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NOW

DYNAMIC 80

110 volts AC. Has power transformer
and dry rectifier. The most popular
unit of the new line. Designed to
operate with AC. sets. Unit, list $50.

ARISTOCRAT MODEL

Beautiful butt burl walput cab-

inet finished in two tones. It

houses Dynamic 6, 7 or 80

unit. List prices:

A With Dynamic 6, $70
Dynamsic 7, $75; Dynamsic 80, $85

UP-FOR UNITS

EW improved models
for both AC and DC
operation. New low
prices, $35 up. Dynamicspeak-
ers now compete in price with

ordinary types of speakers.

Magnavox Dynamic is the
original radio loud speaker.
Created by Magnavox 17 years
ago. Patented and controlled
exclusively by Magnavox.
400,000 in use and never has
the popularity of the dynamic
speaker been greater than
rightnow. Adopted as built-in
equipment during the past six
months by several makers of
fine sets.

Send for Dynamic Speaker bulletins
giving full information.

THE MAGNAVOX CO.
Oakland, California

Eastern Sales Office:
1315 South Michigan Ave., Chicago

DYNAMIC
‘Power Speakers

Protected under 13 patents. Infringements
will be prosecuted.

CORDOVA
MODEL
With dynamic 700 unit, 110 volt, 60
cycle AC. Combining rectifier and
power amplifier. Takes place of last
audio stage in set. Operates with one
381 or 281 tube and one 310 or 210
tube. Handsome walnut cabinet.

List $175. Unit $125

DYNAMIC 6
6 volts DC. Field current con-
sumption, .65 amperes. Operates
from A battery. Unit list price $35.
DYNAMIC 7

110 to 220 volts DC. Field current
.consumption, 45 to 90 milliam-
peres. Unit, list $40.
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FADA RADIO EXECU ES
AND FACTORY
LONG /SLAND CITY, NEW YORK _JQ
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In ‘Real “‘Radio Achieven

' First in the Field

Fada is one of the oldest and largest
exclusive radio manufacturers in the
world. Fada was established in 1920, the
same year as regular commercial broad-
casting. Fada has never manufactured
anything but radio receivers, parts and
speakers and its success is due to devoting
its entire energies to radio.

First in Neutrodyne

Fada was the first manufacturer to
adopt the highly efficient neutrodyne
principle, and combined with the tuned
radio frequency principle, is used in the
manufacture of Fada sets today.

First in 1926

In 1926 Fada introduced six and
eight-tube shielded multi-stage receivers
that showed such marked improvement

F. A. D. AN

Executive Offices and Factory

Jackson Ave., Orchard and Queens St.

Branches:

F. A. D. ANDREA, Inc.
2619 So. Michigan Ave,
CHICAGO, ILL.

FADA RADIO, Ltd.
821 Queens §t., E.
TORONTO, CANADA

Agents and representatives in every civil-
ized country in the world

Hear Harmonated Reception (the sweetest
tone ever known) on a Fada Radio

tent!

and mastery of design that public accept-
ance acclaimed them the standards of
supremacy.

First in Dependable A. C. Sets

Fada was the first manufacturer to
successfully design A. C. tube electric re-
ceivers using the 227 type RCA or Cun-
ningham tubes in all radio and audio
stages except the power amplifier. When
used in a propetly designed set these in-
direct heater element tubes are recognized
by engineers as the most efficient for
commercial radio use.

First in 1928

Fada will continue to be first in design-
ing sets and speakers that give lasting
radio satisfaction and real permanent

. results.

Stick to known quality for continued
success as a radio merchant.

REA,

Long Island City, N. Y.

Branches:

F."A. D. ANDREA, Inc.
5 Third Street
SAN FRANCISCO, CALIF.

FADA RADIO, Ltd.
LONDON, ENG.

Tell them you saw it in RADIO



DT g

R

I0

Established 1917
Published Monthly by the Pacific Radio Publishing Co,
ARTHUR H, HALLORAN, H.w. Dickow,

Editor Business Manager
GERALD M. BesT, A, I, RIVETT,
Technical Editor Draughtsman

Entered as second-class matter at Post Office at
San Francisco, Calif.

Copyright 1928 by the Pacific Radio Publishing Co.

Address all communications to

Pacrric Rapio PusLisHING ComPaNny
Pacific Building, San Francisco, California

VoL, X JUNE, 1928 No. 6

CONTENTS
RADIOTORIAL COMMENT... .. 9
TELEPHOTO TRANSMISSION OF
MOTION PICTURES ... 10
By Clinton Osborne
WEATHER SERVICE
FOR AVIATORS ... 11
By S. R. Winters i ‘
AN AUTOMATIC RADIO Superior in Quality NLHRAM . :
RECEIVER ... .. 12 ' Outsfanding n Ml The Choice
By G. M. Best Performance 9]
A HOME-MADE PHOTO- Millions
ELECTRIC CELL .. . 15
By John P. Arnold
VAGARIES OF THE ETHER .. 16

By Wallace Kelk

AN EXPERIMENTAL SIX-TUBE
SET v e oo 17
By Francis Churchill

RESISTORS FOR VOLTAGE

DIVIDERS ... 19
By Howard Field, Jr.
SCIENTIFIC SET DESIGN.... 21
By Richard F. Shea
HARMONIC CALIBRATION . 23

because Cunningham Radio Tubes

By E. 4. Tubbs
are guaranteed against electrical and

ADDITIONAL DATA ON A. C.

RECEIVERS ... ... .. 24 mechanical defects in construction,
BAND PASS FILTERS ... 25 )
By Arthur Hobart : Look for the name Cunningham
QUERIES AND REPLIES 2 on the Orange and Blye Carton.
THE COMMERCIAL
BRASSPOUNDER ... .. 27 E. T. CUNNINGHAM, INC.
A ERS ON THE
FISXI"II‘IE,%N]’;*I}CV%IE) ARSST N _____________________ %7 NEW YORK CHICAGO SAN FRANCISCO
By G. W. Trudeay
“HAMANTICS” .. 28 Manufactured and sold under rights, patents and inventions owned and/or controlled by Radio Corporation of America
By Paul 0Ot
JAPANESE CODES ... 28
By Joseph N. Smith
WHY PRESENT RADIO
CONDITIONS ... ... 29
By L. W. Gillis :
LETTERS TO THE EDITOR _____ 29

AN AMATEUR TRANSMITTING
ANTENNA FOR ALL BANDS . 30
By L. W. Van Slyck

A SLWALT PORTABLE «| || Use this Coupon and Save Money

By D. B. McGown

RADIO KIT REVIEWS 32 The next six issues of “RADIO” will be outstanding editorially. Plans have been
e completed for again publishing the annual show number, The July issue of “RADIO”
FORECAST FOR JULY ISSUE will‘give you the first infor.mz-ition on the new radio models as exhibited at the
The chief feature of July RADIO is an Radio Manufacturer’s Association show in Chicago. Copies of last year’s special
illustratetd desgriptign of mnext seasgr}’s show issue sold fast. The demandfexceededlthe supply. We urge You to subscribe
radio sets, parts and accessories as dis- Now—today—at the special rate o one dollar for six months in order to protect
ipriagiiea:t g_leRf.{' Vl“%nf\e;s“}fevgcﬁ%eghg%%ﬁg yourself against missing the next six issues of “RADIO.” Attach a do]laI:' bill,
new and interesting aviation uses of check or money order to this coupon and mail now,

radio. G. M. Best tells how to use a.c.
tubes in the 115 K. (. superheterodyne
and gives answers to g recent question-
naire on the qualifications for a, radio en- Name......._. _
gineer. C. Wm. Rados Dresents an inter- .

esting interview with Dr. A. H. Kennelly
entitled ‘“The Spider’s Web.”  Arthuy Street and No....... ..
Hobart gives a short-cut method for figur- ‘ TR

ing great circle distances. There is further
discussion on radio-television, an article Cit d Stat

on ‘“Volume Control Methodg’ by Nelson uy ana sSta e e e
P. Case, and the usual departments,

4 Tell them you saw it in RADIO



e e

SPECIFY REMLER

The Radio Engineer, when designing a
circuit, takes no chances. He cannot
afford to let doubtful or inferior parts
wreck the performance of his circuit.
Rugged reliability is what he wants and
must have.

He can secure a substitute—at a lower
price—for every Remler Part, but he
can find no substitute for Remler Reli-
ability.

Here is a list of the circuits which
specify Remler Parts. It reads like a
“Who’s Who”’ of Radio.

CIRCUITS SPECIFYING
REMLER PARTS

Nine-in-Line Super Citizens 115 K. C. Super
Magnaformer 9-8 St. James Twin Four

Best 45 K. C. Super Remler 45 K. . A. C. Super
Infradyne Gitizens Super Nine
World’s Record Super 10 The New Home Receiver
Best Lincoln Radio Braxton-King Stabilized Eight
Madison-Moore A. C. One-Spot  The Unified Diamond
Gerald M. Best 115 K. C. Super  The A. C. 300 Receiver
LaPeer A.R.9 . Popular Mechanic’s Super
Unitone Symphonic The Quadraphase

Bodine Twin Eight A. C. World’s Record Super 8
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Manufactur ng Company: ++

260 First Street, San Francisco
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ReEMLER Division, Gray & DANIELsoN MANUFAcTURING Co. 260 First Street, San Francisco, Calif.
Please place my name on your mailing list to receive:

"0 Future literature. )
[J Bulletin Service for Professional Set-Builders.
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HEREVER radio apparatus is demon-

strated, note how the receivers equipped
with Thordarson Transformers surpass in tonal
reproduction.

This year, more than ever before, fidelity of
reproduction is the determining feature in the
sale of the better radio apparatus. Since the
musical characteristics of a radio instrument

These quah’ty mstruments -~ depend to such a great extent on a wise selec-

are Thordarson equipped: tion of the audio and power supply transform-
1 ] ers, it is significant that so many leading man-

ufacturers have turned to Thordarson as the
logical transformer source.

Equally significant is the fact that not once since
Thordarson transformers became available to radio

manufacturers has any other transformer approached
the manufacturer popularity of Thordarson.

3¢ THORDARSON

Buckingham RADIO TRANSFORMERS
MURDOCK eme
A@RZ@@K@ P i in
bl S istcdl perls
musical performance
ER Le\ Thordarson transformers are universally available to custom
o‘t’;;ers set builders as well as manufacturers. Wherever radio parts are
many q = sold, there you will find a complete stock of Thordarson Audio
and Power Supply apparatus. If you are building for real musical
performance, insist on Thordarson Transformers. -

" THORDARSON I-I;LECTRIC MANUFACTURING CO.

X 7ransformer Specialists Since
WORLDS OLDEST AND LARGEST EXCLUSIVE TRANSFORMER MAKERS

Huron and Kingsbury Streets — Chicago.lll.USA.

A\

Tell them you saw it in RADIO
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Superior in Quality
Outstanding in

T

The Chojce

Performance M il‘;ifons

because Cunningham Radjo Tubes
are guaranteed against electrical and
mechanical defects iy construction.

Look for the name Cunningham
on the Orange and Blue Carton,

E. T. CUNNINGHAM, INC.

CHICAGO SAN FRANCISCO

Manufactured and sold under rights, patents ang inventions owned and/or controlled by Radio Corporation of America

e

Use this Coupon and Save Money

The next six issues of “RADIO” will be outstanding editorially. Plans have been
completed for again publishing the annya| show number. The July issue of “RADIO”
will give you the first information on the new radio models as exhibited at the
Radio Manufacturer’s Association show jp Chicago, Copies of last year’s special
show issue sold fast. The demand exceeded the supply. We urge you to subscribe
now—today—at the special rate of one dollar for six months in order to protect
yourself against missing the next six issues of “RADIO.” Attach a dollar bill,
check or money order to this coupon and mail npow.,

Tell them you saw it in RADIO




POPULAER CIRCUITS
JPECIFY RPEMLELR

The Radio Engineer, when designing a
circuit, takes no chances. He cannot
afford to let doubtful or inferior parts
wreck the performance of his circuit.
Rugged reliability is what he wants and
must have.

He can secure a substitute—at a lower
price—for every Remler Part, but he
can find no substitute for Remler Reli-
ability. ‘

Here is a list of the circuits which

specify Remler Parts. It reads like a
“Who’s Who” of Radio. '

L
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W_H/ CIRCUITS SPECIFYING
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REMLER PARTS

Nine-in-Line Super Citizens 115 K. C. Super
Magnaformer 9-8 St. James Twin Four
Best 45 K, C. Super Remler 45 K. C. A. C. Super
Infradyne Citizens Super Nine
World’s Record Super 10 The New Home Receiver
Best Lincoln Radio Braxton-King Stabilized Eight
Madison-Moore A. C. One-Spot  The Unified Diamond
Gerald M. Best 115 K. C. Super  The A. C. 300 Receiver
LaPeer A.R.9 . Popular Mechanic’s Super
Unitone Symphonic The Quadraphase
Bodine Twin Eight A. C. World’s Record Super 8
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These quality instruments
are Thordarson equipped:

e
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THORDARS
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(-ZQ)HEREVER radio apparatus is demon-

strated, note how the receivers equipped
with Thordarson Transformers surpass in tonal
reproduction.

This year, more than ever before, fidelity of
reproduction is the determining feature in the
sale of the better radio apparatus. Since the
musical characteristics of a radio instrument
depen“d"to such a great extent on a wise selec-
tion of the audio and power supply transform-
ers, it is significant that so many leading man-
ufacturers have turned to Thordarson as the
logical transformer source.

Equally significant is the fact that not once since
Thordarson transformers became available to radio
manufacturers has any other transformer approached
the manufacturer popularity of Thordarsen.

’

1
l performance

Thordarson transformers are universally available to custom
set builders as well as manufacturers. Wherever radio parts are
sold, there you will find a complete stock of Thordarson Audio
and Power Supply apparatus. If you are building for real musical ]
performance, insist on Thordarson ‘Transformers.

ON ELECTRIC MANUFACTURING CO.
former Special 1895

Transformer $pecialists Since

‘WORLDS OLDEST AND LARGEST EXCLUSIVE TRANSFORMER MAKERS
CHuron and Kingsbury Streets — Chicago,lll.USA.
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Whatever set you own or are building, perfect
control of volume, from a whisper to the
intensity of a brass band, is at your finger tips

with ELECTRAD TONATROLS.

to the occasion and individual taste, is necessary

for the full enjoyment of your radio. As circuits
vary widely, so must the recommended systems of
controlling volume.

PERFECT control of volume to adapt your reception

In Electrad Tonatrols, we offer the perfected and
efficient means of volume and sensitivity control.
And because of the necessity of specialized volume
control in A.C. circuits, we have designed types of
Tonatrols to meet the exacting A.C. requirements.

Tonatrols are variable resistors of the famous Roy-
alty type. They are made plain, or with battery
switch or power switch attached. If the proper Tona-
trol for your receiver is not given here, our engineer-
ing department will be glad to help you select the
proper design.,

4/' \
b N[
B

Rodio Frequency Corl
Fig. 1
CIRCUIT DIAGRAM OF TONATROL Type P

TONATROL TYPE P

This type of Tonatrol is designed for receivers of uncertain
stability, yet less violent in their tendency to oscxllat.e than
the conventional potentiometer stabilized tuned r.f. circuits:
Especially recommended for the following receivers and
closely similar types; Grebe MU-1; Kolster 6 D; Bremer-
Tulley Counterphase 6-37; Fada 8-480 B.S.F. 50/80.

ANTENNA COIL

Power Line To_Primory of Power Transformer

Fig. 3
CIRCUIT DIAGRAM OF TONATROL Type AP

TONATROL TYPE A

Antenna Type for Non-oscillating Receivers

The above' circuit indicates the most simple method of
controlling volume, Tonatrol Type A.P. is wired to the
antenna and receiver by three’ simple connections. Adapted
only for relatively staple circuits such as Fada 7-475 A.S.F.
45/75; Grebe 7; The Bosch Cruiser; Crosley Bandbox:
Stro;nbcrg Carlson 501A; Thermodyne T.F.5; Zenith 11
or 14,

Rod;o Frequency Coil

Fig. 2
CIRCUIT DIAGRAM
OF TONATROL Type R

TONATROL TYPE R
Tonatrol Type R is designed for ‘connection across the

-secondary of a radio frequency amplifying transformer as

shown in accompanying diagram. Recommended for such
receivers as Atwater-Kent; Freshman Masterpiece; home-
built tuned r.f. sets; the: Paragon models; Bosch models
66 and 76; and Bremer-Tulley Counterphase,

'\ ; <SSYUII77> d
. : eI s :
I\ N @c Trq i Tonatrol Standard A Ist Audio Transformer
il < N ® A0 g st .
oA { ¢ AR Types P., R, and S., YO ra |
| \ $1.50; with Dattery NSk '
1 \ switch, $2.00; with
| X \ power switch, $2.50.
[ Eﬂ \ Tonatrol Type A,
$2.00; with battery
| \ switch, $2.50; with
ELECTRAD, o e
| INC., \ power switch, $3.00. A EELANEN TS
Dept. 16-H, \ é
I 175 Varick Street, \
{ New York. Fig. 4
1t Please send me des- . :
I crliptive circul:(iirs on thed Tear out and mail CIRCUIT DIAGRAM OF TONATROL Type WS
followi roducts an X
I Qutovr"x’q:g;?np_your_ mailing \ coupon for com- TONATROL TYPE §
l list fCO}r Slm;kg_ lltTrature. plete FREE Circu- . Asud’}o Contlrol. f?ir Nonéo?cillat-ing Receivers s
........ eneral Circular q ype ondtrol is designed for connection across the
I Tonatrol Volume Controls \ lars -and full infor- secondary transformer of the first audio frequency ampli-
"""" mation. fying transformer. This type is usually used as an auxil-
R Phasatrols iary volume control in addition to an oscillation or regen-
| o Royalty Variable Resistors \ eration control. Used as suggested it will generally im-
J o “Electrad Co;ltrol I\IIanu)al” \\ prove tone quality.
(Enclose 10c for mailing.
I “What B Eliminator Shall I Build?” \
I (Enclose 10¢ for mailing.) \ c_
1 1 am particularly interested in..... ... XY
b \
J T e e \
I e e I - I \
I \ Incorporated
Address oo \
; ______________________________________________________________________________________________ \ Pacific Coast Office: 905 Mission Street, San Francisco, California
\ v
8 Tell them you saw it in RADIO




ADIO

VoLume X

JUNE, 1928 | ' N_o. 6

‘Radiotorial (omment

Undue publicity is being given to the early advent of

radio television in the home. It is being announced as “just

around the corner.” Television attach-

R adio ments for present radios are to be sold for

Television $32-50. The full action of a football game

may be seen instantaneously in any home

during the next season. And so on, ad nauseam and ad
bunkum.

Likewise hundreds of religious enthusiasts, from time to
time in the past, have been led to the belief that the world
was coming to an end on a specified day. In anticipation of
the event they disposed of all worldly possessions. And how
foolish they felt when the catastrophe failed to materialize
as advertised !

Anyone who believes all the blurbs about radio television
must be equally credulous. While this marvelous accomplish-
ment is today crudely possible on a small scale and while
scientists are strenuously working to refine it, the actual
results are less satisfactory than were the first transoceanic
radio telephone demonstrations in 1915. It required twelve
years of intensive and expensive research to establish com-
mercial transatlantic telephone service. With the tremen-
dously greater problems yet to be solved in radio vision, is it
not reasonable to assume that some little time must yet elapse
before the present shadowographs can be perfected into com-
mercial motion pictures?

Such great developments follow a course of gradual
evolution. First there came the wire transmission of still
pictures, which is now in regular commercial use. But this is
as yet a slow process requiring about four hours for the
transmission of enough film to make a one-minute showing
on the motion picture screen. '

Then there came the radio transmission of still pictures
which, for limited applications, has also reached the com-
mercial stage. Indeed, this will be in wide use during 1929
and a number of practical outfits for home reception of
photogréphs will be available. Remarkable experiments are
being made in the short-wave transmission of pictures, pre-
ceding the installation of commercial stations throughout the
country. Fading has been obviated by the erection of three
receiving aerials, so spaced that when fading occurs at one
point there is none at the others. Thus, through connection
to a central receiving station, there is no interruption to the
continued reception of strong impulses. But it must be
remembered that these are not motion pictures. '

Then there came the marvelous demonstration of wire
and radio transmission of television by the Bell Laboratories.
But these were of an experimental nature and exceedingly
expensive. A single receiving set would cost $50,000 or more,

~ which is hardly practical for general installation in homes.

The transmitted images were scarcely recognizable and
!

would never pass muster with a movie fan. But the demon-
strations, like the early experiments with radio telephony,
proved that the feat could be done and verified the predic-
tions of its ultimate practical accomplishment.

Since then many experimenters have been trying to solve
some of the difficulties. One of the greatest of these, with
present methods, is the requirement of a 40-kilocycle band for
the transmitter and the necessity that all these frequencies
be given equal amplification to avoid distortion in the re-
ceiver. As such a wide band is more available along a wire
than through space, it is probable that wire transmission of
television will precede radio transmission. .

Other problems, such as those of synchronization and the
production of great light intensities, while difficult, are not
insurmountable. It is probable that the flexibility of the
cathode-ray oscillograph can be adapted to solve some of
these difficulties. Other means will be devised to solve others.

Radio vision today is a scientific curiosity. After some
years of research and development it will become a practical
reality, not as a cheap attachment to a present day radio
receiver, but as a relatively expensive piece of apparatus.
Any tales to the contrary should be liberally salted before
being swallowed. V

# * *

Vacuum tubes and their applications to radio have done

more to develop the amateur experimenter than any other
. single factor in modern life. Amateur
F ollowing photography followed well-traveled high-
the Leader ways in comparison with the pathless
wilderness explored by pioneers in the

field of the vacuum tube.

Yet today there are certain well-defined trails to guide
those who would discover new ways of using this wonder-
working bottle. And there are also certain blind alleys into
which it is fruitless to stray. The best trails have been
plainly blazed by the pioneers and many costly mistakes
may be avoided by following their guidance.

Nevertheless, some constructors seem to think that they
know more than the experienced designers of circuits which
employ such tubes as the shielded-grid and a.c. types. When
their own “improvements” fail they are prone to blame the
circuit, which they have not followed, rather than their own
departures therefrom. Fully half the questions which a
troubleman is expected to answer arise from neglect to follow
accepted practice.

‘While there is here no intention to discourage innovations,
for they are the stuff from which progress is made, let the
innovator be prepared to assume the responsibility for the
changes that he makes. And let him also be ready to try the
recommended practice when his changes are unsatisfactory,
withholding his condemnation of a circuit until he has
followed. it implicitly.



mission of photographs was aroused

recently by an announcement by
the Bell System that motion pictures had
been sucessfully transmitted between
Chicago and New York over the long
distance telephone wires. This news is
of interest to radio experimenters in the
telephotograph field, especially in view
of the tremendous increase in the past
vear of the amateur motion picture fad,
so that we can foresee the day not far
distant when experimenters will be re-
ceiving sections of amateur motion pic-
ture scenes by radio, thus opening up
another field into which radio and pho-
tography are interallied.

~ Ten feet of motion picture film show-
ing in closeup the face of a famous screen

PUBLIC interest in telephone trans-

Fig.1. Section of Motion Picture Film
Transmitted by Wire

star, as shown in Fig. 1, was transmitted
1000 miles over the telephone wires, and
in less than five hours after the sending
of the film was begun, an accurate
duplicate of the original film was being
shown in a theater in New York City.
The negative film was taken in Chi-
cago at 10:30 a. m., as the screen star,
Miss Vilma Banky, arrived by train
from New York, and a few minutes later
it was developed, dried and cut into
strips six inches long. It was then placed,
three strips at a time, between glass
plates. These plates were repho-
tographed and a solid 5x7 inch positive
film, like Fig. 1, was placed in the send-
ing machine at Chicago.

This machine is shown in Fig. 2,
which pictures a complete outfit now in

10

By CLINTON OSBORNE

commercial every-day use in the trans-
mission of still pictures between the
various cities of the United States where
permanent equipment is installed. Both
sending and receiving machines have
somewhat the same appearance as an Edi-
son phonograph of the old cylindrical
style.  From an aperture on one side

oto Transmission of Motion Pictures

the light and dark shades of the film

cross the path of the beam. This cur-:

rent set up in the photo-electric cell was
then amplified, and transmitted to New
York over the telephone wires in much

the same manner as an ordinary tele:

phone conversation, and at the New
York end, the electrical currents were
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Fig. 2. Equipment at Sending End of Motion Picture Transmission

comes a bright penetrating beam of
light, and this moves across the cylinder
on which is curved the film which is to
be transmitted. Each 5x7 film takes
seven minutes to transmit, and all strips
were numbered so that the continuity
of the motion picture was not broken.

The electrical current is produced by
the beam of light passing through the
film and affecting a photo-electric cell,
the intensity of the light being varied
as the film is revolved on the drum, and

converted back to a beam of light by a
system of amplifiers and a light valve,
the equipment of which is shown in Fig.
3. The motors operating the sending
and receiving equipments between two
cities are driven by tuning forks which,
combined with other apparatus, have the
dificult assignment of keeping the mo-
tion of the films perfectly synchronized,

Due to the success of the first experi-
ments, motion picture news-reel com-

(Continued on Page 36)

Fig. 3. Receiving Equipment of Commercial Telephoto Installation
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Weather Setvice for Awiators

the Weather Bureau of the United

States Department of Agriculture
contains a fund of $15,320 for a special
meteorological service by radio for the
benefit of aviators. This increase in the
budget is in recognition of the plans of
the Weather Bureau to continue its
aviation forecast service from its central
office in Washington and branch office
in San Francisco.

This new radio service to aviators
begins at 8:15 a.m.—one-half hour
after the weather-observing stations file
their observations, and one hour in ad-
vance of the regular weather-report
releases. This enables aviators to start
their cross-country flights and training
with complete weather information
early in the day, aiding them in"the
selection of routes that avoid adverse
weather conditions.
establishment of a special meteorological
service by radio, in Washington, six
months ago, officials in charge of govern-
ment aviation units complained that
weather reports broadcast at 10:30 a. m.
did not contain sufficient information
for the planning of flights.

Furthermore, it was contended that
the weather information was received so
late in the day that aviators were al-
ready on - their air journeys, having
departed with a lack of adequate ~data
on atmospheric conditions. Consequently,
forced landings were frequent and often
courses of flight had to be changed to

TH.E $2,705,000 appropriation for

steer clear of unpredicted storms. The

establishment of a special meteorological
service by radio served to correct this
undesirable condition for aviators over
the greater part of the United States.
Military and civilian fliers in the far

Previous to the

By S. R. WINTERS

“West alone were deprived of this new

radio service; hence, the appropriation
for equipping a similar office in San
Francisco. ' '

The new system of broadcasting
weather information will make it pos-
sible for aerological stations of the Navy
Department and other government avia-
tion units, from the Atlantic to the
Pacific oceans, to plan their daily
schedules at least two hours earlier than
heretofore. This early getaway, how-
ever, is effected without sacrificing any
of the needed meteorological data, since
this special radio service has the full
benefit of the regular Weather Bureau
reports. The latter cover meteorological
conditions throughout the United States,
the Hawaiian Islands, parts of Canada
and the West Indies, Through this new
service the daily weather maps can be
completed by aerologists at aviation
fields by 9:30 a. m.

The specially outfitted aviation-
weather-forecasting room in Washing-
ton contains automatic radio apparatus.
The equipment, similar in operating
principle to the telegraph printer, is con-
nected by land line to a radio trans-
mitter at Arlington, Virginia. This
broadcasting set is actuated, by remote
control, by this tape-perforating machine
as it ticks away in the small room at the
Weather Bureau. In addition to the
automatic apparatus for remotely con-
trolling the transmitter at Arlington,
the equipment consists of a short-wave
radio receiving set, provided with inter-
changeable tuning coils for varying the
wavelengths over a wide band of fre-
quencies. This receiver is used by the
operator at the Weather Bureau in
checking the accuracy of the forecasts as

Automatic Code Transmitter for Broadcasting Information from W eather Bureau
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they are dispersed by the naval radio
station. The outfit to be installed at
San Francisco will duplicate this setup.

Transmission is by use of the Weather
Bureau word code, and the information
will be broadcast on three wavelengths,
24.89, 37.34 and 75 meters, respectively.
Eleven naval radio stations, equipped
with short-wave receivers, have indi-
cated their reception of these meteoro-
logical reports. These stations are lo-
cated at: Lakehurst, N. J.; Boston,
Mass.; Hampton Roads, Va.; Charles-
ton, S. C.; Key West, Fla.; New Or-
leans, La.; San Juan, Porto Rico; Guan-
tanamo Bay, Cuba; Brownsville, Texas;

‘Great Lakes, Ill.; and San Diego, Calif.

While primarily designed to promote
aviation, this forecasting service has
great potential value to Wall Street,

‘boards of trade, cotton exchanges, and

other business interests.. Commercial
concerns and individuals equipped with
short-wave receiving sets will be enabled
to outwit legitimately a time-honored
ruling of the Weather Bureau, namely,
that weather forecasts must be released
simultaneously throughout the country

at 10:30 a.m. This new service, how-

ever, broadcasts weather information
pertinent to crop production and prices
at least an hour in advance of the regu-
lar forecasting service, which is released
from the hundreds of local weather-
observing stations at 10:30 a. m.

“This same service,” points out E. B.
Calvert, Chief of the Forecast Division
of the Weather Bureau, ‘“can be made
applicable to transoceanic flying as soon
as commercial aviation across the At-
lantic Ocean becomés a regular and
established means of transportation.
‘This weather service, without which the
hazards of transoceanic flights would be
enormously increased, will be made pos-
sible by some permanent and dependable
ocean-weather reporting arrangement,
it is anticipated.

“In recent transatlantic flights this
weather service was made possible
largely by the voluntary cooperation of
shipmasters and of the radio companies,
which collected ocean weather informa-
tion twice daily and delivered it to the
Weather Bureau for charting and
analyzing. In future transatlantic flying
such voluntary cooperation will hardly
be as readily forthcoming, since the
novelty of the enterprise will be gone
and public interest in it less keen.

“Officials of the Weather Bureau are,
accordingly, figuring out what can be
done to stimulate interest in ocean
weather reports, which are valuable in

forecasting weather conditions on land

as well as in adding to the safety of fly-
ing and of navigation.
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Automatic Radio Receiver

Directions for the Design and Construction of Push-Button Control of

HE design of push-button control

for any type of radio receiver is

such a simple and oft-done task
that recent mysterious announcements of
automatic radio sets have greatly amused
engineers who are familiar with the
complex control circuits used in wire
telephony. Any experimenter can easily
apply multi-contact switches and relays
So as to automatically operate condensers
for tuning control.

"The easiest method of automatically
controlling a factory built receiver would
be to provide a system of push-buttons
which would advance the gang con-
denser in the r.f. amplifier by certain

definite amounts according to pre-deter-

mined mechanical adjustments. Un-
doubtedly this method will have com-
mercial application in a very short time.
However, this method is not an easy one
for the experimenter with limited ma-
chine shop facilities, and so two more
practical ideas for automatic control are
discussed here.

The most satisfactory type employs
condensers adjusted to a specific fre-
quency, so that a station operating on
that frequency may be tuned in by turn-
ing one of a group of switches, each

Local or Remote Receivers
By G. M. Best

labeled with the frequency or call letters
of a station. A simple arrangement con-
sists of two or more r.f. transformers
with untuned primaries and with second-
aries designed for tuning the broadcast
band with condensers having a maximum
capacity of not over .0005 mfd., a set of
variable condensers of either the mica or
air dielectric type, and a set of switches
to cut the condensers in and out of the
circuit.

A conventional circuit showing the
necessary connections for a push-button
type receiver for three stations is shown
in Fig. 1. To increase the number of
stations to be received, merely increase
the number of switches and tuning con-
densers. For all practical purposes, the
use of this receiver is confined to metro-
politan areas, where there are several
high grade broadcasting stations. If the
set is to be located at some distance from
broadcasting centers, where good recep-
tion requires careful tuning, a set with
adjustable dials would be preferable.
The circuit has one stage of tuned r.f.,
detector and two stages of audio.

The antenna coil is tuned with a
.0005 mfd. condenser when used in the
normal set-up of this receiver, and the

ﬂ
T

E=

r.f. transformer secondary requires a
00025 mfd. variable. To automatically
control these tuned circuits, merely pro-
vide a separate tuning condenser for each
r.f. transformer, for each station which
is to be received, so that in F ig. 1, a total
of 6 tuning condensers will be required.

The use of variable air condensers
gives a bulky and expensive layout. So
condensers of the variable mica type such
as the XL Variodenser are recom-
mended. These condensers can be had in
ranges from 20 mmf. to 1000 mmf,
maximum, and are adjusted by means of
a small set-screw on top of the condenser
case. They take up small space, enough
to provide 6 channels taking up less
space than a pair of variable air con-
densers.

For the single r.f. stage circuit shown
in Fig. 1, a double pole, double throw
jack switch will be needed for each pair
of tuning condensers, which are con-
nected to the switch in the manner
shown. If there are more than two
tuned circuits, additional pairs of con-
tacts will be needed for each extra tuned
circuit, although with a receiver having
two or more stages of tuned r.f., it
would be necessary to take special pre-
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cautions to avoid oscillation due to the
proximity of the tuning connections to
the grid circuits of the various tubes.

The receiving set is that described in
January Rapio by Glenn S. Browning,
except that the variable tuning controls
have been omitted. The space occupied
by the drum dial and variable con-
densers can be occupied by the switches
and groups of tuning condensers, so that
no extra panel space will be required.

In Fig. 1, condensers Ci= and Ci» tune
the antenna coil and r.f. transformer re-
spectively, when the switch associated
with Channel 1 is operated, to the fre-
quency selected for that channel. Like-
wise condensers Cx» and C:» tune the 2nd
channel, and Cw and Cw» tune the 3rd
channel. To adjust the tuning con-
densers, the switch is.set first for Chan-
nel 1, and by the use of a screw-driver
having an insulated handle, condenser
Cw is adjusted so that the capacity is
about half the maximum amount, and
then Cw is turned until the station selec-
ted for Channel 1 is heard. The two
condensers are ‘then adjusted until the
station is heard with maximum volume,
and the adjustment can then be repeated
for Channels 2 and 3.

The regeneration control can be omit-
ted if regeneration is not needed, but
must be used if some of the stations
selected are too distant to be received
with loud speaker volume otherwise.
The main volume control is a 25-ohm
rheostat placed in the filament circuit of
the r.f. tube, and is mounted on the
panel along with the channel selector
switches. The antenna series condenser
should be adjusted for the best selectivity
consistent with good volume.

After all three channels are adjusted
to resonance, it may be found after an
hour or so that they are slightly out of
tune, due to the compression of the di-
electric in the variable mica condensers.
But by adjusting them once more no
further adjustments will be needed. If
one station is much weaker than the
others, due to being of lower power, or
more distant than the others, it can be
adjusted to maximum volume by care-
fully tuning the two transformers, and

then the settings for the antenna coil. -

Other channels having more powerful

_stations can be adjusted slightly off the

resonant point, so as to cut down the
volume to that obtained from the weakest
station.

Note that the switch contacts are at
the filament end of the tuning con-
densers. If they are placed at the grid
end, body capacity when operating the
switches will be excessive, and may inter-
fere with reception. If more than one
channel switch is turned on at one time,
the conderisers will be placed in parallel,
and the circuits will be tuned to some

lower frequency which may be outside

of the broadcast band. At any rate, the
arrangement is intended so that only one

switch is operated at one time.
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View of Remotely Controlled Receiver showing Relay and Condenser Equipment

An interlocking key assembly such ds
is used in office telephone installations or
apartment houses, where when one key
is operated any of the other keys which
may happen to be in position are auto-
matically released, would be a refinement
of the single switch idea. Keys strips of
this sort can be obtained at any telephone
supply house.

Above each channel switch the call
letters of the station operating on that
channel can be engraved on the panel.
Or a small designation strip in which a
cardboard tab can be inserted will enable
the changing of call letters in case one
station is to be discontinued, and another
one tuned in. In the original model, a
pair of variable air condensers with 2 in.
dials was located inside the cabinet, with
an auxiliary switch whereby. they could
be temporarily cut in the circuit, so that
if there was some special program from
a station not ordinarily received with the
selected channels, it could be tuned in by
adjusting the calibrated dials.

For a receiver having one stage of
tuned r.f. amplification as in Fig. 1, a
double pole-double throw jack switch is
required. With a two stage tuned r.f.,
a six-spring switch having three separate
pairs of springs is needed. This switch is
a standard parts item, as is also an eight-
spring model which would be necessary
for a three-stage r.f. receiver.

An interesting elaboration of the auto-
matic receiver is the remote controlled
model, which is more complicated, but
offers an opportunity on the part of the
experimenter to show his ingenuity and
skill. This type of receiver consists of a

master switch and volume control lo-

cated at one point, such as the living
room of the home, with the radio re-

‘ceiver, power plant, and control relays

located in some other room, such as the
attic or cellar. The first one of this type
which was constructed by the writer was
a superheterodyne which was installed in
the home of an invalid who could not
operate the tuning dials, so that it was
necessary to ‘provide some simple means
for turning the set on and off from the
invalid chair, and also to be able to select
three of the best local stations at will. A
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set of four lift type switches was in-
stalled on the arm of the chair. These
switches operated four relays inside the
receiver, one relay turning on the fila-
ments of the set, and the other three tun-

ing the oscillator by means of adjusted

fixed condensers so that any one of the
three stations would come in with the
required volume. An aperiodic antenna
circuit was used instead of a loop.

A better scheme is shown in Fig. 2, for
the same type of receiver as in Fig. 1.
Selection of any one of seven channels

" is accomplished by a master switch,

which operates a bank of relays associ-
ated with the receiver. To receive a
station, it is only necessary to turn the
switch from the “off” position to any of
the call letters marked on the switch
dial, when the station immediately is
heard in the loud speaker, if it is “on the
air.” The master switch consists of two
Yaxley inductance switches with their
shafts in tandem, one set of contacts
being used to control the station selec-
tor relays, and the other set being multi-
pled together to control the main power

- relay, which turns on the filament and

a.c. circuits. In the diagram, the con-
tacts are shown in pairs, these represent-

ing adjacent contacts on the two switches

when the arms are set in line with each
other. As can be seen from the diagram,
when the switch is set at Channel 1, the
circuit from the negative 4 battery
through the relay marked ‘“Power” is
closed, causing the contacts of the relay
to make, lighting the filaments of the
tubes, and turning on the a.c. supply to
the B eliminator. The other contact
made by the switch arm operates the
relay associated with Channel 1 and
tunes the receiver to the frequency of
the station selected for that channel.
When the arm is turned to Channel 2,
the “Power” relay still is held in operat-
ing position, as the switch contacts con-
trolling that relay are connected in mul-
tiple, but the relay of Channel 1 is
released, and that of Channel 2 is
operated. The same is true for the re-
maining channels, only four of which

~are shown in the diagram, for the sake

of simplicity.
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As both sets of tuning condensers are
caonnected to the negative filament cir-
cuit, through the contacts of the relays,
two of the four contacts of each relay
are connected together and grounded,
so that the tuning condensers are con-
nected to the remaining pair of contacts,
The relays should operate positively on
6 volts, and to be economical of opera-
tion should not draw more than 100
milliamperes. There are a number of
suitable telephone relays on the market,
made either by the Western Electric or
Kellogg companies, which will work on
6 volts. A good Kellogg type is the
28-A, which has a d.c. resistance of 100
ohms. The E-322 Western Electric has
the same number of contacts, with 120
ohms resistance. Of course the ordinary
radio store will not carry these relays,
which must be ordered through a tele-
phone supply house, usually located only
in the largest cities. The picture shows
a group of these relays, with the regen-
erative r.f. stage and its associated tun-
ing condensers housed in an aluminum

IOOO/ MF
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box shield, the other shields enclosing
the antenna coil and the r.f. tube.

Unless an auxiliary switch to turn on
the 110-volt a.c. is used, it is necessary
to use a storage battery in connection
with this type of receiver, as the relays
require a source of d.c. for operation.
An 4 eliminator can be used if a switch
to turn it on is located on the panel with
the selector switch. The volume control
is a 25-ohm rheostat which controls the
filament of the r.f. tube. A 4-ochm fixed
resistor prevents the overloading of the
filament in case the volume rheostat is
turned on full.

The wiring which connects the
master switch and volume control with
the apparatus upstairs is cabled into
compact form. If it can be drawn
through a piece of metal conduit, so
much the better, so that no a.c. induction
can be picked up in the filament wiring,
due to proximity to house lighting cir-
cuits. The output of the power ampli-
fier is brought downstairs by grounding
one side of the secondary of the output

01-A

transformer to the negative 4, and
bringing the other wire in a separate
lead, outside the cabled relay wires.
This is not absolutely necessary in Fig. 2,
but was required in the installation
described because the audio amplifier
was also used to amplify the output of
the phonograph pick-up. If the input
and output leads to the amplifier were
in the same cable form an audio fre-
quency oscillation would render the set
1noperative.

Several installations of this type have
been made by placing the selector switch
and volume control knobs on a smal}
brass panel the size of a flush-plate used
in a wall type snap switch, and mount-
ing this plate on the wall of the room,
bringing the cabled wires to the switch
between the walls, so that no wiring
will be visible. An electro-dynamic loud
speaker unit is then placed in the wall,
as was described in May Rapio, and a
set closely approaching the ideal, as re-
gards simplicity and convenience, is thus.
obtained.
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Fig. 2. Circuit for Remotely Controlled Automatic Receiver
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A Homemade Photo-Electric Cell

Directions for a Simple Process of Construction Involving a Minimum of Laboratory

HERE are two classes of light-sensi-

I tive cells. One group includes the

photo-resistances of which the
selenium cell is an example. Such de-
vices show variations in their electrical
conductivity under the influence of light;
but, while extremely sensitive, their
action is not so rapid as might be de-
sired and they are usually subject to
“fatigue.”’
detrimental, especially when the cells are
employed in systems of visual communi-
cation or for talking moving pictures.

Therefore, the alkali metal photo-
electric cell, which is representative of
the other group of light-cells, has proved
more satisfactory for ‘'these and other
purposes, not being encumbered with the
defects mentioned. While these cells
have certain disadvantages, particularly
in that they are not as sensitive as the
photo-resistances, this -fault has been
overcome using the thermionic vacuum
tube to amplify the photoelectric current.
With their practically instantaneous re-
sponse they represent the best present
development in devices for converting
light energies into electrical currents.

The practical photo-cell consists essen-
tially of an evacuated bulb containing
two electrodes—a cathode, composed of
an insulated, light-sensitive material
(usually of potassium or sodium), de-
posited on the inner walls of the in-
closing glass envelope, and a centrally
located anode or positive electrode. With
a voltage applied across these terminals
and the cathode illuminated, electrons
are emitted from the surface of the
latter by the action of the light and con-
stitute a convection current through the
cell. If proper attention is paid to the
design of the cell, the current output
is directly proportional to the intensity
of the illumination over a wide range of
values. The current is unilateral, or
direct, and will vary in magnitude with
fluctuating light intensities. Most of the
applications of photoelectric cells are
based on these properties and in time the
cells themselves are quite likely to be of
the same value to the experimenter as
the ordinary radio tube.

The potassium hydride photoelectric
cell, such as may be obtained in the mar-
ket today, cannot be constructed with
the facilities of the average radio experi-
menter. These cells are evacuated by
highly efficient mercury pumps working
through liquid air traps. The potassium
is prepared by multiple distillation and
the utmost care is taken to prevent con-
tamination before and after being intro-

These limitations are quite

Equipment and Knowledge

By JOHN P. ARNOLD

duced into the pumping system. During
evacuation the cells are usually baked in
an oven at a temperature of about 400
degrees Centigrade to assist in removing
occluded residual gases. Thus it is easy
to recognize that such methods are un-
suitable for the possessor of a small
experimental laboratory.

Fortunately there is a way of deposit-
ing pure sodium within a glass bulb by
electrolysis, the sodium béing driven
through the glass walls of the tube. Such
a-method is employed by Dr. Robert C.
Burt, of Pasadena, Calif., who makes a
commercial cell of this type, and it com-
bines utter simplicity of structure with
the best qualities of photoelectric cells
made by any other process.

A 40- or 60-watt tungsten filament
incandescent lamp provides the essential
material which enters into the manufac-
ture of the cell. The bulb must be of
soda glass, instead of pyrex, of which the
majority of incandescent lamps are now
made. There will be no difficulty in ob-
taining this old style of lamp and it is
emphasized that this is a case where sub-
stitutes will not serve the purpose.

The structure of a. completed cell is

J00-240 Wy e
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Fig.1. Photoelectric Cell Circuit
Courtesy of Jour. Opt. Soc. Am.

shown in Fig. 1, showing it in a series
circuit with a micro-ammeter and a
source of potential. The sodium covers
the inner walls of the bulb with the
exception of a small area of clear glass
(the “window,” it is often called) which
allows light to fall on the tungsten fila-
ment or anode, which is of the positive
potential while the sodium is negative.
The action is similar to that of the two-
element vacuum tube: electrons being
emitted from the cathode when it is illu-
minated by light of short wavelength
and, attracted by the positive potential
of the tungsten wire, comiprise an electric
current between these electrodes. This
will be noted by a deflection of the
pointer of the micro-ammeter.

At the outset there is a difficulty, and
only one, which may trouble the con-
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structor. The ordinary electric lamp
does not have a third wire leading out
of the glass bulb which can be used as an
external terminal for the sodium surface.
Since the necessary pumping equipment
is probably not available to the experi-
menter, several of the lamps should be
taken to a laboratory or to a radio tube
manufacturer who will seal-in a contact
wire and evacuate the bulb for a small
charge. It will make a neat job if the
wire is taken out somewhere near the
neck, and the base of a radio tube sub-
stituted for the standard Edison screw
type, as shown in Fig. 1. If this is done,
each of the filament leads should be
soldered to separate prongs of the radio
base; for the filament is lighted during
the electrolytic process, although it is not
when the cell is in operation.

There is another solution to this prob-
lem, however, and, although not as satis-
factory as the foregoing, the work can be
done by the experimenter himself. If
alternating current potentials are applied
to the terminals of the cell, it is obvious
that an electrostatic coupling can be ob-
tained if the cell is inclosed in a close-
fitting metal case, which forms one plate
of a condenser with respect to the so-
dium. Such a casing can be made with
thin sheet metal and cut out to let light
through the “window” into the cell.

A simple way of distilling sodium in
the bulb by electrolysis is shown in
Fig. 2. The filament leads are un-
soldered, from the lamp and the base is
removed by heating. The bulb is then
inverted in an iron crucible containing
molten sodium nitrate which is held at a
temperature of 312 degrees Centigrade
in 2 Bunsen flame. A rheostat, milliam-
meter, and the electrode E (a piece of
heavy copper wire) complete the setup.
A connection may be made directly to
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Fig. 2. Simple method of distilling Sodium
in the Bulb

Courtesy of Jour. Opt. Soc. Am.

the iron crucible instead of to a separate
electrode. The filament of the lamp is
lighted from a 110 volt source of supply
and the resistance of the rheostat de-
creased until the filament begins to emit
electrons, which are attracted by the
molten sodium nitrate. At the inner side
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of the glass bulb, the electrons neut-
ralize the sodium ions in the glass. These
combine to form sodium atoms which are
deposited on the cooler walls of the bulb.
Lhe nitrate constantly supplies sodium
1ons to the inner surface of the glass
where the combination takes place.
Once a sufficient amount of sodjum is
inside the lamp, it may be redistilled to
any part of the bulb which is most con-
venient for the operation of the com-
pleted cell. This is done by gentle heat-
ing to drive off the sodium and deposit it
where the walls are cooler. In g similar
manner heat is applied to the place which
1s to serve as the “window.” The tung-
sten filament is also lit during this pro-
Cess to prevent the deposit of sodium
upon 1it, which, in that event, would
show a reverse photoelectric effect.
Several objections are to be found
with this elementary circuit, namely:
(1) one side of the filament js likely to
become overheated by carrying excessive
current, and (2) the whole bulb may
get so hot that ionization of the sodium
vapor takes place between the ends of
the filament with the possibility of burn-
ing it out and hence ruining the cell.
These difficulties are overcome in the

R 220v;

2z [4 iy l /6 4¢

HNa | 12 200 V.'-
AL 20 ,

Fig.3. Better Method of Distilling Sodium
Courtesy of Jour. Opt. Soc. Am.

circuit arrangement of Fig. 3, where in-
candescent lamps serve as series resist-
ances to limit ionization currents and the
electrolytic field is applied between the
center of the filament and the sodium
nitrate. The lamps, indicated as L, and
L., in the diagram, tend to suppress ioni-
zation currents and the other lamps, all
alike, are connected in series across I,
and C and are employed to find the
midpoint of the filament.

By this latter arrangement currents
as large as .3 amperes can be used, which
result in the deposit of about 300 milli-
grams of sodium per hour, using a 60-
watt, 110-volt lamp. It would seem
possible to employ potassium or some
other alkali metal for this electrolytic
process, but Dr. Burt has found that this
cannot be done successfully. The potas-
sium Ions, for instance, are evidently less
mobile than sodium ions in soda glass.
In the case of lithium, the bulb is com-
pletely ruined within a few minutes and
is no longer capable of holding a
vacuum.

A word of caution is inserted here
with regard to the heating of sodium
nitrate. This substance has a large ther-
mal expansion and if first heated by
applying the flame to the bottom of the
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crucible is likely to spatter and cause
rather painful burns. The best way is
to hold the Bunsen burner near the side
of the crucible and when the sodium
nitrate is thoroughly heated, it may then
be placed underneath without subsequent
danger of spattering. Care should also
be taken that water does not fall into
the molten salt.

Commercial sodium nitrate is easily
obtainable and in this state is suitable for
the process. Uncontaminated sodjum
surfaces are thus readily prepared and a
cell of this type, carefully made and de-
signed, is quite likely to be as good, if not
superior to others where the alkali metal
must be first purified before introduction
into the bulb. This is true providing the
bulb is highly evacuated and minute
traces of impurities which may be
absorbed within the bulb have been
removed.

The applications of photoelectric cells
for experimental and commercial pur-
poses have been set forth in this maga-
zine at different times during recent
years and there is no doubt in the future
that these devices will be used for other
purposes which are of particular interest
to radio experimenters. It is out of place
here to catalogue the uses to which these
cells may be put, although the construc-
tion of a sodium cell as described above
might be considered as a first step in
acquiring a knowledge of their applica-
tions and once the principles of the cell
are understood, many uses will suggest
themselves to the reader.

VAGARIES OF THE ETHER
By Warrace KLk

OME interesting contributions have

been made to the study of electro-

magnetic propagation at the Pachena
Point, B. C., station of the Canadian
Radiotelegraph Service. The results
show an amazing difference between the
stability of 800 meter signals traveling
entirely over water, as compared with
those traveling over land during the
night. The observations were taken on

Gonzales Hill, 75 miles southwest of
Pachena Point, and on Bull Harbour,
150 miles northwest, both distances
being overland.

The tests consisted of a twenty-four
hour series of hourly radio-compass read-
Ings on the transmission of two-minute
signals from each station. The tests be-
tween 7:30 p. m. and 11:30 p. m. gave
practically the same results as those be-
tween 12:30 a.m. and 7:30 a.m., ex-
cept that, whereas all Bull Harbour
tests revealed a negative variation, most
of the Gonzales Hill tests were nega-
tive for the early morning and positive
for the evening observations.

The relative magnitude of the varia-
tions are shown in Fig. 1. The zero line
represents the true bearings of the sta-
tion on which observations were taken.
The scale of degrees denotes the extent
and direction of the variation. An un-
shaded hump shows one observation,
light-shaded two, and heavy-shaded
three observations.

Checks for night effect were taken on
the Canadian station at Estavan Point
and the U. S. Naval station on Tatoosh
Island, both signals traveling over
water. Then checks showed normal and
steady signals over water during the
night while there were astounding
variations over land.

This difference has been interpreted
as being due to a more rapid de-ioniza-
tion in the Heaviside layer over water
than over land after sunset. Djifference
in lonization is assumed to change the
surface that reflects and refracts radio
waves, due to vertical polarization.
While this causes fading and freaking in
ordinary radio transmission, ‘in compass
work it causes distorted bearings. Unless
frequent checks are taken on known
fixed stations, this might mean that bear-
ings given to vessels would be several
degrees in error, with possible dire con-
sequences. Fortunately, one of the frst
effects of night effect is to dull or blur
the minimum so that the operator has
ample warning.
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An Experimental Six Tube Set

Embodying a Tuned Band Pass Filter Preceding Two Screen Grid R.F. Tubes

six tube receiver using two stages
A of tuned r.f. with screen grid

tubes, detector, and two stages of
audio with push-pull in the last stage
gives greater selectivity and sensitivity
and better tone quahty than the set de-
scribed by the author in May Rabio, to
which it is otherwise somewhat similar
Plug-in coils are used in the r.f. stages
and the tuning circuits are especially ar-
ranged to give good selectivity with a
minimum of side-band suppression. With
high quality transformers and two-power
tubes ‘in the last audio stage this outfit
gives great volume and fine tone quality
when used with a dynamic speaker.

From the circuit diagram in Fig. 1
it will be noted that a band-pass filter is
used ahead of the first r.f. tube. This
tuning circuit has three resonant ele-
ments,L,,Cy,L,,C,, and Lg C;,all tuned
to the same frequency. The ground side
is common, and the other side has coup-
ling capacities and in series, these being
of the small adjustable “neutralizing”
type so that each tuned circuit is prac-
tically independent of the next.

One drum dial controls C,, C,, and
C;, so as to pass a 10,000 to 15,000
cycleband when the threecircuitsare tuned
to the same frequency. Any undesired
frequencies, such as adjacent station car-
riers, are greatly attenuated. The ar-
rangement can be compared to a per-

By FrRANCIS CHURCHILL

-t s
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2
1

2 4 mfd. bypass condensers C ,

- three gang condenser

LIST OF PARTS

7 x 24 x 14” panel

7 x 24 x 14" baseboard

9 x 18 x 14" baseboard

.00035 mifd. per
section C, C, and C,

special two gang condenser .00035 mifd.
per section C and Cu

drum dials

copper cans 3 x 574 x 534 inches

plug-in coils (see text)

UX sockets

high quality 3:1 ratio audio transformer
push-pull set of transformers

200-volt ' “B” eliminator block (trans-

former and 2 chokes)

r. f. chokes 114 millihenrys

r. f. choke 85 millihenrys

and C

1 2 mfd. bypass condenser C,.

1

1
1
1
1
8
1
1
1
1

“B” eliminator condenser block of 14
mfd, total (DC working voltage 200)

fixed resistance 7500 ohms 25-watt size
fixed resistance 15000 ohms 25-watt size

. variable resistance 25000 ohms 25-watt

2000 ohms 25-watt
condensers

variable resistance
20-mmf maximum variable
.001 mf mica condenser C8
.00025 grid mica condenser C,
.001 semi-variable condenser C
.0005 semi-variable condenser C

1 20-ohm volume control rheostat and fila-

1
2

1

ment switch R

0-10,000 ohm variable resistance R,
20-ohm center tapped resistances R and
R

2

automatic filament resistor R, (32 amp.

fectly balanced Neutrodyne set when
the grid-to-plate capacities of the tubes
are replaced by condensers, which, of
course, give no amplification as do the
tubes.

Following this tuned circuit are two
stages of screen-grid tubes with tuned
impedance coupling, which gives maxi-
mum amplification. The pre-tuning
takes care of the selectivity. Any stray
capacity is shunted by the tuning con-
densers so that no oscillation occurs In
the r.f. stages.

‘The detector circuit is designed to
give practically constant regeneration
throughout the broadcast band. A choke
coil in the detector plate circuit pre-
vents the passage of r.f. energy so that
part of it can be by-passed to ground or
negative filament through C,, and part
of it is fed back to the grid transformer
through C,; and R;. The amount of
feedback depends upon the values of the
variable C,, C;; and R;, increasing as
R; and C,, are decreased and as C,; is
increased. By this means less feedback
can be produced at high frequencies, and
constant regeneration and better selec-
tivity obtained at all frequencies.

The first audio stage is made an in-
tegral part of the receiver and the second
push-pull stage is built into the plate
supply unit whose circuit diagram is
shown in Fig. 1. This arrangement keeps
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Fig. 1. Circuit Diagram for Set aith Shield-Grid Tubes
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all a.c. leads away from the main part
of the receiver, a.c. being used on the
filaments of the power tubes.

An experimental layout is shown in the
pictures, and can be duplicated for such
other parts as may be used by the con-
structor to conform to the constants
given in the list of parts. The author
used a 7X24X14 in. panel and
7X24X Y5 in. baseboard for the re-
ceiver and 918X 14 in. baseboard for
the power unit. The five can shields are
mounted as shown with the wiring pass-
ing through the baseboard. These cans
may be drilled for mounting the r.f.
chokes and two sockets with by-pass con-
densers beneath them, or may be bought
already drilled.

The coils are of the plug-in type to
fit a standard socket with the secondary

Top View of Experimental Set with Tawo Shield-Grid

winding connected to the large prongs
and the primary, if any, to the small
prongs. The secondary is split into two
windings of 60 turns each on 114 in.
diameter, the grid and filament leads
being made from the center of the wind-
ings instead of the ends of the solenoid.
The primary coils are removable and
can be secured with a different number
of turns, or wound if necessary. The
primary of the first coil has 7 turns. The
detector plate coil has 40 turns, wound
S0 as to cause regeneration when plugged
into its socket. If it does not do so, Its
leads to the socket should be reversed.
The filament resistances R, and R,
are of 20 ohms with a center-tap for
providing the correct control-grid poten-
tional of about 14 volts. This does away
with an additional C battery. The loca-

Rl . i

Tubes

tion of these resistances and other mis-
cellaneous parts is immaterial.

The power amplifier and B supply
unit has a wire wound variable resistor
of 25,000 ohms for the 45 volt tap, and
two fixed resistances of 7500 and 15,000
ohms for the 135 volt tap. There is no
need to use a 90 volt ballast or tube in
this eliminator. The second variable re-
sistor of 2000 ohms is used to obtain
grid bias for the two 171 power tubes.
The B eliminator supplies considerably
over 200 volts on the highest tap if a
filament type full wave rectifier tube is
used and so will supply C voltage also.
The wiring of this part of the set should
be done with good lamp cord with both
rubber and cloth insulation. The wiring
of the other part of the receiver can be

(Continued on Page 34)

Plate Supply Units and Push Pull Amplifier
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Resistors for Voltage Dividers

the correct B voltages from a rec-
tifier and filter is a simple task,
though semewhat tedious. It can be
done by the cut-and-try method on
paper much more cheaply than by buy-
ing a flock of resistances and shaking
them up in a hat. :
Rectifier manufacturers publish curves
which show the voltage impressed across
the filter output terminals for various
current drains and applied voltages. Fig.

s I 0 design a voltage divider to give

By Howarp FIELD, JR.

The plate current drains of the stand-
ard tubes are given in the table published
herewith. But remember that a tube
draws more than its rated current un-
less it has the proper grid bias.

The first essential in a resistor is ability

‘to carry the load without overheating.

The load in watts is equal to the square
of the current in amperes multiplied by
the resistance in ohms. So if a 5000 ohm
resistor is to carry 80 milliamperes it

should have a capacity of .080<.080<-

w
-
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& 3w
230
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—
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80 {00 {20

IN MILLIAMPERES

Fig. 1. Voltage regulation of Raytheon 125 m.a. Rectifier

1 gives such data for a Raytheon 125
milliampere rectifier. Fig. 2 likewise
shows the voltage delivered to the filter
input by a 380 tube at various load
currents, the output voltage being de-
termined from the filter resistance. Thus
it is simple to learn what is the maxi-
mum voltage obtainable for a given cur-
rent drain.

5000—=232 watts, which is an odd size.
So take the next larger size of 40 or 50
watts, depending upon the make, as
trouble will almost surely develop from
using a smaller size.

The best arrangement for the resistor
is that shown in Fig. 3, which gives a
more nearly constant voltage for load
changes than do some of the other re-

A
S 350 90 y A ,
S Py A
T~

20 40

60 80

(00 120

D.C. OUTPUT {MILLIAMPERES)

Fig. 2. Voltage regulation of 380 Tube
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sistor arrangements, one of which
showed a drop of 24 volts in detector
voltage for a change of .1 milliampere
in plate current whereas with this ar-
rangement the drop is only 0.8 volt from
40 volts.

Most manufacturers furnish resistors
in stock sizes for 200, 300, 400, 500,
750, 800, 1000, 1250, 1500, 2000, 2250,
2500, 3000, 3500, 4000, 4500, 5000,
6000, 7000, 7200, 7500, 8000, 9000,
10,000, 12,000, 15,000, 20,000, 25,000,
30,000, 40,000, 50,000 and 100,000

Ll ; o4 AMP
&

S

N + OFT
A

S

£

2 -3

Fig.3. Recommended Resistor Arrangement

ohms. Various manufacturers make
these in 10, 20, 30, 25, 40, 50, and 75
watt sizes.

An extreme example of current drain
requirements is furnished by a nine-tube
superheterodyne having as the r.f. am-
plifier an A tube taking 2 m.a. at 90
volts, an oscillator taking 1 m.a. at 45
volts, two detectors each taking 112
m.a. at 45 volts, three screen grid tubes
each taking 135 m.a. at 135 volts, a low
impedance A tube as first audio taking
3.5 m.a. at 90 volts, and a power tube
drawing 20 m.a. at 180 volts. Further-
more the unit is to supply 40%% volts
negative C bias.

Fig. 4 is a sketch of the voltage di-
vider to be designed for use with trans-
former which supplies 300 volts to the
rectifier. The voltage and current re-
quirements for the superheterodyne are
shown at the various taps on the dia-
gram, the current in milliamperes ap-
pearing within parenthesis.

The total voltage across the divider
should be 180 | 40.5=220.5 Fig. |

(90) — '
. ) 180 4 150y
Rs ¥ (70)
2 4s)
Rs i (655) '
&
WS 20 o (5.5)—~
ST Bf
Yoty
S (40) —
T
v (34) =
Ry
el | -90.5
(90) =
Fig. 4. Preliminary sketch for Voltage

Divider
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shows that with 300 volts on the recti-
fier that the maximum requirements of

0 m.a. may readily be drawn at this
voltage. Of the 90 m.a. from the filter,
20 m.a. go directly to the power tube,
leaving 70 m.a. to flow in R;. The three
screen grid tubes draw out 4.5 m.a. at
the 135 volt tap, leaving 65.5 m.a. flow-
ing in R,. The twoA tubes draw out 5.5
m.a. at the 90 volt tap, leaving 60 m.a.
to flow in R,. The detectors may draw
4 m.a. at the 45 volt tap, leaving 56 m.a.
in R,. The lower end of R, is the nega-
tive B lead where all the current which
left to go through the tubes comes back,
so that through R, we again have 90
m.a.

In view of the possibility of some time
adding a glow tube to maintain a 90 volt
output from R,, it is first advisable to
figure the combined resistance of R, and

4 to give a nominal 90 volts. As these
carry almost the same current and as
we are limited to the choice of standard
resistors, we will use the same sizes for

R3 and R4.

If you do not want to take my word
for this, and I should advise you to take
nothing on faith, you might try some
figures for yourself. If they are alike we
can consider that the mean between 70
and 65.5 or 67.75 m.a. flows all the
way through R, and R, so as to find
out their total resistance. The way 1
make it 90 divided by .06775 gives 1328
as the total. Hopeless. There are no
resistances which will add up to this
figure. Well, we will try two 750 ohm
resistances. That comes to 1500 ohms
and with 90 volts drop and the help of
Ohm’s law we see that the average
current will be 60 m.a. That means
that the filter would have to turn out

a little more than 80 m.a. and we see
from our curves that when it does the
voltage across it is about 230. That is
not so hopeless.

Let’s make a new diagram like Fig. 4
except that we will put in the final an-
swers as we go along. Call this Fig. 5,

+  (8205)— $80_ o
i Ry $1(6225)
| 0§ 41333
(4.5)—
R $4(51.75)
x 750
N s (5.5)—
S R $1(5028)
e 800§ 4450 (40)
= S Rep $1(4805)
& S ==
w 1(82.25)
-4/

i R 150 05 iy
(80.25) =

Fig.5. Final sketch for Voltage Divider

and to avoid confusion use R;, for R,,
R, for R,, etc. On this new diagram
we can now write in R, equals 750 ohms
and Ry, equals 750 ohms. If the mean
flow is 60 m.a. and we have 4.5 going
out at the mid point, then there must
be 60 plus 2.25 or 62.25 m.a. flowing in
Ry and 82.25 m.a. coming from the
filter so we will write those values in
their places.

Then Mr. Ohm tells us that the po-
tential drop in R, is 46.69 volts or the
tap voltage is 133.31 instead of the nom-
inal 135. That slight difference will
make no trouble. In R,, there is 57.75
m.a. current and 750 ohms resistance so
we see that the drop in it is 43.31 volts,

PLATE CURRENT OF VARIOUS TUBES
ALL CONSIDERED AS HAVING PROPER GRID BIAS FOR THE PLATE POTENTIAL

AS DETECTOR AS AMPLIFIER
Plate | Plate | Plate | Plate | Plate Plate | Plate | Plate
Volts | Curr. | Volts | Curr., Volts | Curr. | Volts | Curr.
Mills Mills Mills Mills
Dry Cell Type
CX-299, UX-199 22-45 | 0.4-0.9| 45 0.7 67 2.2 90 2.5
5Volt Gen. Purpose
CX301A, UX201A 22-45 1.0 90 2.0 135 25
A C Filament Type
CX326, UX226 90 3.7 135 3.0 180 7.5
C327,0Y227 45 1.5 90 3.0 135 5.0 180 6.0
Special Detector
CX3004, UX200A 45 1.5
High MU Types | f |
CX340, UX240 90 0.3 180 0.7
CECO G 90 1.0 180 | 1.8
Screen Grid Types ’
CX322, UX222 90 14 135 1.5
Screen grid at 45V, )
Power Types
CX 220,,UX 120 : 135 6.5
CX 112, UX 112 90 2.5 135 5.8 157 7.9
CX 371, UX 171 90 10.0 135 16.0 180 20.0
CX 310, UX 210 i ' 250 12.0 425 22.0
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which brings the tap at exactly 90 volts
as we figured.

With 5.5 m.a. leaving at that tap
there will be 52.25 m.a. flowing in R,,.
There should be about 45 volts drop in
this resistor so if we had to have perfec-
tion we should need an 861 ohm resistor.
Again, this is not a standard size so we
might use one of 800 ohms. That will
give a drop of 41.8 volts across it and
48.25 m.a. of current through it. We see
immediately that 1000 ohms is the right
value. The odd .05 m.a. can be disre-
garded because the errors in the resis-
tors and the variation in the tubes is so
much greater that such a small error is
negligible. I will admit that this did
not happen to come out so closely the
first time and I have given you the final
result which was arrived at only after
several trials.

There are two resistors left to figure,
R0 and Ry, which you see I have added
tothediagram. ThatRg,mightgoineither
between Ry, and the positive lead from
the filter or where I have shown it, as
there will be no difference in the result.
Figuring out R;, in the same way gives
500 ohms as a good value. That will
give a negative of 41 volts for the power
tube. There will be about 10 volts left
over to take care of and for that I have
added that variable resistance Rs,.

I have taken you through the process
of arriving at the resistance values, and
have shown you how to pick out the ca-
pacity resistor required, so you had better
go through the process for yourself for
one to fit your set. It really has nothing
to do with the voltage divider but when
you come to building that B-supply do
not forget that you must put in good
big by-pass condensers from every tap
to the minus B connection, 1 mfd. apiece
is none too large.

A glow tube is a great help in keep-
ing the output of the B-supply constant.

.2 o +/80 v
& 2

§ GLOW 10

N o 490
=

§ 2y

O

Fig. 6. Connections for Glow Tube

It is connected as in Fig. 6. It lets cur-
rent flow through it so long as the poten-
tial is above 90 volts. That current
flowing through the resistor R,, makes
the voltage drop across the resistor ter-
minals greater and so holds the potential
of the tap constant at 90 volts. The tube
has limits to its ability to pass current
so we have to arrange things so that
conditions are always within these limits.
The UX-874 type of glow tube will
pass about 45 m.a., so we must never
give it more to do. Then we must not
let it go out, or have no current to pass,

- because it takes about 125 volts to start

~«... {(Continued on Page 38)
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Scientific Set Design

A Description of the Methods and Instruments Used by a Manufacturer of
Receivers to Determine Their Gain

By RicHARD F. SHEA

Engineering Department, The Amrad Corporation

duction of radio receivers has been

the substitution of precise measure-
ment of circuit performance for hit-or-
miss design. This. includes an investiga-
tion of the performance of all the indi-
vidual parts entering into the construc-
tion as well as of the various combina-
tions of these parts.

In commercial practice the usual
method is to measure the gain given by a
single stage in which the proposed parts
have been incorporated. Knowing the
performance of one stage makes it pos-
sible to visualize the amplification given
by the others. |

As an example, analysis of a simple
five-tube receiver with two stages of
unneutralized tuned r.f., detector, and
two stages of audio shows it to consist
of six elements as follows:

(1) From the antenna to the grid of

the first r.f. tube.

(2) From the grid of the first r.f. tube
to the grid of the second r.f. tube.
From the grid of the second r.f.
tube to the grid of the detector.
From the grid of the detector to
the grid of the first a.f. tube. ,
From the grid of the first a..

- tube to. the grid of the second a.f.
tube.

(6) From the grid of the second a.f.

tube to the loud speaker.

The composite effect of the first three
gives the total r. f. gain of the receiver.
Gain (4) shows the detecting efliciency
and (5) and (6) the total a.f. gain.
Gains (2) and (3) are identical, as the

T HE greatest advance in factory pro-

(4)
(3)

- same placement of the same parts is used,

so that either can be measured separately
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and the. result squared to show the gain
for two stages, or cubed for a possible
three stages.

Radio' Frequency Gain
To find the total r.f. gain thus re-
quires a determination of (1) and
(2), which can be found by putting a
known voltage on the input of a single
stage and measuring the resultant out-
put. The input may be obtained with
a cdlibrated attenuator and thermo-cou-
ple. The output may be measured with a
thermionic voltmeter.
Fig. 1 shows the constructional de-
tails of a suitable attenuator for single
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* Fig. 2. Wiring Diagram of Attenuator.

stage measurements and Fig. 2 the wir-
ing diagram. It is essentially a low-in-
ductance slide-wire potentiometer made
by winding a strip of copper around the
edge of the bakelite wheel. The copper

should not form a complete loop, but
should extend over about seven-eighths
of the wheel surface. Over this copper
a piece of paper is glued and then a
piece of No. 24 Nichrome wire is
stretched around the wheel over the
paper. The wire may be held in the
center of the paper by originally spin-
ning a groove in the copper strip. One
end of the wire is soldered to the copper
strip and the other end is insulated from
it. The free ends of both the wire and
the copper are brought out through con-
centric shafts, insulated from each other,
and contact is made on the back by small
plugs. The contact on the slide-wire is
obtained through a V-edge spring which
is also insulated from the case. Thus the
contact is fixed and the wire rotates.

This potentiometer is designed for use
with an input current of about 200 milli-
amperes, and requires a thermo couple of
this size. The potentiometer is calibrated
directly on d.c. by passing 200 milliam-
peres through it and measuring the volt-
age at different positions of the pointer.
The output voltage is to be maintained
at 1 volt, so that the gain is 1 volt di-
vided by the input voltage. For instance,
if at a certain position of the pointer the
input voltage is 0.1 volt, then the gain is
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Fig. 3. Thermionic Voltmeter with “C” Battery Rectification
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Fig.-l. Constructional Details of Attenuator
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10. Other points are similarly marked
to give a direct calibration in voltage
gain. .

Fig. 3 shows a thermiomic voltmeter
which uses a C battery for rectification
and which gives a good deflection with
a 100 microampere meter to as low
as 04 wvolt. It is made in two
parts. One contains the tube and its
immediate accessories, voltmeter, con-
densers, etc. The second part is a small
battery box which fastens to the meter
and contains the adjusting resistances
with which the meter is set to zero. This

‘second box carries the battery cable and

has three small phone jacks on the panel,
into which is plugged the cable from the
tube box. This cable supplies filament
and plate voltage to the tube. The rheo-
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stat in the tube box holds the voltage
at 5 as indicated by the voltmeter,

In using the meters, set the micro-
ammeter on its least sensitive scaleand ad-
just R, until the meter reads zero, Shift
to the sensitive scale and readjust the
pointer to zero with R,. These adjust-
ments are made with the tube lighted
and all voltages applied. The zero will
shift as the tube warms up, but will
reach a steady value after a short time.
When the tube is turned off the meter
must be returned to its least sensitive
position. Its calibration is independent

G 025 M -TX 2004
[ | =

is set at a gain of 5, corresponding to 0.2
volt from the attenuator. The current
is adjusted until the Type B voltmeter
reads 0.2 volts and the thermocouple is
read. It will show 200 m.a. at all fre-
quencies if the attenuator is non-induc-
tive. Otherwise it will be necessary to
prepare a curve of the proper value of |
for each frequency. To measure the
gain, the current is set at the proper
value and the attenuator is adjusted to
I volt output, when the gain can be read
from the scale.

The first r.f. measurement to be made
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i
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: s | MF
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Fig. 4. Thermionic Voltmeter with Grid-Leak Condenser Rectification
of frequency. It may be calibrated at 60 LOAD ANTENNA (O
cycles and used safely at 1000 kilocycles.  spp Ol POTENTIONETER ¢ ,.m,w;;gmz
But below 25 volt it gives too low a o, i L o

reading. This can be corrected by add-
ing a 274 ohm resistance and calibrat-
ing with a thermionic voltmeter which
has a grid-leak condenser combination
for rectification.

Fig. 4 is the diagram of such a volt-
meter which uses the same battery box
as the C battery type. It is sensitive to

VOLTMETERS
L0ADING 60/1."_-_. NPEA TYPEB

$250m5 |

C  THERMO
(OUPLE

Fig. 5. Circuit for Calibration of Tybe B
Voltmeter

0.1 volt, but has a low input resistance.
It is the Type B voltmeter in Fig. 5,
whereas the C battery detector is the
Type A. Its adjustment and use is simi-
lar to that of Type A.

Fig. 5 is the circuit for low voltage
calibration of the Type B voltmeter by
means of the Type A voltmeter. The
oscillator coupling coil is tuned with the
leading coil and condenser to give maxi-
mum voltage. The Type A voltmeter
has previously been calibrated to 60
cycles. The current through R is ad-
justed until voltmeter B shows 75 volt,
when I is read. If R is non-inductive I
will be 200 milliamperes, otherwise [
will be less. Decreasing I to 40 milliam-
peres gives 0.1 volt across R, whence the
reading of T'ype B at this frequency can
be calibrated. Intermediate values of I
give other voltages whereby the grid-
- leak condenser voltmeter can be cali-
brated for different frequencies.

"T'he attenuator can be checked by con-
- necting it to the r.f. source in series with
the 200 m.a. couple, the Type B volt-
meter being placed between ground and
the potentiometer slider, whose pointer
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VOLTMETER
Fig. 6. Set-up for Measurement of Gain in

Antenna Coil
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with this equipment is the gain of the an-
tenna coil, shown in Fig. 6, the set-up
includes 2 dummy antenna, the antenna
coil, a tuning condenser, the tube volt

stage is obtained at various frequencies.
Plotting this gain gives a visual repre-
sentation of the performance of this
stage.

The selectivity of the stage may be
noted by leaving the single stage tuned
to a certain frequency and then detun-
ing the oscillator until the gain is halved.
Repeating this on the other side of reso-
nance and subtracting the two frequen-
cies gives a resonance band which is in-
dicative of selectivity, as the narrower
this band the more selective the set will
be.

A similar process is used to get the
single stage gain of the second and third
stages, using the set-up of Fig. 7. Here
the r.f. transformer, the tuning cenden-
ser, the tube and socket, and the neu-
tralizing system must also be incorpo-
rated in order to use all the factors af-
fecting gain and selectivity. In this cir-
cuit a Neutrodyne type of neutralization
has been shown, but any other system can
be used. The procedure is the same as
that for measuring the antenna stage and
the gain and resonance bands are ob-
tained in the same manner. The total
r.f. gain at any frequency may be com-
puted as the product of the antenna
stage gain and the gain of each r.f. stage.
In using this apparatus it is best to use
double shielding, placing the oscillator
in one box, then placing this box inside
another which also contains the tuning
condenser and loading inductance. A
sheathed pair of leads will supply power
to the measurement set-ups and the ex-
ternal pick up will be nil,
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Fig. 8. Set-up for Measurement of Gain in Single R.F. Stage
meter ("T'ype A) and the attenuator. The ) #
r.f. source is adjusted to 545 kilocycles 06_ VX 2014 Wﬂ/%ﬁ/

and the current brought up to the cali-
bration value as obtained above for this
frequency. C is tuned until the tube volt-
meter shows a maximum deflection, and
the attenuator rotated until the tube
voltmeter indicates 1 volt, ‘whereupon
the gain is given directly on the scale.
Change to another frequency, say 600
kilocycles, and repeat the performance,
In this manner the gain of the antenna

POTENTIONETER,  RF

TUNING
7 COND.
1 ¥ o

TR

THERMO CouPLE?
Fig.7. Set-up for Measurement of Gain
in R.F. Stage
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Fig. 9. Circuit Diagram of Small Thermionic
Voltmeter for A.F. Work

Audio Frequeticy Gain

YV HE principles involved in a.f. gain
are 1dentical with those of r.f.
gain measurement. The apparatus

used is less precise and there is no need
of the elaborate shielding that Is so essen-
tial to good r.f. work. But the same
system of a known input and tube volt

meter on the output is used. The essen-

tial difference is that we are able to use
(Continued on Page 44)
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Harmonic Calibration
#®imple Suggestions for Calibrating a Receiver with a Wavemeter and for Making
a Variable Audio Frequency Generator

HARMONIC is a current or a volt-
A age whose frequency is some exact

multiple of some fundamental
frequency. Harmonics distort the wave
shape of the fundamental. A pure sine-
wave contains no harmonics, New fre-
quencies are produced whenever the
amplitude of an existing ‘current is
changed. If this change is the same for
each succeeding cycle, the new frequen-
cies will be exact multiples or harmonics
of the original frequency. For example,
if a vacuum tube oscillator tuned to
generate a wavelength of 600 meters is
also generating a wave of 300 meters
(the second harmonic), then we may be
certain that it is generating a distorted
wave form.

The fact that the average oscillating
vacuum tube is a prolific source of har-
monics becomes very useful when we
wish to calibrate a receiving set or a
wavemeter. As a good example of this,
the writer was asked, in 1925, to design
and calibrate a heterodyne wavemeter
for government service. This meter was
to cover the waveband from 20 to 100
meters. ‘There were then only few short
wave stations in operation, and the only
one of these that could be relied upon
was the American Navy’s crystal con-
trolled transmitter on 71.5 meters. By
making use of the harmonics of the
wavemeter and of the recéiver, the wave-
meter was completely calibrated from
this one signal.

Although the fundamental principle
of calibration by harmonics is generally
understood, there are a number of diffi-
culties often encountered. While these

" difficulties prove very annoying at times,

they are in reality readily overcome.
An oscillating receiver tuned to 100
meters gives a beat note with a hetero-
dyne wavemeter. For a “zero beat,”
the two are tuned to the same wave-
length (neglecting any autosynchroniz-

By E. A. Tusss, ED—7CZ

ing effects). Likewise a chirp is heard
whenever a harmonic of the wavemeter
crosses the frequency of the receiver.
Thus a beat note is heard when the
wave meter is tuned to 200 meters, 300
meters, 400 meters, etc. But as the re-
ceiver is also emitting harmonics, a chirp
is heard every time any harmonic of the
wavemeter crosses any harmonic of the
receiver. .

Thus if both are emitting up to the
fourth harmonic, then we shall get a
beat note at 100 meters, when the two
fundamentals are together. Next we
will hear a chirp at 133.3 meters, when
the third harmonic of the receiver is
beating against the fourth harmonic of
the wavemeter. And again at 150 me-
ters when the receiver’s second harmonic
is beating with the meter’s third har-
monic. The next chirp will be heard at
200 meters, when the meter’s second
harmonic beats with the receiver’s fun-
damental. Also note that at this 200
meter setting, the receiver’s second har-
monic and the meter’s fourth harmonic
are also beating together. Increasing
our wavelength still higher we will
hear chirps at 300 meters and 400
meters. This shows that if we tune the
wavemeter far enough to one side of the
receiver’s fundamental (either above or
below the wavelength of the receiver),

" so that we are working in the region

near the limit of harmonics, then the
only beats we will hear will be due to a
harmonic, of one apparatus, beating with
the fundamental of the other apparatus.

Assume that we have forgotten to
what wavelength our receiver is tuned,
and that the wavemeter will not go
below 200 meters. Also let us increase
the plate voltage on the detector tube so
that the receiver is behaving in a normal
manner, and producing a whole string of
harmonics. Now on turning the dial of
the wavemeter, we find that we hear a

i

strong beat at 200 meters, then as we
proceed upward we will hear several
chirps, including a fairly strong one at
250 meters; then at 300 meters we get
another strong beat, etc.

At first sight this seems to be some
kind of a Chinese puzzle. But let us
continue increasing our wavemeter until
all the chirps begin to be relatively weak,
and here we will note that they are all
spaced an even distance from one an-
other. That is we will hear a chirp at
800 meters, then another, slightly
weaker, at 900 meters, and still others,
gradually decreasing in strength at 1000
meters, 1100 meters, etc. Now you will
notice that the difference between any
two consecutive beats is 100 meters, and
a little thought will show us that this
must be the wavelength of our receiver.

Therefore, the rule is that if: our
wavemeter will not go down to the un-
known wavelength of the apparatus,
then we take the wavemeter up in wave-
length to where the beats begin to grow
weak, and then the distance between any
two consecutive beats is the wavelength
of the fixed apparatus.

Conversely if we desire to find the
wavelength of an apparatus, which is
above the range of our wavemeter, we
will find that the difference in frequency
between any two consecutive beats, is
the frequency of our “fixed” apparatus.
Thus, let us say that we have an oscil-
lating receiver on 300 meters and our
wavemeter will only go from 30 meters
to 100 meters. Now the chances are that
between 100 meters and 75 meters we
will hear a number of chirps of varying
amplitude, but between, say, 60 meters
and 30 meters the chirps, gradually de-
creasing in amplitude, at 60 meters, 50
meters, 42.9 meters, etc. Now 60 meters
is 5,000 k.c., 50 meters is 6,000 k.c.,
429 meters 'is- 7,000 k.c., etc.; each
1,000 k.c. from its neighbor. Therefore

e ' cur fixed apparatus must be on 1,000
"t — e k.c., which corresponds to a wavelength
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Fig. 1. Relative Position and Strength of Harmonic Beat Note
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Additional Data On A. C. Receivers

HE circuit of the Sparton AC-7
receiver, shown on this page, ar-
rived too late for publication in
April Rapio. The receiver is a seven-
tube tuned r.f. set using all heater type
tubes except the power stage, where two
type 71 t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>