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~BOOKS:--

The radio experimenter or custom set builder who keeps up to
date in the advancement of his profession is the man who takes
best advantage of his opportunities—and he is not only the
“authority” but usually the man who has money in the bank.

The books listed below can be promptly shipped and have been
selected because of their technical merit and their timeliness
in supplying accurate information about recent developments.

RADIO AMATEURS HANDBOOK. ... ...... $1.00

By F. E. HANDY. This third revised handbook tells all
about short wave transmitters and receivers. Entirely “how
to make it.” The standard textbook of every amateur.
211 pages, over 200 illustrations.

THE RADIO MANUAL.. ... .. ............ $6.00

By G. E. STERLING and R.'S. KRUSE. A most complete
book on modern comumercial radio cominunication. The one
book worth two or three times its cost. Over 900 meaty
pages and 1,000 photographs and drawings.

PRACTICAL TELEVISION ... . ... ... ... $3.75

By E. T. LARNER. One of the few really practical books
on television, and a necessity for experimenters. 172 pages,
100 illustrations.

WIRELESS PICTURES AND TELEVISION.. $2.50

By T. THORNE BAKER. With no hesitation “the second’
important book on television. Historical review and details
of present day successful systems. 188 pages, with many
illustrations.

Order the books that you desire and inclose check or money order.
Shipment will be made within ten hours (except on foreign books
temporarily out of stock). You can not make a better investment.

RADIO DESIGN, PUBLISHING COMPANY, INC.

ONE HUNDRED THREE BROADWAY, BROOKLYN, NEW YORK

|
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RADIO DESIGN

JDENTS & SET BUILDERS

EDITORIAL

! ITH this Volume I, No. 4, RADIO
DESIGN ends its first year. In the
past twelve months the contents
of the publication has so pleased

its readers that today RADIO DESIGN

has approximately twenty-three thousand
paid subscribers and a sale over the counters
of radio dealers throughout the United

States of some odd thirty thousand, the total

circulation being well over fifty thousand

copies.

Of the print order of fifty-three thou-
sand copies of Vol. 1 No. 3 absolutely no
copies are left and there has been and will
be no dealer returns.

Every copy of RADIO DESIGN is in the
hands of radio experimenters and set build-
ers and letters arc being received from day
to day asking, “Where can I obtain back
copies of the magazine?” and “Here’'s my
half dollar. T saw your advertisement in
the last issue and don’t want to miss RADIO
DESIGN for the coming year.”

RADIO DESIGN

engineers will be pleased to answer
the techmnical radio questions of

RADIO DESIGN readers at no cost.

The publishers of RADIO DESIGN ap-
preciate your past confidences and desire me
to express their obligations to you. I am
also to tell you of future plans and how these
plans are today being executed, to make
RADIO DESIGN even more a ‘“necessity”
to you during the year 1929.

AN APOLOGY AND A PROMISE

First, however, I desire, in the name of
the publishers and in my own name, to
personally apologize to every RADIO DE-
SIGN reader who may in the past have writ-
ten to us asking technical questions, ordered
books, or blue-prints, or to those who may
have not received promptly, copies of the
magazine,

We have done our best to keep right
“down-to-the-minute” with all correspond-
ence, shipment of book orders, as well as
in the mailing of individual copies, but the
terrific speed with which our circulation has
increased and the necessity for an every-

RADIO DESIGN, VOL. I, NO. 4

RADIO DESIGN 1

has the second largest paid circula-
tion of any radio magazine in the
United States.
|

day expansion of facilities, temporarily was
too much for us and it was impossible dur-
ing the past few weeks to treat all of our
good friends as courteously and as promptly
as has been our ideal.

We promise in the future to be more
prompt and courteous to you. Now I wish
to tell you of our today and our future.

THE SIZE OF THE MAGAZINE
WILL BE INCREASED

Beginning with Vol. 2 No. 1, the pageé size
of RADIO DESIGN will be increased tp a
seven and one-half inch by ten inch print
page, overall dimensions being eight and one-
half by eleven and three-quarter inches, or
the same size as Radio News and Radio
Broadcast. This increase in size will enable
us to use larger photographs and drawings
and to eliminate the necessity of running
illustrations lengthwise of the pages, all lead-
ing to making the magazine more easy to
read and of more service to you.

With the beginning of the new year and
with the first issue of the new size, the
RADIO DESIGN subscription price will be
increased from twenty-five cents to fifty
cents for four issues.

RADIO DESIGN

full size blue-prints for practically
all published receivers, amplifiers,
etc,, will be available at a cost of

TEN CENTS EACH

We feel that this increase in price is even
more than justified for RADIO DESIGN
in the future, I am sure, will be much more
valuable to you than it has in the past and
that you even would be willing to pay three
or four times this fifty cents to be sure of
securing every copy published.
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RADIO DESIGN

will increase its print page size to
seven and one-half inches by ten \

inches with the next issue.

RADIO DESIGN BLUEPRINT SERVICE

In addition to the drawings and photo-
graphs in the magazine, RADIO DESIGN
will, in the future, supply full size assembly
and wiring blueprints of practically all equip-
ment, radio receivers and amplifiers described
in the magazine.

The blue-prints averaging twenty-four
inches by thirty-six inches in size will be
available at a cost of only ten cents each.
These blue-prints will be the work of ex-
pert draftsmen, designed to be legible and
to give construction, assembly and wiring
information.

RADIO DESIGN TECHNICAL
QUESTION SERVICE

The technical staff of the magazine have
organized themselves and will in the future
be available to every reader for consultation
and for answering any and all technical radio
questions, at no cost other than a two cent
stamped, and addressed envelope.

Questions should be numbered and accom-
panied whenever possible by illustrations or
drawings of the particular circuits or ap-
paratus about which you desire information.
All enclosures of this kind will be returned
with complete and correct answers.

Please be considerate, however, in regard
to the number of questions and please do
not ask us to supply you with drawings of
circuit diagrams of special receivers or
other apparatus,

RADIO DESIGN BOOK SERVICE

All future issues of the magazine will con-
tain reviews of radio and allied technical
hooks and bulletins.

The important radio books will be carried
in stock and shipment will be made within
a matter of hours after receipt of orders.

If you desire hooks which we may not at
the moment have in stock they will be ob-
tained for you at standard list prices and
shipped immediately.

RADIO DESIGN LABORATORY

Paralleling the expansion of the office and
publication facilities of the magazine, the
laboratory floor space and equipment has
been increased and men who have been
familiar with technical radio developments

RADIO DESIGN

laboratory engineers and the pub-
lishers pass on every article before
published, insuring correct informa-
tion and economy in construction.

for years past have been added to the
laboratory staff, enabling publication in
the future of much added material both
from a purely technical as well as from a
constructional point of view.

As a matter of fact absolutely no piece of
apparatus or equipment described in the
magazine is considered worthy of publication
until it has passed the rigid standards of
the publishers from a commercial point of
view, and the technical “yard-stick’” of the
radio engineers in the RADIO DESIGN
laboratory.

The contents of the magazine will in the
future. as in the past, not he confined to
radio alone but will include many articles
having to do with the development of allied
arts including, aeronautical radio communi-
cation, sound film and record reproduction,
and, not the least, television.

RADIO DESIGN
I can supply you with any technical

or radio book.

The Pilot flying radio laboratory will con-
tinue to carry on serious experimental work
in cooperation with other radio laboratories
and experimenters, along the lines of the
work described by Mr. Zeh Bouck in his
article in this issue, telling about tests made
on the radio beacon system in collaboration
with the Bureau of Standards.

SHAKE HANDS WITH YOUR EDITOR VIA
THE MAIL BOX

And now in closing I certainly wish to tell
vou that I personally want to do my very
best to make every future issue of the
magazine interesting and instructive to you.

There will be no let up with the blue-pen-
cil in an effort to obtain accuracy and de-
pendability, that every statement may be
technically correct.

The contents of the magazine in the fu-
ture depends upon both you and me. True. I
lhave some ideas and I think them reason-
able but I am certain that neither of us can
make RADIQ DESIGN what it should be,
and in my belief the magazine that will bene-
fit the radio industry, if we do not tell each
other our desires and make our criticisms
constructive.

Be frank with me, write to me, tell me
whether you think a story is a good one or
a bad one and why. Tell me your own ex-
eriences because I shall always be happy to
tell you mine, as well as those of other eg-
perimenters and readers.

RADIO DESIGN HAS ONE IDEAL OF
EXISTENCE; AND THAT 1S TO BE IN
REALITY THE FINEST RADIO CON-
STRUCTION AND EXPERIMENTAL
MAGAZINE IN THE UNITED STATES.

You men are on the “firing-line” as much
or even more than 1. Let’s line up and
“go-over-the-top,” to radio success and hap-
piness together.

KIMBALL HOUTON STARK, Editor.
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THE PILOT SG-105 SCREEN GRID
REGENERATIVE RECEIVER

By JOHN GELOSO
Chief Engineer, Pilot Electrical Mfg. Co., Inc.

HE meetings of the Institute of Radio

Engineers in New York City provides

in addition to its technical lectures and

discussions an opportunity for the

technical men of the industry to get
away from their laboratories and to meet one
another during the hours previous, to gather-
ing at the Engineering Societies Building.

It one could take a census of various New
York restaurants and hotels, on the evening of
an Institute meeting, they would find groups
of engineers and executives enthusiastically
discussing, across dinner tables, the ways and
means and problems of the industry, and some-
times solving some of them.

I had the pleasure recently of attending one
of these ‘“get-together” dinners just before a
particularly interesting lecture was delivered
before the Institute. At the table with me
was the president of a large radio manufac-
turing company, his chief engineer and in ad-
dition a consulting radio engineer whose name
is known and respected throughout the in-
dustry.

Our round table conversation centered around
screen grid tubes, and the various circuits using
these tubes recommended and published up to
that time.

I shall not attempt to tell you the long de-
tails of our various opinions, but only my own
conception which I stated to these men rather
emphatically and with which they were in
reasonable agreement.

It was my feeling that, as a general fact,
screen grid tubes are all right, but my experi-
ence had indicated that the majority of trou-
bles met with in using screen grid tubes had in
the past been due to the design of circuits not
particularly suited to the tubes themselves.

RADIO DESIGN, VOL. 1. Ng. 4

As soon as the tubes themselves were avail-
able, many experimenters used them in cir-
cuits, whereby three or four screen grid tubes
were used as radio frequency amplifiers, and
in both America and Europe efforts were made,
and circuits were published, describing the use
of screen grid tubes not only as radio frequency
amplifiers, but also as detector tubes and as
audio frequency amplifier tubes.

Manufacturers, in addition to the experi-
menters, attempted to capitalize on circuits em-
ploying the tubes, and did not hesitate to rec-
ommend two, three or four screen grid tubes
in a given circuit.

In my opinion, one or two stages of radio
frequency amplification in a circuit designed
around the screen grid tube provides even more
than the necessary selectivity and sensitivity
required, and eliminates immediately any neces-
sity for using a large number of tubes, with
the possible disadvantage of added complica-
tions, both mecharnically and electrically.

THE SG-105 USES AN AC SCREEN GRID TUBE.

To prove my contentions, to myself and to
others, I designed the Pilot SG-105 all-electric
five-tube screen grid regenerative receiver.

This receiver, after several weeks’ test and
actual use, has proven to me that the opinion
that I stated to my friends was a reasonable
one, and that opinion was “that a properly de-
signed receiver circuit utilizing a single screen
grid tube, would incorporate advantages over
and beyond receivers then employing screen
grid tubes and to such a degree that the re-
ceiver would represent a basic improvement
in the art of radio broadcast reception.

As can be seen from the schematic circuit
diagram of Fig. 1, the circuit arrangement
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www americanradiohistorv com



of the receiver is as follows: The antenna
is inductively coupled to the grid circuit of
the a. c. screen grid tube. The output of the
] screen grid tube is coupled by a screen grid
-11 three circuit tuner providing induétive regen-
erative control feeding into a UY-227 de-
tector tube. A phonograph jack is provided 1n
the plate circuit of the detector tube, so that
the audio frequency amplifier portion of the
receiver may be used in combination with a
phonograph and phonograph pick-up.

Transformer audio frequency coupting is em-
ployed between the detector tube and the first
UY-227 audio amplifier tube, the gain ratio
being 3% to 1. The plate circuit of the UY-
227 1s coupled to two UX-171A tubes in push-
pull arrangement, using a Pilot No. 399 input
EE push-pull transformer, and a No. 401 push-
pull output impedance to couple the amplifier
circuit to the loudspeaker.

The Pilot No. 398 “jumbo” power trans-
former supplies 214 volts filament current to
the a. c. screen grid tube, the detector tube,
and to the first audio frequency amplifier tube.
Separate secondary transformer windings sup-
- i ply S volts to the filaments of the two UX-171
push-pull amplifier tubes and to the UX-280
full wave rectifier tube.

This same transformer also, of course, sup-
plies the plate voltages of 90 volts to the screen
grid tube, 45 volts to the detector tube, 135

volts to the first audio frequency amplifier tube,

U and 220 volts to each of the two push-pull am-

plifier tubes. Of the 220 volts supplied to the

> UX-171 tubes, 180 volts is actually on the

plates of the tubes, 40 volts being utilized for
) the grid bias voltages.

Volume control is provided for by varying
the voltage on the screen grid of the UY-222
tube, a Pilot 200,000 ohm potentiometer being
comnected between the B minus (—) and the
45 volt terminal on the No. 960 fixed resistor.

The grid bias voltage of 114 volts for the
screen grid tube is obtained by taking the volt-
age drop across a 1200 ohm fixed resistor con-
nected between the cathode and the grid, the
resistor being effectively by-passed by a .01
mfd. fixed condenser.

The detector tube input circuit includes a
L 00025 mfd. grid condenser shunted by a two
megohm grid leak.

The first audio frequency amplifier tube has
a grid bias voltage of approximately 9 volts.
obtained by taking a voltage drop across a 2250
ohm fixed resistor connected between the grid
and the cathrode of the tube. This resistor
is also shunted by a one mfd. condenser to
effectively by-pass audio frequency currents.

The two UX-171 push-pull amplifier tubes
have approximately 40 volts grid bias on each
grid. This voltage is obtained by the voltage
drop across a 1,200 ohm resistor connected to
the center tap of the five volt “jumbo” trans-
former secondary winding.

Particular care has been taken to by-pass all
radio frequencies around impedances that would
otherwise tend to decrease the total radio fre-
quency gain of the circuit, reduce over all fidel-
ity by the cutting of side bands or allowing
radio frequency currents to circulate in the high
voltage or filament power supply circuits.
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I wish to point out in particular at this time
that the actual arrangement of the connection
wires in the SG-105 receiver has been studied
very carefully and only after several receivers
were wired, was a circuit arrangement arrived
at, that eliminated to the last degree all pos-
sibility of radio frequency feedback in various
portions of the circuit, caused by circuit loops,
length of radio frequency leads or the sus-
ceptibility of the circuit to a. c¢. “hum” pick-up.

PARTS REQUIRED FOR CONSTRUCTION

The complete list of all parts necessary for
the construction of the SG-105 receiver (in-
corporating, of course, the ABC power sup-
ply) is as follows:

SG-105 Front Panel.

SG-105 Sub-panel.

1623 Variable Air Condenser.

1617 Variable Aid Condenser.

222-A Twin Coupler Shield Grid Ant. Coil.

174 Shield Grid Three Circuit Tuner.

1282 Illuminated Vernier Dials.

1165 Midget Jack.

42-W Bakelite Toggle Switch,

938 Pilot 200,000 Ohm Potentiometer.

398 ABC “Jumbo” Power Transformer.

381 Giant Audio Transformer.

399 Push-pull Input Transformer.

401 Push-pull Output Impedance.

396 “Jumbo” Filter Condenser Pack.

801 By-pass Condensers.

53 Mica Condenser.

S1 Grid Condenser with grid leak and clips.

59 Mica Condensers.

395 “Jumbo” Double Choke.

960 Fixed Resistor.

959 Fixed Resistor.

956 Fixed Resistor.

216 Sub-panel Sockets.

217 Sub-panel Sockets.

35 Sub-panel Brackets.

each Binding Posts, Ant,, Gnd., Short Ant,,
L.S.+L S —

744 Miscellaneous Hardware.

1 BP-108 Blue Print.

ASSEMBLY INSTRUCTIONS

It is best in assembling the receiver to first
mount all parts on the 23” by 7" bakelite sub-
panel.

The position of these parts looking down
on the top of the receiver is indicated by the
drawing of Fig. 2, and the photograph Fig. 3.
Looking from the receiver front it will be seen
that above the sub-panel and at the rear left
hand end of the sub-base panel is mounted the
No. 398 power transformer, No. 396 filter
condenser block, and the No. 395 double choke
coil. Then going toward the right, comes the
No. 401 output push-pull impedance, two tube
sockets, and the No. 399 input push-pull trans-
former, and then another socket.

The grid condenser and leak, the No. 960
resistor strip, four other sockets, five binding
posts, and the No. 381 audio transformer is
also mounted on the top of the sub-base pancl.
Looking from the receiver front, the socket
on the extreme left at the front is for the
UX-280 full wave rectifier tube, while the
socket just back of the volume control poten-
tiometer and to the right of the left hand

s B 0 DN bt b b e ) g B bt b ot b b b N bt b b b bt bt
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variable condenser is for the Twin Coupler
screen grid antenna circuit tuning coil.

Fig. 4 is a bottom view.line drawing of the
receiver sub-base panel, the same view being
shown photographically in Fig. 5 and shows
that under the sub-panel is mounted the fixed
by-pass condensers and the three fixed re-
sistors for the grid bias circuits.

Looking at the receiver front panel as shown
by the illustration at the heading of this arti-
cle (which shows the receiver mounted in a
cabinet), we see that the “on” and “off” switch
is mounted at the lower leit hand corner of
the panel and the phonograph pick-up jack
in the lower right hand corner.

Between the two vernier dial controls are
mounted two additional knobs, the one on the
left being a volume control (the 200,000 ohm
potentiometer), the one on the right being
the distance (or the regeneration) control. The
photograph referred to illustrates the SG-105
receiver mounted in a Corbett cabinet, making
a very fine appearance. All of the parts which
are shown in this front panel illustration are,
of course, mounted directly on the front panel
as is evident by the drawings of Fig. 2 and
Figs. 4 and the photographs of Fig. 3 and
Fig. 5.

It is best to mount all of the parts under-
neath the sub-panel first, for some of the re-
sistors and fixed condensers screw heads and
nuts will be underneath the “jumbo” power
transformer, filter condenser, and choke coils
when these units are assembled in place on top
of the sub-base panel.

After assembling, all parts on the sub-base
panel, wire up the filament circuit connections
to all tubes, twisting the wires to reduce pos-
sible a. c. current “hum” pick-up. I must
again emphasize the necessity of keeping all
wires in exactly the positions shown on the
drawings and photographs shown here, and in
detail on the full assembly and wiring blue-
print No. BP-105. After the sub-base panel
has been wired complete, the front panel can
be attached to the sub-base panel by screwing
the front panel up against the ends of the four
No. 35 bakelite panel brackets, and in addition
by the two nickel-plated bracket supports at
each end of the receiver.

The wiring for the vernier dial lamps, al-
though not shown in the drawings of Fis. Z
and 4 or on the schematic wiring diagram of
Fig. 1, should be connected in parallel with
the UX-171A five-volt filament circuit (pref-
erably at the No. 398 power transformer termi-
nals Nos. 1 and 9). In wiring the No. 398,
power transformer, No. 396 condenser block
and No. 395 choke coils, it will be noted that
all terminals are numbered and that this num-
bering is likewise shown in the schematic and
picture diagrams and on the large blueprint.
Check this wiring over several times to make
certain that you have all leads connected to
their correct terminals and properly soldered.

I do not know that I have ever read an
article telling how to construct a radio re-
ceiver, without pointing out with emphasis the
necessity of using care in soldering. The two
points that are important, are the use of a hot
iron and of absolutelv no flux or acid. Use
only a resin-core solder.
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TUBES REQUIRED

When you have finished wiring your receiver
you are ready for the first test, and to every
one who has ever assembled and wired a re-
ceiver for themselves, this is the moment that
never lacks ‘its thrill and its feeling of satis-
faction in the “I have made a beautiful job
of that receiver and I am proud of it.” When
you are all ready for the first test you will
need the following tubes:

1 UY-222 a. c. screen grid tube

2 UY-227 a. c. tubes

2 UX-171A a. c. tubes

1 UX-280 full wave rectifier tube.

Fig. 2, in addition to the schematic diagram
of Fig. 1, shows the proper sockets for ecach
tube.

With the on-and-off switch at the extreme
lower left hand end of the receiver panel in
its “off” position and with the attachment plug
attached to the 110 volt 60 cycle lighting cir-
cuit, we are ready to see “what happens.”

Snap the on-and-off switch to the “on” posi-
tion and if you have done a good wiring job
and made all connections properly, all tubes
of the receiver will light up without any at-
tendant “fire-works.”

Everything so god so far, and we can snap
“off” the switch for a moment and attach the
antenna and ground leads as well as the loud-
speaker to the binding posts at the rear of
the sub-panel, and set the distance knob or
regeneration control so that the rotating coil
is at right angles to the vertical coil or in
position of minimum regeneration. Set the vol-
ume control as far as it will go toward the
left.

Snap on the switch “on” again and after
giving the tubes several minutes to heat up,
slowly rotate the two vernier condenser dials
throughout the broadcast range.

When you pick up a signal, tune it in care-
fully by rotating the vernier dial knobs slowly
and for increased volume turn the potentiome-
ter knob “volume” control to the right, as
desired. For receiving distant stations or for
selecting one station from another (through
atmospheric disturbances, “man-made static” or
because of interference Dbetween broadcasting
stations themselves) adjust the regeneration ot
“distance” control knob so that the maximum
signal strength with the desired quality is ob-
tained without the set actually oscillating. The
regeneration control will be found to be reas-
onably smooth in operation over the entire
broadcast range, the signal strength increasing
as more and more regeneration is added to the
circuit, up until just previous to the time the
set actually oscillates. Obviously care should
be taken in adjusting the regeneration control,
for with excess regeneration or with the set
actually oscillating distortion will he introduced
by the cutting of the side bands of the re-
ceived signal.

The SG-105 recciver will be found to oper-
ate very satisfactory with the usual antenna
available and in particular because of the sen-
sitivity of the receiver due to the use of the
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screen grid stage of tuned radio frequency am-
plification. A shorter antenna than usual or
one having a length of only 40 or 50 feet
may be used with fine results as regards recep-
tion of even distant stations, and, of course, the
shorter antenna wire gives the receiver inc-
reased ability to separate one station from an-
other when they are operating in nearly the
same frequency channels.

FHE SG-105 HAS A PHONOGRAPH PICK-UP JACK

Seemingly, the phonograph pick-up jack has
taken the place of the now obsolete phone
jack, and well it may be. Those of you who
have phonographs either of today’s design or
of the vintage of ten vears or so ago can ob-
tain very fine phonograph record reproduction,
using the new electrical cut records, a mag-
netic pronograph pick-up and the SG-105 re-
ceiver,

In the radio broadcasting studio the artist’s
voice or the music of an orchestra is converted
into electrical energy and radiated into space
to be received in your home with vour SG-105
receiver. The receiver converts the electrical
energy hack into sound energy.

In the phonograph recording studio the art-
istry of the performer is recorded on a sound
record as mechanical energy. When you bring
that record into your home and play it on your
usual phonograph you transform that mechan-
ical sound record back into sound. When you
play that same record on your phonograph
which is equipped with an electrical pick-up
device, the sound energy of the record is di-
rectly transformed hack into electric energy.
By plugging the pick-up connection leads into
the phonograph pick-up jack on the front panel
of your SG-105 receiver you use the audio
frequency amplifier portion of the receiver to
amplify the electrical energy from the pick-up
and listen to the reproduced sound record
through your regular radio loudspeaker.

I AM SURE THAT YOU WILL BE PLEASED
WITH THE SG-105

Because I believe that the SG-105 receiver
uses a screen grid tube at its optimum oper-
ating efficiency in combination with a circuit
which allows high gain radio frequency am-
plification, extremely good selectivity and high
quality over-all reproduction of speech and mu-
sic, I am sure that you, too, will be pleased
with its performance.

Certainly, we chaps who build our own re-
ceivers and amplifiers and who are able to
utilize “last-minute-proven” circuit arrange-
ments long before the regular manufacturers
of factory-built receivers can use them—we
should be in the forefront of radio design and
be uble to demonstrate the results of our work
to our friends and make the truthful statement,
that “This set that I have just finished repre-
sents the last word in radio.”

I am sure, too, that after your friends have
“listened-in” on your SG-105 and found out
how little the parts cost, that they will also
become SG-105 builders and enthusiasts.
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-PILOT TR.F 6

MBDEL K- 108

THE PILOT K-108 T-R-F RECEIVER

A Six Tube Set Complete with Built in ABC Power Supply

By JOHN KAUL

PON the announcement oi the com-

pletion of the design and construc-

tion of the K-108 Receiver, a good

friend phoned me asking for com-

plete information. As this incident
clearly illustrates the question that arises in
the minds of the average experimenter and
custom set builder, I give you below the data
furnished the man who built the first receiver
other than those developed in Rapio DEsSIGN
laboratory.

The Pilot K-108 is a tuned radio frequency
receiver, designed at the urgent request of
many radio fans, who insist on a two-dial
control with compensating condenser for DX.

The set uses the No. 381 large audio trans-
former in the first stage and push-pull am-
plification in the second stage, with two UX-
171 tubes. It is built upon and around a
bakelite sub-panel and a bakelite front panel.
Suitable adjustments arc provided on the
inside of the set for various tube circuit
and antenna variations.

The ABC power pack is built right into
the set, which makes the K-108 a complete
unit, ready to operate from the lamp socket.

The writer personally is “sold” on the two-
dial control with compensating condenser as
the ideal set, and in offering it to readers
for their approval he is sure that a great
many experimenters will find it very much to
their own personal liking.

THE COMPLETE K-108 CIRCUIT

Let us have a look for a moment at the
schematic circuit arrangement of the K-108
as shown in the drawing of Figure 1.

Beginning at the left of the diagram we
see that the antenna circuit of the receiver
has connected in series with it a Pilot No.
VM-82 micrograd condenser and a No. 59
01 mfd. fixed condenser. The micrograd

RADIO DESIGN, VOL. I, NO. 4

has a capacity of 001 mfd. and is, of course,
variable, the adjustment of which, with a
given antenna, allows tuning the antenna
circuit to its maximum efficiency.

The No. 59 condenser is inserted in the
ground side of the antenna circuit to prevent
any probabhle short-circuit between the 110
volt line and the ground, due to possible
mistakes when wiring the set.

Shunted across the primary coil of the first
tuned radio ircquency circuit is a No. 350
resistograd or adjustable resistance which
is used to control the volume of the set and
which also increases and decrcases the re-
generative sensitivity of the circuit by in-
creasing or decreasing the effective input
circuit load.

The first radio frequency circuit is tuned
by a 17-plate condenser independent of the
following two tuned stages, which are both
controlled from a single dial. The two stages
of radio frequency amplification use UX-226
tubes fceding into the input circuit of a
UY-227 detector tube, which has in series
with it a .00025 mfd. condenser, around which
is shunted a 2 megohm grid leak.

It will be noted that in the grid circuit of
the second UX-226 tube is a No. 1001 ad-
justograd. The adjustograd is adjusted once
at the time the recciver is given its first test
and conirols the amount of regeneration de-
sired in the circuit.

In series with the detector plate circuit is
a phonograph pick-up jack which is of course
short-circuited when the circuit is used as a
radio receiver.

The detector tube feeds into one stage of
audio frequency amplification, using a UY-227
tube, the coupling being by means of a No.
381 audio frequency transformer.

The output of this first stage of audio
frequency amplifications feeds through a No.

83

www americanradiohistorv com



Loun LPERNER

UXIT

PHO!

399 input push-pull transformer to two. UX-
171 tubes in push-pull audio frequency am-
pllﬁcatlon circuit arrangement.

The loudspeaker is coupled to the ampli-
fier circuit by a No. 401 push-pull impedance
in which is incorporated a 1 mid. by-pass
condenser, which prevents the high voltage
plate supply from reaching the loudspeaker
winding.

Now we come to the grid voltage poten-
tials, which from past experience is seem-
ingly somewhat of a problem to the usual
experimenter, and particularly so since the
advent of the a.c. tubes and the introduc-
tion into receiver circuits of the necessary
power units for providing all required
A B and C circuit voltages.

A grid bias potential of about 5 to 6 volts
is on the grids of the first two radio fre-
| quency UX-226 amplifier tubes, these volt-
L ages being obtained by the voltage drop
across the No. 955 850 ohm resistor con-
J nected between the B (—) common terminal

and the center connection of the No. 398
W— s power transformer secondary winding, the
outside terminals (one) and (three) of which
provide the 1% volts required to light the
filaments of both tubes.

While this 114 volt transformer winding
is a very low resistance path for the plate
d.c. component of the two UX-226 tubes,
and therefore very satisfactory for this pur-
pose, it offers an extremely high impedance
to the radio frequency component.

To eliminate this difficulty and to prevent
any possible radio frequency coupling be-
tween the filament wires and power trans-
former windings, two .006 mifd. fixed con-
densers are shunted across the filament ter-
minals of the socket, the grid return of the
two radio frequency tubes being then con-
nected to the center of these two condensers.

Although the two radio frequency coils
Nos. 172 and the double 1617-2 variable con-
denser used in the circuit were specifically
designed for the circuit and matched for uni-
formity of dial readings, an added refine-
ment is incorporated in the circuit, a midget
variable condenser having a capacity of 25
) micro-microfarads being connected in parallel
l_miﬂ? with the second variable condenser and radio
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filament current tor the UX-171 tubes). The
ABC power supply circuit uses a Pilot No.
398 “Jumbo” Power Transformer, a No. 396
“Jumbo” Condenser unit and a No. 395
“Jumbo” Double Choke Coil. The B circuit
voltages are obtained by taking off taps
on the No. 960 fixed resistor ior all tubes
except the 171 tubes, which use the full 220
volts. The receiver, of course, is completely
“all electric,” it being only necessary to con-
nect to the 110 volt 60 cycle alternating cur-
rent lighting line. The attachment plug pri-
mary circuit is opened or closed by the
No. 42 toggle switch, as desired.

FRONT PANEL APPEARANCE

The assembled receiver when niounted in
a cabinet has a very pleasant appearance, as
shown by the photograph at the top of page
cighty-three.

The panel itsel{ is bakelite with a dark
walnut finish that contrasts very bcautifully
with the old bronze finish of the illuminated
vernier drum dial.

All knobs are of walnut to match the finish
of the panel

The “on” and “off” switch is at the lower
left of the panel front, the pick-up jack at
the lower right.

To the left of the drum dial is the re-
sistograd or volume control and at the right
the midget vernier control knob for selec-
tivity. The dimensions of the front pauel
itself are 24” x 7", which is a size standard
with practically all cabinets manufactured, so
that the complete receiver may be installed
in any table or console typc cabinet.

LIST OF PARTS FOR THE K-108

1 701 7"x24"x3/16" Walnut Bakelite
Front Panel.

1 702 7"x16%"x14’" Black Sub-panel
(for receiver).

1 703 7"x7"x%"” Black Sub-panel (for

ABC Eliminator).
Variable Condenser.
Double Condenser.
Double Drum Dial.
350 Resistograd.
Midget Jack.
42 Toggle Switch.
J-7  7-plate Midget Condenser.
“Jumbo” Double Choke Coil.
“Jumbo” Condenser Block.
398  “Jumbo” ABC Transformer.
Fixed Resistor.
214  Sub-panel Sockets.
Sub-panel Sockets.
381 Giant 1Audio Transformer—3V5
to 1.
399 Input Push-Pull Transformer.
401 Qutput Push-Pull Choke.
1001 Adjustograd.
173 Antenna Coil.
172 R. F. Coils.
35 Bakelite Sub-panel
8%”){1”,
801 1 Mifd. By-pass Condenser.
955 850 Ohm Fixed Resistor.

D Ut bt e et e s e e b
w
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(%

Brackets

— N D
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1 958 2000 Ohm Fixed Resistor.

1 93 1200 Ohm Fixed Resistor.

2 58  .006 Bakelite Fixed Condensers.

1 51-M  .00025 Bakelite Fixed Con-
denser.

1 52 0005 Bakelite Fixed Condenser.

1 VM82  Micrograd.

1 756  Grid Leak.

1 704  Screws, nuts, washers, wire and
spaghetti.

1 BP-108 Assembly Blue Print.

ASSEMBLY INSTRUCTIONS

Ii one purchases the complete kit of parts
the front panel and sub-panel in the kit
come with all holes drilled, so that assembly
work can be started immediately. Ii one
does not purchase the complete kit of parts,
but obtains the full size assembly wiring
blueprint No. BP-108, it will be necessary,
in addition to the purchase of the Pilot parts
themselves, to purchase and drill the panels.

The full size sub-panel lay-out is given on
the blueprint No. BP-108 and this lay-out can
be used as an actual panel drilling template.

In the K-108, the sub-panel assembly is
divided into two units. The receciver proper
and the complete ABC power supply unit.

The first assembly work that should be
done is to fasten the three resistors and the
two No. 801 by-pass condensers on the bot-
tom of the ABC power supply sub-panel.
The standard four-prong socket, the No. 950
fixed resistors and the three-power units can
then he mounted on the top of the sub-panel

Before actually mounting the power units
and resistors it is well to attach all wiring
to the terminals of the units so that this
wiring can be carried through a hole in the
sub-panel so that wiring underneath both
the ABC power supply and receiver panel
can be easily done when final connections
are made. The power supply sub-panel when
completely assembled and with all wiring con-
nections made, can be fastened to the two No.
35 hakelite sub-panel brackets and set aside
until the assembly and wiring of the re-
ceiver panel proper has been completed.

Figure 2 is a line drawing of the top of
the assembled receiver showing exact loca-
tion of all parts.

Figure 4 is a line drawing of the bottom
of the receiver showing location of all parts
that are assembled and wired underneath the
sub-panel.

Tt will be noted that all holes are num-
hered and that the wiring has been shown
in very heavy lines and with complete in-
structions as to the wires that should be
twisted together to reduce possible alternat-
ing current hum pick-up.

From the line drawings and photographs
of Figures 2, 3, 4 and 5 one can get a clear
idea of the entire assembly and the wiring
of the receiver.

The radio frequency inductance coils are
mounted in the three positions shown, all at
right angle to each other so that the possi-
bility of electromagnetic and electrostatic
coupling between the coils is at its absolute
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minimum. The micrograd is mounted at
the left hand end of the recciver sub-panel
looking from the front of the receiver and
directly back of the antenna inductance.

The other two radio frequency coils are
mounted hetween the tube sockets and right
in back of the variable tuning condensers.

In designing the set particular care was
waken to kcep all the radio frequency wires
as short and direct as possible to prevent
efficiency losses and aid in circuit stability.

On the front panel proper is mounted the
illuminated double drum dial and attached
to it the three tuning condensers.

It will be noted that the two vaviable con-
densers which are operated as one, are
coupled to each other by the No. 12-A in-
sulated flexible coupling. The procedure of
assembly of the parts on the top and bottom
of the receiver sub-panel itself is not so im-
portant as the screw heads of practically all
parts are not covered up by other parts, so
that the entire assembly work can be com-
pleted as one desires, the only important part
being that when the assembly is finished
that all parts are in the cxact positions shown
by the drawings and photographs.

WIRING UP THE RECEIVER

When all assembly work has been com-
pleted on the receiver panel proper it is sug-
gested that all connections be made on the
sub-panel itself previous to attaching the
sub-panel to the front panel and that thesc
connections be checked very carcfully with
the drawing to make certain of no mistakes.

After the wiring has been completed on the
sub-panel it can be attached to the front
panel by the three bakelite sub-panel brackets
and at the right hand end by the heavy brass
panel brace. Likewise the complete ABC
power supply assembly can be attached to
the panel by the bakelite panel brackets
and with the metal panel brace on the left
hand end. In addition a heavy brass strap
is provided which is used to fasten the two
sub-panels together at the rear, thus making
the entire assembly mechanically rigid and
solid, which is of importance because of the
weight of the ABC power unit.

THE FIRST TEST

With the receiver completely assembled
and wired we are ready for the first test.
Place a UX-280 full wave rectifier tube in

the extreme left hand socket and the other
tubes in their proper sockets as indicated by
the drawing of Figure 2. Connect the antenna
and ground and loudspeaker to their bind-
ing posts and of course attach the 110
volt 60 cycle lighting circuit to the re-
ceiver using the usual attachment cord and
plug. With all connections made th= “on”
and “off” switch can be thrown to the
“on” position, and if all wiring has been
done in accordance with the drawings,
photographs and blueprints supplied with the
complete kit, the tubes will light up.

Rotate the volume knoly or the one at the
left of the vernier dial some 6 or § turns to
the left. Now slowly rotate the 2 vernier
knobs so that the dial readings are in step
with each other and no difficulty will be had
in picking up a broadcast signal.

Assuming that vou are receiving a broad-
cast program, first adjust the micrograd No.
VM-82 knob for maximum signal strength.
This adjustment varies the capacity of the
antenna circuit so that it is balanced with
the two stages of radio frequency amplifica-
tions or such that the left hand vernier dial
reading will he practically the same as the
right hand reading over the entire wave
length range.

If the circuit, after this adjustment has
been made, seems particularly critical or if
there is an excess amount of regeneration or
oscillation present, adjust the screw of the
adjustograd No. 1001 until this undesirable
regeneratilon is reduced to a minimum with-
out affecting the sensitivity of the recciver.

Particularly good results will alwavs be
obtained if, when in tuning in any weak sta-
tion, a final adjustment is made with the
vernier knob at the right. This vernier
knob controls the 25 micro-microfarad
mdiget condenser connected in parallel
with the third variable condenser in the
tuned radio frequency amplifier circuit and
adjustment of this vernier condenser allows
the three circuits to be brought exactly into
tune with each other.

PHONOGRAPH PICK-UP JACK

As in the majority of all modern receivers,
the K-103 is provided with a phonograph
pick-up jack. This pick-up jack is connected
to the audio frequency amplifier portion of
the recciver so that the usual loudspeaker
used for radio reception can be used for
photograph record reproduction.

THE
CONSTRUCTION

IDEAL OF RADIO DESIGN IS TO BE THE FINEST RADIO
AND EXPERIMENTAL MAGAZINE
IN THE UNITED STATES

I'uture issues of the magazine will contain important articles by prominent radio
engineers and experimenters including developments in  short waves, television,
power amplification, and modern radio broadcast receiver design and construction.
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RADIO PHYSICS

FOR HIGH SCHOOL

COURSE

STUDENTS

By ALFRED A. GHIRARDI
(Continuation of Chapter 2)

About Electric Currents and Things
Which Happen in Electrical Circuits

21. ALTERNATING CURRENT: It is
perhaps difficult for the average non-technical
person to grasp the idea of the tlow of alter-
nating current along a wire, but possibly a sim-
ple explanation may make this clear. Let us
consider a fixed point in a wire carrying an
alternating current. Starting at some instant
when current just begins to flow, let us ob-
serve its strength and direction over a short
period of time. The current begins to flow in
one direction, gradually increasing in strength
to a maximum value, then still flowing in the
same direction, it decreases again to zero. Now
it begins to increase in strength once more
but has reversed its direction, reaches a maxi-
mum strength and decreases again to zero. It
now reverses once more and the cycle is com-
pleted over and over again. A chart showing
the cycle of events is given in Fig. 12. Here
the flow of current in one direction is drawn

[
ONE CYC
|
+2+ ;
[
A'O| c l/

+
d
Z
m
m

D

ONE

Fig. 12. Graphical picture of one cycle of
alternating current.

above the zero line ACE, and the polarity in-
dicated positive by the plus (4) sign, and the
flow in the opposite direction is drawn below
this line and the polarity indicated negative by
the minus (—) sign. The current, starting at
A rises to a maximum positive (+) value B
in one direction and decreases to a maximum
negative (—) value D, and back to zero at E.
The next cycle is a duplicate of this. The
reader will notice the similarity between this
curve and those discussed in Chapter 1. From
A to C is termed one alternation, from A to E
is one cycle. The number of complete cycles
or reversals of current per second is called the
irequency, expressed by the symbol “f.” This
term frequency is very important, since it de-
termines the many peculiar effects produced in
alternating current circuits.

RADIO DESIGN, VOL. I, NO. 4

Alternating current used for electric lights
in the home generally has a irequency of 6U
cycles, that is, it incorporates 60 positive (4)
and 60 negative (—) values each second or
a total number of reversals or alternations of
120 or two times the frequency per second.
Alternating currents used in radio vary all the
way from 16 cycles 300,000,000 cycles per
sccond and more. High irequency currents
have many peculiarities totally different from
those of the same currents at lower {requencies.
For instance, if we take a coil consisting of a
few hundred turns of insulated copper wire, we
can send a low frequency alternating current
through it very readily. If the voltage applied
is kept constant and the frequency is increased,
the current flowing through the coil decreases,
or in other words the “resistance” of the cur-
rent path increases. 1f the frequency is raised
to a very high value, the current seemingly
no longer flows through the wire of the coil,
but apparently flows across the surface from
one turn to the next through the insulation and
air space between turns.

This phenomenon will be studied in more
detail in a later chapter.

22. MAGNETISM: The reader is perhaps
familiar with the common horseshoe magnet
used in boyhood days to pick up nails and
needles. In ancient days, it was found that cer-
tain stones, called “lodestones,” had the property
of attracting small pieces of iron. This prop-
erty of attracting iron and steel is called “mag-
netism,” and the body possessing it is called
a magnet. Later it was found that these
stones had the property of imparting mag-
netism to other pieces of iron or steel when
they were rubbed together. We do nbt know
just what magnetism is, but it makes it-
self evident as an attractive force along
certain  definite lines and directions. The
ends of a magnet where the forces of at-
traction or repulsion is greatest, are called the
magnetic poles. Actually there are no visible
lines of force existing around a magnet, but the
study of magnetism is very much simplified by
representing these magnetic forces by lines
extending from one pole through space to
the other pole and having the same indicated
direction at every point, as the forces them-
selves. The lines of force are assumed to come
out of one pole, called the north pole, and pass
through the surrounding medium back to the
other pole called the south pole, where they
enter the magnet and return to the north pole,
thus completing the magnetic circuit. The space
adjacent to the magnet enclosing these lines of
force is termed the “magntic field.”” Every
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magnetic line of force must enclose a complete
circuit, so it is impossible to have a magnet
with only one pole.

23. MAGNETIC EFFECT OF CUR-
RENTS: Whenever an electric current flows
through a conductor magnetism is produced.
The fact that a conductor, carrying a current,
possesses an external magnetic field can be
proven by bringing a small compass needle near
the wire and noting its deflection. The mag-
netic field around a straight wire carrying a
current consists of circular magnetic lines of
force having the axis of the wire as their cen-
ter. These circles are very close together near
the wire and gradually thin out as the distance
from the wire increases. Fig. 13(A) shows
the circular magnetic fields around a wire in
which the current from a battery is flowing in
the direction shown by the arrows.

Fig. 13 (A). Magnetic lines of force existing
around a conductor carrying an electric current

If the direction of the current in a straight
wire is known, the direction of the circular
magnetic field around it
can be determined by the
right-hand rule: Grasp-
ing the wire with the fin-
gers of the right hand,
with the thumb extended
in the direction of cur-
rent flow, the direction
in which the fingers are
pointed will indicate the
direction of the magnetic
lines of force. This is
graphically shown in Fig.
13 (B), which shows a
length of wire through
which current is flowing
in a direction indicated
by the arrow, or from

the bottom toward the
Fig. 13 (B). Illus- top of the illustration.
trating the “right- The circular magnetic

hand” rule for deter- fields are shown having a
mining direction of direction as indicated by
magnetic lines of the arrows, which is also

force. the direction indicated by
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Fig. 13 (C). Magnetic fields existing around
the individual turns of wire of an tnductance.

the pointing of the finger tips.

If the long straight wire is wound into the
form of a coil as shown in Fig. 13(C), several
things happen to the magnetic field. Remem-
bering that the circular magnetic fields exist all
along the length of the wire of the coil, it is
evident that the fields existing around the adja-
cent turns of the wire will react upon each
other. The parts of the circular magnetic
fields of each turn which lie inside the coil are
in the same direction as those of every other
turn. The result is that they aid each other to
produce a strong total magnetic field inside the
coil winding, and the magnetic lines of force
become straight to within a short distance of
the ends of the coil. On the outside of the coil,
the same action takes place, with the result that
the magnetic field of the coil takes the form

Fig. 13 (D). The total magnetic field of an
mnductance coil.

shown by the lines in Fig. 13(D). The magnetic
lines are close together inside the coil, producing
a dense field there, while at the poles theyv
spread out creating a weaker field in the me-
dium surrounding the coil. If you look at one
end of the coil, and the current is flowing
around in the same direction that the hands of
a clock move, or to the right, then the end of
the coil nearest you, is the south magnetic pole.
If the current flows in a counter-clock wise
direction, or left-hand direction, then the end of
the coil nearest you is the north magnetic pole
of the coil.

24. ELECTROMAGNETIC INDUCTION:
In the previous paragraph it was stated that a
current flowing through a conductor produces a
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magnetic field, in and surrounding that conduc-
tor. If a wire forming a closed circuit is
moved across a magnetic field or if the magnetic
field is moved across the wire, so as to cut the
magnetic lines of force, (the effect is a maxi-
mum when the moving wire or field is at right
angles) a current of electricity is induced in the
closed circuit. In both cases the strength of the
induced current depends upon the following
factors:
1. The strength of the magnetic field.
2. The speed at which the lines of force are
being cut.
3. The number of wires cutting the lines of
force per second.

25. INDUCTANCE: The electromagnetic
field produced by a current flowing through a
wire varies with the current. When a steady
direct current is sent through a wire, a steady
electromagnetic field is produced, and no cur-
rent is induced in either the conductor itself
or in an adjacent conductor.

When an alternating current flows through a
wire, since it changes its direction once every
alternation, or twice every cycle, the electro-
magnetic field produced by it does likewise, and
since the current varies in strength and area,
of course, the induced current also varies. When
the current begins to flow along the wire, the
circular electromagnetic fields originating at
the electrical center of the wire, travel away
from the center in ever increasing diameters,
and of course, extend into space beyond the
wire. Consequently until the circular fields be-
come of greater diameter than the wire itself,
the fields by the action explained in Section 24,
induce in that same wire a second current. It
can be proved that this induced current is in a
direction opposite to the main current and there-
fore opposing it. When the current flowing
through the wire decreases .or stops flowing,
the circular el-ctromagnetic fields collapse
and in so doing again cut the wire, but in
succeeding ever diminishing diameters, in-
ducing in it a current in the opposite direc-
tion, which is in the same direction as the
original applied current. Consequently, this
induced current tends to prolong, or prevent
the main current from flowing. This property
of a wire or coil to act inductively upon it-
self or upon another circuit is called “in-
ductance,” expressed by the symbol L, the
unit of measurement of inductance being
“the Henry.” The amount of inductance
possessed by a circuit depends upon its
physical form and dimensions. Thus a single
straight wire has a comparatively low induc-
tance, the same wire, however, when wound into
a coil of many turns has a high inductance.

Inductance in a circuit, opposes the flow of
alternating current.

26. CAPACITY: If two metal plates are
insulated from each other with some material
such as waxed paper, or air they form an elec-
trical condenser, or capacitance, that is, a de-
vice capable of containing a quantity of electric
charges.

If a voltage is applied to the two plates by
means of a battery a current will flow into the
condenser until itis charged to the same volt-
age as that of the battery. If the battery is
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['ig. 14. Showing the charge and discharge of
a condenser in an electrical circuit.

now removed and the two terminals of the con-
denser are touched together a spark will be
produced by the discharging current, flowing
out of the condenser, which is of course in the
reverse direction to the charging current.

When a condenser is connected in an alter-
nating current circuit it is charged to a voltage
equal to the maximum applied voltage during
the first quarter cycle, is discharged during the
next quarter cycle, is charged again in the oppo-
site direction during the third quarter cycle, and
discharged again during the last quarter cycle.
This is repeated over and over again during
each cycle. Actually no current flows through
the condenser itself since the alternate plates
are insulated from each other, but the charge
and discharge currents flowing in the external
circuit, would make it appear as though a cur-
rent was flowing through the condenser itself
if a current indicating device were connected
in series in the circuit. This is shown in Fig.
14. The unit of measurement of capacity is
called “the Farad,” and is expressed by the
symbol F, capacity itself being expressed
by C.

27. INDUCTIVE REACTANCE: From
the previous explanation it is evident that
inductance tends to oppose the flow of the
current in an alternating current circuit.
This opposition effect may be considered as
an apparent resistance additional to the nat-
ural or direct current (zero frequency) re-
sistance of the circuit and the total effect
is called “inductive reactance,’ expressed by
the symbol XL to distinguish it from the
direct current resistance R.

Since inductive reactance causes an opposition
to the flow of current it is expressed in ohms
like resistance.

In a circuit containing inductance only the
current lags 90° (degrees) behind the ap-
plied voltage, so that

E=2x31416 X f XL X1
where

E — the applied voltage

I =the current

L = the inductance in henries

f — the frequency in cycles per second;
therefore,

7

E
2X3.1416Xf><L=:—I— ohms

where the inductive reactance
XL =2 X 31416 X f X L (8)
28. IMPEDANCE: Since most alternating
_current circuits contain resistance, inductance,

and capacity, their combined effect is termed
“impedance,” expressed by the symbol Z.
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Impedance in a circuit containing inductance,
capacity and resistance in series can be ex-
pressed by the equation:

Z = VR? 4 (2 X 3.1416 X f X L)? (9)
Where

R = resistance in ohms.
f = frequency in cycles per second.
L = inductance in henries.

Since the effects of inductance are exactly
opposite to those of capacity, the effective reac-
tance is obtained by subtracting the smaller
one from the larger one.

In dealing with alternating currents, Qhm’s
Law, must therefore be modified slightly. The
current I in any circuit is equal to the voltage
E applied to the circuit divided by the impe-
dance Z of the circuit.

(10)

E E
Il = — = —
Z VRZ 4 (23 3.1416 X f X L)2

29. CAPACITANCE REACTANCE: The
strength of the charge and discharge currents
in a condenser,, depends on the capacity C of
the condenser, the applied voltage E, and the
frequency f. Thus the condenser may be con-
sidered as a part of the circuit having an ap-
parent reistance in ohms, called its “capacitive
reactance,” reprresented by the symbol Xc.

In a circuit containing capacity and resistance
in series, the current leads the applied voltage
by 90° (degrees), and the impedance is

1 2

2 = \'® + (zcsimmescrsce) o

where (11
C = capacity in farads.

The expression

1
2% 31416 X £ X C (12)
is the equation of capacitance reactance, Xc.
From this formula it can be seen that as
either the frequency or the capacity, or both is
increased, the resistance which a condenser
offers to the flow of alternating current de-

creases. Hence capacity in a circuit aids the
flow of alternating current. This is exactly
opposite to the effect of inductance in a circuit.

30. RESONANCE: From formula 10, it can
be seen that if we have an alternating current
circuit to which a definite voltage E is applied,
a maximum current I will flow when the im-
pedance Z is made as small as possible. Now
let us examine formula 10. In order to make Z
as small as possible, we must reduce the resis-
tance R to zero and make the inductive reac-
tance XL cqual to the capacitance reactance Xc
so that

Xt —Xe =0

it is quite impossible to make R equal to zero,
since all conductors have some resistance, but
for any given frequency f, we can choose the
inductance and capacity so that the inductive re-
actance XL equals the capacitance reactance Xc,
so that

2X31l6 X fX L=

1

2% 31416 X X C
In a circuit containing inductance, capacity
and resistance in scries, the impedance Z, is

\/Rz+( 2X3.1416X F XX L— 1

2X 31416 X £ X C
If the inductive reactance equals the capaci-
tance reactance in such a circuit, then
Z=V(R)? + (0)2 =V R2
Therefore

Z=R

The circuit then operates as though there
were neither inductance nor capacity present.
and it is said to be in “resonance” with the im-
pressed alternating frequency.

This resonance effect 1s applied in practically
all of our present radio receiving circuits today
where the minute voltages set up in the aerial
circuit are made to produce the largest cur-
rents possible. The usual circuit to obtain reso-
nance is one having a variable condenser con-
nected across or in parallel with a fixed in-
ductance,

CHAPTER 3

The Broadcasting Stations—How Radio Waves
Travel, Fading and Skipping

31. BROADCASTING: In Chapter 1, it was
stated that instead of transmitting sound waves
directly, as in the case of one person talking to
another across a room, a radio telephone trans-
mitter converts them into corresponding elec-
trical waves.

The sound waves vary in intensity and form
due to the presence of harmonics. The human
voice includes a range of from about 200 to
3,000 cycles per second and the average fre-
quency during ordinary speech is about 800
cycles per second.

The first step in broadcasting is to change
the air or sound waves into corresponding elec-
tric current, or more exactly speaking, to make
the sound waves control an electric current.

94

This is accomplished by the microphone.

32. THE MICROPHONE: The most pop-
ular form of microphone is the carbon type.
Its operation is similar to that of the common
telephone transmitter. Fig. 15 shows a cross
sectional view of a simplified microphone. The
diaphram A, of thin aluminum or iron, is rig-
idly fastened to the polished carbon button B
and is held fixed around its outside edge by the
insulated case E. A second carbon button D
is fastened rigidly in place and the space C is
filled loosely with carbon granules.

A connection is taken from each of the car-
bon buttons, so that current must flow from one
button through the carbon granules to the other
one. The air waves created by the performer
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I'ig. 15. Principal of construction and oper-
ation of a typical microphone of the carbon
granule type.

in the broadcast studio strike against the dia-
phram and cause it to vibrate back and forth
very rapidly, following the motion in the air
produced by the sound wave. This air wave
motion vibrates the button B, causing alternate
compressions and de-compressions of the car-
bon granules. The resistance of these granules
varies greatly as the pressure upon them is
changed, being very high during a de-compres-
sion when the particles are held loosely, and
comparatively low during compressions when
they are packed tightly. Thus the movement
of the diaphram alters the electrical resistance
of the microphone and so varies the current
flowing through it in exact accordance with
the sound waves.

There are other types of microphones in
addition to the carbon granule type which
has been described. Among these are the
“electrostatic” and the ‘“glow” microphones.

All microphones, however, are, as can be
seen from the above explanation, devices
for converting sound waves in a gaseous me-
dium (the air) into electrical currents, the
amplitude of which vary in accordance with
the variation of the pressure of the air waves
striking against the diaphragm of the micro-
phone.

The microphone used in a radio broad-
casting studio has a dramatic as well as a
technical existence and its effect upon the
broadcast artist parallels the older “stage-
fright” of the vaudeville or dramatic actor,
when he or she faces their audience in a
theatre.

But the microphone, or as it is sometimes
called in studio language, the “mike,” is to
some artists even more dreadful than the
“stage fright” that they contend with, across
the footlights.

For where an artist in a theatre can only
affect and be affected by the audience in that
theatre, conditions are quite different in the
broadcast studio where not just a theatre
full of people, but where literally millions
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ot “listeners-in” are always ready to criticize,
sometimes harshly, the technique and the
ability of the radio artist.

The broadcast “mike” does not applaud,
has no emotional expression to tell the art-
ist if his or her work is pleasing, but always
presents a cold mechanical reaction to the
very best or to the poorest efforts of the
performer.

The microphone is in reality a device which
functions practically as an exact opposite
to the loudspeaker, transforming sound into
electrical energy, while the loudspeaker
transforms electrical energy into sound.

The proper use of microphones in the
broadcasting studio is in this day of high
quality broadcasting a real art in itself.

Fig. 16 at (A) shows the steady direct cur-
rent flowing through the microphone when the
diaphram is undisturbed, and the variation in
current produced by transmitting the sound of
“3” as in “father,” is shown in (B) of this
same figure. Fig, 16 (C) and (D) shows the
variation of the current when this same “a” as
in father is impressed upon a high frequency

A
[}
STEADY DIRECT CURRENT
B
MODULATED DIRECT CURRENT
=
8
B
2
b3
I <
o I | ! l ¢

STEADY HIGH FREQUENCY CURRENT

MODULATED HIGH FREQUENCY CURRENT

Fig. 16. Drawings illustrating the modulation
of direct and high frequency alternating cur-
rent by impressed - speech frequencies.
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alternating current. It is
evident that the microphone
acts merely as a variable
resistance in the circuit.

Fig. 17 shows a common
form of microphone used
in most studios. This type
is arranged to utilize both
the forward and backward
movements of the dia-
phram to produce better
variation or modulation of
the current. The mechan-
ism is suspended by springs
to prevent noises due to
accidental jarring, and is
enclosed in a housing to
:mprove its ap-
pearance.

Another concep-
tion of a micro-
phone, operates by
change 1n capaci-
tance due to the
movement of one
diaphram separ-
ated from another
one by one a few
thousandths of an
inch. This is
known as the
condenser micro-
phone. The gal-
vanometer type
operates by the
movement of a
coil of wire in a
strong magnetic
field. The coil moved in the field by the dia-
phram has small currents set up in it which
vary in strength corresponding with the move-
ments of the diaphram.

The microphone changes the sound waves or
vibrations into corresponding variations in elec-
tric current. Since the audible range of vibra-
tions extends from about 16 to 20,000 cycles per
second, it is evident that the current in the
mocrophone circuit must vary over this range
during a broadcast program. The next prob-
lem is to transmit the varying current through
space to the receiving station.

33. TRANSMISSION: The two ways in
which energy can be transferred from the trans-
mitting antenna to the receiving aerials are by
electromagnetic induction effect and by electro-
static and electromagnetic wave radiation into
space. Fig. 18 shows a simple circuit for trans-
mission by inductive effect.

If a direct current is sent through wire AB,
a magnetic field will be set up around it as
soon as the current starts to flow, and will col-

(Courtesy WOoORr

Fig. 18. Electro-magnetic induction.
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lig. 17. Microﬁ/zou,c used in present davy broad-
casting stations.

lapse as soon as the current stops.
If an alternating current is sent
through it, there will be a constantly
changing magnetic field, which is set
up and collapses every time the cur:
rent changes in direction. Since the
strength of the magnetic field at any
instance depends upon the strength of
the current at that instant, the field
strength grows to
a maixmum and
then diminishes to
zero, over and
over again.

If the conduc-
tor CD is located
in this varying
magnetic field, a
current will be
induced in it by
the action of the
field, and this
current will be an
exact duplicate of
that flowing in
AB. This action
is called electro-
magnetic  induc-
tion and is the
principle upon
which all trans-
formers operate.

If A B is an
antenna carrying
alternating  cur-
rent and CD is a
receiving  aerial
near it, then it is
evident that the magnetic field around AB
will induce currents in the receiving aerial.
However, as the distance from antenna AB is
increased, the strength of the magnetic field
decreases very rapidly, that is, the electromag-
netic field strength is inversely proportional to
the square of the distance. It is evident then
that this system of transmission by pure electro-
magnetic induction would be unsuitable for
broadcasting, since enormous power would be

Fig. 19. Wave forms of energy transmission by
electro magnetic wave radiation.

necessary to transmit signals over any appre-
ciable distance.

34. WAVE TRANSMISSION: In Fig. 19
the common open type transmitting circuit
is shown. In this circuit the distubrance in
space is caused primarily by electrostatic and
associative electromagnetic fields which travel
outward in all directions in the form of waves.
Open circuits are much more effective radiators
of electrical energy than closed ones, but even
with an open circuit radiator enormous power
would be necessary to send out waves having
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Fig. 20. Fundamental arrangement of circuit
elements of a radio transmitting station.

frequencies from 16 to 6,000 cycles per second,
over long distances. The radiation from any
given circuit increases greatly as the frequency
of the current in the circuit increases. This is
one of the reasons why it is possible for ama-
teurs transmitting at frequencies above 6,000,000
cycles per second (below 50 meters wavelength)
to reach nearly around world employing powers
of a few watts. It is due to these transmission
characteristics that in order to transmit over
long distance with the expenditure of a reason-
able amount of power, the open circuit type
antenna or radiator must be used. Currents of
very high {requencies, running into millions
of cycles per second, are employed for broad-
casting.

35. MODULATION: The practical way ot
transmitting radiophone programs by means of
currents of very high frequencies 1s to use a
high frequency current which varies in strength
according to the intensity and frequency of the
sound waves to be transmitted. A steady cur-
rent of very high frequency, determined by the
operating wavelength of the station is generated
by means of large vacuum tubes operated as os-

cillators, This is shown in Fig 15 (C) pre-
viously referred to. Notice that it is an alter-
nating current and that the height or strength
of the current during each cycle is exactly the
same as during any other cycle.

The fact that vacuum tubes connected to a
source of direct current and a special circuit
can be made to generate alternating currents of
high frequency, commonly called oscillations, is
really the foundation of our present broadcast-
ing systems.

1f the voice current of Fig. 15(B) is allowed
to regulate the flow of the radio frequency cur-
rent of Fig. 15(C), that is, to modulate it, the
result is high frequency current of Fig. 15(D)
called the modulated oscillating current. This
current is no longer of constant amplitude but
its strength varies in exact accordance with the
variations in strength and frequency. of the
voice current, or the spoken sounds. That is,
the seady oscillating current is modulated by
the voice current. This is accomplished by a
vacuum tube known as the modulator tube.

A simple analogy which may make the action
clear, is to think of the oscillating current as a
steady stream of water flowing out of the noz-
zle of a hose. The voice current is represented
by an adjustable opening in the nozzle which
varies continuously in size. If this variation in
the opening is made to take place, the diameter
of the stream will be varying constantly to con-
form to the size of the opening in the nozzle.

36. RADIATION: The modulated oscillat-
ing current goes to the antenna circuit where it
produces waves which radiate in all directions.
The frequency of the waves is the frequency of
the high frequency current, so that the fre-
quency or wavelength of the station is con-

(Courtesy WOR)

Fig. 21. Interior of a radio broadcasting studio during the transmission of an early
morning “daily dozen” program.
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trolled by adjusting the oscillator tube circuit.
The actual broadcasting equipment is made up
of units related to each other as shown in
Fig. 20.

The exact way in which the electrostatic and
electromagnetic waves travel through space is
not completely known. There are many the-
ories attempting to explain their observed be-
havior, and many of our most able scientists
are experimenting constantly to shed new light
on electromagnetic radiation mysteries.

37. THE BROADCASTING STATION:
The speakers or artists perform in a studio,
Fig. 21 where the microphone is located. This
is usually a large room made sound proof so
that no outside noises can affect transmission.
The windows are covered with heavy draperies
and the walls and floor are padded to improve
the acoustic properties of the room and to pre-
vent reverberation which might cause blasting
in the reception of the program. A signal sys-
tem is included to enable the announcers to
communicate with the control room.

Since the amount of current handled by the
microphone is necessarily small it must be
amplified in order to be strong enough to affect
the modulator tube when impressed upon it.
This is done in the control room by a speech
amplifier. Since there is very wide variation
between the loudness of voices and of musical
instruments, the speech amplifier must be capa-
ble of adjustment so that when a particularly
loud part of a program comes through, the
operator can cut down on the control and not
allow as much current to pass through the
amplifier. This is necessary in order to avoid
over loading of both the transmitting and re-
ceiving apparatus and unnaturalness in recep-
tion. In most stations it is possible to cut down
to a small fraction of the maximum volume.

98

This operation is accomplished continuously by
a slation operator and is known as monitoring.
If the monitor operator is not quick and con-
stantly on the alert, the loud notes of an or-
chestra come in like thunder and the low, soft
tones may be lost entirely.

The next part of the transmitter is the modu-
lator. This is a vacuum tube device and in the
usual plate power variation or Heissing method
of modulating it varies the plate power going
into the oscillator tubes. The oscillator tubes
are nsually connected in a Meissner circuit for
generating high frequency oscillations.

The plate circuits of the vacuum tubes used
as oscillators must be supplied with high-volt-
age, direct-current power. The filaments of all
the tubes take quite a large current at low
voltage. In order to provide this, some stations
employ motor generator sets operating directly
from the electric light and power lines. The
output passes through a coil and condenser fil-
ter combination designed to take out the com-
mutator ripples. Other stations transform low
voltage a. c. to high voltage and then rectify
it, changing it to direct current by special
types of large vacuum tubes called Kenatrons.

The station equipment also includes a receiv-
ing set tuned to the wavelengths used in com-
mercial ship work. One operator is constantly
on duty at this set to listen for possible S O S
distress signals, so that the broadcast station
can be taken off the air immediately to avoid
possible interference.

38. REMOTE CONTROL: If the broad-
casting originates at some point removed from
the station, as in the case of a football game,
the microphone and usually the speech amplifier
are installed at the field and a wire telephone
line is run to the transmitting apparatus in the
broadcasting station. Usually existing tele-
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phone lines are rented from the telephone com-
pany. Some stations employ a portable radio-
phone transmitter of low power which is sent
to the scene of activity and the program is
broadcast directly from there to the main broad-
casting station, where it is re-hroadcast with
increased power.

The complete equipment for a 1,000-watt sta-
tion is shown pictorially in Fig. 22. The stor-
age batteries are used to operate the speech
amplifier and the radio receiving set.

39. WAVE PROPAGATION: An explan-
ation of the way in which the radio waves are
produced and travel in space enables one to un-
derstand and appreciate the wonders of radio
transmission and the many ditficulties encoun-
tered. We cannot see, hear, or feel these waves,
but it is possible to visualize their actions by the
things they accomplish.

The electrostatic lines of force, Fig. 23(A)
and (B) are radial about the conductor, while
the magnetic field is concentric about it. The
two fields are always at right angles to each
other. The strength of the electrostatic field
depends upon the charges. In the antenna, when
the current ceases to flow at the end of a cycle,
the charge is greatest and the electrostatic ﬁeld
around 1t is maximum.

When the current has its maximum value,
the electric field around the antenna is zero,
since at this time the rate of change of the
current is a minimum. When the charges are
at rest on a conductor, the electric lines of
force are also at rest and extend out radially
from it. These lines are supposed to have
a certain amount of inertia or resistance to
any changes that may take place, so that if
the charges on the conductor change rapidly
from a condition of movement to one of rest,
as is the case in a high frequency alternating
current, the lines lag behind and they behave
as if they were detached from the antenna.
and start to travel away from it at a speed
of 186,300 miles per second. This is the
radiated electrostatic field which plays the im-
portant part in transmission,

Just as the motion of a charge, with its asso-
ciaed electrosatic field, sets up an electro—
magnetic field around the conductor carrying
it, so the motion of the radiated electrostatic
field travelling away from the antenna sets up
its own magentic field as it travels. When the
radiated electrostatic field is at its maximum
value, the magnetic field which it creates is
also at its maximum value. It is important
to keep clearly in mind the fact that the
radiated magnetic field which is produced
wholly by the moving radiated electric field

RADIO DESIGN, VOL, I, NO. 4

1s entirely distinct from the magnetic field of
induction which is produced by the antenna
current, and which does not travel any great
distance from the antenna. The radiated mag-
netic field and radiated electrostatic field are
closely related. WWe cannot have the first with-
out the latter.

The two radiated fields move outward from
the antenna at all times perpendicular to eacu
other, the magnetic field being parallel to the
ground and the elecirostatic held being per-
pendicular to it. At the same time, both fields
are at right angles to the direction of propaga-
tion of the waves. At great distances from
the antenna, the electric waves would be ex-
actly perpendicular to the earth, if the earth
were a perfect conductor. Actually the resis-
tance of the earth’s surface causes the waves
to tip forward somewhat as shown in Fig. 19.

Possibly the following description by Dr.
Fleming will serve to make this clear.

“If we can imagine a being endowed with
a kind of vision enabling him to see the lines
of electric strain and magnetic flux in space,
he, standing at any spot on the earth’s surface,
would see, when the antenna was in action,
bunches or groups of electric strain fly past.
Near the earth’s surface these strain lines
wotld be vertical. Allernate groups of lines
of strain would be oppositely directed, and the
spectator would also see groups of magentic
flux flv past, directed in a horizontal direc-
tion or parallel to the earth’s surfauce. The
strain and flux lines would move with the
velocity of light, 186,300 miles per second or
300,000,000 meters per second, and the dis-
tance between two 511cce551ve maxima of elec-
tric strain, directed in the same dlrectlon would
he the wavelength of the wave.

At the receiving station the antenna may
take the form of an open wire or a loop.
In either case the. radiated waves from the
transmitter striking across it, cause currents
of electricity to flow in the receiving circuit.

40. FADING OF SIGNALS: In some
localities the signals from certain stations es-
pecially short wave stations, seem to fade in
and out in an irregular manner. This usually
is more marked at night than in the daytime.
The probable explanation of this curious pheno-
menon is that as the waves travel outward from
the transmitting antenna, they may be con-
sidered as taking the form of ground waves

(Please turn to puge 108)
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ETTERS received from thousands of
custom set builders, tell me with em-
phasis, that they do not wish to “ex-
periment” with receiver circuits, panel
lay-out, and methods of amplification
and oscillation control, or with any other of
the problems that are difficult even for the
engineering departments of large radio manu-
facturers—problems that these self same manu-
facturers are spending tens of thousands of
dollars and employing the best engineering
talent obtainable to solve.

* % %

They state that they would far prefer the
engineering and experimental departments of
the radio manufacturers to do this research, ex-
perimental and engineering work that they may
be supplied with complete receiver kits or with
correctly designed parts that will easily fit
together and work together according to in-
structions and blue-prints supplied by the man-
ufacturer.

* % 2

I believe that this condition is worthy of ex-
planation. It seems to me that there are two
basic reasons: First, that the circuit arrange-
ments in use today employing high efficiency
radio frequency amplification, shield grid tubes,
and alternating current power circuits, require
real engineering ability over and beyond that
required at any previous time, and second be-
cause the ultimate radio broadcast receiver pur-
chaser, when he pays his good money for a
custom built receiver, wants to have deliv-
ered to him a recetver that has “looks,” com-
parable to if not of better and more pleasing
in appearance than any factory built receiver.

* = =

The use of well designed and well built radio
parts alone will not accomplish the desired re-
sults, but the correct use of such parts in cir-
cuits designed with engineering skill, and fore-

100

sight and assembled into receivers according to
blue prints supplied by the engineers and using
mechanical methods of construction not avail-
able to the ordinary custom set builder, except
by the cooperation of the manufacturer, will
result.in the customer being happy and satisfied
with his purchase.
* & 2

Every custom set builder that uses only such
high grade parts, and circuit designs and in-
formation obtained from and with the assistance
of the radio manufacturer, it seems to me for
a second time, is in a position to make real
money selling radio sets to an enormous number
of people that cannot be adequately satisfied by
the complete set radio manufacturer.

* ® %

The man who buys a radio receiver today,
wants a receiver incorporating the engineering
progress of the radio art as it exists today,
without waiting months for the complete radio
receiver manufacturer to construct many ex-
pensive tools and dies and buy special machin-
ery, and even build a special factory, as many
of them are prone to do, before they are
actually ready to deliver to their possible cus-
tomers the merchandise, that by that time may
be technically out of date and style.

=

Certainly the custom set builder is the “up-
to-the-present-minute” radio man, capable of
supplying the set that meets and goes beyond
the today’s requirements. And let us not forget
such a receiver as the custom set builder de-
livers to your home and installs—costs you a
figure in dollars and cents that not only pleases,
but that means real ECONOMY.

e
Technical Consultant, RApio DESIGN.
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THE PILOTONE ELECTRIC

Complete Instructions for Assembling, Wiring, and Operating
the All-Electric Pilotone Six Tube A. C. Receiver

By FRANK T. SULLIVAN

OR many months past broadcast
listeners, experimenters, and cus-
tom set Dbuilders, throughout the
country have been insistent in
their demands for a six tube all-
electric receiver, obtainable in kit form and
incorporating the major requirements of the
most efficient receiver possible to design and
yet obtainable at a price that spells economy.

To accomplish such a result is no small
order for any radio engineer and one which
cannot be achieved quickly, or without serious
consideration.

The obtaining in any receiver of the technical
requirements of relative ten kilocycle selectiv-
ity, necessary sensitivity for distant reception,
the absence of critical adjustments and the
ability to re-create the actual artistry, technique,
and temperament of the broadcast artist within
one's home, is in itself no small problem.

If when such a receiver is created and made
available at a cost of materials at least one half
less than the expectations, one can be content
with the expenditure of a great deal of hard
“midnight-hour” work.

It is just such kind of work, just such in-
tensive experimentation, long and careiul test-
ing of ome circuit after another, onc method
of connection after another, and one lay-out
arragement after another, that finally resulted
in the near perfect mechanical and electrical
design of the Pilotone Electric receiver.

Not content with my own opinions and con-
ceptions, a number of the early models of the
Pilotone receivers were placed in the hands of
practical experienced radio engineers, and
tested in their homes and in the homes of many
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advanced enthusiastic radio sct builders. When
these men came to me voluntarily, and told me
that they were delighted with the operation
and quality of reproduction of the receiver,
that they were exceedingly pleased with its
construction and design and that they were
astounded at the low cost of the parts neces-
sary—only then did I truthfully feel that I hag
accomplished the problem that I had set out
to really solve.

Frankly, nearly everyone to whom I talked
and to whom I demonstrated and let “listen-in”
for themselves, tell me that the Pilotone Elec-
tric is the kind of a receiver that they would
like to have in their home and prove it in the
majority of cases by the immediate purchase
of the Pilotone recciver complete kit of parts.

SIMPLE TO OPERATE AND GIVES “CLOSE-UP”
QUALITY REPRODUCTION

The TPilotone Electric is an extremely easy
receiver to operate. All the family from the
grandmother to the four-year-old boy can for
themselves enjoy the thrill -of snapping the “on”
and “off” switch, rotating the knob of the Pilot
illuminated vernier dial, and adjusting the simall
knob on the left of the receiver front panel io
vary the ability to receive distant stations and
the volume of the received broadcasted pro-
gram.

In designing a radio receiver, as in nearly
all engineering work, the ideal condition must
usually be a compromise. Obviously the two
most important factors in this day of gond
high power broadcasting, and a large number
of stations are “selectivity” and “quality.”” The
circuit design of the Pilotone receiver is such
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Tig. 2. Showing the Pilotone Eleciric receiver
installed in o console cabinet complete with
loud speaker

that relative ten kilocycles selectivity is ob-
tained without cutting of side-bands. and con-
sequent distortion, or lack of quality as re-
gards the radio frequency amplification portion
of the circuit.

Care has been taken to design the constants
of the detector tube circuit so that no over-
loading will occur, under normal operating con-
ditions. )

One stage of low ratio audio {requency ampli-
fication is emploved after the detector and the
output of this stage of amplification feeds di-
rectly into a push-pull circuit providing high
quality (and high volume, if desired) reproduc-
tion. A fixed condenser is arranged in the
output circuit to prevent the high voltage
direct current from going through the loud
speaker coil windings.

THE ALL-METAL CHASSIS AND PANEL MAKES
ASSEMBLING QUICK AND EASY

Without question the time has arrived when
custom set builders and experimenters are par-
ticularly happy to have the engineering depart-
ment of the radio manufacturer do the serious
experimental work required in designing the
reccivers which they are to build. For this
reason the list of parts necessary for the con-
struction of the Pilotone Electric receiver in-
cludes a steel front panel, in which all holes
are puuched, and in addition a metal sub-base
panel, likewise with all holes ready for imme-
diate assembly.

This plan also makes possible supplying a
panel beautifully finished in grain walnut and
decorated with gold border lines matching
the golden bronze finish of the vernier illu-
minated dial, and the front panel knobs.

The photograph on page one hundred and
one, and Fig. 2 shows the receiver mounted in
poth tahble and console cabinets and the table
cabinet illustration in particular, shows he front
panel appearance.

PARTS LIST

The complete list of parts for the Pilotone
receiver, includes the ifollowing items:

1 No. 738—7 in. by 18 in. Walnut Finish
Steel Front Panel.
1 No. 739—Special Metal Sub Base-Panel.

2 No. 36—Angle Brackets.

| No. 404—TFilament Power Transformer.

1 No. 42-W—Toggle Switch.

1 No. 1282—Itluminated Dial with No. 1256-
W Knob.

1 No. 350—Resistograd with No. 1257-W
Knoh.

1 No. 1703—Triple Compact Condenser.

1 No. 1001—1000 ohm Adjustograd.

1 No. 277—Receptacle.

2 No. 172—R. F. Caoils.

1 No. 173—Antenna Coil.

2 No. 801—By-Pass Condensers (1 mid.)

2 No. 68—Tvpe M Mica Condensers (.006

mid.)

8 eLirmaTom
grcaeracm

Fig. 3. Picture, assembly and wiring diagram, looking down on the top of the receiver.
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Fig. 4. Top wview pholograph of the Pilotone Eleciric receiver.

1 Nof.dGZ—Type M Mica Condenser (.0005
mid.

1 No. 51-M—Type M Mica Condenser with
Special Grid Leak Clips.

Set of 4 - Binding Posts as Follows—L. S.
(—); L. S. (+); Ant.; Gnd.

No. VM82—Micrograd.

No. 216—Sockets.

No. 217—Socket.

No. [-43—2%4 Volt Bulb.

No. 391—Audio Transformer (3% to 1
Ratio).

No. 399—Input Push-Pull Transformer.
No. 401—Output Push-Pull Impedance.
No. 958—Fixed Resistor—2,000 ohms.

No. 954—Fixed Resistor—050 ohms.

No. 756—2 Megohm Grid Leak.

No. 734-—6 Tt. Double Cord With Plug.
No. 735—Package of Assorted Screws,
Nuts, Lock Washers, and Soldering
Lugs.

1 No. 736—DPackage of Assorted
Covered Wire.

No. 737—Package of Hardware.

No. BP-102—Assembly Blue Print.

ASSEMBLY INSTRUCTIONS

—

— s

b st et

Rubber

f— —

Fig. 3 shows in reduced scale the top view
of the receiver completely assembled and wired.
It will be noted that all terminals are num-
bered, making the actual wiring easy to follow
and practically certain of elimination of mis-
takes. The same view as seen by the camera
is shown in Fig. 4. ’

Figure 5 shows the wiring an assembly of
the sub-base panel looking at the bottom, and
illustrated by photograph Fig. 6.

The additonal photographs Figs. 7, 8 and 9
show the oblique rear top view and the right
and left hand ends of the assembled receiver.

1 especially suggest, however, that before you
start the actual assembling of the receiver, that
vou study very carefully the full sized construc-
tion blue-print supplied with the complete kit
of parts.

When you are thoroughly familiar with the
location of the parts on the panel and sub-
base panel, take all of the parts out of their
cartons and check them against the complete
list of materials and arrange them nicely on
your work table so that the actual assembly
can be started.

RADIO DESIGN, VOL. |, NO. 4

Start first with the front panel and mount
in the center the illuminated dial. Then on the
left hand the resistograd and on the right the
toggle switch. Be sure that the name plate
of the toggle switch on the front of the panel
is mounted with the “on” designation at the
top, and also that the word “on” marked on
the bakelite switch case is facing the top of
the receiver. With the assembly of these three
parts on the front panel, the panel should now
be fastened to the sub-hase panel using the
four oval head oxidized screws, and additionally
secured and braced by the attachment of the
two nickel-plated brackets on each end, thus
fastening the panel and sub-base panel together
as a rigid solid unit.

Now refer again to the hottom sub-panel
views of Fig. 5 and 6, and mount the detector
grid coudenser (.00025 mfd.) and grid leak in
the position shown. Now attach the two fixed
condensers (006 mfd.) fastening them to the
sub-base panel by one machine screw in the
center, and making certain that the other two
terminal lugs of these condensers do not touch
the metal sub-base panel. It will be best to
tighten two regular hexagon nuts on the ma-
chine screw bhelore placing the condensers in
position, and then {asten them in place with
the third nut, so as to space them away from
the metal sub-panel.

In the same way attach the fixed condenser
(.0005 mfd.) at the left of the center line of
the panel and just below the front left hand
socket, using only the left hand terminal lug
of the condenser for attachiment.

Now we can mount the triple variable con-
denser into position. To do this loosen the
machine screw holding the illuminated dial to
the front panel so that the dial will be free
to move slightly and align itself with the con-
denser shaft, when the condenser shaft is in-
serted through the hole in the hub of the dial.
When both the dial and condenser are lined up
nicely, fasten the condenser permanently into
position, by the round head machine screws
passing through the sub-base panel, with the
screw lieads of course at the hottom. Tighten-
ing the machine screw holding the vernier dial
into position will provide an extremely substan-
tinl solid assembly of both dial and condenser.

Now mesh the rotor plates of the condenser
full into the stator plates. Hold the meshed
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Fig. 5. Picture assembly and wiring diagram looking at the bottom of the sub-base panel.

plates in this position, and turn the illuminated
dial to the 100 mark. Now tighten firmly the
hardened steel set screw in the hub of the il-
luminated dial.

The next step is the audio frequency trans-
formers. This is an easy job as will be seen
from top assembly views, Figs. 3 and 4, care
being taken to place the No. 391 transformer
nearest to the variable condensers, the No. 399
input push-pull transformers at its left and
closest to the rear of the sub-base and the No.
401 push-pull output impedance at the extreme
left hand of the sub-base panel and close to the
front panel. The transformers are secured to
the sub-base panel with the machine screws
provided, the screw heads being on top. Next
mount the adjustograd to the right of the var-
iable condensers and the micrograd to the right
of the adjustograd and between the two right
hand tube sockets. In the same way attach
the “B” power receptacle at the extreme

right hand rear and just to the left of it, the
GND. binding post.

You will note that for the ANT. binding post
a larger hole has been punched in the sub-base
panel to allow insulating washers to be used
in fastening it into position, thus insulating it
completely from the sub-panel. Be sure that
the shouldered hard rubber washers furnished
for this purpose fit into the hole in the sub-
base panel, and that the binding post passes
through the center hole of both washers ac-
curately.

Tighten it in position securely, using a metal
washer on the bottom of the rubber insulating
washer. The same procedure as is followed
for the ANT. binding post should be followed
with the L. S. minus (—) binding post. The
L. S. positive (<) binding post is fastened
to the metal sub-base panel in the same way
as was the GND. binding post.

Now we come to another extremely import-

Fig. 6. Photograph of the bottom of the sub-base panel.
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Iig. 7. Oblique rear top view of the Pilotone Eleciric receiver.

ant part of a radio rcceiver; the radio fre-
quency inductance coils. Mount them in posi-
tion as shown in the top assembly views Figs.
3 and 4, noting in particular that the antenna
coil is the one mounted vertically at the ex-
treme right hand end of the rcceiver, and that
it has only two soldering lugs. The other two
coils are identically the same but have three
‘soldering lugs and are mounted at right angles
to each other just to the right of the variable
condenser.

The filament power transformer is now
mounted on the sub-base panel, at the extreme
front right, making sure that the connecting
leads from the transformer are passed through
the holes provided in the sub-base panel.

In Figs. 5 and 6 showing the details of the
assembly of the bottom of the sub-base panel
you will note that a 2,000 ohm. fixed resistor is
mounted at the right of the right hand hole,
and that a 650 ohm fixed resistor is mounted
just to the left of the left hand hole through
which the connection leads come from the power
transformer. These two resistors are fastened
to the sub-base panel with the same machine
screws that arc used for attaching the power
transformer, and the assembly should be made,
of course, at the same time.

We are nearly through now and only have
to fasten in position the five No. 216 sockets
for the UX-226 tubes and the one No. 217
socket for the UY-227 detector tube. The
socket designations are clearly shown in the
top view of the sub-base panel assembly in Fig.

And now for the last assembly work, that
of attaching the two No. 301 by-pass con-
densers (1 mfd.) using the machine screws and
metal straps provided in the hardware box,
placing them in the exact positions indicated in
the botlom sub-base assembly view of Figs. 5
and 6.

It is always difficult to describe the assembly
of a receiver without seemingly using a great
many words to describe simple operations, but
only the experienced set builder can recognize
the extreme care that nceds to be taken in the
lay-out of a recciver, that the desired results be
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obtained, hence the importance of making per-
fectly clear the exact position of each part and
its method of assembly.

If these instructions are carefully followed
by the set builder, the whole assembly work
of the receiver can be accomplished very quickly
and when the job is done, I think everyone
will be pleased with the clean cut appearance
and the mechanical seccurity of the finished
jobh.

CONNECTING UP THE PILOTONE ELECTRIC

Just as it was important before proceeding
with the assembly of the receiver, so it is im-
portant to study carefully the wiring of the
receiver as shown by the top and bottom as-
sembly views of Fig. 3 and 5, and the sche-
matic wiring diagram shown in Fig. 10 before
proceeding with this work. In Figs. 3 and 5,
the exact position of each wire is shown pic-
torially, all holes through the sub-base panel
being designated by figures identical in bcth
views.

Before beginning the actual wiring job and
looking at the bottom of the sub-base panel bend
the socket springs up and away from the metal
panel to eliminate any possibility of short cir-
cuiting,

It is also well to thoroughly clean each con-
nection wire before soldering with a bit of
sandpaper or cmery paper or even with a knife
blade, so that the solder will flow easily and
make a secure joint.

Possibly the most important consideration in
soldering 1s to use a hot soldering iron for
many thousands of set builders know to their
disappointment that a cold iron and a poor
cold soldered joint results only in a high re-
sistance, high frequency connection that greatly
lowers the overall efficiency of the receiver.
A cold soldered joint which is made with acid-
core solder or acid flux will eventually lead
to not only a high resistance connection but to a
corroded connection and a continual source of
trouble. For that reason I must emphatically
suggest that you use only clean metal contacts
between connections, a hot iron and always a
resin-core solder.
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Fig. 8. Partial left-hand end view of the assembled receiver.

We will begin our wiring job from the fila-
ment power transformer. It will be noted from
Fig. 5 that some of the wires leading from the
filament power transformer are colored and
particular attention should be taken to connect
these wires to the exact terminals shown. The
filament wiring is in all cases twisted. for it
carries alternating current and twisting the
wires reduces the effect of the external mag-
netic fields, and prevents “hum’ in the finished
receiver by reducing the possible pick-up of the
alternating filament current by the balance of
the wiring in the receiver. Ior example tak-
ing the blue colored two volt filament circuit
wires, twist them together and after passing
them under the 650 ohm fixed resistor, we iun
them parallel to the {ront panel and solder
them to the filament terminals of the UY-227
detector tube socket. In the same way all of
the other filament wires are twisted together
and placed in the positions shown in the draw-
ings and photographs and securely soldered to
their terminals. For all other connections ex-
cept for the “B” power connecting leads use
the black rubber covered wire furnished. The
only wires that are t{wisted, with the excepticn
of the filament wires, are the leads from the
“B” power attachment plug to the power trans-
former and the leads connecting the “B” power
attachment plug to the 110 volt a. c¢. attach-
ment cord and to the toggle ‘“on” and “off”
switch.

All wiring from terminals on the top of the
sub-base panel that connects to terminals on
the bottom of the sub-base panel can be easily
checked by carefully following the pictorial
lay-out of both views, and noting carefully the
numbers of the designation holes. For ex-
ample, taking the ANT. binding post as shown
in the bottom sub-base panel view of Fig. 5,
we see that the connecting wire passes through
hole No. 2. Checking hole No. 2 in the top
sub-base panel view of Fig. 3, we find that the
wire that comes through hole No. 2 is soldered
to one termiral of the micrograd. Following
through all of the other wiring of the receiver,
checking carefully every step as we go, the
complete receiver can be completely wired up
with nicely soldered joints in the course of a
couple of hours.
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USE CARE IN MAKING THE
INITIAL ADJUSTMENTS TO
YOUR RECEIVER THAT
MOST EFFICIENT RESULTS
MAY BE OBTAINED

With the receiver com-
pletely finished, we are now
ready for our first initial
adjustments to allow the
most efficient operation of
the receiver over its entire
wave length range.

As will be wunderstood,
the filament current supply
of the receiver is self con-
tained, being supplied di-
rectly from the alternating
current lighting line by the
No. 404 filament power
transformer. Extending
through the rear of the sub-
base panel are four con-
necting leads. A black wire
) on the extreme right hand
looking from the front of the receiver, is to be
connected to the “B” minus (—) terminal of
the power supply. Then comes a red wire
which is to be connected to the positive ()
90 volts power supply. This red lead supplies
90 volts to the plates of the radio frequency
tubes and to the first audio amnplifier tube. Then
comes a blue wire which is to be connected to
the positive (+) 45 volt power supply terminal.
This blue lead supplies 45 volts to the detector
tube plate circuit. And finally on the extreme
left hand end of the receiver we find a grey
lead which supplies a positive (<) 180 volt
potential to the plate circuits of the last two
audio frequency amplifier tubes in push-pull
arrangement.

No “C” battery external connections are nec-
essary, as the correct negative grid bias volt-
ages for all tubes except the UY-227 detector
tube, which of course does not require a nega-
tive grid bias are obtained through resistances
connected to the center taps of the secoudary
transformer windings.

The “B” power voltages required as speci-
fied above, should be obtained by the use of
a “B” power supply. (The Pilotone “B”
power supply No. K-107, described on
page 134 of this issue of Rapio DESIGN is par-
ticularly adapted to supplying the necessary
high voltage requirements of this receiver.)

Assuming that the receiver has been properly
connected to the 110 volt alternating current
lighting circuit and that with a “B” eliminator
correctly connected to the four connecting leads
and that autenna, ground, and loud speaker
connections have been made, we are ready to
proceed with the initial balancing adjustments
required.

After throwing the “on” and “off” switch on
the right panel front to the “on” position it
will be necessary to wait a few seconds to give
the heaters within the tubes time to become hot
and allow normal operation. Turn the control
knob at the left of the panel completely to the
right and after this has been done turn it back
again to the left until it turns freely. Now
carefully and slowly rotate the vernier dial
knob from 0 to 100. If the receiver has a
tendency {o oscillate under these conditions it
means that the circuit is practically adjusted
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to the point of its maximum
operating efficiency, and in
every receiver constructed
so far, this condition has
obtained at the time of the
first test.

In so far as the antenna
circuit is conductively coupled
to to first radio frequency
amplifier circuit the length
of the antenna and ground
leads will affect the tuning
of the first stage of radio
frequency amplification. It
is therefore, necessary to
adjust the overall condenser
and the radio frequency in-
ductance characteristics of
this circuit by tuning the
antenna circuit such that its
wave length will agree with
the wave length of the as-
sociated tuned radio fre-
quency amplifier circuits over the entire wave
length range.

This is easily done by adjusting the V282
micrograd condenser. Tune the receiver so
that a reasonably strong bhroadcast signal is re-
ceived and after care is taken to adjust the ver-
nier dial exactly at the point of maximum sig-
nal intensity, rotate the knob of the micrograd
condenser until a maximum signal is secured.
This adjustment should be made every time
the receiver is used on a difierent antenna or
ground connection, but once made for a given
antenna no future adjustment is required. Now
to secure an additional degree of perfection
of balance of the three tuned circuits we iaust
balance the actual wave lengths of the other
circuits to a point of near perfect equality.

The No. 1703 triple variable condenser, nused
in the Pilotone FElectric receiver has on the
insulating strip on the right hand side, looking
from the receiver front, three small compen-
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Fig. 9. Partial right-hand end view of the assembled receiver.

sating condensers, adjustable by the small
knurled nuts. While receiving, as previously,
a broadcast signal and after the micrograd
condenser has been adjusted carefully to com-
pensate for antenna circuit tuning, the compen-
sating adjustment on the variable condensers
should be made. In the majority of cases it
will not be found necessary to change the
adjustment of the compensating condensers for
the last two tuned radio frequency stages (or
the ones nearest the front panel) for the ac-
curacy with which Pilot condensers and coils
are constructed and tested allows the result-
ing wave lengths of these first two circuits to
agree very accurately.

The first radio frequency stage or the one
associated with the antenna circuit, however,
may possibly require some adjustment. Look-
ing from the front of the receiver the two
compensating condensers closest to the panel
front are those for the two stages that will
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probably not require any adjustment, while the
rear adjustment 1s for the first radio frequency
amplifier stage.

With a given incoming signal, this rcar an-
tenna condenser compensating adjustment can
be rotated slightly in either direction until
again the maximum signal results.

A finer balance can be obtained if necessary,
of course. by careful adjustment of all three
compensating condensers. It is well after ad-
justing the compensators on the variable con-
denser to finally secure a complete balance by a
second adjustment of the VMS82 micrograd.

The volume control on the leit of the re-
ceiver panel front, will affectively control any
tendency of the circuit to oscillate in the major-
ity of instances, but if when this controi kuob
is turned all the way in or completely to the

right, oscillation still takes place, it can be
quickly removed by a slight adjustment of the
No. 1001 adjustograd, which you will remem-
ber is located on the sub-base panel just to
the right of the variable condensers.

EVERYDAY OPERATION

Now your Pilotone Electric receiver is fin-
ished and the few hours that you have spent
in its assembly, wiring and adjustment, I am
sure will repay you with much happiness and
satisfaction. Certainly when you have finished
this receiver and enjoyed a good evening's
broadcast reception, you will feel particularly
pleased in obtaining a high quality receiver
at a price which, as I stated in my first para-
graph, can only spell economy.

RADIO PHYSICS COURSE

(Continued from page 99)

and sky waves. The ground wave is greatly
weakened as it travels through obstructions
like frameworks of stcel buildings, etc. The
sky wave apparently goes up into the air per-
haps fifty or a hundred miles and is reflected
so that it comes down again to combine with
the other wave which has travelled aleng the
earth. The two waves arriving at the receiv-
ing aerial combine to produce the resulting
wave which affects the receiving apparatus.
Since the sky waves travel a much longer
distance than the ground waves Fig. 24, it is
possible that the two are not in phase with
each other when they meet. When they are
both in the same phase at the time of meet-
ing, the resultant signal is strong; when they
differ in phase the resulting signal is weak.
The constant minute to minute variation in
distance travelled changes the phase relation
with consequent fading or swinging oi the
signal. Fading is a function of frequency, be-
ing more troublesome as the frequency is in-
creased. It is more pronounced at night than
during the day and decreases as the distance
from the transmitter is increased. The retlec-
tion action on the sky wave is explained by a
theory advanced by Sir Oliver [eaviside.

41. HEAVSIDE LAYER: Seventy-five or
a hundred miles up. the atmosphere surround-
ing the earth is very rare. The molecules, con-
sisting of equal positive and negative electrical
charges, are split up—ionized—into positive and
negative portions by the ultra-violet light from
the sun during the day. This ionized layer of
atmosphere is a conductor, and is known as
the Heaviside layer. During the day the layer
comes closer to the ecarth because of additional
ionization of the molecules by the sun. At
night, during the absence of the sun, the posi-
tive and negative portions of a part of the
molecules reunite, and the layer rises from the
earth. During the day the sky wave js very
materially reduced by absorption from the con-
ductive Heaviside layer, and so practically all
of the energy comes through the ground waves,
to all but those receiving stations located close
to the transmitting station. At night, both the
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ground waves, to all but those receiving stations
located close to the transmitting station. At
night, both the ground and sky waves are
stronger so the received signal is much
stronger.

42. SKIPPING: The Heaviside layer is al-
ways present then, but at varying heights, de-
pending on the sunlight and changes in baro-
metric pressure. Due to the varying height
and possible uneven surface at places, the
angle of reflection of the sky wave is con-
stantly changing so that the phase relation
between the ground and sky wave changes with
the consequent fading. With very high fre-
quency, low wavelengths, this effect of the
Heaviside layer is so marked that the radio-
waves appear to skip over certain localitics en-
tirely, and reception in those places is impos-
sible. That is, the intensity of received sig-
nals first decrcases as the distance from the
transmitter is increased rcaching a value too
low to be detected. As the distance is further
increased, the signals become readable again.

The skip distance at night is much greater
than in the daytime. It gradually increases up
to about midnight. It is also greater in winter
than in summer, because the ionization is less
then, due to shorter periods of sunlight.

It has been found that on 15 meters the day-
light skip is about 900 miles and is about 1,000
nrles at night. On 27 meters the day skip is
100 miles and night skip is 450 miles. On’
33 meters the day skip is 100 miles and night
skip is 400 miles. On 50.2 meters there is no
apparent skip. The amount of skip decreases
as the wavelength is increased, and above about
150 meters the effect is negligible so that the
signal transmissions {rom broadcasting stations
are not affected.

About an hour before sunset there usually
occurs a rise in the average intensity oi radio
signals, then a drop at sunset, and a rise to a
first maximum about an hour later. During
the night the average intensity varies but shows
its greatest value about two hours before sun-
rise. The sunrise effect is similar to the sun-
set effect but reversed.
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AUDIO FREQUENCY
TRANSFORMERS

Number one . . . of little dramas
largest
radio parts factory in the world

in the life of the

By KIMBALL HOUTON STARK

Y first introduction to audio fre-

quency transformers was in the

early part of 1917. Amplifiers were

at that time in the front line trenches

of radio engineering both as regards
their technical capabilities and because of
their importance in military and naval com-
munication during the war.

Well do I remember some of the earlier
transformers of that day, constructed in the
same way as the usual telephone trans-
former, or spark coils; a bundle of soft iron
wires, some three or four inches long, a
half inch in diameter, around which a pri-
mary coil was wound. Then on the outside
of this primary coil came the secondary
winding. Wooden coil ends were slipped
over the ends of the core, and the whole
asseribly mounted on a wooden block with
leads coming out to binding posts.

Later came the conventional closed core
type transformers and hundreds and thou-
sands of amplifiers were built during the
later days of the war and mounted in radio
equipment made under special contract for
the United States Army and Navy, obviously,
for use under the most severe conditions.
These closed core transformers, certainly a
great improvement, still had relatively little
iron in the core and insulation even as re-
quired by rigid government specifications,
did not always protect the coil. The result,
expansion of the coil due to wide tempera-
ture changes and humid conditions both as
met with in tropical countries and on bhoard
naval vessels.

Both expansion of the coil and the ab-
sorption of moisture obviously was due to
improper impregnation of the coil winding,
the abhsorption of moisture being the most
disastrous. As quick as an infinitesimal bit
.of moisture penetrated the coil windings and
broke down the insulation, trouble became
apparent that eventually led to short cir-
cuiting the turns and completely destroying
the transformer.

TRANSFORMER TROUBLES IN THE EARLY
DAYS OF BROADCASTING

Along during the year nineteen twenty-
three, after broadcasting became popular
and radio receivers were being manufactured

RADIO DESIGN, VOL. I, NO. 4

by the thousands, audio frequency trans-
formers gave many manufacturers not only
a productive nightmare, but an empty pock-
etbook.

It so happened that I was associated at
that time with a radio manufacturer who
used many thousands of transformers in
high-grade complete receivers. 1 remem-
ber shipments were going out each day, a
hundred receivers or more a day. Over
night letters came pouring into the factory
saying, “My set has gone dead. It was O. K.
last night and I was receiving a wonderful

.program when all of a sudden everything

went dead, the tubes of the receiver still
burning. I can’t understand it, for I just
purchased my set a week ago.” I had to
read letter after letter like this, some of
them referring to receivers a day old, some
a week ‘old, and some of them months.

What was to be done? Here was a prob-
lem extremely difficult to eliminate both
commercially and technically and with audio
frequency transformers going bad one after
another, a large production schedule was
shattered, resulting in tremendous dollars
and cents losses.

Night and day worries and work by the
entire engineering staff finally placed all
the blame on the audio frequency trans-
formers.

How did it happen? Very fine magnet
wire as was used for the secondary windings
of the transformers was extremely srarce
those days. The insulating coating on the
wire was found not to be uniform because
in many instances the acid solution used to
clean the wire previous to the time the
enamel coating was placed on it had not
been completely removed. With only an
infinitesimal speck of acid remaining on the
wire, corrosion eventually resulted, and the
fine wires short circuited or broke alto-
gether and the receiver became inoperative.

As an indication of the magnitude of trou-
bles that many manufacturers were expe-
riencing at that time, a veteran radio sales-
man reported to me that he saw one day in
Tampa, Florida, some two hundred high-
grade receivers, selling at an average of
one hundred and ffty dollars each, laying
in the warehouse of a radio distributor,
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returned by customers as defective and all
because of damaged audio frequency trans-
formers.

I am relating these early experiences and
conditions because they contain a terrific
ohject lesson and so emphatically illustrate
the reverse condition that exists today as
regards the manufacture and use of audio
frequency transformers.

At the time that I assumed the editor-
ship of Radio Design, one of the radio en-
gineers employed by the Pilot Electric Mig.
Co., Inc.,, was one of the men with whom
I was associated on radio work during the
war and who at that time did a great deal
of work in connection with the design and
manufacture of audio frequency trans-
formers. He knows intimately the problems
that troubled us at that time and dided in
their solution. He also knew my interest
in transformers, both past and future.

It was an extreme pleasure to me to ac-
cept his invitation to be conducted through
the Pilot factory and be shown how pres-
ent-day audio frequency transformers are
designed, manufactured and tested. The
things I saw on that trip so impressed me
that I have sup-captioned this story, “Little
Dramas in the Life of the Largest Radio
Parts Factory in the World.”

HUNDREDS OF THQUSANDS OF CORE
LAMINATIONS PER DAY

After a good morning handshake, my en-
gineer friend (we will call him the usual
fictitious Bill) said, “Let’s start at the be-
ginning and go right up the line,” and so
my first impression was that of seeing spe-
cial automatic high-speed punch presses,
stamping out iron laminations for the trans-
former cores and doing it at the rate of nine
thousand pieces an hour.

It is only possible to
use such automatic ma-
chinery when produc-

tion requirements run
imto enormous quanti-
ties, for each opress

costs thousands of dol-
lars. The dies for the
presses, even though
made of the finest tool
steel, hardened wunder
scientific  temperature
control, become dull
quickly and require
constant sharpening and
inspection for wear.
All tools and dies are
made in the Pilot tool
room, which employ
some thirty experienced
toolmakers and die-
sinkers. A tolérance of
one ten-thousandth of
an inch to these men is
part of their day's work.
After the laminations
are punched they are
cleaned with sawdust to
eliminate the oil and
lubrication used during
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the punching process. Then they go to arow
of tumbling machines which round the cor-
ners of all the edges, remove the scale, etc.
Bill told me that special attention is taken in
purchasing sheet steel in strip form for punch-
ing laminations and that all purchase orders
specify steel with a given metallurgical con-
tent. Even frequent chemical analysis of
production runs and shipments are made
such that the unit magnetic flux density, per-
meability and low hysterisis losses of the
completed transformer will be uniform under
given conditions,

PILOT TRANSFORMERS ARE ENCLOSED IN A
GENUINE BAKELITE ONE-PIECE CASE

From the punch press department we went
over to the bakelite molding department.
Here a row of thirty-eight special hydraulic
and electrically operated molding presses
turn out thousands of bakelite pieces a day,
not only transformer cases, but for the con-
struction of some two hundred different ra-
dio parts. Rather than use the old-fash-
ioned method of pouring the bakelite powder
into each mold separately, practically all
parts are molded from the bakelite powder
made into the form of “pills,” each pill con-
taining just enough powder to mold one
piece.

This method is, however, not employed for
the transformer cases, for they are rather
large and to secure a better distribution and
insure perfect cases, accurately measured
amounts of bakelite powder 1is carefully
placed in each mould.

The +hydraulic molding presses are of
course heated by steam, and are capable of
exerting thousands of tons of pressure on the
moulds during the molding process. Each

transformer case as it comes from the molds

=

\So-

Fig. 1. Automatic punch presses stamp out audio frequency trans-
former core laminations at an amazing speed, and are operated

day and night.
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is carefully inspected for
flaws and rough edges.

In the Pilot factory the
bakelite molding presses,
even as the automatic
screw machines and punch
presses, are on a day and
night production schedule,
and thousands of cases are
turned out each day.

I knew Bill's liking for
details, and the enormous
amount of hard work spent
in working out the produc-
tion engineering problems
allowing the use of such
high-speed automatic tools,
punches and presses as
were being used. Every
part of each operation
fascinated me not only be-
cause of results accom-
plished, but because of the
speed and precision with
which thousands and thou-
sands of parts are pro-
duced each day, all under
accurate production con-
trol and test inspection,
and the way he weathered
the storm of my million-
and-one questions is a real
tribute to Bill.

I could see Bill’'s face
beam and break into smiles
as he told me one clever
thing after another, and
how one difficult problem
had been solved, with every
man ready to tackle a
harder one, but I relative-
ly knew that he was hold-
ing out on me, and that he
was going to show me the
most impressive and most important part
of his work as a climax.

TRANSFORMER COIL WINDING

Up on the sixth floor we found one of
the largest coil winding departments that I
have ever seen.

Most radio manufacturers are content to
purchase their audio frequency transformer
coils as well as other types of coils used, from
outside sources, but the Pilot policy is to
manufacture every bit of its product within
its own factory and within the scope of its
own production and test control. Thousands
of dollars have been spent in designing spe-
cial coil winding equipment and adapting
machinery and men to the specific require-
ments of Pilot production methods.

A long row of coil winding machines are
kept busy nearly every day in the year, and
each machine automatically winds fourteen
delicate transformer coils at one time, so
that one can easily realize that the total
number of coils produced daily, runs into
large numbers. To realize the number of
thousands of miles of enameled copper wire
used each day is astounding.
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Fig. 2. Moulding bakelite audio frequency transformer cases.

Coil winding, using small sized wires, such
as are required in audio frequency trans-
formers, necessitates extremely close control
of the winding machines, careful and accu-
rate adjustments to each moving part and
strict attention of each operator during the
winding process,

The number of turns of each winding is
of extreme importance and all of the auto-
matic coil winding machines have been de-
signed and developed to absolutely eliminate
human errors during operation. A green
light flashes on when the operator nears the
required number of turns (indicated by rev-
olution counters) and a red light flashes on
instantly when the exact required number of
turns has been wound on the msulatmg cores.
Extreme care is taken in winding the coils
to mechanically secure the leads both at the
beginning and at the end of the windings.

After each unit of fourteen coils are com-
pletely wound the entire unit is cut up into
individual coils, by a special machine using
high-speed steel cutting disks.

VACUUM DRYING AND IMPREGNATION

Here begins another series of important
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I'ig. 3. Auwtomatic coil winding machines turn out thousands of
transformer coils each day.

operations, that is the electrical testing of
the coils. As each coil comes from the cut-
ting machine it goes to the test and inspec-
tion bench and is tested for continuity of
winding. After the coil receives its first test
and is found perfect, then it goes to vacuum
drying ovens and is given a heat treatment
that absolutely eliminates all possibility of
moisture remaining either in the windings or
in any of the paper or cardboard used for
insulation.

The next operation is impregnation. All
coils are immersed in special impregnating
solutions that thoroughly insulate and her-
metically seal the coil against moisture ab-
sorption.

EACH TRANSFORMER COIL MUST PASS
TWENTY-FIVE EXACTING TESTS

Now comes a series of electrical tests, and
as Bill and I reached the special test bench,
he introduced me to Mr. John Geloso, chief
engineer of the Pilot company.

Mr. Geloso took particular pleasure in
pointing out to me the very ingenious test-
ing equipment which he has designed for
audio frequency transformers, and in point-
ing out to me not only the policy of careful
inspection and tests given each product man-
ufactured in the Pilot factory, but also he
gave me the engineering design reasons for
many details of the construction of audio
transformers. In addition he proved his con-
clusions with practical reasons for his en-
gineering specifications based on the circuit
requirements of present-day radio receivers.

As the tray of coils that we had been fol-
lowing through the factory reached the test
bench, Mr. Geloso, personally, put them
through their paces, and explained each op-
eration and what it meant. In these tests
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each coil receives six in-
dividual tests which I am
listing one by one, because
it is on the success of these
tests and on the repeat
check of all of these tests
that the efficiency and re-

liability of each trans-
former depends.
First, however, let me

give you just a bit of an
idea as to the type ol
equipment used in these
tests. We see before us a
direct current voltmeter,
some seven or eight inches
in diameter, with a large
open scale reading. At the
left of the voltmeter is a
thousand cycle electricaliy
niaintained tuning fork os-
cillator.

Mr. Geloso explained
that the current from the
oscillator is coupled to the
primary and secondary
windings of the trans-
former coil under test and
to a sensitive vacuwm tube
voltmeter, readings being
taken on the large in-
strument before us. In addition the en-
tire set-up incorporates a sensitive direct
current megohm meter. It was explained
that each coil is tested on a dummy core,
such that the test conditions will be the same
as those under actual use,

(1) Placing the dummy core and coil in
position, Mr. Geloso quickly placed the leads
from the coil into clip terminals and closed
the switches of the test instrument. An im-
mediate reading gave proof of the con-
tinuity of the circuit of both primary and
secondary coil windings, which constitutes
number one of the six tests.

(2) By pressing a button, the instrument
circuit was arranged for the megohm test
and proof of total absence of leakage be-
tween the individual turns of the primary
coil individually and the secondary coil in-
dividually was obviously indicated by the
fact that no decreased reading was indicated
on the instrument due to leakage of the
coils under test. Additional proof, however,
that a leaky coil (such as might be caused
by one turn of a coil winding laying on top
of another turn with thin enameled insula-
tion between or by any discrepancies in the
process of manufacture up to this point, such
as moisture still being present in the coil
because of deficiencies in vacuum tank dry-
ing or impregnation) would be clearly indi-
cated, was demonstrated by Mr. Geloso, for
placing his fingers across the primary termi-
nals to which the primary coil was attached,
the voltmeter showed a decreased reading,
indicating a leakage current. Shifting to
the secondary coil terminals, the same con-
dition obtained.

(3) This test is the same as test No. 2
above for primary coil and secondary coil
windings individually except that this test
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checks for leakage between
the primary and secondary
windings themselves.

(4) The reversal of feads
such as might occur by the
coil leads being twisted
previous to their being
soldered to the terminals
on the transformer case is
also immediately indicated
by a decreased reading on
the voltmeter, such coils
of course being immediate-
ly rejected.

(5) Mr. Geloso was par-
ticularly pleased to put his
test instrument through its
most difficult paces for us
and showed us that by
winding a couple of turns
of wire around the outside
of the coil and leaving
them open, that nothing
happens to the voltmeter
indications, but as quickly
as they are shorted, an
immediate indication was
shown by the voltmeter,
and he explained to me
that in this way he was
able to check extremely
accurately the possibility
of short circuited turns in
each winding. It can be
recognized that this is an extremely sensi-
tive test for in the majority of instances if
a transformer coil winding should be shorted
between turns, usually a whole layer of
winding is shorted rather than one or two
turns, and the voltmeter drops back nearly
to zero. Three turns indication in some
eight or ten thousand gives one an idea of
the sensitivity of this test.

(6) The last and final test is that of gain
ratio or the step-up in voltage due to the
primary and secondary transformer coil wind-
ings with a given signal input. As is usual
in production tests, this is not a measured
check, for each transformer is given a high
figure of merit and this reading is taken as
a standard. No coil or transformer which
shows an indication of voltage gain lower
than the standard is accepted.

Personally, I could appreciate the feelings
of Mr. Geloso as he so courteously explained
all of these things to us and I likewise ap-
preciated his pride in the success of a good
job well done, for part of my own worries
during the war was the testing of some
eight or nine hundred special radio compass
receivers. I knew of the enormous speed with
which these instruments had to be designed,
manufactured, and tested, at that time, and
also the extreme importance of rigid test
specifications and of never letting one re-
ceiver get my O. K. on its test card unless
it was right, for life and death depended
on the reliability of each receiver. 1 could
not help but be pleased with the thought
that here was an engineer in peace time
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Fig. 4. Ewvery Pilot audio frequency

transformer wust pass
twenty-five exacting tests before it leaves the factory. It must
be right.

holding the test specifications of the parts
manufactured under his supervision to as
rigid or even a more rigid standard.

CORE ASSEMBLY

Meanwhile the bakelite cases and lamina-
tions which we had seen manufactured ear-
lier in the morning had not been standing
idle, but had been transferred by conveyor
from the fifth floor to the sixth floor oi
the Pilot factory.

Going over to the lamination assembly de-
partment, Bill pointed out to me immediately
an extremely clever stunt and a very practical
and common sense one. In the old days I re-
member how audio frequency transformer
cores were assembled, counting the lamina-
tions or guessing at it as closely as possible
and letting the impossibility of putting any
more-laminations in the core justify the end
of the operation. In the Pilot factory the
number of laminations used in each core is
uniform, never varying a single lamination
each way. This is accomplished by weigh-
ing the laminations for each assembly. Obvi-
ously the quantity as well as the quality of
the iron that goes into audio frequency trans-
formers is important and here we see an
instance of uniformity of the assembled
transformer and careful workmanship. As
quickly as the laminations are assembled into
the transformer core, the assembly is routed
back to the electrical test bench and again
the six rigid electrical tests, that I have
previously told you about, is given each as-
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. COMPOUND

Fig. 5. Line drawing of Pilot moisture

proof transformer showing that the entire

core and coil assembly is hermetically
sealed in the bakelite case.

sembled coil and core. This time, of course,
the tests are made with the actual core in
place rather than by use of the dummy core.

THE CORE _AND COIL ARE ASSEMBLED IN
THE BAKELITE CASES

After the second series of six individual
tests is given the assembled coil and core,
it is taken over to the bakelite case depart-
ment, inserted in the case, the leads prop-
erly checked and soldered to their correct
terminals.

Again the transformer goes back to the
test bench and receives for a third time the
same six tests to insure that the operator has
not reversed the leads when making connec-
tions, and to make absolutely certain that
the assembly is near perfect.

MOISTURE PROOF TRANSFORMERS

As Bill and I were discussing the thor-
oughness of the tests given each transformer
during the assembly and as I was telling
him how much better transformers were
being made today than six or seven years
ago, hc gave me a rather significant look and
said, “Remembering all of our old past ex-
periences and troubles and even though you
tell me that what you have seen so far
proves to you the quality of our present-day
transformers, now I am going to show you
the real reason why we feel that the Pilot
transformer, over and beyond its clectrical
tharacteristics, is a mighty good one.

Following a tray of assembled transformers
that had passed their last series of electrical
tests, we found ourselves in a second im-
pregnation department. You remember that
I have told you how each 1nd1v1dual coil is
given a long-time impregnation in special
impregnating tanks. In this department we
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found that the coil and core of the trans-
former is impregnated with a second special
insulating compound by pouring each case
full and hermetically sealing the entire as-
sembly within the bakelite case. Tanks of
insulating compound’ are kept at constant
temperature by continual check with ther-
mometers.

Bill explained that in reality the process
consists of two pourings, the first pouring
being at a lower temperature so as to under
no circumstances injure the coil winding.
Then when this first pouring has cooled
slightly a second pouring is made which
entirely seals up the transformer. This sec-
ond solution is at a higher temperature than
the first and cools with a glossy finish, giv-
ing the transformer a beautiful finished ap-
appearance,

AGAIN EVERY FINISHED TRANSFORMER GETS
ITS FINAL ELECTRICAL TEST

After the transformer had been finally
finished, and the impregnating compound has
hardened into a solid block it goes back
again, and receives its last series of six elec-
trical tests, making twenty-five separate
tests on each instrument.

Fig. 5 illustrates a cross sectional view of
the finished Pilot moisture-proof transformer.
The solid black of the drawing illustrates
the fact that the insulating compound com-
pletely covers and seals in both the coil and
core of the transformer.

WHY MOISTURE-PROOF TRANSFORMERS?

It seemed hardly possible to me, but after we
had seen a tray of transformers receive the
final electrical tests Bill told me that he had
arranged a second little “climax” for the
morning that we were going to have lunch
with Mr. Geloso, so that he could tell us
a bit more about “the reasons why.”

Across a restaurant table Mr. Geloso sum-
manzed for us the necessity for the engi-
neering specifications of present-day audio
frequency transformers and told us of the
various types of transformers that Pilot is
manufacturing and why all of them are her-
metically sealed against moisture absorption.

“You know,” he said, “audio frequency
transformers are desxgned today, using prac-
tically the same methods that were employed
years ago; however, today transformers are
required to operate under entirely different
circuit conditions. In 1925 and 1926 even,
very seldom were higher plate circuit volt-
ages used than about 90. Today high power
amplifier and in particular push-pull circuits
require plate circuit voltages of the order
of 200, 300 and even 450 volts.

These higher voltages necessitate that the
transformer coil be put through vacuum dry-
ing processes and impregnated in high insu-
lating compounds, and over and beyond that,
that extreme attention be given such details
as thc thickness of the enamel insulation on
the wire, the insulating characteristics of the
special papers used between the turns, etc.

There is another condition over and be-
yond the higher voltages employed that also
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necessitates most perfect insulation and her-
metically sealing each transformer in an in-
sulating compound so that the absorption
of moisture and consequent transformer dJe-
struction is normally impossible.

And that condition is brought about by
the fact that radio broadcast receivers are
used in the homes of millions of people today
not only all over the United States, but all
over the World. Even in the United States
the variation in temperature conditions ana
in humidity or in the quantity of moisture
in the air presents a wide variation in dif-
ferent sections of the country.

Audio frequency transformers without the
proper impregnation and not hermetically
sealed very often break down, sometimes it
is in Maine or California, and again a trou-
ble letter will come in from North Dakota,
or Florida.

From what you have told me of your own
past experiences, I think that you can realize
and appreciate the fact that when we seal
our transformers in a solid block of insu-
lating material as we do, that we have com-
pletely safeguarded not only our own re-
sponsibility as a manufacturer of the high-
est quality transformers that we know how
to make, but that we have also given each
purchaser of Pilot transformers a security
against destruction, that we can do in no
other way. He can be assured when he buys
a Pilot transformer that he will not only
have an instrument capable of high quality
reproduction of speech and music when used
in properly designed amplifier circuits, but
that the transformer can be depended upon
month in and month out throughout years.

To check up on the degree of insulation
and the ability of Pilot transformers to not
absorb moisture, I immersed a transformer
in a beaker of water and left it there for
some thirty days. After removing the trans-
former and wiping the outside of the case
clean to reduce possible surface leakage be-
tween terminals, the transformer was con-
nected up in a push-pull amplifier circuit and
functioned as well as if it had not had such
a severe test.

Such a test, with the transformer actually
immersed in water, is equivalent to using the
transformer under the most humid conditions
for many months, if not years.

It is also a fact that the proper impreg-
nation and insulation of transformer coils
practically eliminates the possibility of break
down of windings due to the use of the
higher plate voltages required for present
day circuits.

To “provide transformers adaptable to
nearly all requirements we are turning out
in the factory seven different types. These
include:

The No. 390 transformer which has a two
to one ratio or a step-up of the voltage of
1 in the primary winding to 2 in the secon-
dary winding.

The No. 391 is exactly the same of course,
except that the voltage step-up ratio is 314
to 1. The choice between the use of these
two types is largely a matter of personal
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Fig. 6. Dimensions of Pilot moisture
proof transformers.,
preference. We generally us a No. 39],

3% to 1 ratio transformer in the first stage
of amplification, followed by a No. 390, or
sometimes where we desire a maximum volt-
age step-up, two No. 391’s are used.

Obviously, when voltage step-up is not ol
importance, and when high quality is the
first consideration, we use two of the No.
390 lower step-up ratio transformers.

It is a fundamental fact of course, that it
using any audio frequency transformers the
power transformation characteristics of the
input circuit of the system must match the
output circuit of the system from which it
is desired to transfere power. All Pilot
transformers are designed with this con-
sideration in mind and the impedance values
of the primary and secondary of the coil
windings are such as to be efficient whet
used with the vacuum tubes now available.

The No. 392 audio frequency output filter
contains a choke coil or a single coil wound
on the transformer core. The P and B (4}
terminals are connected directly in series
with this coil winding and the (4) and (—}
terminals are connected in series with thig
same coil winding and with a 1 mfd. con-
denser. The output filter is connected in an
amplifier circuit is exactly the same way as
a transformer, but due to the condenser in
series with the (4) and (—) terminals the
direct current supply for the plate circuit
of the amplifier circuit cannot go through
the loud speaker. Only the alternating cur-
rent voltages contained in the signal being
received, effect the loud speaker.

(Please turn to page 119)
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USING MODERN ABC POWER
SUPPLY UNITS

BY THE LABORATORY ENGINEERS

O provide for the A, B and C radio
receiver and amplifier circuit cur-
rent and voltage requirements using
present-day  alternating current
tubes, the Pilot Electric Mfg, Co.,
Inc., have designed and recently placed on the
market, three units, the No. 398 Power
Transformer, the No. 396 Filter Condenser
Elqck and the No. 395 Double Choke Coil

'nit.

Mechanically all three of these units are
very compact, each of them being 514" high,
5" long and 3" wide, allowing them to be used
in various positions in a receiver or ampli-
fier, the over-all dimensions of an entire
ABC power unit being relatively small
compared to the size of the power supply
units previously available. All three of the
units are mounted in substantial steel cases
having a black Japanese lacquered finish, all
connections being brought out to genuine
moulded bakelite connection plates with brass
inserts. Special large flat-head machine
screws, screw into these inserts, circuit con-
nections being soldered to the connection
terminals under each screw head. To make
it practically impossible to wire these units
incorrectly in any circuit, the screw terminals
are numbered, the numbers themselves being
moulded in the bakelite terminal block. All
blueprints and construction information for
the use of the units show not only the sche-
matic connections of the electrical system of
the unit itself, but indicate clearly all termi-
nal numbers.

POWER TRANSFORMER

The No. 398 power transformer incorpo-
rates a primary winding, an efficiently de-
signed iron laminated core and five second-
ary windings. The secondary voltages avail-
able are 115 volts, 214 volts, 5 volts, a second
5 volts and a high voltage winding of 540
volts. All secondary windings are provided
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with center taps enabling circuit connections
to be made to the transformer, so that the
necessary C bias voltages can be obtained
by taking the voltage drop across fixed re-
sistors connected between these center taps
and the grid returns of tubes.

The transformer has sufficient current car-
rying capacity to supply the current require-
ments for five or six UX-226 tubes, one or
two UY-227 tubes, one or two UX-171 tubes,
two vernier dial lights and the filament
current for a UX-280 full wave rectifying
tube, in addition to the necessary high volt-
age for the B circuits of the receiver or
amplifier, requiring not more than 60 milli-
amperes at 220 volts.

If it is desired to use a BH Raytheon recti-

fier tube instead of a UX-280 tube, the trans-
former secondary terminals, 10, 11 and 12,
are not used. The UX-280 rect1fymg tube,
however, gives an effective B voltage output
of approximately 20 volts higher than does
the Raytheon tube.

FILTER CONDENSER BLOCK

The No. 396 filter condenser block com-
prises sections of 1, 1, 3, 3, 6, and also two
.1 mfd. of capacitance or a total of over 14
microfarads.

These fixed condensers are manufactured
in the Pilot factory under exceedingly
rigid inspection and tests, and the design of
the condensers as well as the quality of ma-
terials used is such that the finished con-
denser can be given a 10 year guarantee,
providing the normal operating voltage speci-
fied is not exceeded.

DOUBLE CHOKE COIL

The No. 395 double choke coil unit con-
sists of two individual laminated iron cores
on each of which is wound a single induct-
ance coil. The two coils are connected in
series and an additional connection is pro-
vided for the center tap. The total over-
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all inductance is
60 henries (each
coil having 30
henries of in-
ductance), which
is sufficient to
provide an effec-
tive  alternating
current surge
transient reduc-
tion (or choking)
effect, in filter
circuits carrying
rectified a.c. volt-
ages, where not
more than 60
milliamperes di-
rect current out-
put is required.

wise, the complete A B C power unit may
be mounted on a bakelite strip and together
with the rectifier tube socket and fixed re-
sistors for B and C voltages, will require a
space in a receiver cabinet or on a sub-panel
only 19%4 inches long by 3 3/16 inches wide
by 5% inches high.

A photograph of an A B C power supply
unit made up “lengthwise” in shape is shown
by the illustration on page 122, Arranging
the units “sidewise” the base panel dimensions
will need to be only 13” long and 5" wide,
and a unit made in this way 1s illustrated by
Fig. 1. The small dimensions of these units
when assembled as suggested will allow them
to be placed at the rear or at the end of
practically all radio set chassis when in-
stalled in table or console cabinets.

CIRCUIT CONNECTIONS

Iig. 2 shows a schematic wiring diagram
of the three “Jumbo” A B C Power Supply
units using a UX-280 full wave rectifying
tube. The various voltage terminals are
plainly numbered. The diagram of Fig. 3is an

Showing Pilot ABC units mounted “sidewise”
on a bakelite base panel.

The units may Fig. 1.
be arranged
either lengthwise
or sidewise. If they are used length-

llustration of the
same connections
as in Fig. 3, with
the exception that
the circuit is ar-
ranged to use a
BH Raytheon
Rectifier tube.

C VOLTAGE CON-
NECTIONS FOR
UX-2z6 TUBES

Figs. 2 and 3
show the connec-
tions that should
be used with the
No. 398 Power
Transformer, No,
395 Double Choke
Coil and No. 396
Filter Condenser
Block, and both
drawings show resistances No. 1, and No. 2
connected to the center tap No. 2 of the 134
volt secondary terminals No. 1 and No. 3,
and to the center tap No. 8 of the 5 volt
secondary winding, having terminals No. 7
a[.}ld‘ No. 9 of the No. 398 Power Transformer

nit.

NUMBER oF VALUE oF §/ rrior
UX 226 USED RESISTANCE| CAT NomMBEA]
/ TvBE /500 OHMS| # 963
2 TUBES 850 # 955
3 ruBEs 850 ¥ 9254

These resistors are connected to the center
taps of the secondary windings in order to
provide for C circuit voltages. Fixed re-
sistor No. 1 is to take care of the C circuit
voltages required by all UX-226 tubes, the
filament circuits of which are supplied by
the 134 volt secondary winding of the trans-
former. In order to obtain the correct C

Ux 280
RECTIFIER TUBE
7

F22OV. +/80V. $135V. #90V. 445K f5-

2600
onrS

4000
OHPTS

PILOT B POWER PACK

b

£ 8

L L i

1

i

i PULOT JUMBO
]

rimg
B

RESISTOR 1% 960 — Lo

¥
SN T A | r‘l——— ———¥, gl 32 _4_
§3 %92 %) S GO : $--b-F-3-F-3-
i il b !
R 1 O 0 0 A
! \ PILOT FILTER CONDENSER |
! Veione “ReGy | ' BLOCK N2 396 |
POWER TRANS. | —  -————teed b L gy — === |

N© 398 ! .——
AC. LiNE JI

SR L

Iig. 2. Circuit of the new Pilot ABRC power supply units using a UX-280 full wave

rectifier tube.
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Fig. 3. Using Pilot ABC wunits with @ Raytheon rectifier tube.

voltages, the grid return lead of every UX-
226 tube used must be connected to the B
minus (B—) of the receiver circuit. When
using approximately 90 volts on the plates
of the tubes, the value of the fixed resistor
should be as in the table above.

These values for the fixed resistors are
recommended because in using them with
the average UX-226 tubes, the A. C. “hum”
pick-up is at a minimum. When more than
three UX-226 tubes, however, are employed,
it is recommended that you use a Pilot
four hundred ohm rheostat, in place of the
fixed resistor so that the C bias voltage
may be adjustable.

When using 135 volts on the plates of the
tubes, the value of the No. 1 fixed resistor
for minimum “hum” should be as follows:

&
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7o 8- 7O 225 V.
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Fig. 4. Position of C bias resistor in circuit
using UX-227 tube.
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| TuBE 3000 oHMS| # 964 The UY-227 tube when used as a detector
2 U does not of course require any C bias volt-
B&sS | 2ooo - # 958 age; therefore, no fixed resistor is needed.
3 TUBES | /ooo o # 962 In using the UY-227 tube, however, as a
radio or audio frequency amplifier, a C bias
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Fig. 5. Schematic
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circuit sllustrating grid bias connections for UX-226, UY-227 and UX-171

tubes using the new Pilot ABC power supply wunits.
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is required and the most practical method of
obtaining it is to insert a fixed resistor of
the proper value between the cathode C

of the tube and the B minus (—) of the

receiver or amplifier circuit. Fig. 4 illus-
trates the method of connection, and also
shows that the grid bias fixed resistor should
be shunted by a by-pass condensor having
a capacity of not less than .5 microfarad, one
microfarad being, however, an advantage.

When using 90 volts on the plate of the
tube, the C bias fixed resistor should have
a resistance of two thousand ohms, the
Pilot No. 958 resistor being suitable. When
higher plate voltages of the order of 135
or 180 volts are used with the UY-227 tube,
the tube will be found to operate at its
maximum without requiring a change in the
value of the fixed resistor, but this condition
applies only to the UY-227 tube.
PROPER RESISTANCE VALUE FOR GRID VOLT-

AGE RESISTORS FOR UX-171 TUBES

In Figs. 2 and 3, fixed resistor No. 2 is
used to furnish the C bias grid voltage when
using UX-171 tubes, in parallel or push-pull
audio frequency amplifier circuits.

The grid return of the tube or tubes should
be connected to the B minus (—) of the
receiver or amplifier circuit, as is shown in
Fig. 5, which is a schematic circuit diagram
of a typical five-tube tuned radio frequency
receiver.

When using 180 volts on the plates of the
UX-171 tube or tubes (corresponding to an
output voltage from the power supply unit
of 220 volts), the correct value of fixed re-
sistor No. 2, to obtain the proper grid bias
voltage should be:

NUMBER oF | VALUE oFf2 PrioT

UXIY USED FRESISTANCE | CRT. NUMEER
!/ TUBE 2250 orMs | # 95/

L TUBES 1200 ~ ¥ 956

Using the above fixed resistor values, the
C bias voltages placed on the grid of the
tube or tubes will be approximately 40 to 45
volts, permitting the tube to work in the
straight line portion of its characteristic
curve, or at its maximum efficiency.

AUDIO FREQUENCY TRANSFORMERS

(Continued from page 115)

Such an output filter is necessary when
using 112, 171, 210 or 250 type vacuum tubes
for the high voltage plate circuit carries a
current too heavy for the loud speaker wind-
ings to stand without possible magnetic
saturation.

The output transformer No. 394 serves the
same purpose as does the output filter just
described. The action is different, however,
for in addition to keeping the high voltage
plate current out of the speaker windings the
ratio of transformation is chosen so as to
aid in the securing of high quality repro-
duction.

At this time in particular, push-pull ampli-
fier circuits are extremely popular and to
provide equipment for this type of circuit
we are making the No. 399 push-pull input
transformer and the No. 401 push-pull out-
put impedance.

1 hope, at some other luncheon to tell you
about some of the work we have done with
push-pull amplifier circuits for not only have
we been able to achieve extremely high
quality reproduction but we have used in
this work circuit arrangements that achieves
the result by use of tubes no larger than

the 171 type rather than using the more ex-
pensive 210 or 250 type tube.

There is just one other instrument that
we are manufacturing in a bakelite molded
case and impregnating by the same process
that you have seen this morning, and that
is the No. 393 “B” power supply choke coil.
This choke coil is perfectly satisfactory for
power supply devices from which one does
not desire a greater amount of current than
45 milli-amperes, which is sufficient for the
usual five or six tube receiver.

At this current drain the No. 393 choke
has an inductance of some 30 henries increas-
ing to about 80 henries when only 20 milliam-
peres is required.

Mr. Geloso told me as we were leaving
after lunch, that he truthfully felt that in
portraying, as I have attempted to do so
here, the inner workings of the Pilot radio
parts factory that it would be interesting to
all radio experimenters from the point of
view of the design, engineering and manu-
facture of Pilot apparatus, and in addition
in aiding the experimenter to understand the
Pilot policy of supplying the highest quality
parts at the lowest possible cost.

PLEASE DO NOT FORGET THAT RADIO DESIGN ENGINEERS
WILL ANSWER YOUR TECHNICAL RADIO QUESTIONS.
LET THEM HELP YOU ENJOY RADIO

RADIO DESIGN, VOL. I, NO. 4
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Build This “One-Seventy-One” All Electric

AMPLIFIER AND POWER SUPPLY

Incorporating Push-Pull Amplification

By THE LABORATORY ENGINEERS

EARLY every custom set builder
knows by past profitable experience
that a very desirable source of income
is the “bringing-up-to-date” of radio
receivers purchased by their custom-
ers in 1926 or 1925 or in the years previous.

Such receivers, of course, will not be operat-
able from alternating current tubes nor will
they include in their audio amplifier circuits the
modern high quality transformers, that give,
together with its correctly designed circuit a
reasonably flat audio characteristic from about
100 to 4000 or 5000 cycles.

Many receivers of this vintage also are rela-
tively inefficient as regards the radio frequency
amplifier portion of the circuit and many re-
generate over part of their frequency range.
When a man or more particularly a woman
who is using a receiver of this early date goes
into the home of their friends and sees a mod-
ern day five or six tube receiver incorporating
present day advantages and operating directly
from the lighting circuit, they certainly become
immediate prospects for either a completely new
receiver or for the re-vamping of their old
model.

Because the custom set builder is in a posi-
tion to do this work or in the last analysis to
provide such a desired result (bv utilizing the
old receiver and such new parts as need be
purchased) he is in a position to obtain a great
many profitable orders, pleasing to both him-
self and his customers.

120

We will assume that such a customer with a
1925 receiver has come into the shop and said,
“Here is my “this-or-that” kind of a receiver.
After hearing Dudley Brown’s set last night,
the wife rushed me down here to have this
job fixed over, at least equal to Brown's re-
ceiver. You have my O K to go right to it,
and if you don't do a good job, I'm afraid I'll
be forced to spend $350 of my hard earned
money for a “this-or-those” receiver.

Now what is the custom set builder to do
in such a case as this to keep everybody satis-
fied, and to make a good profit. It seems to
me that there are two good practical common
sense solutions,

First, the obsolete type audio transformers
and sockets can be eliminated from the old re-
ceiver and new sockets for a. c. tubes and push-
pull in-put and out-put transformers installed.
Then by entirely rewiring the filament sockets
of the complete receiver and connecting up the
push-pull circuits, taking care to arrange proper
grid bias voltages for all the tubes, the set can
go back to the customer in a condition to
compete with the to-day’s receiver.

The second possibility is possibly a bit more
expensive but is likewise more universal and
usually can be proven to be a better investment
for the customer, for it solves his immediate
problem in a way that will allow him at a future
time to discard the 1925 or 1926 obsolete re-
ceiver (which in the second method will be used
only for its radio frequency circuit) and pur-
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chase or have an up-to-datc radio frequency
and detector circuit constructed for him that
fits in with his then complete modern up-to-the-
minute installation.

[n this second case the custom set builder
absolutely eliminates the re-building or re-de-
sign of the audio frequency portion of the
receiver, and constructs an individual audio fre-
quency amplifier unit together with a separate
power supply unit capable of supplying power
for the A, B and C circuit requirements of
the amplifier, and for supplying the filament
current for lighting the tubes of the retained
radio frequency portion of the old receiver.

THIS AMPLIFIER OR POWER SUPPLY UNIT
MAY BE USED INDIVIDUALLY IF DESIRED

The phonograph amplifier and power supply
described and illustrated, has been designed to
illustrate the circuit arrangement and construc-
tion of units adaptable for the revamping of
out-of-date receivers and in addition they have
the advantage, of being able to be used either
as an individual amplifier or power unit.

PUT THE PHONOGRAPH IN YOUR GARRET,
AT WORK IN YOUR LIVING ROOM

There are hundreds and hundreds of thous
sands of phonographs both upright, console and
portable machines gathering dust in as many
hundreds of thousands of homes throughout the
country. When purchased previously, before
radio broadcasting became the home necessity
that it is today, thesc phonographs were used
every day and brought into American homes
a new appreciation of good music. With the
advent of radio, in particular, and as the ma-
chines just naturally wore out, many of them
were discarded.

Today, by digging out the old table type
phonograph and putting it in condition one can,
with the use of a phonograph electrical pick-up
and this amplifier and power unit, and by the
purchase of the electrical cut phonograph rec-
ords to-day available, obtain a quality of musical
reproduction equal to that provided by a three
or four hundred dollar modern phonograph.
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CIRCUIT CONSIDERATIONS

The circuit arrangement of the amplifier and
power pack is nothing special, yet they are both
designed to accomplish the purpose in mind.

The amplifier consists of one transformer
stage feeding into a UY-227 tube and the
plate circuit of this tube feeds into a push-
pull input transformer coupled to two UX-
171 tubes. An output filter is provided in the
plate circuit of these tubes which does not
allow the high voltage plate supply to go
through the coil windings of the loud speaker.
The filament supply current for the amplifier
tubes is provided by the same transformer
that supplies the high voltages for the plate
circuits. Negative grid bias voltages for the
three tubes are supplied by the voltage drop
across resistances tapped to the center of the
secondary transformer windings. The grid
bias voltage on the UY-227 tube is of the
order of nine volts while the UX-171 tubes
grid bias voltages arc approximately 40 volts
per tube.

A schematic diagram of the complete power
amplifier circuit is shown in Fig. 1. The power
supply unit is of the conventional type using
a single rectifier, the output of which is ade-
quately filtered by condenser and choke coil
combinations. The positive 220 volts is obtained
direct from the choke coil condenser network,
and the 135 volts through a drop across a re-
sistance connected across the network. The
schematic circuit arrangement of Fig. 2, illus-
trates thie connections of the power supply.

In use, the two units are so arranged that
they are placed side by side, as illustrated by
the phonograph at the top of page 120, a short
twin conductor cord with attachment plug con-
necting the amplifier unit to the power supply.
The connecting cord from the power supply
should be plugged in the 110 volt 60 cycle
alternating current lighting circuit.

The input circuit of the amplifier which may
he energized by either a radio receiver or by
a phonograph and its electrical pickup, is
attached to terminals P and B positive (+),
on the rear left hand audio frequency trans-
former shown by the top
view phonograph of the
amplifier in Fig. 3. The

PILOT N® 40!
TRANS.

) . output circuit from the
oL Q) amplifier is connected to
- ' the two loud speaker

binding posts on the am-
plifier panel, as is also
shown in TFig. 3. Fig. 4
illustrates a front side
view of the amplifier,
s while Figs. 5 and 6 illus-
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Fig. 1. Schematic circuit of power amplifier.
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ply, and the experimen-
ter will have no trouble
in assembling, for the
construction is  very
simple.

0 B° PowER
Surrer
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Fig. 2. Schematic circuit diagram of the power supply.

OFFICIAL LIST OF PARTS

The complete list of Pilot parts required
for the construction of the amplifier and power
supply unit are as follows:

POWER AMPLIFIER

1 No. 386 Filament Transformer

1 No. 390 Audio Transformer (2 to 1 ratio)

1 No. 399 Input Push-Pull Transformer (334
to 1 ratio)

1 No. 401 Output Push-Pull Impedance

3 No. 216 Sockets

1 No. 42 Toggle Switch

5 Binding Posts (1 each Nos. 17-A, 15-A, 24,
19 and 32)

1 Bakelite Panel 12 x 7” x 3/16”

1 No. 956 1200 Ohm Fixed Resistor

2 No. 959 900 Ohm Fixed Resistor

1 No. 801 1 mfd. By-Pass Condenser

1 Piece Aluminum Strip 40” x 114" x 3/32”

2 Wooden Blocks 654" x 14" x 14"

3 Ft. Twin Conductor

1 Attachment Plug

1 Package Assorted Screws, Terminals, etc,

6 Ft. Spagetti Insulating Tubing

POWER SUPPLY UNIT

No. 387 Power Transformer

No. 377 “B” Eliminator Choke Coils
No. 9302 2 mfd.
Filter Conden-
sers

No. 42 Toggle
Switch

3 Binding Posts
(One each Nos.
24, 15-A, and
17-A)

No. 277 Univer-
sal Receptacle
No 216 Socket
Piece Aluminum
Strip 40” x 114"
x 3/32”

2 Wooden Blocks
6%" x 1%" x

”
Ve

3 Ft. Twin Con-
ductor

1 Package As-
sorted Screws,
Terminals, etc.

1
2.
4

—

—

—

sulating Tubing
1 Attachment Plug
1 Bakelite Panel 12" x 7” x 3/16"
2 Pair Filter Condenser Supports Complete
1 No. 960 12,700 Ohm Fixed Resistor

CONSTRUCTIONAL NOTES

The base-board construction of these two
units is a bit different from the usual “bread-
board” type. The two bakelite panels are
mounted on wooden strips on each end, and
strips of aluminum 2” high and 3/32" thick
are bent to shape to form a metal base for the
entire panel. These aluminum strips can be
obtained from practically every hardware store,
cut to the desired width and bent exactly to
shape, if you do not feel you can do it neatly
yourself.

The mounting of all parts and their posi-
tions is very clear from the schematic diagrams
and from the photographs. Care should be
taken in wiring, to group the alternating cur-
rent supply leads closely together to eliminate
the possibility of picking up a. c. “hum” and
all leads of course should be made as short as
possible. The amplifier is provided with a short
connecting cord of twisted pair having an
attachment plug which should be inserted in

Fig. 3. Top view photograph of the amplifier.

3 Ft. Spaghetti In-
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Fig. 4. Side view of the power amplifier unit.

the receptacle provided in the amplifier, thus
supplying a. c. to the amplifier filament trans-
former. The high voltage plate supply to the
amplifier is provided by making proper con-
nections between the binding posts on the top
of the panels of both the amplifier and power
supply.
OPERATION

It will be noted that a UY-227 tube is used
in the amplifier as the first audio frequency
tube. This has been felt desirable in view of
the fact that the type UX-226 tube is not a
complete a. c. tube and as a consequence it
generates within its associated circuits and al-
ternating current, having the same frequency as
the current supply. Although this parasetic
hum is usually very small, still it is, of course,
amplified through the successive stages, and
usually reaches the loud speaker as an objec-
tionable 60 cycle or 120 cycle disturbance. The
amount of this hum is not altogether dependent
an the amplifier circuit itself, for it will be usu-
ally found that different types and makes of
loud speakers will show up the disturbance to
varying degrees. In particular, using a UX-226

Fig, 5. Side view photograph
of the power supply unit il-
lustrating
the UX-280
full wawve
rectifier tube
in its socket,
the bank of
filter conden-
sers and the
binding posts
binding o
posts. |

RADIO DESIGN, VOL. 1, NO. 4

tube in connection with a moving coil loud
speaker employing a large baffle board the
hum may become extremely -objectionable.

"The UY-227 tube, however, does not have
the objéctionable hum of the UX-226 tube, be-
cause its electron emitting surface or cathode
is not directly conected in the a. c. filament
supply circuit, but is indirectly heated by the
heated filament in that circuit. Accordingly
the 60 cycle modulation of the alternating cur-
rent supply cannot directly effect the cathode
of the UY-227 tube, and any possiblty of hum
from this source is practically eliminated in
the amplifier circuit described.

SUGGESTED ACCESSORIES

Never more so than today is it a fact that
attention should be given to every item in a
circuit if high quality radic or phonograph
speech and music reproduction is to be achieved.
Many thousands of radio writers, experiment-
ers, and engineers have pointed out that no one
portion or no one part of a radio receiver in-
stallation is more perfect than the most efficient
part of that circuit.

To attempt to use such an amplifier and
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power pack as described with a radio receiver,

which in the radio frequency portion alone has
resonance characteristics such that several hun-
dred cycles is cut off of the sides of each side
band, or to use it with a phonograph and phono-
graph pick-up, the pick-up of which has peaked

the linen dxaphraghm construction together
with a well designed unit is as good as can be
obtained.

When using a moving coil speaker, of course,
the lower frequencies will be reproduced with
a greater degree of perfection if the speaker

Fig. 6. Top view photograph of the power supply unit.

resonance characteristics, 1s immediately defeat-
ing the obtaining of high quality reproduction.

Again we must not forget the last link in
the chain, the loud speaker. Assuming a near
perfect radio receiver or phonograph pick-up
is used, this amplifier with its excellent over-
all audio frequency characteristics cannot pos-
sibly reproduce the quality desired or expected,
unless used with a high quality loud speaker
either of the moving iron or moving coil type.
Of the moving iron type of speakers, possibly

is used with a baffle or sounding board some
three or four feet square.

The amplifier has a total over all output using
UX-171 tubes and the push-pull circuit arrange-
ment of some 1242 watts and this amount “of
energy will be found quite sufficient to drive
a moving coil loud speaker, providing an ex-
tremely desirable over all fidelity comparable
to the actual original phonograph recording or
to the radio presentation given in the radio
broadcasting station.

PLANKS IN THE PLATFORM OF RADIO DESIGN

1. To supply prompt and accurate aid to every radio ex-
perimenter by answering his technical questions at no cost.

2. To design and publish in the magazine the very best of

modern receivers, amplifiers, etc., and to look at radio con-

struction and experimental work from the point of view of
the radio builder who insists on results and economy.

THESE ARE ONLY TWO OF THEM—BUT THESE TWO
ARE WORTH MORE THAN YOUR YEAR’S SUBSCRIP-
TION—MAIL THE COUPON ON PAGE 138.

124

VOL. |, NO. 4, RADIO DESIGN

WwWWW_americanradiohistorv com



THE AIRPLANE

RADIO BEACON

Radio Waves Direct Plane to Field

By ZEH

AVIGATION has always had a fas-
cination for me—the fascination of
the mysterious. Looking over the side
of an ocean liner, glancing at the log
swimming briskly along with us,

I have been positively awed by the thought that
here we were—with “water, water everywhere”

and speeding to our port with almost the in-
evitability of a solar eclipse.

Aerial navigation, as far as general cross
country flying is concerned, is more obvious
and less scientific than finding one’s way at
sea. But eliminate the constant checking of
one’s course by landmarks—let your pilot fly
in fog or above a low ceiling, and the difficulties
that make ocean travel interesting, are multi-
plied many fold.

As a matter of fact piloting a plane across
country, even with good visibility is a tiresome
undertaking, requiring constant vigilance of the
man at the controls. Winds mave much more
rapidly than sluggish ocean currents, and the
plane travels so fast that it requires but small
errors in compass or judgment to throw the
tlier far off his course.

HOW THE PILOT FLIES

The pilot today filies by map. His course
is generally laid out for him by government
survey and he keeps his
compass on the number
of degrees indicated by
the map — making con-
sistent compensation for
deviation. He must also
check his drift, and fly
the correct degree into

the wind. On short
trips, he makes his
drift correction con-
stantly — on longer

trips he may use a drift
indicator, which some-
what simplifies his cal-
culations which are rap-
idly assuming vectorial
proportions. In all cases
he must check his posi-
tion against land marks.
With low hanging
clouds, he must fly low
—low enough to see the
ground. he flies
above the clouds he is
immediately lost and
he prefers the hazard of ducking under them
to grope his way through mountain passes.

THE RADIO BEACON

Fig. 1.

Many of the haphazards of flying have been
eliminated by the perfection of the radio bea-
con by the Bureau of Standards. The beacon
indicator Fig. 1 in its perfected form is noth-
ing more than an instrument, a little larger
than a pack of cigarettes, that plugs into a
mounting in the instrument board in front of

RADIO DESIGN, VOL. J, NO. 4

The radio beacon indi-
cator itself, is about the size of
a pack of cigarettes.

BOUCK

the pilot. Behind the glass face are two little
squares of white that, when the plane is fol-
lowing its course, vibrate up and down trac-
ing two verical lines of equal length. If the
plane moves off its course to the left, the left
line shortens and the right hand line becomes
longer—the reverse holding true for a right
hand deviation. The reed indicator holds the
true course, regardless of wind, drift, or mag-
netic deviation—whether the pilot is within
sight of ground or at a safe altitude above the
clouds, and when the plane is directly over the
transmitting aerials, both reeds stop moving.
If the transmitter is located at the flying field,
the plane will be led to within one hundred
feet of a safe landing.

PILOT TESTS WITH BUREAU OF STANDARDS

It was the pleasure of the Pilot Electric Mig.
Co. to send their flying laboratory to Washing-
ton, D. C., in co-operation with the Bureau of
Standards, to test a recently installed radio
beacon system. The work on the development
of the directive transmitter has been under the
direction of Drs. Dellinger and Pratt. Receiver
design has occupied the attention of Harry
Diamond, while the visual recorder, the vibrat-
ing reed, is principally the work of F. W. Dun-
more—all engineers and physicists connected

with the Bureau ot
Standards.
In the photograph,

Fig. 2, the personnel of
the Woashington tests,
are standing alongside
of the Pilot flying radio
laboratory. From left
to right they are F.
W. Dunmore, holding
the reed mechanism and
its shock proof mount-

! ing, Harry Diamond,
| with the receiver, Louis
Meier, pilot, the writer,
and Mr. Himman, en-
gineer with the Bureau.
The entire radio in-
stallations, including re-

ceiver, indicator, bat-
teries and antenna
weighs only about

twenty-five pounds — a
good example in port-
ability.

THE EQUIPMENT

The radio beacon equipment divides itself
logically into three divisions, the transmitter,
the receiver and the visual indicator. However,
to grasp the idea of the way it operates, it is
necessary to consider briefly the arrangement
as a whole.

The theoretical aspects of the radio beacon
are not difficult to understand. The transmitter
is so designed that it transmits two audible
frequencies on the same wavelength. The fre-
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Fig. 2. The men who carried on the airplane radio beacon test, described by the author.
From left to right, they are Mr. F. W. Dunmore, Mr. Harry Diamond, Mr. Louis Meier,
Mr. Bouck and Mr. Hinman.

quencies employed at present are 65 and 85
cycles. The radiating system is, essentially,
two loops mounted at right angles to each
other (or approximately so). It is characteris-
tic of a loop radiating system that the loudest
signal, at any given distance from the loop, will
be received in the plane of the loop. In other
words, for the best results, the loop should be
pointing at the receiver, just as, when receiving,
the loop should be pointed at the transmitter,
The locus of a point of constant field strength
moving about the loop will trace a figure 8. If
two loops are mounted on a common vertical
axis, and at right angles to each other, we
shall have the two figure 8's shown in Fig. 3.
One loop transmits the 65 cycle and the other
loop the 85 cycle wave. The two frequencies
will be received most emphatically in areas
where the two figure 8's overlap, the shaded
portions indicating the zones of equal signal
strength on the “course.” In other words, a
plane flying in this darkened area would re-
ceive equally strong 65 or 85 cycle impulses.
Such aplane is suggested by the point P!, A
plane at P 1 will receive more intense 85
cycle signals than 65 cycle signals, while a
plane at PM! will receive more intense 65
cycle signals than 85 cycle.

The reeds in the indicator are carefully tuned
to these two frequencies, one reed to 65 cycles
and the other to 85 cycles, and so connected

126

in the receiving system that they will respond
to the incoming signals. If the 65 cycle signal
is stronger than the 85 cycle signal, as at PM3,
the 65 cycle reed will vibrate more than the 85
cycle reed, tracing the longer line, and vice
versa.

It is obvious that by revolving the transmit-
ting loops, the radio beacon can be set for any
desired course, just as, by revolving a receiv-
ing loop, it is possible to receive signals better
from different directions.

THE TRANSMITTER

The transmittér consists of an oscillator, and
two power amplifiers, each amplifier working
into its own antenna system. By employing one
oscillator, both waves are maintained constantly
on the same wave length or radio frequency
at 290 kilocycles. One of the power amplifiers
is modulated by the 65 cycle current and the
other by the 85 cycle current, in much the same
manner that the carrier current of a broadcast-
ing station is modulated by the voice. The
power amplifiers, are coupled to the antennas
by means of a goniometer, an instrument not
dissimilar to the familiar variometer. The
goniometer makes it possible to rotate the fields
without actually moving the antennas, which
are permanently erected, and shown in Fig. 4.
The goniometer sets up “phantom loops” that
turn as the goniometer is turned.

VOL. 1, NO. 4, RADI® DKSIGN

www americanradiohistorv com



T~ COURSE

85 CYCLE
FIELD
'Pl

/ -
< DIRECTION QF L 0OP \
\ 65 CYCLE
FIELD

65 CYCLE
FIELD

85CYCLE
FIELD

d007 40 NOILLI3YI0

-~

\

4

Fig. 3. Figure eight field characteristics of a
radiating loop antenna system.

THE RADIO RECEIVER

The receiver is a standard aircraft receiver,
developed by the Bureau of Standards, designed
for airplane frequency channels between 285
and 350 kilocycles. It is of uni-control design,
with a trimming condenser to compensate an-
tenna variaitons. A simple movement of the
control handle tunes the receiver to any desired
frequency within the aircraft band. While
manual volume control was used in the tests
made by the writer, future receivers will in-
corporate an automatic volume control, reliev-
ing the pilot of all concern and responsibility
in this direction. The receiver can be used
for_telephone reception, as well as beacon indi-
cation, by plugging in head ’phones in place of
the reed indicator. A short twenty foot trail-
ing wire antenna, or a ten foot vertical rod
antenna is used with the receiver-beacon com-
bination. A short and comparatively straight
antenna should be employed to eliminate direc-
tional effects on the receiving end. With the
antenna system described, it is possible to locate
the transmitting station within one hundred
feet, from a altitude of one thousand feet. As
an antenna of this description is not responsive
to a horizontal field, and as no vertical field
exists directly over the transmitting
aerials, no signal is picked up and
both reeds stop vibrating at this
point!

THE REED INDICATOR

The indicator consists of two short reeds,
tuned exactly to the correct frequencies, and
mounted in a suitable electromagnet actuating
arrangement. The reeds are so perfectly tuned
to their respective frequencies, that a variation
of plus or minus .05 cycle per second is sufficient
to affect operation. They illustrate a beautiful
example of mechanical resonance. During the
tests in which the writer participated, it was
impossible to pick up either frequency on the
ear 'phones, due to the spark interference from
the motor. However, the reeds had no trouble
in discriminating between engine noise and their
own particular transmitted frequencies. The
reeds are therefore unaffected by static or any
other form of interference that does not exactly
duplicate the frequencies to which they are
tuned. The operation of the beacon due to
signal interference is limited only by the block-
ing of the receiver.

THE WASHINGTON TESTS

The apparatus was installed in less than a
half hour, using the trailing wire antenna with
which the Pilot flying radio laboratory is
equipped. Mr. Meier, our pilot, required less
than a minute’s instruction on the technique of
beacon flying. The goniometer was set for
Baltimore, and we took-off. Two minutes later
we passed directly over the beacon transmitter,
and in Afteen minutes we were over the city of
Baltimore. We turned around, and with a bit
of a head wind, passed over the beacon and fly-
ing field twenty-five minutes later—all without
a single reference to compass or map.

The radio beacon indicates a deviation of two
degrees off course. At a distance of sixty
miles this amounts to a maximum of one mile
on either side of the direct course. At a dis-
tance of two hundred miles from the beacon—
about the practical limit using present day
equipment—the indicator will show a drift of
about three and a half miles. By noting the
relative amplitudes of the two reeds, it is pos-
sible to ascertain, approximately, how much the
plane is off the course.

It is planned to equip radio directive courses
with marker beacons—low powered transmitters
along the route having a maximum range of
about two miles. Transmitting their own par-
ticular frequency, they will actuate a third reed,
for a minute or so, with a null point directly

over the marker, showing the pilot his

exact position along the course,
and the speed at which he is trav-
eling.

Fig. 4. The radio beacon transmitting antenna at the flying field, at College Park, Maryland.
By the use of the goniometer the radiated signal can be rotated so that the visual radio indi-
cating instrument insialled on an aeroplane travelling away from, or toward the radio beacon

station, will indicate when the plane is on its correct course, t
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THE PILOTONE “B” POWER
SUPPLY

By THE LABORATORY ENGINEERS

This Pilotone “B” power supply was par-
ticularly designed to provide the required
“B” power voltages of positive () 45, 90,
135 and 200 volts as required by the Pilotone
Electric receiver.

The schematic circuit diagram of Fig. 1
shows the connections. The power supply is
made up of a Pilot No. 405 powet trans-
former, supplying the high voltage alternat-
ing current and also the alternating current
to light the filament ot the UX-280 rectifier
tube. A one and one-half ampere (1.5) fuse
has been provided in the primary supply cir-
cuit which is to be connected to the alter-
nating current lighting circuit by the four
foot attachment cord and plug provided.

The rectified current from the UX-280

tube is effectedly filtered by the use of two
Pilot No. 3924 filter choke coils and the Pilot
No. 934 filter condenser block incorporating
a total of fourteen microfarads capacity.

Fig. 2 illustrates the interior view of the
power supply and gives a general idea of the
arrangement of the parts.

The entire unit is housed in a laquered
metal case measuring approximately 1114"
long, 715* high and 2%" wide. The total
weight is 7%4 lbs. The entire assembly of
parts as shown in Fig. 2 is mounted on a
metal chassis which slips into the case. The
binding posts for connections are supported
on a bakelite strip at the top, all terminals
being marked.

Although this particular “B” power supply

15 AMP FUSE FILOT N23924 . =0 zo0v
= e S
== -
Ac ume == il "\\“ \
ﬁ — === =———
= |l= U PILOT B FOWER PRCA
B = _ T - ( éx 280 PLSISTOR ¢ 960
PILOT FPOWER (== e e -/N—
TRANS N9 205 || == E
S, | 5r7D _l IMFD sMD IMFD. ’mrp
. =
_ B

PILOT FILTER CONDENSER
BLOCK N* 9314

Fig. 1. Schematic circuit of the Pilotone “B” Power Supply Unit.
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was designed for
the Pilotone Elec-
tric receiver it is
completely satis-
factory for use
with any radio re-
ceiver not requir-
ing a total current
consumption of
greater than . 40
milliamperes.

The convenient
design and con-
struction provides
a power supply
having dimensions
that make it ex-
tremely conveni-
ent to wuse for
nearly all receiv-
ing cabinets hav-
ing adequate
space to enclose
the “B” power
supply at the rear
or at one end of
the sub-pane] of the receiver itself. If you
have a batterv model receiver and you live in
a district that has 110 volt 60 cycle alternating
current lighting circuits, it is very easy to
“electrify” your receiver by having a Pilatone
B power supply unit, a A. C. tube filament
current transformer and new sockets for

Fig. 2. The Pilotone “B” Power Supply Unit Chassis.

the A. C. tubes installed and wired in
your receiver. If this is done care should be
taken to use the proper resistances in the gn(l
B minus (—) wiring to bias the amplifier
tubes. Complete instructions for these resist-
ance values and connections will be found on
pages 116, 117, 118 and 119 of this issue.

areincluded in the Mer-
riam Webster, such as
erograph, broadtail,credit
umion, Bahbaism, patro-
genesis, etc. New
names and places
¥ are listed such as
/ Catbher, Sandburg, Stalin,
! Latvia, etc.
Constantly imptoved 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 Federal and State.
452,000 entries including 408,000 w-
cabulary terms, 32,000 geographical sub-
jects, 12,000 biographical entries. Oyer
6,000 illustrations, and 100 valuable tables.
Send for Free, new. richly sllustrated gmp/zlet
containing sample pages of the
New International
G. & C. Merriam Company
Springfield, Mass. ‘

TWIN COUPLER

Twin Coupler Coils
are sold in KRESGE,
Kress, GRANT, and
other stores thruout
the U. S. A., Canada,

and foreign countries

WIN COUPLER|

Largest Radio Coil
Manufacturers in
the United States

GENERAL OFFICES AND FACTORY

TWIN COUPLER CO., Inc.
POUGHKEEPSIE . NEW YORK
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HAIL TO THE GRAF ZEPPELIN

The Pilot Flying Radio “Lab” Greets the Ocean
Flyer and Broadcasts the Epochal Event

By ZEH BOUCK

INGS, princes and Prelates have

made entrances into this country noisy

with sirens and bands. But if noise

is any criterion of pre-eminence the

Graf Zeppelin must be accorded first
place among foreign visitors—a position, in-
cidentally, it certainly deserves on other and
more important considerations.

Half sheathed in a mist of gray fog and
storm clouds, and surely vibrating with the
artificial thunder of its own motors, those of
two dozen circling planes and the echoing din
of New York City below it, the Graf Zeppelin
flew into history—and, a matter of little im-
port, five hundred feet below the writer.

Before me, in the cabin of the plane, was a
short wave transmitter, suspended by cushioned
springs over a bank of high tension batteries,
dimly lighted (it was growing dark) by the
glow of the transmitting tubes.

But all of this was lost to me for the moment
—and I thought of nothing but Tennyson’s pro-
phetic lines—

“Saw the heavens filled with commerce,
argosies of magic sails!
Pilots of the purple twilight.”

But only for the moment. The motor of our

plane roared its assuring drone—and above it,
through the telephone receivers on my ears,
came the voice of Louis A. Whitten, announcer
over the Columbia chain, sitting by my side.
Sitting by my side—yet his voice went a long
way in reaching my ear . .. over the short
wave transmitter down to a receiving station
ten miles to the northwest . . . then over land
wire to the WOR broadcast transmitter and
out on the air again '
. . . and finally
picked up on the
super-hetrodyne re-
ceiver to which 1
was listening —
back to its start-
ing point again!

THE PILOT
FLYING RADIO
LABORATORY

We had been
preparing for this
advent for a long
while. As a mat-
ter of fact the
months of experi-
mentation with the
“flying laboratory”
had all contributed
to the knowledge
and experience es-
sential to the suc-
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cessful broadcast and rebroadcast from a fly-
ing station. The Stinson-Detroiter airplane
owned by the Pilot Electric Manufacturing
Co,, Inc,, of Brooklyn, has spent several hun-
dreds of hours in the air devoted to radio ex-
perimentation and research. Many transmitters
and receivers have been developed and discarded
in an effort to insure reliability of airplane
radio communication—to make more safe
and certain the inevitable system of future fast
transportation.

The Graf Zeppelin was scheduled to arrive
Sunday afternoon, October the 14th. Saturday
afternoon, the Pilot organization made arrange-
ments with the management of station WOR,
of Newark, New Jersey, to broadcast a descrip-
tion of the arrival from the plane—a description
that was to be rebroadcast on WOR’s usual
channel for the benefit of the world at large.
The necessary apparatus was placed on a truck
and rushed to the flying field at Garden City,
Long Island. The writer and members of the
WOR engineering staff arrived at Curtiss Field
fifteen minutes later and the work of installing
the special radiophone apparatus was com-
menced.

The transmitter employed two UX-210
tubes, one as an oscillator and the other as a
modulator. While this arrangement permits of
only about twenty-five per cent modulation, un-
der distortionless conditions, it was considered
adequate for short distance work, and simpli-
fied the problem of high voltage supply.

A special antenna system was rigged on the
plane, uisng the frame of the fuselage as a

Fig. 1. The author, Mr. Bouck, and Mr. Mecier, Just previous to “hopping-
off” in the Pilot flying radio laboratory to weléome the Graf Zeppelin.
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PlL.oT
SHORT WAVE RADIO
TRANSMITTING FROM
THE PILOT PLANE TO
A SPECIAL RECEIVER
LOCATED IN NEWARK

OO0
TATATA S

RETRANSMISSION OVER
TELEPHONE LINE TO
BROADCASTING STATION WOR

Wi

Wi
AW

A

tests with the receiving station located on the
roof of the L. Bamberger store in Newark.
When the final adjustment was effected, we
went on the air for a few seconds, then flew
back to Hadley and picked up the announcer.
We took on a load of gas, and with Meier at
the controls headed for Lakehurst.

A super-heterodyne recciver had been in-
stalled on the plane for monitoring our retrans-
mitted signals from WOR and also for the
reception of the latest news concerning the
progress of the Graf Zeppelin. During the
flight to Lakehurst we received several dis-
patches from WOR
indicating definite-
ly that the giant
ocean flier woul
not arrive that eve-
ning. Delayed by
the accident to her
fin, she was ap-
proaching the coast
slowly. Neverthe-
less we decided to

THEN OVER THE AIR AGAIN
ON WOR'S REGULAR WAVE-
‘BAND TO YOU

- 450 METER-
WAVELENGHT

Fig. 2. Schematic diagram, showing how the description of the reception
City was broadcast from the pilot
flying laboratory to station WOR rebroadcasted on their regular wave

of the Graf Zeppelin by New York

channel.

counterpoise. Two four feet masts, fitting in
sockets at the wing tips, supported a single
wire almost the length of the span. Two addi-
tional wires, one from each end of the main
antenna, were brought down and back to the
braces on the horizontal stabilizer, and from
there two lead-ins were led to the cabin, the
form of the resulting antenna system approach-
ing a triangle.

The installation and the final ground testing
were completed just at dusk, and the prelimi-
nary flying test was made in the early evening.
With Louis Meier at the controls we took off
over the darkened field, making our final ad-
justments by the glow of the radiation indi-
cating bulb, and the light of the transmitting
tubes. Fifteen minutes later we came in for
a landing. The lights of Garden City floated
up to us we leveled off, and half a minute
later taxied up to the ground station that
had been set up simultaneously with the
plane installation. The report was that
everything was o. k—a powerful distortion-
less signal, with practically no engine pick-up.

WE FLY TO NEWARK

The next morning we flew to the Newark
airport, changing our base of operations to a
location closer to both New York City and the
reeciving station at Newark, for firal tests.
However, the Newark airport was at this time
only partially finished and the wind over the
somewhat abbreviated runway was in a direc-
tion that made repeated taking-off with a heav-
ily loaded plane a rather hazardous procedure.

So we again transferred our headquarters,
this time to Hadley Field. This was chosen
4in preference to the Teterboro Airport because
it was nearer to Lakehurst, where the dirigible
would eventually come down, and was only ten
‘minutes flight from Newark.

It was necessary now to make several air

‘RADIO DESIGN, VOL. I, NO. 4

look things over,
and give the radio
audience an eye de-
scription of just
what preparations
were being made
by the Navy Department, for her reception.

Automobiles jammed the roads for miles
around the Naval air station. From our alti-
tude of two thousand feet the roads were black
with these mechanical ants. The doors of the
great hangar were hospitably open.

We returned to Newark, in the growing
dusk. The sun had set as we went on the air
for a ten minute period. The transmission went
over beautifully as I could ascertain by moni-
toring on the super het. We returned to Cur-
tiss Field, landing in the twilight.

THE GRAF ZEPPELIN ARRIVES

The next morning we made a few minor
adjustments on the transmitting apparatus—
tightening up here and there, improving the
counterpoise connection and substituting a radi-
ation meter for the bulb. Receiving a dispatch
that the Zeppelin was over Philadelphia and
heading for Lakehurst, we took off at two-
thirty. We detoured briefly over Newark, for
a final test with our receiver, and again went
on the air for a minute or so, before turning
the nose of the plane South for the Naval han-
gar. At the air station the scene of Sunday
was duplicated, except for the fact that there
were fewer automobiles in the roads and parked
on the field. We circled Lakehurst for an
hour, looking in vain for a trace of the Zep-
pelin. 1 had turned off the super-heterodyne
receiver, because, due to the testing, the dry
batteries were low, and I wanted to conserve
them for the monitoring that would be essen-
tial when we transmitted. However, it was-
necessary that we get some word as to what
had happened to the expected dirigible, and T
turned on the receiver. Five minutes later, we
learned that she had altered her course, and
was over Bound Brook, New Jersey. However,
as we had received so much conflicting infor-
mation on the preceding day, we were doubt-
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ful as to the authenticity of this position report.
I decided to remain in the neighborhood of
Lakehurst until we received a confirmation,
reasoning that if we flew north and inland, and
missed the Zeppelin, it would be too late to re-
turn to Lakehurst. On the other hand, if the
airship were over Northern New Jersey, it
would undoubtedly fly south along the coast
and we couldn’t miss it.

Ten minutes later we received a definite re-
port that the Graf Zeppelin was over New
York City! And we were in Lakhurst seventy-
five miles away!

We had to move, and move quickly. Meier
gave the plane the gun, and with a tail wind
we made for New York at a clip around a
hundred and thirty miles an hour. A Curtiss
Falcon—Army observation plane—flew along-
sile of us for five minutes, before heading
out over lower New York bay for Rockaway
Point and Mitchel Field.

The air was very misty—and the ceiling
steadily dropped. Over Staten Island we nosed
down through an increasing fog. We strained
our eyes through the smoke and mist for a
slivver of silver. Finally we saw it—the Graf
Zeppelin—over lower Manhattan. We certain-
ly had made time!

Over Brooklyn, we were only a few hun-
dred feet above this largest and greatest of
trans-ocean fliers. A Junkers plane, carrying
German relatives of several of the passengers
aboard the Zeppelin flew under us. I turned
on the transmitter, and looked at the announcer

alongside of me. I saw his lips move in front
of the microphone. The radiation needle flick-
ered on the transmitter, and I heard his voice
through the ’phones on my ears—

“ ... the Graf Zeppelin is floating beneath
us—a beautiful silver ship half lost in the
mist and fog that seems to be its element. A
dozen or more airplane are circling it. Down,
beneath us and to the right, close by the Statue
of Liberty, we can see a hoat, with puffs of
white steam coming from its funnel—whistling,
undoubtedly its welcome to this commander ot
the skies . . .”

As the Graf Zeppelin faded into the mist
toward Lakehurst, we flew over to Newark,
and held the air for fifteen minutes. It was
rapidly growing dark and our gas was low.
Night had fallen as we turned our nose east-
ward. Jersey City sparkled below us—then, a
few lights on the Hudson River. A minute
later and Broadway glared up with garish twin-
kles. Over the East River and Queens, we
could see ahead of us the flashing neon beacon
at Curtiss Field. Five minutes later, Meier
cut the gun, and we nosed down into a steep
glide. Leveling out, the hangar lights were
near but low. We swish-tailed into the field—
the hangar lights were level with our eyes,
the plane settled, the tail dropped and we were
taxiing over to the hangar.

We felt—all of us in the plane—that this,
indeed, was a day well done. We had seen
history in the making and had played at least
an infinitesmal part in it.

ORDER PILOT PARTS FROM

For SPEED is the “FASTEST RADIO MAIL ORDER
SERVICE IN THE WORLD”

SPEED, INC,, was organized to supply you with PILOT parts (making
shipments within eight hours after your order is received) provided
that you cannot obtain instant service from your local radio dealer.

SPEED carries in stock all PILOT parts and kits, and desires to
receive your order, whether it be for a binding post or for a complete
kit for the SG-105 receiver, deseribed in this issue of RADIO DESIGN.
Enclose your check or money-order to receive “speedy” service.

-

All orders shipped by pre-
F - | paid parcel post. No orders

FOR RADIO BUILDERS SUPPLIES are accepted or shipped
103-A Broadway, Brooklyn, N. Y. T
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THE PILOT ELECTRIC CO.,

INC.

DEMONSTRATES TELEVISION
AT THE 1928 ELECTRICAL EXPOSITION

By KIMBALL HOUTON STARK

HE N. Y. Times, on Monday, Aug.
13, 1928, carried an editorial an-
nouncement to the effect that Sta-
tion WRNY would start a regular
schedule of television signal trans-

mission over standard radio broadcast chan-

nels. This, to my knowledge, was the first
attempt to inaugurate in America—for that
matter, in the world—the transmission of ra-
dio television signals on a regular schedule.

That this was successfully inaugurated, and
is being continued up to the present day, is
largely due to the special apparatus designed
by Mr. John Geloso, Chief Engineer of the

Pilot Electric Mfg. Co. Inc, of Brooklyn,

N. Y., under whose personal supervision

the apparatus was constructed and installed.

Although the broadcasting studio of that
station is in New York City, the television
studio is located at the transmitter of the
station at Coytesville, N. J. This condition
presented many unique problems which were
successfully overcome by the many ingenious
devices incorporated in the apparatus and
circuit design.

Since then, continual development work has

been conducted in the Pilot laboratory and

through the co-operation of the New York
Edison Company, another public demonstra-

tion of television was held during the Elec-
trical and Industrial Exposition, in the week
of Oct. 20 to 28, 1928.

The success of this demonstration was am-
ply proved by the fact that such a largc
number of people desired to see the demon-
stration, that it was at times necessary to
employ more than a dozen policemen to
keep the crowd moving and to eliminate con-
stant confusion.

Credit is certainly due to Mr. Geloso and
to the Pilot company in bringing practical
television to the attention of the public and
in technically accomplishing the very good
results obtained.

The appartus employed during the Elec-
trical Exposition demonstration incorporated
fundamental improvements over that pre-
viously used and the combination of appara-
tus and circuit arrangements used definitely
proved that the six basic problems of teel-
vision were at that time reasonably and suc-
cessfully solved.

Fig. 2. Showing the television transmitler used during the demonstration at the 1928
Electrical and Indusrial Exposiion.

RADIO DESIGN, VOL. 1. NO. 4
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Fig. 1. Schematic diagrom of the Pilot television transmitier and receiver.
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Fig. 3. Mr. John Geloso standing beside the television receiver scanning
apparatus which he developed.

THE SIX BASIC PROBLEMS OF
TELEVISION

In a television system there are in general
six basic problems. These are:

1. We may define television as the trans-
mission of all details of a scene or picture
(as seen by the human eye) in motion.

Science has not available devices or in-
struments capable of appreciating all details
of light and shadow simultaneously. There-
fore, we may consider the first fundamental
problem of television to be the division of a
scene or picture into a relatively large num-
ber of imaginary parts and to obtain the
light and shadow effect from each part in
rc%ular sequence.

. The second problem, is that in so far
as it is essential to record motion, the whole
moving scene or picture must be broken up
into its component parts at the television
transmitter, and reconstructed in reverse se-
quence at the television receiver, in an ex-
ceedingly short interval of time, this inter-
val being a smaller period than the “time-
lag” of the human eye.

RAD!O DESIGN, VOL. 1, ND. 4

This human eye “time-lag” may be taken
as one-sixteenth of a second, which immedi-
ately necessitates that for any successful
television system, the division of a scene and
its reorganization must be done at an enor-
mous speed.

3. Each separate light and shadow effect
obtained from each individual part of the
scene of picture to be televised must be
transformed into an electrical effect. The
photo-electric devices used for this purpose
operate with no “time-lag,” but the current
available is so exceedingly small that it is
necessary, in order to make this photo-elec-
tric current control a television transmitter,
to amplify them enormously. The elimination
of disturbances and distortion in the am-
plifier circuits is a serious problem.

4, The transmission by radio of the am-
plified photo-electric energy introduces dif-
ficulties, both as regards wire and radio chan-
nels of communication.

The frequencies necessary for the trans-
mission of television signals, incorporating
the necessary detail, occupy frequency chan-
nels having widths that present to engineers,
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as well as to inter-
national  statesmen
the vital and world
important problem of
television frequency
channel allocations.

5. At the television
receiver, the problem
is to transform the
electrical energy
back into images
corresponding exact-
ly to the original
moving scene or pic-
ture. It is necessary
to employ a source
of variable illumina-
tion at the television
receiver that will re-
spond instantly and
that has no apprecia-
ble “time-lag” to
minute changes of
electrical current.
Here we have the
problem of “ther-
mionic-lag” and also
the problem of elimi-
nating of radiation of
light for the in-
finitesimal interval of
time between signal
voltages; in other
words, the radiation
of light must not
persist during the
time period between
signal voltage inter-
vals.

6. The final prob-
lem is to arrange that all of the light and
shadow effects produced at the television
receiver follow each other in exactly the
same sequence and position as did the
original division of light and shadow at the
television transmitting station, which in-
volves the problem of synchronization of
operation of both transmitter and receiver.

GENERAL ARRANGEMENT OF THE PILOT
TELEVISION TRANSMITTER AND
RECEIVER

The schematic drawing of the general cir-
cuit arrangements of the Pilot television
transmitter and receiver system as used at
the Electrical Exposition demonstration is
shown in Fig. 1.

The photograph of Fig. 2 shows the tele-
vision transmitter with a “subject” in posi-
tion as if being televised.

Fig. 3 shows Mr. Geloso with his tele-
vision receiver.

Referring to Fig. 1 we find illustrated the
very ingenious photo-electric pick-up system
using four concave parabolic mirrors with
small photo-electric cells in the focus of
these mirrors.

The light reflected from the object being
televised is collected by the four concave
mirrors and in turn reflected on the small
photo-electric cells.

136

Fig. 4. Looking “straight-on” at the photo-clectric cell “pick-up” end
of the Pilot television transmilier.

The amount of light finally affecting the
small photo-electric cells is of the same
order as if four large photo-electric cells
were used to pick up the reflected light di-
rectly from the image.

The advantages of the present system are
the ease of obtaining standard photo-electric
cells of the smaller size, being able to achieve
satisfactory results at a cost of less than
one hundred dollars compared to the fifteen
hundred dollars necessary, using the large
cells, and the securing of a more sharply
modulated signal due to greater light and
shadow photo-electric cell current variation.

The dotted lines in Fig. 1 indicate that all
of the circuits so inclosed are most carefully
shielded by inclosing them in metal con-
duits.

The photo-electric cell system is shown in
detail in Fig. 4 which is a full front view of
the top of the television transmitter panel
exactly as it looks to a person being tele-
vised.

The photograph also shows the flexible
copper cable shielding connecting the four
photo-electric cells in circuit. The shielded
circuits include of course in addition to the
photo-electric pick-up circuits, the circuits
between the first amplifier, the second am-
plifier, and the modulator and oscillator of
the radio transmitter (assuming the tele-
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Iig. 5. Dectails of the television recetver scanning apparatus.

vision signals are to be broadcast) and like-
wise the circuits connecting all power
supply units and to the separate amplifier
used for the monitor scanning disc at the
transmitter station.

The scanning disc of the transmitter is
shown in Fig. 2 just to the left of the am-
plifier control panel, the disc being rotated
by a synchronous electric motor.

The arc lamp and its housing is shown at
the left of the illustration, the light from
the lamp passing through the holes in the
scanning disc, a lens system, and finally
reaching the subject to be televised.

The design of the scanning disc itself is
of extreme importance, for upon it depends
the frequency of the transmitted signals as
well as the definition or degree of perfec-
tion of the televised object or picture.

Fundamental improvements were incorpo-
rated in the scanning disc used in the cir-
cuit being described, particular attention be-
ing given to the size and shapz of the holes
in the disc.

It is to a large extent upon this detail that
the success of television transimission de-

RADIO DESIGN, VOL. I, NO. 4

pends and months of careful design work,
both experimental and mathematical, were
necessary before the results desired were
achieved.

The amplification of the original photo-
electric energy at the transmitter as well as
at the television receiver is a serious prob-
lem, particularly from the point of view of
reducing the noise level, because five or six
stages of audio frequency amplification must
be used over a wide band of audio frequen-
cies and at the same time the phase relation-
ship of the final output current must be kept
practically at zero with respect to the original
input cerrent, over the entire frequency
band.

The scanning disc portion of the té¢levision
receiver shown in Fig. 3 is illustrated in
greater detail in Fig. 5—which is a close-up
of the scanning disc.

In the photograph of Fig. 5, D designates
the scanming disc rotating on a shaft mount-
ed on ball-bearings as at B.

The scanning disc is driven by the electric
motor M through the friction drive arrange-
ment W, synchronization between the speed
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A]Ul N ew kinds of radio equipment are described

in Rapro DEsIGN MAcGazINE, published
for custom set builders, experimenters and students. The
articles, accompanied by profuse photos, circuits and
drawings, are written by such men as R. S. Kruse,
Kimball Houton Stark, John Geloso, Zeh Bouck, A. A.
Ghirardi, etc.

o s sets, showing the latest circuits
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of the scanning disc at the transmitting sta-
tion and the receiver scanning disc been ob-
tained by the use of a synchronous motor at
both transmitter and receiver and in addi-
tion by the arrangement of the radial fric-
tion drive between the motor and the disc,
this adjustment being made by the hand
wheel A at the left center of the picture.

The neon lamp is indicated at N and on
the shelf beneath the motor shelf is shown
some of the apparatus and circuits required
for the modulating circuit of the lamp.

THE TELEVISION POLICY OF THE PILOT
COMPANY

It has been my good fortune to discuss
television with Mr. I. Goldberg, president
of the Pilot Electric Mfg. Co., Inc. It has
been through his courtesy that I am able to
describe and illustrate the equipment used
at the Electrical Exposition, and delighted
as I was with what he was able to tell me
and show me, I could not be content with-
out asking him to tell me quite frankly the
policy of the Pilot company with respect to-
television for the future. His answer, to
my mind, indicates not only possibly good
selfish business judgment, but also a policy
that cannot but be of benefit to the radio
industry and an aid to the advancement of
the art of television in the United States.

Mr. Goldberg said:

“I have spent a great deal of money, pos-
sibly a hundred thousand dollars, in tele-
vision experimental and development work
and I am well satisfied with the technical and
practical progress achieved to date by my
engineers.

“I have seen the television demonstrations
of other experimenters and I believe that
the results which we have achieved are cer-
tainly equal if not superior.

“My engineers will continue with all en-
ergy and ability to develop television in an
improved and practical way. I wish, how-

ever, to point out particularly that the Pilot
Electric Mfg. Co., Inc, has not as yet made
any announcement or carried any advertise-
ment in the press offering apparatus specifi-
cally designed for television, for sale.

“This policy will be continued and I shall

make no commercial announcement until
such time as my engineers are able to prove
to me and to my associates that I would be
justified in recommending such equipment to
the public. I am certain that television is
not ‘just around the corner. Television is
here with us today and I am sure that it will
be of increasing importance to the future
success of the radio industry. I am going
to continue to spend my good money to aid
in so far as I am able, the technical develop-
ment of the art of television and I hope that
my company may be among the first to of-
fer to the public a practical and relatively
inexpensive receiver capable of being used
by the same millions of people that ‘listen-
in’ every night with their regular broadcast
radio receivers.”

THE FUTURE

Certainly I can add nothing of equal im-
portance to the statements made by Mr.
Goldberg when speaking of the future of
television transmission and reception, other
than pointing out that the policy of techni-
cal development work now being carried on
by the Pilot company will without question
aid in placing future television in America in
the position of leadership when compared to
the countries of Europe, comparable to the
position of supremacy now enjoyed by radio
broadcasting in the United States. The main-
tenance of that leadership cannot fail, in my
opinion, if all individuals and companies now
working in the art of television hold for
themselves the same ideal of achievement
and possible future profit, as is the ideal of
the Pilot Electric Mfg. Co., Inc.

RADIO DESIGN

The engineers in the laboratory of Radio Design are doing
a great deal of experimental work, using many different
types of amplifiers and scanning disc arrangements—all
leading to giving you a number of really practical tele-
vision receiver, amplifier and scanning disc construc-
tional and operation articles in early issue of the magazine
—watch Radio Design for practical television data.

IN TELEVISION
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vead what BIG money

these fellows have made
in thé RADIO BUSINESS

$375 One Month Spare Time
“Recently 1 made 3375 in
one month in my spare
time installing, servicing,
selling Radio sets. And,
¢ not so long ago, I earned
enough in one week to pay
for my course.”
EARLE CUMMINGS,
18 Webster St., Haverhill, Mass.
$1597 In Five Months
“The N. R. L. is the Dest
Radio school in the U. 8. A,
3, | have made #1597 in five

! months. I shall always tell
| F ¥ my friends that I owe my
¢ " success 1o you." .
e HENRY J. NICKS, Jr.,
;

302 Safford Ave.,
Tarpon Springs, Fla.

“Look at what I have made
since I enrolled, $1,161—
money 1 would nolL have
Kad otherwise. 1 am cer-
tainly glad I took up Radio
with N. R I am more
than satisfied.” .

HENRY R, HEIKRINEN,

123 W. Erie St., Chicago, IIL
Over $1000 In Four Months

‘My opinion of the N. R. 1.
course is that jt is the best
to be had at any price.
When 1 enrolled 1 didn't
know a condenser from a
transformer, but from De-
cember to April 1 made
well over $1000 and I only
worked in the mornings.”
AL. JOHNSON,

1109 Shelby St., Sandusky, Ohio.

I $1164 Spare Time Protits

Twill show you foo
how to start a spare
time_or full time
Radio Business
of Your Own
without capital

Radio’s amazing growth is making many big jobs. The world-
wide use of recciving sets and the lack of trained men to sell,
‘install and serviee them has opencd many splendid chaneces
for spare time and full time businesses,

J.ESMITH Pres.
Ever so often a new husiniess is started in this tountry. We have seen how
the growth of the automobile industry, electricity and others made men rich.
Now Radio is doing the same thing. Its growth has already made many men
rich and will make more wealthy in the future. Surely you ar¢ not going to
pass up this wonderful chance for success.

1 Will Train You At Home In Your
More Trained Radlo Men Needed

A famous Radio cxpert says there are four
.good jobs for every man trained to hold them.
Radio has grown so fast that it simply has
not got the number of trained men it needs.
Every year there are hundreds of fine jobs
among its many branches such as Dbroud-
casting stations, Radio faclories, jobbers,

tions, and many others. Many of the six to
ten million recciving sets now in use are only
25% to 109 efficient. This has made your
big chance for a spare time or full time
husiness of your own sclling, installing, repair+
ing sets.
So Many Opportunities You Can Make
Extra Money While Learning

=

Many of our students make $10, $20, $30 a
week extra while learning. I'll show you the
plansand ideas that have proved

you enroll.

you learr

setm

and

how to begin making extra money shortly after
G. W Page, 1807-21st Ave., S.,

Nashville, Tenn., made $935 in his spare time
while taking my course. ’ kmlﬁ(ﬂ/’ qo/‘(.

1 Give You Practical Radio Experience

My course is not just theery. My method
. gives you practical Radio experience—

of practically every type of f‘adﬂ)

f L dence to tackle any Radioproblems

ful for them—show you

With My Course

s

1the *how ™ and *“wh

ade. This gives you confi-

showsupinyour pay cuvelope too.

You can build 100 cir-
cuits with the Six Big
Outfits of Radio parts
I give you. The pictures
here show only three of
them. My book explains
my method of giving prac-
tical training at hoine.
Get your copy !

dealers, on hoard ship, commercial land sta--

Spare Time

1 bring my training lo you. Hold your job.
Give me only part of your spare time. .You
don’t have to be a college or high school
graduate.  Many of my graduates now mak-
ing big money in Radio didn’t even finish the
grades. Boys 14, 15 years old and men up
10 60 have finished my course successfully.
You Must Be Satisfied
T will give you a written agreement the day
you enroll to refund your moncey if you are
not satisfied with the lessons and instruction
service when you complete the course. You
are the only judge, The resourcesof the N.R. 1.
Iioncer and Largest Home-Study Radio school
in the world stand back of this agrecment.
Get My Book

Tind out what Radio offers you. My 61-page
book, " Rich Rewards in Radio™
pointsout the money making op-
portunities the growth of Radio
has made for yo® Chp the cou-
pon. Send it to me. You won't
be obligated in the least.

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

» National Radio Institute
\ Washington, D, C.

is-Coupon is good fo
a EREE copy of m
President, v

il it. NOW
Dept.; 9G3,

National RRadio Insiitute, Washinglon, D. C. |
Dear Mr. Siith: Send :me your book. I
wan! to know more ahout the opportunities
in Radio and your practical method of teaching
at home in spare time. This request docs
not obligate me 1o enroll and 1 understand
no agent will call on me.

Name. .

J. E. Smith,

www americanradiohistorv com
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Hear Sta atlol;s .the World Over

This New 3-Tube Short Wave Receiver brings

in Hundreds of Stations 4
You Never Heard Before! ;

DX FROM ALL

Listen to short wave broadcasts day and night
from England. Haly. France. Germany and
also American stations when static blankets the
regular broadeast channels. The Pilot Wasp is
ideal for receiving Television broadcasts soon
to be transmitted on short wavelengths. For
those who do their globe-trotting via radio, the
Wasp is the receiver.

Get the Pilot Wasp Construction Blueprint from

Can be assembled
for about
ONE-HALF
the cost of any
similar receiver.

or Send Direct to

s
THE WORLD!

Ask your custom set-builder ahout the Pilot
Wasp Short-Wave Receiver designed by Pilot
enqineers assisted by R. S. Kruse (of QsT

magazine fame). This sel, with its 11,000
mile range. is simple to build and cheaper to
assemble than any breadcast receiver. Panels
drilled and engraved. The five Pilot Plug-in
coils cover all wavelengths from 17 to 500
meters.

Your Local Store for 10c

| it “)“_01‘ ELECTRIC MFG, CO . Sound
recision 2 > ngineering
Radio s2ssenny SPREGTOOANY | | Characterizes
Parts L“wonu)s LARGEST RADIO PARTS PLANT PILOT PARTS

wWww americanradiohistorv. com
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facturers
o X 3,

“What " PILOT Offers
the Custoin Set Buildes

F’irst, tried and tested circuits, designed and perfected b
practical radio engineers. Full size blueprint layouts
making assembly swift and results certain.

Second, a complete line of radio parts built to precision
standards hitherto unachieved.

Third, prices that permit giving your customer the

best, and while saving him money, making a reason-
able profit for vourself.

Send 4c in Stamps for Catalog
including Data Sheets.

4‘)‘ LOT ELECTRIC MF(

323 BERRY ST [ (dBROOKLYN.NY. 'No* | o
TRADE MARK REGISTERED

LD'S LARGEST RADIO PARTS PLANT, |

PILOT PRECISION
RADIO PARTS
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