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rom Vacation

RANSLATE a mid-summer night’s dream, a fairy fan-
tasy, into the gay reality of dance—of song—of haunting
melody.

In the back-country, among the towering, snow-capped peaks,
over the placid summer sea, the ether is a-thrill with those same
magic impulses that soar and dip above the city’s crowded streets.

For real summer enjoyment you cannot do without radio. For
full enjoyment of radio you cannot do without Cunningham
Radio Tubes.

Home Ottice: z
182 Second Street W L0 Chlcago
San KFrancisco New York

Patent Notice: Cunningham Tubes are covered by patents dated 2.18-12,
12-30-13, 10-23-17, 10-23-17, and others issued and pending.
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~ of phonographs. Easily applied. Being ad-
Jall Jowgl' justable, this Tower attachment meets the
apers latest broadcast requirements.
EoudsPe Whether this Tower Phonograph attach-
eoquipped ;
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v by use---to fit your taste and pocketbook.
adjustable
uni‘ts product for your pleasure and enjoyment.

ToOWER MFG. CORPORATION
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Put ‘Your Phonograph to Work

The Tower Adjustable Phonograph Unit
enables you to transform your phonograph
into a loud speaker. Fits all standard makes

ment, latest type of Speaker, or Headset,
you'll find a Tower quality product--tested

I herever there are ears that hear, there’s a Tower

On Sale at All Good Dealers

BROOKLINE AVE. BOSTON IMASS.
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Forecast of Contributions
for September Issue

The unusual length of several of the articles
in the August issue, together with the smaller
total number of pages caused by the advertisers’
contribution to the summer slump in radio, have
necessitated holding several articles over until
the September issue,

-~

The second installment on the Modified Best
Superheterodyne will describe an unshielded
model intended for baseboard construction and
adapted to loop reception. This has been so de-
signed as to facilitate changes in existing sets
of this type so that they may be improved with
a minimum of labor, It may be constructed
80 as to cover any and all wavelengths by the
substitution of different oscillator coils.

Sy

Glenn 8. Browning gives some interesting
facts about “low loss” radio apparatus, stress-
ing the effects of a coil’'s power factor on its
performance in a receiver.

=

John P. Minton describes the methods used in
testing loud speakers, giving suggestions which
are applicable to home as well as store deter-
minations of quality of reproduction.

Sy

The constructional details of an inexpensive
chemical rectifier are told by C. A. Weiden-
hammer.

G

G. T. Lampkin describes the several types of
wavemeters best adapted for use with different
kinds of receivers.

—,

M. T. Rogers recounts the theory and con-
. 5 .
struction of various kinds of ammeters and volt
meters used in radio sets. -

Sy

The transmitting amateurs will be interested
in and helped by D. B. McGown’s account of
the use of the push-pull radio frequency oscil-
lator to eliminate radiations on high frequency
harmonics. Mr.- McGown also describes the
radio equipment of the yachts in the trans-Pa-
cific race.

Sy

J. E. Anderson’s article on “Comparative
Efficiencies of Radio Tuning Coils” discusses
bank-wound, spider-web, Lorentz, single layer
solenoid, pancake, toroidal and other shaped
inductance units.

—

The final article in G. M. Best’s series on
audio frequency amplification indicates the prob-
able trend in future developments of trans-
formers and amplifying tubes and also presents
an account of the test methods employed:

ey

The “For the Radio Notebook” department
will give quick and easy methods for the calcu-
lation of direct current resistance at both low
and high frequencies,

[
F. L. Ulrich presents an interesting account
of short-wave experiments with the fleet.
=
“Rescuing Uncle Marmaduke” is a radio
mystery story by John Eugene Hasty, a fiction

writer, new to these columns but destined to
become well-liked after this story is read.
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PREFERRED

EVERY TUESDAY AT 8 P. M. IT 1s no accident that more Eveready Radio

(Bastangstanderd Tame) N “ Batteries are purchased by the radio public than

For real radio enjoyment, tune in the | .
“Eveready Group.” Broadcast through ; any other radio battery made.
New York Cleveland

Providenco Cineinnati .
Eiro ] i ; Such complete and voluntary endorsement

hiladelpt Mi 1 2
Buttae T8 AL paapolts can lead to but one conclusion—for best recep-

Pittsburgh Davenport . o . .
" . tion and longest life, Evercady Radio Batteries
lead the field.

You can prove this for yourself by hooking
Evercady Radio Batteries to your set.  You will
find that they deliver a steady, vigorous stream
of power that lasts longer. It is Eveready
economy that has created such an overwhelming
preference for Evereadys. For every radio use
there is a correct, long-lasting Eveready Radio
Battery. There is an Eveready dealer nearby.

Manufactured and guaranteed by

Columbia NATIONAL CARBON COMPANY, Inc.

Elze;lr’g’?rly New York San Francisco

B://}:’r s Canadian National Carbon Co., Limited, Toronto, Ontario
The
proven
dry cell

atteries

~they last longer

IGNITOR
DRY CELL

FOR
IGNITION, RADIO

INSPECTED
TESTED
RELIABLE i
NATioNAL canBoN O™
i w

\ AR e
ATLANTA:CHiCACO: AANSAS Krp
- gaM FRANC] e

No. 772
45-volt
Large
Vertical
Price
$3.753

No, 767
45-volt
Large

Horizontal

variable
taps

A/
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atch for the
Crosley PUP!

“Is a Sky Terrier”

CROSLEY RADIO CORPORATION
CINCINNATI, OHIO
PowEkL CrosLEY, JR., PRESIDENT
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tune in with a Fada

INSTALL 2 Fada Neutrola-Grand in your own

home tonight—

i \%
(? V % A few turns of the dials will get you rea/ distance with
VQ/\ % &/ tone so sharp and clear you can only marvel.
Q(lg/ &/9 Simple to operate—Clear, perfect speech—
{7 Music just as it is sung or played—Distant

W\\ stations without a jumbled program — No
A

screeching or whistling—And cabinets that

harmonize with beautiful interiors.

%\Q Don’t put it oft. Tonight is the best night. You'll be

)@ certain to want Fada as a permanent acquisition.

cell or storage battery. Outdoor or indoor aerial.
Convenient time payments may be arranged with

% There are six Fada models—$75 to $270. Dry 1

any dealer who specializes on Fada.

1 l (\
1\
i { (\ ‘] F. A. D. ANDREA, INC., 1581 JEROME AVE., NEW YORK [
| \‘L [9 Chicago Office: 326 W. Madison Street San Francisco Office: 5 Third Street /
! L? ( / ‘
} ) Fada Neutrola-Grand
| $270. Adapted for dry

i cell or storage battery
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YOU'’RE INVITED TO THE
).

PN
. . | ‘.
i
. . | ‘7 ' |

b @

CONDUCTED BY

PACIFIC

'MEET YOUR FAVORITE RADIO ' 1BAP[|>O
ENTERTAINER AND BROADCAST @ AssOGATION |

ANNOUNCER IN. PERSON—’; i

i X

ONE OF THREE BIG NATIONAL RADIO EXPOSITIONS
Most Every Radio Device Made Will Be Exhibited

PACIFIC RADIO TRADE ASSOCIATION

HECKERT L. PARKER, Association Manager

905 Mission St. : SAN FRANCISCO : Tel. Garfield k6:'214
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fMusic Master

Resonant Wood Insures
Natural Tone Quality

MODELVI $
14” Wood Bell - 30

MODEL VI L4
21” Wood Bell - 35

Canadian
Prices
Slightly
Higher

Ten Models
$50 to §$460

Guaranteed
Unconditionally

—ewvolution

A series of receivers designed to
provide powers of radio reception
equal to the capacities of Music
Master Reproducer.

The Musical Instrument of Radio
—there 1S no substitute

Type 215

Six Tubes. Special Music
Master Circuit. Built-in
Music Master Reproducer.
Very selective, long range,
splendid tone quality.

Table Base equipped with
drawer and battery compart-
ment finished in same style as
cabinet. Detachable legs.

Table Base Only - §$ 40
Set Without Base - 175

Set and Base Com-
plete - - - - 215

T LAST —radio reception incorporating the demon-

strated results of latest radio research, and combining
in one superb radio ensemble the proved principles of
Music Master Radio Reproduction.

Audition will prove Music MASTER'S outstanding powers

of long range and high selectivity, its clarity and volume,

and above all, its supreme Tone Quality based on Music

MasTER Reproducer as a vital element of the ensemble.
Sold by authorized distributors and by Registered Dealers every-

awhere. Call on your Music MASTER dealer—today. See Music
MASTER—rear—compare—before you buy ANY radio set.

m gﬂ? (: . Merchants of standing de-
! iteum Yl IR [ )] ) sirous of profiting by
usic Slilaster Corporation rous of profiting by
Makers and Distributors of High-Grade Radio Apparatus

and reputation are invited
128-130 N. Tenth Street

to communicate with
Music Master
Chicago New York PHILADELPHIA  Pittsburgh

Corporation

QASIer

PRODUCTS

Montreal

Canadian Factory: Kitchener, Ontario

Telt them ‘that you saw it in RADIO
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Arctic Explorers Stake Their Lives
on Zenith Radio—

It is one thing to select a radio set for pleasure only —it is
quite another to select a set which may be called upon most

§£S_t§ More unexpectedly to save your life.

But Does More

Alone in the Arctic—cut off from the nearest rescue post by
hundreds of miles of ice and open water —men cannot run to
the nearest radio shop for repairs. If transportation fails,
and radio does not work, they are in the gravest peril,

This summer—across the million square miles of unexplored
territory stretching between Alaska and the North Pole —
MacMillan and his party of explorers will fly in three great
navy planes. Each of these cruising airplanes is equipped
with Zenith radio, as are the Bowdoin and the Peary, which
will locate at Etah as their base, Between ships and airplanes
messages will be sent and received.

When Arctic explorers of MacMillan’s calibre stake their
lives—repeatedly —on Zenith performance, one reason only
can explain their choice—Zenith has proved to be the best
obtainable, at any price.

Call this evening at your nearest Zenith dealer and let him
prove it to you by a demonstration.

ZENITH RADIO CORPORATION

310 South Michigan Avenue, Chicago

Super-
Zenith IX

THE complete Zenith lineranges SUPER-ZENITH VII-Six tubes-2 stages tuned reproduce both high and low pitch tones otherwise

in price from $100 to $475.
With either Zenith 3R or Zenith
4R, satisfactory reception over dis-
tances of 2,000 to 3,000 miles is
readily accomplished, using any
ordinary loud speaker. Models
3R and 4R licensed under Arm-
strong U. S. Patent No. 1,113,149,
They are NON-RADIATING.

Zenith 4R - $100
Zenith 3R - $175

The new Super-Zenithis asix-tube
set with a new, unique, and really
different patented circuit, con-
trolled exclusively by the Zenith
Radio Corporation. It is NOT
regenerative,

frequency amplification—detector and 3 stages audio
frequency amplification. Installed in a beautifully
finished cabinet of solid mahogany —44% inches long,
16%{ inches wide, 10% inches high. Compartments at
either end for dry batteries.

Pri
(exclusive of tubes and battcries)...‘.‘.lff...$24o

SUPER-ZENITH VIII—Same as VII except—con-
sole type. Price (exclusive of tubes and

batteries)............... $260

SUPER-ZENITH IX—Console model with addi-
tional compartments containing built-in Zenith loud
speaker and generous storage battery space.
Price (exclusive of tubes and batter-

1€8) i e $355

SUPER-ZENITH X—Contains built-in, patented,
Super-Zenith Duo-Loud Speakers (harmonically
synchronized twin speakers and horns), designed to,

impossible with single-unit speakers.

Price (exclusive of tubes and batteries) $475
All Prices F. O, B. Factory

| Zenith Radio Corporation

l Dept. H-8
310 S. Michigan Avenue, Chicago, Illinois
Gentlemen:

Please send me illustrated literature about
Zenith Radio.

Tell them that you saw it in RADIO
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Radiotorial Comment

HE practical applications of radio to telegraphic and
T telephonic communication are so useful as to cause its

philosophic significance seemingly to be overlooked by
most of us. As the speculative aspect is fully as interesting
and certainly as inspiring as the operative, it is worth con-
sidering for 2 moment.

Radio represents the twenty-four lowest octaves in the
great spectrum of light, employing this term to designate
the electromagnetic radiations through space. Although
these vibrations may have existed since the dawn of creation,
it is but recently that their presence has been known.

As most of them could not be detected by our senses, we
were unaware of their being. In fact, man is blind to
fifty-two of the fifty-three octaves which science has located
in this great spectrum. His eyes respond directly only to
the single octave between 400 and 800 trillion vibrations
per second which covers the seven primary colors from the

red to the violet. He can feel as radiant heat a short ways |

into the infra-red, but all others require some artificial means
of detection.

All these various forms of radiant energy differ from one
another merely in their frequency. They all travel at the
same speed and all can be reflected, refracted, diffused and
absorbed. ‘Through some form of frequency changer, usually
a frequency reducer, they can be converted into a detectzble
form.

If all human beings were blind, some means, perhaps
such as are employed in radio, would have to be devised for
translating light into phenomena which could be detected by
some of the other senses. Thus a totally blind person recog-
nizes sun light only as sun heat and can sometimes determine
color by touch. Much of the mystery which has surrounded
radio has been due to the lack of a human sense organ for
its direct detection. The ear requires the presence of some
relatively dense medium in order to detect sound and is
insensitive to the so-called ether waves.

By means of sensitive thermometers nine octaves of the
infra-red can be measured. The next four below are
unknown, and then come the radio vibrations which can be
generated and detected by the vacuum tube. Two octaves
beyond the violet can be detected by the aid of the fluorescent
screen, the next ten octaves of the ultra-violet are unknown,
and then come the three octaves of the X-rays. Beyond that
all is dark to man.

The practical uses of the X-rays, visible light, and 1adio
are well known. During the war, ultra-violet rays, which
are also used for some chemical processes, were employed

for signalling between ships. The infra-red rays are use-
ful as radiant heat. It is quite probable that the develop-
ment of the photo-electric cell now used in the electrical
transmission of pictures will enable the detection and pos-
sible application of the other octaves to useful purposes.

A better understanding of these facts may be had by
imagining a huge electric organ provided with an infinite
number of stops, each producing some definite ether note.
While the master player might be creating a great harmony,
covering the gamut from low frequency electricity to the
X-ray and beyond, we would be unaffected except for an
occasional sensation of warmth and of color. All the cther
great notes would be silent or invisible to man.

Yet while we cannot feel, taste, smell, hear nor see
them, they are known to exist either by the actual effects
which they produce or by rational deduction. Nor is it
beyond belief that we may be surrounded by other influences
even more marvelous and powerful. It is no more reason-
able to deny this than to have denied the possibility of radio
thirty years ago.

No longer can we accept the implied dictate of the old
maxim—*“seeing is believing” and hold that non-seeing is
a proper basis for non-believing. ‘Throughout all Nature
the wonders of the seen are dwarfed into insignificance when
compared with the majesty and glory of the unscen.

Science has sharpened our ears with radio so that we
can instantly hear speech that is uttered thousands of miles
away. Just as the horse, the boat, the locomotive and the
automobile have successively lengthened our legs, just as
printing, the telegraph, the microscope and the moving pic-
tures have increased the range of our eyes, so have the
telegraph, the telephone, and radio enlarged the sphere of
our ears and recently, also, of our eyes.

Thus the trend of progress has ever been toward the
extension of man’s primitive faculties of walking, seeing
and hearing. ‘The effect of these inventions has been to en-
large a person’s neighborhood. They either take him to
distant places or bring distant places to him in increasingly
shorter time. “If the mountain won't come to Mahomet,
Mahomet goes to the mountain.” The product of length
and time remains nearly constant, no matter how greatly
the length is increased.

So radio, in addition to being a means of preseat en-
joyment, is but another discovery to confirm our belief in
the unseen, the unfelt and the unheard. It draws aside
one more veil from the great unknown.

RADIO FOR AUGUST, 1925 9



Short-Wave Work at Naval Research Laboratory

An Account of 20-Meter Daylight

HEN long-distance radio-re-

ceiving records are being made

in such rapid succession that the
feat of today is accepted as commonplace
on the morrow, the public is no longer
startled when informed that amateur
station “2XM?” picked up signals from
Australia at 2 o’clock in the morning.
This achievement, however, may be con-
sidered freakish because it happens only
intermittently and under peculiarly fa-
vorable weather conditions.

Therefore, when we are told that a
three-tube single-circuit, radio receiver
at the Naval Research Laboratory,
Bellevue, District of Columbia, inter-
cepts radio signals from London, Kng-
land, regularly for a week, this achieve-
ment can not be classified as a freakish
performance.  What is even more re-
markable these signals were received at
noon—12 o’clock Eastern Standard
Time—each dav for a period of one
week.  Of course, the sending and re-
ceiving were conducted by means of
radio telegraphy, not radio telephony,
and short waves were emploved, on the
order of 20 meters.

The radio receiving set, used in estab-
lishing this long-distance communication
service, during daylight hours, is a
modest appearing outfit. The cabinet
resembles that used by many radiocast
listeners, and the circuit emploved does
not differ greatly from that used by
thousands of radio amateurs. However,
the Naval Research Laboratory makes
use of low-loss parts and means for ef
fecting extremely fine adjustments. The
latter are accomplished by a worm-gear
mechanism, to which Dr. A, Hoyt Tay-
lor, Superintendent of Radio, attributes
much of the success in establishing the
recent phenomenal radio-reception rec-
ords.

England and Australia
By 8. R. Winters

Work with

Antenna System at Bellevue Nawal Research Laboratory.

The antenna system employed in con-
junction with this short-wave receiver
takes the form of a 6-wire cage. This
1s suspended near one end of a wire ex-
tending about 180 feet between two
masts. These masts, as well as both
transmitting and receiving antennae, are
planted atop the roof of the main build-
ing at the Bellevue Naval Research Lab-
oratory. The masts or towers extend
approximately 55 feet above the roof. At
the opposite end of the 180-ft. wire,
stretching across the roof of this
building, is another cage antenna, used
in operating an 87-meter radio set. The
etfectiveness of this antenna system is en-
titled to share liberally of the glory
achieved in both transmitting and re-
ceiving radio signals.

Dr. A. Hoyt Taylor awith Short-W ave Receiver

10
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20-Meter Transmitter Used in Working
Australia, L. C. Young at the Panel.

This same radio receiving set, of
single circuit design and using three type
“N,” Western Electric Company make
vacuum tubes, was employed in the two-
way communication record established
between 1:00 and 2:15 o’clock on the
morning of April 20. Radio telegraphic
messages were exchanged with 2CM, a
radio amateur station at Sydney, Aus-
tralia. The air line distance between
these two points is approximately 10,000
miles, covering both land and water.

(Continued on Page 60)




The Moditied Best Superheterodyne

Part I--Shielded Model

An All-wave, Panel-mounted Set Using Seven Small Tubes and
Adapted to an Outdoor Antenna

HE increasing number of radio-

I cast stations operating on wave-

lengths below 250 meters together
with the greater amateur use of the band
from 40 to 100 meters, has created a de-
mand for radio receivers capable of efhi-
ciently covering these shorter wave-
lengths as well as the higher waves
from 250 to 550 meters. In previous
models of the 45,000 cycle superhetero-
dyne having a range from 200 to 580
meters, stations below 250 meters were
crowded into a small space at the lewer
end of the oscillator condenser dial, espe-
cially where condensers of the semi-cir-
cular plate type were employed. Con-
sequently the set has been re-designed so
as to use different coils for different
bands. This involves an improved oscil-
lator system and new apparatus in other
parts of the circuit.

In order to include the desirable fea-
tures of several types of construction,
two models employing the-same basic
circuit will be described, one model be-
ing completely shielded, with all the ap-
paratus mounted on the back of the
panel, and using dry cell tubes and the
other model comprising a baseboard lay-
out, with storage battery tubes similar
to the one described in January, 1925
RADIO, so that those who have already

By Gerald M. Best

cheigtaton

&

-r

bEFLEYCR

@

Front Panel I'ica.

constructed that receiver may rearrange
their equipment, and with a few addi-
tions may incorporate all the advantages
of the new design. The shielded model
described herein will particularly appeal
to the advanced constructor. If the
building of the shielded panel appears
to be difficult for the novice, it would
be advisable for him to construct the
baseboard model, which will be described
in the September issue.

From the illustrations, it will be seen
that the apparatus is mounted on the
back of the panel and on a brass shelf

supported by the panel. The shielding
is made in one piece by soldering the
various parts together, or fastening with
machine screws, and is held to the back
of the panel by the mounting screws pro-
vided for holding the panel apparatus in
place.

From the picture of the front panel
layout, it is evident that there are
three controls for tuning, the receiver
being designed to operate with an out-
door antenna. By carefully shielding the
antenna tuned circuit, and arranging the
coil system so that critical coupling is

{ Rear View Showing Arrangement of Apparatus on Shelf.
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obtained between the antenna and sec-
ondary tuned circuits, a degree of selec-
tivity comparable favorably with an
ordinary loop antenna is obtained, with
greater signal strength and no radiation.
Fig. 1 shows the schematic circuit dia-
gram, on which are plainly marked the
identity of the various pieces of appara-
tus. The vacuum tubes are arranged in
the following order: heterodyne oscil- ) M
lator, frequency changer (commonly = N y
called the Ist detector), three stages of ’
intermediate  frequency amplification,
detector and one stage of transformer
coupled audio frequency amplification.
Seven dry cell tubes of the C-299 or
UV-199 variety are required, the tubes
being controlled by a filament rheostat,
R, of 6 ohms resistance, mounted at the
upper right-hand end of the panel. A
voltmeter having a scale of 0-5 volts is
provided for adjustment to the proper
filament voltage. Storage battery tubes
. ? 5
should not be used in this model due to S J
almost insuperable trouble from coupling R 3
in the amplifier.
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Beginning at the antenna end of the
receiver, the antenna system consists of ' N
a variable condenser C of .0005 mfd. ca-
pacity, a primary loading coil, and a
coupling coil, placed in series between . Y
the antenna and ground terminals. "The ! UL
loading coil is wound on a 4-in. fibre mmp——"—%‘-—*
tube, and consists of 94 turns of No. 20
bare copper wire, wound 20 turns to the | A
inch in a groove cut in the tubing. This
groove is best made by placing the tub-
ing in a lathe and cutting with a sharp
pointed Armstrong tool, using the screw
cutting attachment of the lathe.

The coupling coil is the rotor of a
conventional tvpe of 180 degree vario-
coupler, on which are wound 8 turns of
No. 20 bare wire, with the same spacing
as for the loading coil. The latter is
provided with a tap at the 15th turn,
for use on the short waves. The second-
arv winding consists of 46 turns of No.
20 bare copper wire wound on the stator
of the variocoupler, which is of 4 in.
diameter and is tuned by condenser C,, N
.0005 mfd. Taps are taken off at the
10th and 22nd turns, to provide adjust-
ment for the short waves. These taps

~
I
A"
are brought up through holes in the brass _ |
shelf to a set of terminals so that the o ,i R <)
wavelength range of the secondary can g 1 ) ' R
N
14
Q

be easily changed. In the experimental 1 .
set, a coll mounting such as was used for = S

0 . Q
the oscillator coil was mounted on the NI® ), A
back of the shelf, and a flexible cord with |3 =

a phone cord tip was employed for 2 §

changing taps. The tap for the load coil {1 l | & ;
¢
\ v,

was brought out in the same manner,
since it was not desirable to have L = @:—J—J
switches mounted on the panel for <[ ;
changing the connections. s W | 7 N
J 4

%

C
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Circuit Diagram.
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)
From the picture of the under side of §u‘
the shelf it can be seen that brass par- B>"
titions are mounted so that the antenna
series condenser and load coil are in one
compartment, the secondary coil and

P Couypling

s Load
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condenser in another, and at the oppo-
site end of the panel the oscillator con-
denser is provided with a compartment

of its own.
sary in order to prevent coupling be-
tween the antenna load coil and the

These partitions are neces-

PARTS FOR THE MODIFIED BEST SUPERHETERODYNE,

" No.

Required

3

— 0 LI

RE Lry

-

SHIELDED MODEL

! Binding Posts

" Circuit
P
2t Designation
I. F. Transformer Ty, T Ts B
Tuned Transformer T
Audio Freq. Transf. e
Jack
Oscillator Coils
Oscillator Coil Mtgs.
Rheostat Ri
Variable Condensers C, C: C:
Tube Sockets, Plain
Tube Sockets, Cushioned
Voltmeter
2 mfd. Fixed Cond. Cu, Ch
1 mfd. Fixed Cond. Cr
.0075 mfd. Fixed Cond. | (s
.006 mfd. Fixed Cond. Cs, Cs
.002 mfd. Fixed Cond. Cro
- .00025 mfd. Fixed Cond. | (4
with G-L mtg.
00005 mfd. Fixed Cond. | (a
Grid Leak-3 megohm R:, R
Grid Leak-.1 megohm Rs
with mounting
Potentiometer, R:
2000 ohms
Variocoupler
Protective Resistance Re.

Makes That May Be Used

General Radio No. 271, Jefterson No.
150, Silver 60 KC, Baldwin-Pacific
Shielded.

See Text

All-American, Dongan, General Ra-
dio, Jefferson, Karas-Harmonik,
Pacent, Premier, Rauland Lyric,
Stromberg-Carlson, Supertran,
Thordarson 2:1.

Carter, Erla, Federal, Frost, Marco,
Pacent.

General Radio No. 277-A, B and C

General Radio No. 274-B

Amsco, Bradleystat, Carter, Federal,
Frost, General Instrument, General
Radio, Pacent.

Acme, Bremer-Tully, Cardwell, En-
sign, General Instrument, General
Radio, Marco, National, N. Y. Colil,
Phoenix, Remler, Signal, Silver-
Marshall, U. S. Tool.

Amsco, Benjamin, Erla, Frost, Gen-
eral Radio, Kellogg, Marco, Rem-
ler, Silver-Marshall.

Benjamin, Frost

Hoyt Model 17, Jewell Pattern 53,
Western Model 301.

Dubilier, Kellogg, N. Y. Coil

Dubilier, Electrad, Kellogg, N. Y.
Coil, Federal.

Dubilier, Electrad, Federal, Kellogg,
N. Y. Coil.

Dubilier, Electrad, Federal, Hilco,
Kellogg, N. Y. Coil.

Dubilier, Electrad, Federal, Hilco,
Kellogg, N. Y. Coil.

Dubilier, Electrad, Federal, Hilco,

Kellogg, N. Y. Coil, XL.
Amplex, Continental, X-L Model G,
Chelten.

Aerovox, Amsco, Daven, Durham,
Electrad, Filko, Freshman, Rogers.
Aerovox, Amsco, Daven, Durham,

Electrad, Filko, Freshman, Rogers.
Centralab, Federal

Atwater-Kent, Hilco, Kellogg.

General Radio No. 283, Don Mac
Protecto-tube.

Amsco, Eby, General Insulate, Gen-
eral Radio.
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View of Antenna Tuning Equipment on Under Side of Shelf.

secondary coil, and also any possible
coupling between the oscillator circuit
and the antenna system. Energy from
the antenna tuned circuit is fed into the
frequency changer by means of C,, a
grid condenser of .00005 mfd., shunted
by a 3 megohm grid leak, R, the grid
return being to the negative end of the
filament in order that the entire nega-
tive filament circuit of the receiver may
be grounded.

The oscillator system consists of an
inductance coil having two windings of
equal size wound on a 234 in. Bakelite
tube, a variable condenser C, of .0005
mfd. capacity in series with a fixed mica
condenser C, having a capacity of .006
mfd., a grid leak, R® of approximately .1
megohm, and a mica condenser C, of
006 mfd. The oscillator coil is ar-
ranged so that it can be removed from
the set and coils of other inductance in-
serted in the same mounting. Four
plugs are mounted on the bottom of
the coil in such a manner that they
will fit into a four plug mounting
placed on the metal shelf. This coil
can be seen in the picture of the back
panel layout, at the extreme right-hand
end. The oscillator tube, grid leak and
mica condenser C, are mounted to the
rear of the oscillator coil, and the by-
pass condenser C,, is placed underneath
the shelf, a brass partition shielding the
intermediate amplifier from the oscilla-
tor coil.

The method of feeding oscillator en-
ergy into the frequency changer is simi-
lar to that described in a recent issue
of RADIO, the grid of the oscillator
and frequency changer tubes being con-
nected together by means of a .1 megohm
resistance, condenser C; being provided
to prevent the grid of the frequency
changer from becoming negative with
respect to its filament and being large
enough to have no effect in the circuit.
If the condenser were omitted, the C
potential provided for the oscillator grid

13



would be effective on the grid of the fre-
quency changer and would force it to -
operate on an ineflicient point of its de-
tector characteristic curve. If .1 megohm .
admits too much energy to the frequency
changer, a grid leak of higher resistance
should be used, the maximum being N
about .5 megohms. =
The grid coupling coil used in former
superheterodvnes is abandoned and per- Sy

|
[
[
|
mits the substitution of different oscil- ) I AL N
lator coils without the complicated con- I ;% Niax \;\
I
1 3]:
|
I
!
|

7 e
L ]

*F

i
l__/g
3"
8

nections required when a grid coil was
used.  The set radiates practically no |
energyv into the antenna, due to the fact
that the oscillator is well shielded, and B
high frequency currents generated by it \—0—7
must first pass through a .1 megohm o |
resistance, then through the 50 micro-
microfarad grid condenser in shunt with | 9o |
the 3 megohm leak, and through the
very selective tuned circuit.  As the out-
put taken from the grid of the oscilla
tor tube is verv small,, 1t is abvious that
radiation would be negligible.

T'he intermediate amplitier and fre- L e
quency changer tubes are mounted In
the center compartment, with the vol-
ume control rheostat R,, intermediate
frequency transformers and voltmeter.

It is absolutely necessarvy to use inter- |
mediate transformers having shielded
cases, such as the Jefferson No. 150, as
unshielded cotls will introduce complica-
tions which will be very dithcult to rem-
edy. The transformers are mounted be- §
tween the panel and the tube sockets, so |
that the wiring will be as short as pos-
sible.

The volume control may be either a l
set of non-inductive resistances con- l
nected to an inductance switch, as is
shown in the picture, or a high resist-
ance potentiometer wound to at least ‘
2000 ohms. The use of the latter pre- 3

sents the easiest method of volume con- ‘

trol and the least expensive to install.

Due to the fact that with the 2000 ohm l i
potentiometer set ‘at maximum resist- o N
ance, the total amplification will still | N
be below normal, one end of the poten- '
tiometer winding should be cut at the s
point where it is connected to the bind. 7 Sl @
ing post terminal, so that when the . ]
potentiometer knob is set at the extreme S Ny N I
clockwise position, the potentiometer : 3 g
will be open circuited. |

For those who wish to construct their
own potentiometer, the following values | - T ¥f —- QO
of fixed resistances will enable the as- U
sembling of a 15-step resistance giving A >
approximately the same change in vol- : |
ume for each step: 12,000, 6000, 2600, N |
1900, 1120, 680, +40, 270, 170, 108, "

)
1
|
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Fig. 2. Drilling Template for Panel.

68, +4, 27, 17 and 11 ohms. As such
resistances cannot be purchased ready
made, they should be wound by hand, |
by measuring the wire off in lengths ac-
cording to its resistance, doubling the I
wire back on its center and bringing out

the two ends to some form of tapped |
switch, such as the Carter inductance

switch. No. 36 or No. 38 double silk
1+ RADIO FOR AUGUST, 1925
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resistance wire, or copper wire smaller
than No. 40, such as is used for the coils
in headphones, can be used to wind the
resistances below 5000 ohms. The
12,000 ohm resistance can be a standard
lavite resistance, and the 6000 ohm re-
sistance can be made by placing two
12,000 ohm lavites in parallel.

The detector and audio amplifier are
mounted in a separate compartment, but
it has been found since the picture was
taken that the partition between the
intermediate amplifier and the detector
was unnecessary and may be omitted.
The tuned transformer was home-made
and is tuned by means of condenser C,,
a fixed mica condenser of .0075 mfd.
shunted across the primary winding. Any
good filter transformer suitable for use
with the particular intermediate fre-
quency transformers selected will be sat-
1sfactory.

The battery terminals are mounted on
the partition between the antenna load-
ing coil and the coupler, but could be
mounted on the back of the panel above
the audio transformer if desired. By-
pass condenser C, is mounted under-
neath the shelf in the secondary conden-
ser compartment, the additional conden-
ser shown in the illustration being C,,,
in shunt across the 45 volt B battery
line. C, is a grid condenser of .00025
mfd., R, a 3 megohm gridleak and C,,
is a by-pass condenser of .002 mfd.
shunted across both the primary of the
audio transformer and the B battery,
providing a short path for the high fre-
quency from the plate to the filament in
the detector tube,

Jacks are provided for the detector
and audio amplifier, it being necessary
to insulate the jacks from the metal
shield on the back of the panel in order

B battery and the shield be incurred.
Three B battery voltages are employed,
22, 45 and 90 volts, the negative end of
the B battery being connected to the
negative end of the filament circuit, be-
tween the vacuum tubes and the fila-
ment rheostat.

Protective resistance R; 350 ohms is
installed to prevent burning out the
tubes due to short circuits in the 45 volt
lead and condenser C,, is a by-pass
around this resistance. Instead of in-
cluding a second audio amplifier tube in
the set, a separate power ampl-iﬁer
should be used, operated either from the
110 volt power line, or from a ser of
batteries. The Western Electric 25-A
amplifier was used with the set illus-
trated, and in an early issue of RADIO,
details will be given for the construc-
tion of a similar power amplifier ope-
rated entirely from the alternating cur-
rent house lighting circuit.

For those who wish to operate a loud
speaker from the superheterodyne with-
out the use of the power amplifier, an
audio frequency transformer having a 6
to 1 turns ratio should be installed,
selecting a transformer which has a good
low frequency characteristic. In Fig. 5
is shown the circuit of a single stage
amplifier using a C-301-A tube, the fila-
ment being lighted from alternating cur-
rent, by means of a small bell ringing
transformer, so that the amplifier may be
used as an adjunct to the main set.

Description of Parts
HE accompanying list of parts in-
cludes those which were used in the
construction of the set and others which
will be appropriate substitutes, as the
use of the particular equipment shown in
the pictures is not essential to the con-

recommendation of any of these parts is
implied, much of the apparatus being
selected because of the ease in obtaining
it at the average radio store.

The panel template shown in Fig. 2 is
given for the parts actually used and
should be modified to meet the dimen-
sions of any alternative parts which are
selected in placa of those used in the
original set. Generally templates are
furnished with air condensers or other
panel type apparatus, so that it will be
a simple matter to change the panel
layout to suit the material at hand.
With the most expensive material listed,
the total cost of the receiver, without
batteries or vacuum tubes, will be
about $85.

After the panel is drilled, a piece of
16 gauge or 1/16 in. brass should be
cut to the same size as the panel, to pro-
vide the back panel shield, holes being
cut in the shield exactly as for the panel,
except that in case air condensers hav-
ing non-grounded end plates are used,
the holes in the brass shield should be
made sufficiently large to clear the metal
supports of the condensers. The holes
for the phone jacks should be 1/16 in.
larger than those drilled through the
panel, in order to prevent short circuit-
ing the jacks to the shield, which is
grounded.

The shelf is also made of 16 gauge
brass, and is 7x19 in. The three par-
titions required are all the same size, of
16 gauge brass, cut 4$4x714 in., so that
a flange 14 in. wide can be bent at one
end and on one side, for mounting to
the shelf and back panel shield.

The simplest method of fastening the
shelf, partitions and back panel shield
into one solid piece, as shown in Fig. 3,
is to drill and tap the flanges of the par-

that no short circuit between the positive struction of the receiver. No specific titions at several points for 6-32 machine
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Fig. 3. Assembly of Shield Material.
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screws, so that the partitions are made
to act as the supporting medium for the
shelf. If a blow torch is handy, the
brass can be heated at strategic points
and soldered securely in place with a
little non-corrosive soldering paste and
a liberal application of rosin core solder.
After the shielding is all in one piece,
it can be painted with insulating varnish
or other non-conducting paint, or
spraved with Duco enamel such as is
used in automobile finishing. This will
cover up the scratches, spots of solder
and other defects which would other-
wise detract from the appearance of the
set.

T'he oscillator coils are three in num-
ber, all wound on 234 in. tubing, 214 in.
long. The coil for the wave band from
50 to 150 meters consists of two sections
of 8 turns each of No. 22 double silk
wire, the turns being spaced at least
1/16 in. apart. For 100 to 300 meters
the coil should have two sections of
15 turns each and for 200 to 600 meters
the coil consists of two sections of 30
turns each. These coils may be ob-
tained already wound and provided with
four plugs for connection to the coil
mounting, which is fastened to the shelf.
If the coils are home-made, phone tips
can be used and four phone tip jacks
mounted on a small strip of Bakelite for
the coil mounting.

The intermediate frequency trans-
formers should be such as to give good
amplification at some point between 40
and 50 kilocycles, for tuned transformers
having a peak at 45 kilocycles. If trans-
formers operating at frequencies above
or below the above limits are used, care
must be taken in selecting the tuned
transformer so that the latter will match
the intermediate transformers at least
approximately. ‘The metal cases of the
transformers should be grounded to the
shield in order to prevent oscillation in
the intermediate amplifier.

The tuned transformer used in the
experimental layout is home-made, of
the following dimensions: Support con-
sists of spool made from a block of wood
214 in. square and 74 in. thick, a slot 34
in. wide being cut in the center, leaving
Y4 in. flanges on the sides. A hub of
I in. provides a base on which is wound
260 turns of No. 30 D. C. C. wire in a
haphazard fashion. After placing a
layer of insulating paper over the pri-
mary, 1500 turns of No. 36 D. S. wire is
wound over the paper, for the secondary,
the ends of the windings being brought
out to terminals on the edge of the
flanges. ‘The inside winding of the pri-
mary should go to the plate of the last
intermediate stage and the outside wind-
ing of the secondary to the grid of the
detector tube.

The primary is tuned by a fixed mica
condenser, C,, .0075 mfd. and should
preferably be of the guaranteed 5 per
cent accuracy type, such as the Dubilier

16

No. 640 Micadon. If this condenser is
very much in error, a double hump will
be noted for each side band setting of
the oscillator condenser, with resultant
loss of sclectivity. Other tuned trans-
formers can be used in place of the above
coil in case it is not desired to construct
it, in which case the tuning condenser
specified by the manufacturer should be
used. IFor providing C potential, a No.
751 Eveready Flashlight battery was
mounted in the compartment with the
audio amplifier, the 124 volt tap being
obtained by scraping away a small
amount of the cardboard covering of the
battery, on the end towards the positive
terminal, thus exposing the zinc case of
the last dry cell and permitting a tap to
be soldered on the negative of the 114
volt unit. The entire battery provides
—41% volts for the audio amplifier, the
oscillator and intermediate stages re-
quiring —1%4 volts for best operation.
No C battery is used on the frequency
changer or detector tube, both employing
grid condensers and leaks instead of a
high negative grid potential. The rea-
son for abandoning the high negative C
potential on the grid of the frequency
changer is because the new oscillator
system will not permit the use of a C po-
tential on the grid of the frequency
changer, and in order to obtain the
benefits of being able to change wave-
lengths at will, the slightly less desirable
grid condenser was employed.

Assembly, Wiring and Testing
HE three variable condensers, volt-
meter, volume control rheostat,

filament rheostat and phone jacks should
be fastened to the panel, the
screws holding the shielding in place
without difficulty. A small fiber insul-
ating washer should be cut out for each
jack, to prevent the frame of the jack
from touching the metal shield at any
point.

The sockets are mounted on small

2/
O—

strips of scrap 3/16 in. bakelite, to keep
the terminals and socket springs from
accidentally touching the shelf. The de-
tector and audio amplifier sockets shou!d
be of the cushioned type, as otherwise
mechanical vibration of the vacuum tube
elements may cause howling in the loud
speaker.

The intermediate transformers are
fastened to the brass shield on the back
of the panel, as close to the shelf as is
permissible.  The tuned transformer
should be mounted an inch or more away
from the back panel shield, a small block
of wood furnishing a convenient form of
mounting. If desired, condenser C,
and the grid condenser C, with grid
leak mounting can be fastened to the
sides of the tuned transformer, thus in-
suring short leads.

The audio transformer is mounted on
the back panel shield adjacent to the
audio amplifier tube. The battery ter-
minals may be- either a binding post
strip with 7 binding posts, as convenient-
ly made by several manufacturers, or a
set of connecting blocks such as are ob-
tainabie at any telephone supply house
may be selected. Practically all the ma-
terial mentioned above must be fastened
to the shielding at some point and this
will require a No 33 machine drill and
a 6-32 tap, in order to provide the
mounting holes for each piece of ap-
paratus.

In wiring the set, the 4 battery leads,
negative B battery and other wires not
carrying high frequency currents were
run with flexible insulated wire closely
bunched together, thus saving space and
adding neatness to the appearance of the
finished job. All high frequency wires,
as well as the detector and audio am-
plifier grid and plate leads were run in
No. 14 bare copper wire. Where there

was danger of two bare wires touching

each other, or some of the apparatus,

spaghetti was used, but otherwise is not
(Continued on Page 58)
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Fig. 5. One Stage Power Amplifiier for Use With Receiver.
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Fig. 3. Sketch Showing Method of Winding Wire on Form.

Next rip the wooden core into two parts
with a thin-bladed jig saw, making two
disks about 34 in. thick. The two wooden
disks are bolted together again with 8-32
or 10-32 machine-screws placed in the
four holes already bored in the form,
and a set of nails is then inserted in the
holes that have been prepared for them.

Fig. 2. Details of Coil Winding Form.

All four coils may be wound on this
form ; the antenna coil with 56 turns of
No. 22 magnet wire, the primary coil
with 24 turns of No. 28, the secondary
with 70 turns of No. 22, tapped for
neutralization at the 18th turn, and the
tickler coil with 20 turns of No. 28—
all double silk covered.

Fig. 3 shows a flat projection of the
periphery of the coil-winding form and
indicates how the magnet wire is to be
passed through the supporting nails on
the form. The wire should be wound
tightly.

Upon winding the first coil, unbolt
and remove the wooden core, leaving the
coil upon the iron nails, in which posi-
tion it may be sewed with white linen
thread in the manner shown in Fig. 4.

When the coil has been sewed, it will
be self-supporting, and the nails may
then be withdrawn. Sewed diammond-
weave coils are quite strong and rigid
without the aid of collodion or any simi-
lar cementing substance.

As is shown in the rear view of the
receiver, the coils are mounted on a nar-
row Bakelite strip, 1in.x9 in. which is
in turn bolted onto the rear ends of the
two variable condensers used in the set.
Each individual coil is supported upon
two 3/16 in. round fibre pegs which are
inserted into two adjoining coil inter-
stices, as is shown in Fig. 4. These pegs
are made by cutting 3/16 in. fibre or
hard rubber rod into 114 in. lengths, and
tapping one end of each rod for a short
6-32 machine-screw. For the primary
coil, two of these pegs are mounted 114
in. apart on a small brass hinge, one
leaf of which has been properly drilled
to receive them, as is sketched in Fig.
S. In the case of the secondary colil,
the two fibre pegs may be screwed di-
rectly onto the supporting Bakelite strip.
The holes for the machine-screws should
be so drilled that the top ends of each
pair of fibre pegs will be tilted somewhat
together, else the coils will not mount
properly. (See Fig. 5-b). The antenna
coil is mounted at the right-hand end
of the Bakelite strip, and is placed in
a horizontal plane, as may be seen in the
rear view.

The two fibre pegs supporting the
tickler-coil are screwed to a piece of thin
brass 34 in.x1 in., which is soldered onto
the side of a brass rod 14 in.x5 in. This

Fig. 4. Diamond Weave Coil.

rod is supported in a stiff brass bracket
bent as shown in Fig. 5. Note that a
groove is filed into the tickler-rod to re-
ceive the end of a set-screw—this pre-
vents end play. The bracket should be
sprung enough to give suitable tension
on the tickler-rod.

It will be observed that no provision
has been made to adjust the primary coil
from the front of the panel; this coil
has to be set only once, on a distant
station, and then should be let alone.

As has already been stated, inexpen-
sive parts will function successfully in
this receiver. The following is a list
of everything that was used, together
with the approximate retail price. There
is no preference indicated, as any good
parts may be used with equal success.
Fifteen-cent store parts, however, other
than minor articles such as screws and

Rear View of Receiver, Shoawing Method of Apparatus Assembly.
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binding-posts, are positively nof recom-
mended :

Price
each
2 Variable Condensers, 21-plate; $1.80 $3.60
2 Dials, 4-in. . " 50 1.00
1 Neutralizing Condenser . .70 .70
3 Sockets . .50 1.50
2 Rheostats, 30-ohm 70 1.40
1 Audio-frequency
transformer 3-1 4.50
1 Fixed Condenser, .0001.. .35 .35
1 Fixed Condenser, .00025. 35 .35
1 Fixed Condenser, .002.. - 40 40
I Grid-leak, 2 meg. 20
7 Binding-posts .08 .35
1 Ticker-rod dial .15
1 Jack, single : .60
1 Baseboard, pine, 10x19x% in. 30
Coil-winding marterial, fibre
rod, drill and tap for tapping
fibre rod, brass hinges, brass
rod and bracket for tickler,
approxiinate cost 3.50
3 tubes, 199 tvpe 3.00  9.00
2 B-Batteries, 45-vol 3.75 7.50
3 A-Batteries, 12 volts. .50 1.50
Total, less cabinet and speaker $36.90

One of the supreme advantages of this
receiver is that the tubes do not have to
be matched or speciallv selected, hence

Y

Nevtroliz) ng
R XY

l Fig. 5. Assembly of Coils on Panel. |

-

Fibre Peg Support.

any good tubes will do. The opera-
tion of this receiver is Quite similar
to that of the soon-to-be-hoped-for-obso-
lete straight regenerative: Light the
tubes and turn the dials. You will be
astonished at the razor-sharp action on
the local stations that have heretofore
annoved you. When pulling in distant
stations, it is important to bear In mind
that the condensers must be handled
with extreme care; a motion of one-
hftieth of an inch often means the dif-
ference between loud-speaker volume and

i

N I

an almost total silence. A set of vernijer
dials, while not essential, are a great con-
venience. In trying to get distance, it
is generally best to have the tickler
coupling tight enough to cause the set to
oscillate; then, when a station’s carrier-
wave is picked up, the coupling may be
reduced and the music properly tuned in.
This receiver does not radiate or
“bloop” to any serious extent. Use any
available aerial, from 50 to 120 ft. in
length. Type 201-A tubes may be used,.
if desired, except in the case of the first
tube; this should be a type 199, as it is
easier to neutralize than the larger tube.
If 201-A tubes are used, the single 199-
type tube should be controlled by a sep-
arate 30 or 50-chm rheostat, which will
enable it to operate safely with the 6-
volt A-battery. A schematic circuit dia-
gram for type 199 tubes is shown in
Fig. 6.

As to results, I shall say briefly that
this receiver, under the usual unfavorable
conditions obtaining in.every large. city,
has consistently brought in over a hun-

(Continued on Page 60)
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Fig. 6. Schematic Wiring
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The Praying Jonah

By Earle Ennis

BUCK of the tramp freighter
Cassie 8., was known from Pago-
Pago to the Isthmus as the “Praying
Jonah.” But as Clancy Billings, his
first mate, put it, “outside of that the old
man was a balmy ol’ wampus.”
Billings, as might be expected, spoke
with a somewhat colored viewpoint. He
had once heard the term “wampus’” ap-
plied to the meanest bar pilot on the
Columbia River and it struck him as
particularly appropriate to his own dis-
tinguished skipper. Which it probably
was, when everything was taken into
consideration.

Now all this has nothing to do with
October 3, which is a date and there-
fore not concerned with human esti-
mates. However, certain things took
place on October 3, which had to do with
Captain Starbuck, so that it is necessary
to start this story with Jerry O’Malley,
who climbed aboard the Cassie S., about
two o'clock of the above-named day,
some two hours before the evil-smelling
freighter set sail from Seattle. At the
top of the gangplank he collided with
Captain Starbuck.

~ “God bless us, what do you want P
demanded the captain belligerently.
“God bless us, not a damned thing ex-
cept the location of the wireless room!”
retorted Jerry O’Malley who was Irish
and just as belligerent as the “Praying
Jonah,” who was a New Englander.

C APTAIN AARON STAR-

“Are you the new ‘sparks’?” de-
manded the captain, not giving an inch,

“What’s it to you?”’ retorted Jerry,
not giving another inch.

“Pm the commander of this vessel,”
snapped the captain.

“Why didn’t you say so?”’ Jerry re-
plied. “The answer is ‘yes!”

T'he captain looked his new wireless
operator over. Jerry looked the captain
over. The dislike was mutual.

“You're making a mighty bad begin-
ping, young man,” said Captain Star-
buck shortly.

“But 1'm mighty good on finishes,”
sald Jerry, giving the old man cye for
eye.
“Hum!” said the skipper. ““The wire-

less cabin is forward. We leave at
four!”

Jerry made no reply. He trailed the
antenna leads to their lair, kicked open
the door and groaned.

“A pig could feel at home here, but
it's going to be hard on a white man!”
he remarked, and slammed the door be-
hind him.

Captain Starbuck, who was standing
directly behind him at the time, spat
viciously over the rail.

“Oh Lord, I trust I will not forget
Thy teachings!” he muttered into his
scraggly red beard, and went ashore.

These details are merely to impress
the reader with the fact that Jerry
O’Malley’s departure from Seattle was
not under exactly pleasant surroundings.
The natural question which arises is:
why, if he was any kind of a radio opera-
tor and knew his business, did he go to
sea in such a gol-busted old whang-
toddle of a junkheap as the Cassie S.?
The answer is: He was told to. Who
told him? Ah—that is something else
again. That question is never answered
in this story. But before it is over, the
reader will be able to make a darned
good guess as to who sent him aboard!

The departure of the antediluvian
freighter caused no particular flurry in
Seattle harbor. The mayor did not go
aboard nor did the police boat escort
it outside the heads. It simply de-
tached itself from the dock, got its rat-
tly, clanky old engines under way, and
see-sawed down the channel. In due
time it ran into the Pacific Ocean—and
there it was! Old, leaky, manned by
a nondescript crew, and commanded by
the “Praying Jonah,” it was a jinks craft
in every sense of the word. And it was
headed for Pago Pago with a cargo of
canned salmon.

This whole episode pivots on the can-
ned salmon. As a rule canned salmon is
not taken seriously on a freighter. The
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crew sticks it down below somewhere
and forgets all about it. But this par-
ticular shipment of canned salmon
caused Captain Starbuck a lot of worry.
Hardly had the ship crossed the bar
when he went below, accompanied by
the mate and personally inspected the
manner in which the cases were stacked
in the hold.

Jerry O’Malley cleared the Cassie §.,
after the manner of operators who know
their brass and their service regulations.
The freighter was equipped with an old
obsolete spark set, vintage of 1915, and
the switchboard was rusty from salt
spray. But the generator acted like a de-
butante and the spark roared across the

(Continued on Page 50)
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Ideal Tuning in Kilocycles

A Simple Explanation of What it Means, Why
Desirable, and How Accomplished

I late we hear much of standard;-
Oz:lti(m; of parts, material, price,

of complete receivers. But stan-
dardization of tuning, seems to be tem-
porarily overlooked. The Department
of Commerce has set forth the advan-
tages of the use of kilocycles instead of
meters.  The radio magazines have
championed this change, but we seldom
find even a mention of kilocycles in the
many programs. The stations are allo-
cated by kilocycles, which accounts for
our programs listing them in fractions of
meters.  Whether the public, through
the press, will have meters or kilocycles
in their programs is of relatively small
importance; the main fact to bear in
mind is, that home-constructors and
many manufacturers are still buiiding
receivers and appliances on a way clength
basis, when the stations that they wish to
receive are designated and separated on
a kilocycle basis.

The Department of Commerce uses
kilocycles instead of meters because the
necessary separation of stations to pre
vent interference is always the same in
kilocycles, no matter at what portion of
the complete scale, while in terms of
wavelength in meters this separation
would be quite confusing and misleading,
Likewise, we cannot determine the de-
gree of selectivity of a receiver in terms
of meters. In order to apply to the com-
plete range of its tuning, selectivity
must be designated in kilocycles.

The foregoing statements may seem
somewhat broad to those who have en-
tered the radio field of late, so we will
avail of simple explanation. In this re-
gard, let us first consider the conditions
at a transmitting station. Let us as-
sume that its assigned wavelength is 300
meters, and that it is running idle; that
is, no sound is being picked up by the
microphone. Under these conditions,
waves of but a single length and fre-
quency would be radiated, and in this
case their length would be 300 meters.

Since they are assumed to travel at
the same velocity as light, their fre-

EACH DIVISI

By E. E. Grz'ffz'n

quency per second would be 1,000,000,
since the velocity of light and electrical
disturbances is 300,000,000 meters per
sccond. In other words, when receiving
from this transmitter, one million elec-
tromagnetic waves, each 300 meters in
length, would pass our antenna in each
sccond of time.  The radiating circuit
at the transmitter would have an electri-
cal fength of 300 meters, and the cur-
rent oscillating in this circuit would have
a frequency ‘of 1,000,000 cycles per
second, since it produces such waves ;
the frequency of the oscillating current
and that of the radiated wave being one
and the same. Kilo is the prefix mean-
ing thousands, so it is much more con-
venient to express the frequency of 1,-
000,000 cycles as 1,000 kilocycles, and
our formula becomes 300,000 divided by
wavelength in meters equals frequency
in kilocycles, and vice-versa.

These conditions exist so long as the
transmitter is running idle, as during a
silent period. When music or speech is
sent out there is a great change, as will
be evidene.

Sound is simply air in vibration, the
rapidity of vibration of the air deter-
muning the note or pitch, and we find that
speech or music are confined to a range
of from about 50 to 10,000 vibrations
per second.  When these vibrations are
picked up by a microphone and conver-
ted into electrical impulses of corres-
ponding rates of vibration, we can ex-
press them as audio frequency currents
in cycles per second.  When these audio
frequency currents are combined or su-
perimposed through suitable apparatus
with the oscillating current causing our
300 meter wave, we find that it no
longer oscillates at exactly 1,000,000
cvcles per second.

The result is that frequencies dif-
fering from the normal are present in
the circuit, radiating other than the nor-
mal waves. These other frequencies are
found to differ from the normal by the
value of the superimposed frequency.
Thus, when our audio frequency is 10,-

FREQUENCY IN KiLocreLes.

000 and our oscillating 1,000,000 cycles,
we find we have three radiated fre-
quencies; the normal of 1,000,000, one
lower of 990,000, and one upper or
higher, of 1,010,000, Likewise, when
the audio frequency is 500 cycles we
have three oscillating frequencies, one
of 999,500, the normal of 1,000,000,
and one of 1,000,500. For each indi-
vidual audio frequency there is a separ-
ate sct of three oscillating frequencies,
with their corresponding three radiated
waves, and some faint idea of the num-
from any transmitter can be gained when
you consider the multitude of audis fre-
quencies present when a full orchestra is
being radiocasted. These side frequen-
cies, differing from the fundamental or
normal, are called the side bands, and
their greatest difference is in the high
pitch and high notes in music, and in
the letter “s” and the sound “th” in
speech.

Quite obviously, therefore, any sta-
tion transmitting speech or music is radi-
ating a multitude of frequencies, ex-
tending over a band or channel at least
20,000 cycles wide, 10,000 on each side
of the assigned frequency. Also, ob-
viously, different stations must be sep-
arated by at least 20,000, or 20 kilo-
cycles in order that the limits of the
separate side bands or frequencies do not
overlap and cause interference.

Applying the same idea to reception, a
receiver should not have greater selec-
tivity than to exclude any of these side
bands, or otherwise distortion will re-
sult in the cutting off of the higher
audible tones. Therefore the Depart-
ment of Commerce uses kilocycles in-
stead of meters in assignments to radio-
cast stations. Since audio frequencies
cannot be correctly expressed in terms
of wavelengths and since they are the
governing factor in the separation and
allocation of transmitting stations, why
should we cling to meters?

The frequencies allotted to radiocast
use are from 1,500 to 550 kilocycles, or
in terms of wavelengths, from 200 to

ON ON THIS SCALE REPRESENTS ONE BROADCAST CHANNEL

@ Y v N = o ® o N o
: s : : = 3 s Ll e

l i lllllllll 11 1] lllllllll Lrig bttty
ILUIIIII’HHHIHHL'Llllx{lllll]l lllllllll[ll]llllllllJlllllllllllll]l L o o T R LA
n N W (K] §'y 1N (1] 9}
8 2 2 5 ; i Sk

WAVELENGTH-MEeTERS.
Fig. 1. Graphic Relation of Wawelengths io Frequencies.

24

RADIO FOR AUGUST, 1925



545 meters, and graphically illustrated
in Fig. 1. Since transmitting stations
should be separated by at least 20 kilo-
cycles, theoretically we have only a pos-
sible 48 channels. However, we find
that there are over 575 stations in opera-
tion. Quite an impossible task of allo-
cation at first thought, stupendous at
least, but still there are more potential
stations clamoring for licenses.

By a judicious consideration of power,
frequency, distance, geographical loca-
tion, and division of time, the necessary
separation has been cut from the the-
oretical 20 kilocycles to 10, thereby
doubling the available channels, and
these some 575 individual stations quite
successfully allotted. So our faith in
the radio personnel of the Department
is not unfounded. We find that in using
a present day receiver of average selec-
tivity and ‘sensitivity, we seldom find
two transmitting stations within the
range of good reception, actually inter-
fering with each other.

Upon further investigation, we find
that in any particular locality, there will
be on an average of about twenty radio-
cast stations within the range of good
reception ; and further, that the average
separation of these some twenty stations
in any specified locality will be some-
where around 50 kilocycles. Now, if
we were to average the selectivity of all
receivers in present day use, we would
find, in all probability, that their average
would be near 50 kilocycles. If so,
would such be a coincidence? Not at
all, at least most of us will give the De-
partment credit for foresight.

It will be noticed that selectivity is
here expressed in terms of kilocycles.
Since definite principles determine the
broadness of the frequencies radiated by
a transmitting station, these same prin-
ciples should be made to apply in re-
ceiving. Selectivity is necessarily a de-
gree of comparison, wherein the perfect
set receives any one station to the exclu-
sion of all others. The suggested method
of comparison is by using terms of kilo-
cycles, and designating each receiver by
how far off tune a signal becomes in-
audible.

For instance, let us take five examples,
in each case receiving from one particu-
lar station ; that is, testing from one defi-
nite frequency and strength. First, one
receiver can be off-tuned 120 kilocycles
from the station’s assigned frequency be-
fore the sound is inaudible. ‘This is very
poor selectivity, corresponding to a single
circuit crystal set; in fact so poor that
it would be difficult or impossible to
diffcrentiate between two nearby local
stations.

The second receiver, say, can be off-
tuned 80 kilocycles before the signal be-
comes inaudible. This is fair selectivity,
corresponding to a two circuit crystal
set, a non-regenerating single tube re-
ceiver. Such a receiver would difteren-

tiate between two locals at some sacri-
fice in signal strength.

The third, let us assume, can be off-
tuned only 40 kilocycles before the signal
b'ecomes inaudible. This is good selec-
tivity, corresponding to a three circuit
regenerative set, or a stage of tuned radio
and regenerative detector. Such a re-
ceiver would not only differentiate be-
tween locals, but would enable cutting
through and picking up distance, to quite
an extent.

The fourth receiver, say, only off-
tunes 10 kilocycles before losing the
transmitter. T'his is excellent selectivity,
in fact the limit of selectivity if we are
going to take advantage of the trans-
mitter’s full signal strength by inter-
cepting its complete side bands. Such a
receiver would completely differentiate
between locals and quite distant sta-
tions, even when the separation was very
small.

The fifth let us assume, can be off-
tuned only 5 kilocycles before the sig-
nal becomes inaudible. This is not only
excellent selectivity, but the practical
limit, beyond which we cannot go; as
further increase in selectivity would cut
off the higher frequencies of side bands
and our tone quality would be lost. Such
a degree of selectivity would correspond
to the best superheterodyne. Such a re-
cetver would have to be doubly sensitive,
also, as it would take advantage of only
one half of a transmitting station’s radi-
ated frequencies. (In this last example,
it is assumed that perfect reception may
be obtained from a station’s main fre-
quency and one side band only, i. e, a
channel 10 kilocycles wide.)

If we express degrees of selectivity
in meters wavelength, such expression
would be only applicable to one deiinite
setting or wavelength ; while if expressed
in terms of kilocycles, it would be ap-
plicable to the entire range of tuning, as
is obvious from foregoing explanations.

It will be noted in Fig. 1 that at only

one point in the complete scale are meters
and kilocycles numerically equal, i. e,
at the point of the square root of 300,-
000, since kilocycles equals 300,000 di-
vided by meters. As now assigned in
divisions of channels, cach channel sep-
arated by 10 kilocycles, each graduation
on the kilocycle scale represents a chan-
nel, and if we had a receiver of nth se-
lectivity and ultra sensitivity, in tuning
from 1,500 kilocycles up the scale we
would hear a separate group of stations
at each 10 kilocycle division. In terms
of meters wavelength, these groups or
stations on the lower part of the scale
would be separated by about one meter,
while at the upper portion the separa-
tion would be over ten meters, with
varying differences in between. Such
a theoretical receiver as this is imprac-
ticable, so let us analyze just how the
existing conditions affect our present day
set.

In this discussion, all theory and
methods of obtaining selectivity and sen-
sitivity in receiving sets, is purposely ne-
glected, as many excellent articles on
these subjects appear in the various is-
sues of this publication. Decrement of
transmitters is not considered, as rot of
interest, and not bearing directly on this
subject. The points to bear in mind are
the methods of tuning.

In order that we may select any sta-
tion at will, the constants of the cir-
cuits in our receiving sets must be vari-
able, either variable inductance, variable
capacity, or both. We find, however,
that most receiving sets use a fixed induc-
tance and a variable capacity, in the
form of a variable condenser. We are
therefore interested in the various forms
and characteristics of variable conden-
sers.

The semi-circular plate type is widely
used and well known, being generally
designated in different sizes by its maxi-
mum capacity. Unless specially con-
structed, this type usually has a high
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minimum  capacity. In rotating the densers will be typically represented in
movable plates in and out of the fixed, curve 4 of Fig 2, the dots on the curve
the effective capacity is varied propor- giving the dial settings and wavelengths
tionally to the angle of rotation, so for each particular station. Owing to
when fitted with a dial and marker, the this condenser’s relative high minimum
effective capacity is proportional to the capacity, the receiver generally fails to
settings of the dial. If a curve is plot- cover the lower wavelengths; and owing
ted showing relations of settings to capa-  to the shape of its curve, stations are bad-
city, such curve will be close to a straight  ly bunched together between 5 and 15 de-
line, and such condensers are therefore grees on the dial, making tuning to any
said to have “straight line capacity.” one quite difficult; while at the higher
Now the wavelength of a circuit varies as settings stations are too widely spaced.
the square root of the capacity, so when The actual dial settings of this typical
such a condenser is used with a fixed example are given in Fig. 5 A.
value of inductance, the wavelength If we supplant this semicircular plate
curve would not be a straight line, but condenser by a straight line wavelength
would have the shape of A as in Fig. 2. type, we obtain a tuning curve as in B,
At this point observe that a straight line Fig. 2; giving actual dial settings as in
P i DN Fig. 5 B. Owing to this condenser’s
tune the entire range of the radiocast
\ band, and owing to the better shape of
its curve the formerly bunched stations
are now fairly well spread out. The
straight line wavelength type is evidently
P _ ' superior to the semicircular.
~/ However, we note that stations are
Fig. 4. Comparison of Semicircular and still somewhat closer together at the
Straight Line Wavelength Condenser Plates. |ower settings than they are at the higher,
with equally varying amounts of separa-
capacity condenser does not give a tion as we go up the scale. This straight
“straight line wavelength” as has been line wavelength condenser was designed
implied by some advertisers. for tuning on a meter basis; and if our
The straight line wavelength type of radiocast stations were separated on a
condenser has its plates so shaped that wavelength meter basis, it would give
the capacity varies as the square of the the ideal tuning conditions. Our sta-
angle of rotation, and since the wave- tions, however, are separated and as-
length of a circuit is proportional to the signed on a kilocycle basis; so the correct
square root of the capacity, such a con- relations of tuning can be shown only on
denser gives a straight line wavelength a kilocycle scale, as in Fig. 3. The dis-
curve, as in B, of Fig. 2. This effect advantages of the semicircular plate type
is gained in various ways; by cutting become more apparent, when considered
away a portion of the plates, by specially in the light of kilocycles.
shaped plates as in Fig. 4, and by special What we should have for ideal tuning
construction, such as is evident in the is a condenser whose plates are as ex-
many new models now on the market. aggerated in shape from the straight line
These two types give quite different  wavelength type, as the straight line type
results in tuning. The tuning curve of is from the semicircular; giving what
a receiver using semicircular plate con- we shall term a “straight line fre-
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lower minimum capacity we are able to

Fig. 54. Dial Settings «with Semicircular
Plate Condensers.

Fig. 5B. Dial Settings awith Straight Line
W avelength Condensers.

Fig. 5C. Dial Settings wwith Straight Line
Frequency Condensers.

quency”’ curve.  The actual dial settings
of a receiver using such a condenser are
illustrated in Fig. 5 C; and given in
the curves C of Figs. 2 and 3. In such
a receiver the dial settings would bear
the same definite relation to the fre-
quency at any part of the scale, and thus
could be graduated directly in radiocast
channels, or 10 kilocycle divisions. On
this ideal tuning receiver, from @ to 20
of the scale we would be able to select
one fifth of the available stations, from
20 to 40 another fifth, and so on through-
out the complete band, all evenly spaced
throughout the range of tuning. Also,
using receivers of such calibration,
tuning instructions to the novice would
be unnecessary, provided, of course that
our organs of publicity abandon the
custom of listing stations by wavelengths
in meters. To the writer’s limited
knowledge, there is no such condenser
yet available.

While the semicircular plate condenser,
by the standards of ideals, falls quite
short when used in radiocast tuning, it
still has its proper place. Since its capa-
city varies as the angle of rotation, it is
ideal in capacity measurements, testing,
etc., and any place in a receiver where
not used for frequency selection.

(Continued on Page 61)




Selectivity Versus Distortion 1n a

Superheterodyne

A Continuation of Last Month’s Discussion with Suggestions
for Compensation by A. F. Transformers

sets of frequency ratios, one being the

same as that in the ordinary receiver,
and the other having ratios differing from
unity by a much higher percentage. Since
the degree to which two interfering fre-
quencies may be separated by the tuned
circuits depends on the amount by which
the frequency ratio differs from unity, it
may be expected that the intermediate
frequency tuner in the superheterodyne
will be much more effective in suppress-
ing an interfering carrier than a tuner
of similar selectivity in the high fre-
quency level ; and it also may be expected
for the same reason that the amount of
distortion will be much greater. The
lower the intermediate frequency, the
lower will be the frequency ratio be-
tween it and an interfering carrier, or
between it and a given side band fre-
quency, and hence both the effective se-
lectivity and the distortion will be great-
er. For this Teason it is not practical to
use tuned circuits in the intermediate fre-
quency filter having a very high selec-
tivity.

Consider briefly the interference sup-
pression in the intermediate frequency
filter alone. Assume an I. F. of 50,000
cycles per second. Suppose it is desired

f

IN the superheterodyne there are two

By 7. E. Anderson

to separate stations operating on the two
lowest frequencies in the radiocast band,
550 and 560 kilocycles. If the local os-
cillator is set at 500 kilocycles it will
cause a beat frequency of 50,000 cycles
with the 550 kc. frequency, permitting
this to pass through the filter. But it will
cause a beat of 60,000 cycles with the in-
terfering wave. The filter then must sep-
arate 50,000 from 60,000 cycles per sec-
ond. These two make a frequency ratio
of 5/6, or about .833, a value much
lower than those considered in July
Rapio. A value of =33 will reduce
the interference to less than one per cent.
If the oscillator is set 600 kc it will also
cause a beat of 50,000 cycles with the
desired signal, and a beat of 40,000 with
the interfering wave. The frequency
ratio is .8, and hence it is somewhat

-easier to separate the two if the local

oscillator is set at the 600 mark.

Now suppose it is desired to separate
two adjacent channels at the upper limit
of the radiocast range, 1490 from 1500
kilocycles, using the same intermediate
frequency filter. The local oscillator is
set either at 1450 or at 1550 kilocycles
to cause a.beat of 50,000 cycles with the
1500 kc. carrier. The beat frequencies
with the interfering wave will be 40,000

or 60,000 cycles as in the previous case
and the separation of the two channels is
just as easy at this end of the scale as
at the lower. Hence as far as the inter-
mediate frequency filter is concerned it
separates the high and the low carriers
with equal ease for any given absolute
difference between the two radio fre-
quency carriers.

Now take a case in which the absolute
difference is greater than 10,000 kilo-
cycles. Suppose it is desired to separate
WEAF from W]JZ or vice versa. Their
frequencies are, respectively, 610 and
660 kilocycles. If the oscillator is set
at 560 kc. the beat with WEAF will be
50,000 cycles and this signal will be
brought in. The beat with WJZ will be
100,000 cycles per second, and the fre-
quency ratio will be 1/2. If the oscillator
is set at 660 kc., WEAF will again be
brought in and the beat frequency with
W]JZ will be zero (for the carrier only).
The frequency-ratio in this case will be
zero. The interference in the first case
will be the greater since the f{requency
ratio is greater: It requires a selectivity
of about 13 to reduce the interference to
one per cent.

Now let us apply the equations given
in the July Rapio to the determination
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of the amount of distortion that may be
expected in a superheterodvne filter for
different values of selectivity and for
two values of intermediate frequency.
The intermediate frequency may vary
from 15,000 to 100,000 cycles per sec-
ond, but due to practical limitations it
is not customary to go below 30,000
cveles or above 60,000 cveles per second.
Hence these two values have been chosen.
As in the discussion of the ordinary re-
ceiver the side bands will be considered
to extend 5,000 cycles on either side of
the intermediate frequency carrier. The
distortion ratio is the difference between
the transmission ratio and unity as pre-
viously defined.

T'he results of the calculations are
shown in Fig. 1. To the left is shown
the curves for the 60,000 cycle inter-
mediate frequency, and to the right the
curves for the 30,000 frequency. From
these curves it will be seen that the dis-
tortion 1s quite considerable for both in-
termediate frequencies, and that it is
very much greater for the 30,000 cycle
frequency, even for such low values of
selectivity as 5, 10, and 25. For the
lower carrier it would not be advisable
to use a () higher than 5, and for the
higher not greater than 10. For a Q as
high as 25 the essential musical fre-
quencies would be seriously suppressed.
It will be seen that for a frequency as
low as 1000 cvcles the suppression is over
70 per cent for the lower carrier and
about 40 per cent for the higher.

Now let’s consider an actual super-
heterodyne, combining the effects of the
tuned circuits of the two different fre-
quency levels. As a basis of calculation
a circuit designed by the writer and built
by himself and a number of radio en-
thusiasts was taken. This circuit differs
from the usual run of superheterodynes
in that it employs two high frequency
tuners of identical design aside from the
oscillator tuner, and three identical in-
termediate frequency tuned circuits. The
intermediate frequency filter was de-
signed for 45,000, but the various re-
ceivers built differed considerably in this
respect. Here the frequency will be taken
as 50,000 for convenience in calculation.

The selectivity of each of the two high
frequency circuits is assumed to be 50,
a value which is probably too high in
wet weather but is about correct when
the humidity is low. The selectivity of
each of the intermediate frequency coils
1s assumed to be 5. This value is prob-
ably low, especially if the three circuits
are accurately tuned to the same fre-
quency, but it is a convenient value for
calculation and not far from the correct
average value.

Since the two high frequency tuners
are assumed to be identical, the current
ratio produced by them will be given by
the square of the expression given in
equation (8). The signals will then
be impressed on the intermediate fre-
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quency filter in this ratio. This is not
upset by the frequency changer because
the first “detector” is not a detector at
all. The output of the frequency changer
is proportional to the amplitude of the
focal oscillations, to the amplitude of
the incoming oscillations, and to the
detecting efficiency of the first “detector.”
Hence the input to the intermediate fre-
quency dilter and amplifier will be in
the ratio stated above.

Now the intermediate frequency filter
has three identical tuned ecircuits and
the current ratio produced by it indepen-
dently of the first two tuners will be
given by the cube of the expression given
by equation (8). The final current
ratio as it appears in the output of the
detector, or at the input terminals of the
first audio frequency transformer, will
be obtained by multiplying the current
ratios obtained for the two frequency
levels.  This final result is given by
equation (13). In applying this equa-
tion it will, of course, be necessary to
use different frequency ratios for the
two frequency levels.

The first application of the equation
will be to the determination of interfer-
ence for the three cases previously con-
sidered, namely, that between 550 and
560 kc. between 1490 and 1500 kc. and
between 610 and 660 kilocycles. In each
case the local oscillator will be set so
that the interference is the greater of
the two possibilities; that is, the inter-
ference on the side which makes the
higher frequency ratio will be consid-
ered.

For the first case the frequency ratio
is 55 to 56, or .982, for the high fre-
quency level, and 5 to 6, or .833, for the
lower level. These values are put into
equation (14) and results calculated.
This shows that the first tuner reduces
the ratio to .0583 and the second reduces
this by .027, so that the final current
ratio will be .001575. That is, the
strength of the interfering signal will be
.16 per cent of the desired signal. These
are the easiest two adjacent channels in
the broadcast range to separate.

In the second case the frequency ratio
in the high level is 149 to 150, or .9933,
and in the lower level 5 to 6, as in the
previous case. Hence the first tuner re-
duces the relative strengths of the two
signals to .481 and the second to .027
of this value, so that the final ratio is
.01298. The interference, therefore,
will be 1.3 per cent as strong as the
desired signal, for equal strength at the
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antenna and for equal modulation of the
two carriers., ‘This is the most severe
test of the selectivity of the circuit in
the radiocast range, because the two fre-
quencies are most nearly equal.

The third case will be that of the in-
terference between WEAF and W]JZ,
or between any othertwo stations operat-
ing on the same frequencies and fre-
quency difference. The frequency ratio
in the high level is 61 to 66, or .924,
and in the second level the ratio is just
one-half. When these values are sub-
stituted in the factors of equation (14)
we find that the first tuner reduces the
current ratio to .000343, and the second
tuner by .000294 more; and that the
final current ratio is 1.006 ten mil-
lionths, or the desired signal is ten mil-
lion times as strong as the interfering
signal. ‘This means that if the desired
station is located 316 times as far away
as the interfering station, and if the
two stations are of the same power and
equal modulation, the signals from the
distant station will be 100 times as
strong as the interfering signals. That
is sufficient to separate the stations for
all practical purposes unless the receiver
is located almost within the shadow of
the interfering transmitter antenna.

Now for a few comments on ‘the
distortion introduced by this special re-
ceiver. 'The distortion has been cal-

culated for the upper and the lower fre-

quency limits of the radiocast range,
where it is least and greatest, respec-
tively. ‘The value of the distortion is
the difference between the transmission
ratio as obtained by applying equatien
(14) and unity, as has been defined
previously. The results have been
plotted in Fig. 2. The distortion is
given along the ordinates and the fre-
quency along the abscissas<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>