincluded in the Mer-1
riam Webster, such as
aerograph, broadtail,credis
union, Babaism, patro-
genesis, etc. New

names and places
are listed such as
Cather,Sandburg, Stalin,

> Latvia, etc.

Constantly improved and kept up to date.

WEBSTER'S NEW
INTERNATIONAL
DICTIONARY

Get The Best
The “Supreme Authority”
in courts, colleges, schools, and among Govern-
ment officials both Federaland State.
452,000 entries including 408,000 1o-
cabulary terms, 32,000 geographical sub-
jects, 12,000 biographical entries. Over
6,000 i/lustrations, and 100 valuable tables.
Send for Free, new . richly illustrated fampbla
containing sample pages of the
New International
G. & C. Merriam Company
Springfield, Mass.

IF YOU CAN'T BUY WHAT
YOU NEED FROM
YOUR LOCAL DEALER,

ORDER FROM

Fastest Radio Mail
Service in the World

PEED is headquarters for all

Pilot parts and Twin Coupler
coils, as well as special television
apparatus.

PEED can furnish the kits for

building the D’ilot television re-
ceiver, special amplifier, and power
pack, as well as discs, neon lamps,
and synchronous motors, all offi-
cially OK’d by John Geloso, for
WRNY television.

PEED carries in stock the kits

for the Air Hound, Wasp short
wave set, 250 power amplifiers,
No. 4A power pack, and No. 5B
power pack, as well as all the
separate parts for sets described
in Radio Design.

ND Speed ships all orders post-
paid the day they are received.
Remember, Speed is

AS NEAR AS YOUR MAIL BOX

SEND STAMP FOR
LATEST PRICES

‘FOR RADIO BUILDERS SUPPLIES
103-A Broadway, Brooklyn, N. Y.
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PILOT PRESENTS NEWEST

Enig‘ﬁw_eered, Built and Merchqp_dued

—

Test-and-check is the
motto of Pilot en-
gineers who con

trol production.

Pilot provides this-handsome
drum dial with fast and slow-
motion wheels to make tun-
ing quick and sure,

Illuminated knob-type
vernier drum—>built
to Pilot precision

Introducing a new standards.

family of moisture-

proof bakelite case

transformers—audio,

push-pull and out-

put transformers,
output filter, B choke.

Universal A and B
pack transformers,
approved type for
latest A, C.-tubes and
circuits.

4‘)‘ LOT ELECTRIC MF(, Co

323 BERRY ST. 5 45 BROOKLYN NY.
——Z

TRADE MARK RECISTERED
»

i “WORLD'S LARGEST RADIO PARTS PLANT
7 g2 ﬁ




