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STANDARD

FOR-ALL-SETS

CUNNINGHAM

DETECTOR
TYPE CX-300°A
PATENTED

AMPLIFI

[FIL, ¥oLTs
[FIL.AMp___

—

CUNNINGHAM
k. DETyEcmenmR
| CUNNINGHAM e
€Y EQTOR-AMPLIFIER |
CUNNINGHAM TYPE CX 301 A
POWER AMPUFIER ‘;nmcn
TYP O ? 3 i

PaTENTER

ALLTYPES-CAND-CX
IN - THE -ORANGE
AND-BLUE-CARTON

SOLID, SUBSTANTIAL

as to value---

DELICATE, PRECISE

as to performance---

That, in a nut-shell, is the reason why Cunningham Radio Tubes won the complete confidence of radio
owners away back in 1915 and why they hold this confidence today.

Radio tubes face a most extraordinary task. They must have rugged strength-—a strength that will
endure through hour after hour of grueiling service. Yet they must also have accuracy that transcends
all normal scientific standards. Cunningham Radio Tubes meet these exacting requirements year after
year. By sheer merit, they have won their way into the sockets of America’s finest radio receivers.

NEW YORK CHICAGO SAN FRANCISCU

Manufactured and sold under rights, patents and inventions ewned and/or controlled by Radlo Ceorporation of America.

wwwW americanradiohistorv com /
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HEN the public was paying inflated prices for radio equipment

in 1922, Tower inaugurated a sales policy revolutionary in the
extreme. Instead of marketing a headset at a high price, the best
possible pair of phones was designed, priced at less than half com-
petitive prices, and then produced on a volume scale hitherto un-
known. In an incredibly short time Tower became the world’s largest
exclusive manufacturer of headsets.

Today, with equal foresight, confident that highest quality at lowest
cost is forever the “best policy,” Tower offers a new Cone Speaker—
the outstanding value in radio reproduction with all the quality of
many speakers costing two or three times as much.

See and Hear the Tower Cone.
On sale from coast to coast.

TOWER MFG. CORP.

BostoN, M ass.

Tell them that you saw it in''RADIO
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RAND NEW... yetitis

already the distinguish-
ing mark of a 1927 model
receiver.

Such is the reception ac-
corded the MAR.CO illumi-
nated control by leading
technical authorities and
circuit designers everywhere

777 a reception paralleled
only by the widespread ac-
claim which, a year ago,
swept 500,000 MAR-CO
vernier dials into use.

Today » MAR-CO tuning is
standard or optional equip-
mentinvirtually everyimpor-
tant set-design of the season:

Radio Broadcast’s
“LAB” Receiver
MAR-CO controls specified equipment

Cockaday’s L. C. 27

Entirely MAR.CO-tuned, using the
illuminated control and 2 MAR-CO
rheostat dials.

Radio News’
“Auto-transformer’’
MAR-CO controls standard equipment

Popular Science’s
5-tube receiver

MAR-CO dials standard equipment;
illuminated controls optional

Cardwell “Short-Wave” Set
MAR-CO 360" dials specified

Radio News’
“Portable Super-Het”
MAR-CO dials specified equipment

Radio World’s
“Hi-Power’’ and Beacon Sets
MAR-CO controls standard equipment

Radio Age’s “‘Super-9”
MAR-CO 360-degree dials standard
equipment

Radio Age “Four”
and “All-Range” Sets
MAR-CO controls standard equipment

Daven “‘Bass Note’’ circuit
MAR-CO dials staundard equipment

Hammerlund<
Roberts, 1927

MAR-CO dials standard equipment

CRE

it

Tell them that you saw it in RADIO
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The “YARION” A. C. set
MAR-CO controls standard equipment

The “Infradyne”
sponsored by RADIO
MAR-CO controls optional

The 1927 Fenway
MAR-CO controls standard equipment

Ferguson Receivers
MAR-CO controls built-in

Let this impressive list be
your guide when you select
the tuning controls for the
new set you build, or the
old one you remodel. ANY
set can have MAR-CO tuning.
Write for booklet.

Martin-Copeland Company
Providence, R. 1.

{A) Template
smphifies pancl
dndliwg

Suntch
L) controls lamp

Special & wolt
ISt Mazds amp

{D] Adpusiable
Bezel for paned

MAR-CO illuminated controls,
(complete with template,
bezel,and 6 Volt Mazda lamp)

Scales O to 100, or 100 to O, $3.50

MAR-CO vernier dials, 4 inch and 3 inch.
Scales O to 100, or 100to O,
and 360° vernier dials,
nickelplated............. $2.50
goldplated.............. 2.75

MAR-CO 2 inch rheostat dial
(matches vernier dialsin
appearance) . . ....c.. 0. .. .75
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IN THE production of Heavy-
Duty radio ““B” batteries
Eveready has established a
new standard of “B” battery
life and economy.

Eveready Heavy-Duty
45-volt “B” Batteries will
outlast any Light-Duty
45-volt “B” two to one
regardless of the number
and kind of tubes used!

Moreover, though lasting

lwice as long, they cost

only one-third more!

To cap the climax of “B”
battery economy, in Eveready
Layerbilt No. 486, Eveready
has perfected a Heavy-Duty
“B” battery of unequaled

Here’s the most
economical “B” battery ever built

for radio

endurance and dependability
—positively the greatest “B”
battery in service and satis-
faction its price can buy.

You can make no mistake
in buying Eveready Layerbilt
No. 486.for any set at normal

Lert— Ever-
eady Layer-
bilt No. 486.

eady Dry Cell

Radio “‘A”

Battery, 1Y
volts.,

£VERE

Radio Batteries

~they last longer

Tell them that you saw it in RADIO
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voltages (from 45 to 135 volts).

You will be buying the ut-
most in dependability of “B”
power—the greatest “B”
power operating economy—
D. C. (direct current) in its
purest form, which insures
pure tone quality.

With colder evenings at
hand, radio reception is vastly
improving. Equip your set
now with Eveready Layerbilt
No. 486, the greatest “B”
battery ever built for radio.

Manufactured and guaranteed by

NATIONAL CARBON CO,, Inc.

New York San Francisco

Canadian National Carbon Co., Limited
Toronto, Ontario
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RADIO

With Which Is Incorporated ‘“Radio Journal”
Established 1917
Published Monthly by the Pacific Radio Publishing Co.
ArTHUR H. HALLORAN

Editor
GERALD M. BesT,

Technical Editor

H. W. Dickow,
Adwvertising Manager

Correct Addresses:
Instructions for change of ad-
dress should be sent to the pub-
lisher two weeks before the date
Kansas City, Mo., Davies & Dil- they are to go into effect. Both
lon, 707 Land Bank Bldg. old and new addresses must al-
Rates: ways be given.
Issued Monthly, 25¢ a copy. Advertising:
Subscription price, $2.60 per year Advertising Forms Close on the
in the U. S, $3.00 per year else- First of the Month Preceding
where. Date of Issue.

Branch Oflices:
New York City, 20 East 42nd St.
Chicago, 307 N. Michigan Ave.
Boston, 52 Irving St.

i

Member Radio Magazine IPublishers’ Association
Entered as second-class matter at Post Office at San Francisco, Calif.
Copyright 1926 by the Pacific Radio Publishing Co.
Address all communications to

Pacific Radio Publishing Company

Pacific Building, San Francisco, California
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Forecast of Contributions
for December Issue

D. B. McGown recounts some interesting
new developments in marine radio installa-
tions. This is illustrated by some unusually
good pictures of modern ship sets.

=
G. M. Best has finally perfected an A4
battery eliminator that supplies 2 amperes
of direct current at 6 volts from the 110
volt a.c. line without the use of any form of
storage battery. Complete constructional data
are given in the course of his discussion of
this problem.
=

E. M. Sargent discusses the use of the
infradyne amplifier in the reception of short
wavelengths below 200 meters.

S—

John Flam, patent attorney, specializing on
radio inventions, has an authoritative article
entitled “The Maze of Radio Patents.” It
constitutes a more complete analysis of the
situation than has yet appeared in print.

O. C. Roos has designed a circular toroid
coil which he finds to combine maximum in-
ductanee with minimum damping which he
calls the “minimum decrement toroid” or
“Mindector” coil. He gives full directions
for its construction.

Sy

C. Sterling Gleason combines humor with
common sense in a clever story on “The
Radio Seasons.” It is written in his char-
acteristic Biblical style,

fatg

David Grimes has requested that his pre-
liminary story on his new inverse duplex
system, originally scheduled for the Novem-
ber issue, be held up till December. It is
to be followed by a complete constructional
article in January.

A. P. Peck describes a simple and effective
means for measuring the fundamental wave-
length of any antenna.

-0

Frank C. Jones analyzes various types of
radio frequency transmission lines or
“energy coupling” as used by amateur trans-
mitters and gives the results of a practical
outfit which he has devised.

g

L. W. Hatry tells how to make and use
an oscillator that will hold its calibration,
giving many examples of its practical appli-

cation,
~—

Sylvan Harris describes an “LCR” measur-
ing box to facilitate laboratory measurement
of inductance, capacity and resistance.

S

Elmore B. Lyford tells more about the
Henry-Lyford receiver whose simple con-
struction was described in the October issue.

=~
The fiction feature is a desert story by
G. W. Weight. Of course radio is an in-
tegral part.
=

The transmitting amateur should be espe-
cially interested in F. C. Jones’ account of
his tests with radio frequency transmission
lines. L. W. Hatry also describes “An Oscil-
lator That Holds Calibration.”

Sy

C. Sterling Gleason contributes a cleverly
written comment on “The Radio Seasons.”
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Bridge the Gap

between your set and 1927
standards of radio reception

Link the Remler Infradyne Amplifier with your
neutrodyne or tuned radio frequency circuit and get
reception such as you have never known.

The Amplifier gives:
1. Loud speaker volume to signals ordinarily inaudible.

2. Clear sharp reception through all the interference of
conflicting stations.

3. Better separation of stations on the dial than you
have ever had before.

The Amplifier and its component parts can be easily
and simply added without breaking into the wiring.

Price szs.oo aeh

Write for two color descriptive circular and for yTE—
reprints from RADIO.

1“ %}‘i ‘n ’?

REMLER ] R **“

SOCKET No. 50 CONDENSER

Close, positive, gripping
contact — Fullfloating

E
3

Straight-hine Frequency

springs — Brass contact
levers— Meets the exact
requirements of the X-

type tubes.

GRAY and\

Manufacturi ng

orZ/ DANIELSON

Companys

260 FIRST STREET

CHICAGO SAN FRANCISCO

NEW YORK

Tell them that you saw it in RADIO
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= Stations spread over 360°—

Body capacity eliminated—
Perfect balance — Adjust-
able minimum capacity.
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Buy by the Name
JuccessinSet Butlding
Begins av the Dealers (ommer

ALL BENJAMIN RADIO PRODUCTS ARE
OF THE SAME HIGH STANDARD AS
THE FAR-FAMED CLE-RA-TONE SOCKETS

e |

Cle-Ra-Tone
Spring Supported—Shock
Absorbing Sockets
Stop tube noises. Greatest
aid to non-noisy operation.
Contacts always clean.

75 cents each

“Lekeless”

‘Transformers

Uniform high induc-
tance,low distributed
| capacity and low resis-
f- tance. The external field
is so slight that it per-
mits placing coils close
together withour appre-
ciable interaction.

Single Transformers, $2.50

‘Brackets

o e =B An aid 1o sim-
.ﬁ;& g j plificationinset
¢ ﬁ%{g&’ construction.
é}}s Supports sub-
panel, with
room underneath for accessories and
wiring. Plain and adjustable.

Plain, 70 cents per pair
Adjustable, $1.25 per pair

“‘Battery Switch

Quick, positive, clean-cut make
and break. When it's "in” it's
“off,” eliminating danger ot
wasteful use of bawtery.

30 cents each

If your dealer cannot
furnish you nith Ben-
jamin Radso Products
send amount direct to
our nearest sales office
awith his name and we
will see that you are ‘

promptly supplied

When' you buy your radio parts, buy
them right. Everything else being equal,
when a name has stood for a quarter
of a century’s striving toward technical
perfection it is practically as safe as a
formula as a guide to right buying.
When your dealer sells you Benjamin
radio products for your set you have
already leaped a big hurdle on the way
to success.

Improved Tuned Radio Frequency
Transformers -

Proved through exhaustive
and comparative tests to be
the mosc efficient coil for
modern radio sets. Better in
all important features and
characteristics. Space wound.
Basket weave. Cylindrical.
Highest practical air dielec-
tric. Gives wonderful sharp-
ness in tuning, better volume
and purer tone qualiry.

2Y%" Diameter Transformer

Compact. Especially desirable for crowded assem-
bly. Eliminaces interfering “"pickup.”
Set of three, $5.75 Single Transformer, $2.10

3" Diameter Transformer

Capacity coupling reduced to lowest degree. For
use with .00035 Mfd. Condensers.

Set of three, $6.00 Single Transformer, $2.25

Straight Line Frequency Condensers

No crowding of stations. The broadcast range is
spread evenly over the dial. Stations come in with-
out interterence,and tuning is much easier. Adjust-
able turning tension. :
Low loss characteris-
tics give a definite
and distinct radio
reception. Beautiful
in appearance—a
credit to the looks
and efficiency of any
set. Finished in dull
silver. Made in three
sizes:

.00025 Mfd. $5.00
.00035 Mfd. §5.25  .0005 Mfd. §5.50

REWARDS FOR RADIO REASONERS

Awards for novel and original hookups, modifications of existing cir-
cuits; trade names; slogans. Write our nearest office for full details.

Benjamin Electric Mfg. Co.

New York
247 W. 17th Street

120-128 South Sangamon Street
Chicago

San Francisco
448 Bryant Street

Manufactured in Canada by the Benjamin Electric Mfg. Co. of Canada, Ltd., Toronto, Ontario

Tell them that you saw it in RADIO
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Approved by the designers
of the Infradyne because it’s

Metallized!/

HE Durham Metallized

Resistor is a laboratory
perfected grid-resistor devel-
oped by two scientists of a
leading university.

A tiny glass wire is passed through
an ingenious, chemical and high-
temperature process, forming a thin
conducting layer of high resistance.
The Metallized unit is next treated
with a protective insulating mate-
rial, rendering it impervious to at-
mospheric conditions. It is then
mounted in a glass tube and solder-
ed to terminal, brass caps.

10 megohms to 500 ohms, from
50 cts. to $1.00

RESISTORS

INTERNATIONAL RESISTANCE (0.

Perry Bldg., Philadelphia, Pa.
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FROST-RADIO RHEOSTATS
Type 700 Metal Frame ............. $ .50
Type 800 Bakelite .. ... .. .. . .75

FROST-RADIO Type 660
BAKELITE RHEOSTAT

Designed for base mounting. Has
Bakelite base and knob nickel plat-
ed metal parts. 30ohm type.....$ .75

-TAB
TYPE JACK
The Pan-Tab is made for either
panel or table mounting. Its nickel
silver BPrings are extra strong and
about twice the usual width and
thickness. Frame is electric brass,
nickel plated and hand buffed.

TRADE MARK

expect from your Infradyne, then use the best parts
throughout. Pay particular attention to Rheostats,
Sockets, Jacks, Switches and High Resistance Units. Once
installed these parts are usually forgotten but are often a
source of trouble that is hard to locate. Be sure they bear
the name FROST-RADIO and you can be certain that they
will function permanently without any variation. Listed
below are the FROST-RADIO parts you should use in
your Sargent Infradyne. Get them from your dealer.

]F YOU are to get the excellent results you naturally

List

No. 660 FROST-RADIO Bakelite Rheostat, base mounting. ... $ .75

No. 530 FROST-RADIO Bakelite Socket.... ... .. . 40

No. 730 FROST-RADIO Metal Frame Rheostat, 30 ohm . .50
or, if preferred,

No. 830 FROST-RADIO Bakelite Rheostat, 30 ohm.........____ . .75

No. 710 FROST-RADIO Metal Frame Rheostat, 10 ohm. .50
or, if preferred,

No. 810 FROST-RADIO Bakelite Rheostat, 10 ohm 75

No. 880 FROST- RADIO Super-Variable Resistance, 50,000 ohms.... . 1.25
No. 608 FROST-RADIO Push-Pull Switch...._. .. o = .30

No. 954 FROST-RADIO Gem-Jac ... .45
or, if preferred,

No. 234 FROST-RADIO Pan -Tab Jack........... .. . . .75

No. 953 FROST-RADIO Gem-Jac ... .. — 40
or, if preferred,

No. 233 FROST-RADIO Pan-Tab Jack.. ... L kit §U65

FROST-RADIO Accessories

It 1s a genuine pleasure to work with FROST-RADIO parts
and accessories because of their practical design and fine
finish. Electrically and mechanically you will find them
perfect. The FROST-RADIO accessory line includes
FROST-FONES, plugs, extension cords, loop plugs, pro-
tectors, ground clamps, antenna, etc. See them at your
dealer’s.

FROST-RADIO SUPER-
VARIABLE RESISTANCE

No. 880. 50,000 ohm type. Brass case
and metal parts, nickel plated and
buffed. Works smoothly and pos-
sesses remarkable wearing quulis-

$1.2

ties ...

FROST-RADIO No. 530
BAKELITE SOCKET
Its special spring construction grips
tube prongs firmly, insuring superb
contact ....$ A0

GEM-JAC

A small, sturdy jack made to save
space. The Gem-Jac projects only
one inch behind the panel. It has
strong springs and self-cleaning
Sterling silver contacts.

HERBERT H. FROST. Inc.

160 NORTH LA SALLE STREET -
NEW YORK CITY

Tell them that you saw it in RADIO
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CHICAGO, ILLINOIS
LOS ANGELES
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Recommended for the
INFRA +DYNE CIRCUIT

After giving the Continental
Special Triple Condenser
every conceivable test for
weakness and performance,
buyers everywhere chose it
over all others for the Infra-
dyne Circuit.

It is a straight line wave
length and frequency con-
denser with special compen-
sating plates.

Licensed under the Hogan
Patent No. 1014002

HIS Continental Special Triple Condenser was Capacity 00035

designed for use in the Infra-Dyne Circuit. The
low dielectric losses, exact capacities and mechanical List Price Only $(.50
perfection of these condensers make them the logical 9
choice wherever fine reception is desired.

Send 10¢ in siamps or coin for the Official

You will find Continental Condensers in the stores of Infradyne Manual, showing how to line-up
she Continental Condenser for hair-line tuning

most rehable dealers.
CONDENSER HEADQUARTERS

Gardiner & Hepburn Inc.

611 Widener Building, Philadelphia, Pa. T

HEADQUARTERS FOR THE INFRADYNE RECEIVETQ

iz NEW INFRADYNE RECEIVER -5

1 Cardwell or Hammarlund Triple Vernier Condenser.. ... .. 12.00

Remler

1 No. 630 Remler Condenser 00035 mfd._.___ 5.00
1 Tapped Inductance... . ... ... 1.25

1 General Radio No. 301 30-ohm Rheostat.___ . . 125

1 Set No. 33 Thorola Doughnut eoilo.. . = .. 6.00

2 National Type B CCW Dials.__ e S e 5,00

7 Benjamin UX Sockets. owou

Amperite Wo. 112 ... . .. _ . —
Frost 50,000 ohm Variable Resistance...._. .
No. 1 Amperite ... ...
General Radio Midget Condensers....._...._..... e —
Electrad Grid Leak Mounting P N
Electrad Series Condenser Mounting

30-ohm USL Rheostat

10-ohm USL Rheostat
Centralab 200,000 ohm Variable Resistance
2-inch Rheostat Dials

DEALERS

1

1

1

3

1 We have earned a most emviable reputation for heaest square
1 dealing. Thousands all ever the country eousider ewr monthly
1 catalogue their “’buy’’ book and invaluable. @ur trade discounts
1 are generous, our service and shipments unexcelled (24 hour serv.
1 ice is the rule) and eur stocks varied and ecomplete. We carry
3 over 40 nationally advertised lines. If you are not already en our
1 Yaxley Filament Switch._..___._.___ S mailing list, you're loting money. Don't delay—write today for
1 Electrad Single Closed Jack our FREE CATALOGUE.

1 Electrad Single Open Jack

1

1

1

1

2

1

2

2

1

1

1

Jewell No. 135 0.5 D C Voltmeter Complete KITS in stock for all leading, eircuits—

Improved Browning-Drake, Hammarlund Roberta,

l.megohm Electrad Fused Metallic Leak or Arthur H. Lynch Fixed Resistor. o
Z.megohm Electrad Fused Metallic Leak or Arthur H. Lynch Fixed Resistor._...._. - 60

Electrad .0001 mfd. Condenser 30 Silver-Marshall Shield Six, Raytheon and the NEW
Sangamo .0005 mfd. Cond ] .80 LC-27 RECEIVER.
Electrad .00025 mfd. Condcnser - 30 ’
Electrad 1 mfd. Cond . 2.50 DEALERS: Our usual liberal trade discounts apply on the
AmerTran De Luxe Transformers. 20.00 INFRADYNE KIT or individual parts, Remember, we ship
Bakelite Panel, Drilled and Engraved. ... ... ... """UTUTTTTTTT 6.85 within 24 hours.
Poplar Baseboard, cut to size and varnished..._. ... 2.85
Complete Set Binding Posts and Engraved SURPR. e 1.75 Don’t delay—write today for
| | Price for Complete Kit of Parts $119.50 FREE CATALOGUR
WHOLESALE RADIO SERVICE CO., 6 Church St., New York City
e
3 Tell them that you saw it in RADIO
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MAKE YOURS A QUALITY

AMSCO
FLOATING
SOCKETS

Ruggedandsubstantial, these
sockets are space-saving and
— “they float!’’ The tubes
fit with the click that accom-
panies positive wipe contact
yet they almost literally float
on air, practically isolated
from the base or panel. Mi-
crophonic noises, mechanical
feed back andaudio vibration
are effectively eliminated.

You'll need seven AMSCO
FloatingSocketsforthelnfra-
dyne. Insist upon the genu-
ine, approved by Sargent.

O
)

AMSCO METALOID GRID
GATES are uniquely silent, due
to a perfected colloidal Metaloid
resistance element. Get two for
the Infra-dyne—1 megohm and 2
megohms,respectively. Approved
by Sargent for the Infra-dyne.

AMSCO 3-GANG
ALLOCATING
CONDENSERS

Build your Infra~-dyne of the
best, for the best results.
Quality parts are an invest-
ment that pays in Perfection.
This is especially true of the heart
of the Infra-dyne—the three-gang
AMSCO Allocating Copdenser.
Each unit of the AMSCO triple
is .00035 micro-farads capacity,
matched within less than 1%,
They allocate or “‘spread’’ ‘the
stations with engineering preci-
sion — their uniformity making
practical the hitherto theoretical
ideal of Simplified Control. Con-
struction guaranteed mechanically
and electrically perfect.

AMSCO PRODUCTS, Inc.
Broome & Lafayette Sts., N.Y.C.

All AMSCO Parts are manufac-
turedin accordance with Standards
of the Radio Mfrs. Association, Inc.

APPROVED BY E. M. SARGENT

FOR EXCELLENCE

Tell them that you saw it in RADIO
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AMSCO
TOM THUMB
RHEOSTATS

A true midget for saving
valuable space front and back
of the Infra-dyne panel. No
less effective because of its
compactness — it has the
narmalamount of resistance,
thenormalelectrical contacts.
Itis simply that needless bulk
is eliminated by AMSCO de-
sign. Air cooled construction
—Bakelite base and knob with
indicator arrow. You’ll need
one 10 ohm and two 30 ohm
Tom Thumb Rheostats.
Approved by Sargent.

AMSCOSINGLE ALLOCAT-
ING CONDENSER. You’'ll
need this single amMsco Allocator
for your Infra-dyne. Capacity
.00035 mfd. Look for the name
amsco—for Excellence!
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Control

The superior control of Centra-
lab variable resistance in radio
circuits has been recognized by
sixty-nine leading set manutfac-
turers who are now using one or
more of these controls on their
sets.

Centralab Radiolims, with 2 ter-
minals, and Modulators with 3
terminals, are specitied for the
INFRADYNIEL, S-C, Samson T-C,
Henry-Lyford, Universal, and
many other circuits. Used as
standard equipment on g large
number of commercial recejvers,
and by both the U. S. Navy and
Signal Corps,

There is provided a perfect con-
trol of the circuit w ith simplified
panel appearance. Ifor all circuit
purposes is available
the correct variable
resistance, together
with an “A” battery
switch, both control-
led by a single knob.
Cost and trouble in
building the set are
lessened, as the dou-
ble purpose control
costs little more than
one, and only one
hole to drill in the
panel.

SWITCH TvypPeE

RCentgalabM
Ias no sliding contacts carrying
current, and is both permanent
and noiseless in adjustment., A
single knob turn gives full re-
sistance variation from zero to
500,000 ohms, providing absolute
control of oscillation at all wave
lengths in all tuned frequency
circuits.

SWITCH Tvpeg
ModiiaioR
control for all audio
circuits. Has 3 ter-
minals, maintaining
a fixed load of 500,~
000 ohms to nro-
vide even amplifica-
tion of all tones. Con-
trol the volume by
varying the potential
applied to the grid of
the tube. A sure cure

for overloaded tubes
and harsh amplifiers.

Centrulab Switch Type
Rudiohm or Modulator $2.3O
Centralab Standard Radj.
ohm or Modulutor with- $2.00

out ““A" battery switch

At dealers, or mailed direct
Mr, L. S. Hillegus-Baird, 9HO, will checr.
fully anewer inquiries and supply circuits
and descriptive literature.

Central Radio Laboratories

14 Kcefe Ave., Milwaukee, Wis,
Makers of variable resistances for
69 makers of leading standard sets
Canadian Rep.: Itvine W. Levine, Montreal
Great Britain Rep.: Rothermel, Ltd,, London
Australian Rep.: United Dist,, Ltd,, Sydney

S
Centralab,
st SN
Clagommty iy

An ldeal tone volume -

The First

Universal Condenser

Avoids Crowding in
Any Part of the
Wave Band.

The New Hammarlund

“MIDLINE”

With Full-Floating Rotor
Shaft

THE shaft may be adjusted to
any desired length for accom.
modation of different dials, or it
may be replaced by a longer shaft
for direct coupling to other con-
densers, Gears, cams or pulleys
may be attached for any arrange-
ment or single-control multiple con-
denser operation.

As a testimonial to Hammarlund
efficiency, the designer of the “|n.
fradyne” has specified the Hammar-
lund Triple “SFL* Condenser for
use in that interesting receiver,

Hammarlund Condensers are made in
all standard capacities—single
and Multiple.

AT THE BETTER DEALERS

HAMMARLUND MFG. CO.
424-438 W. 33rd St., Néw York

ammariund

PREC/SION

PRODUCTS
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Look ’Em Over!

EBY BINDING POSTS

Will stand the closest kind of in-
Spection and get your O. K. on every
point. Their drilled shanks and broad
contact surfaces form a good elec-
trical connection with practically
every type of terminal — straight
wire, looped wire, pin or slotted.
And the tops—engraved in 36 differ-
ent markings—don’t come off!
Eby posts are recommended and
specified in the Infradyne, Hammar-
lund-Roberts, Cockaday, L. C. 27,
Browning-Drake, Victoreen, Madi-
son-Moore, Lynch and Varion Power
Units and other popular circuits.
Eby Binding Posts sell for 15¢
at your dealer’s.

EBY SOCKETS

Assure a positive three point wiping
spring contact at all times. Every-
one knows that this is the most
scientifically perfect type of contact
known.

Every time the tube moves in an
Eby socket the contact gets tighter
and checks the jar. No wabbling, no
noises, no losses!

50c¢ each at your dealer’s
or write us

THE H. H. EBY MFG. CO.

4710 Stenton Ave, Philadelphia, Pa.

e

PANELS $6.85
INDUCTANCES 1.25
BASE BOARDS 2.85
Binding Post Strips 1.75

SET $11.40--Prepaid

Twining-Scott
1125 Wall St.

Los Angeles, Cal.
WE 4227
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THE ILLUMINATED VELVET-VERNIER DIAL TYPE C

Bl ia 5
?’%\\\\\u}j\u bl //_l,(/)

SPECIFIED FOR THE INFRADYNE

The NATIONAL ILLUMINATED VEL-
! VET-VERNIER Dial, Type C, is specified for
| the Infradyne by E. M. Sargent. The scale of
this dial is brilliantly lighted by a tiny con-
cealed 6-volt lamp, which is either connected

the rugged Bakelite case and finish which re-
tains its fine appearance indefinitely, and the
velvety action which never wears loose. |

It is easily attached by anyone without special

to the filament wiring and acts as a telltale, or
may be separately switched. It has every fea-
ture which has made the NATIONAL VEL-
VET-VERNIER A and B Dials so universally

used, with variable ratio of from 6-1 to 20-1,

tools of any kind and does not require the cut-
ting of irregular holes. With it on your set
you are forever free from straining your eyes
in making close readings when you are log-
ging the stations.

r NATIONAL Radio products include in addition to this dial the VELVET-VERNIER Dials, Type 4 and B;
(the new type B Dial may be converted into an ILLUMINATED dial by the attachment of 6-volt lamp and
lamp holder at 50c)—the NATIONAL Browning-Drake Radio-frequency coils and transformers,—now

spacewound for sharper tuning,—the NATIONAL “EQUIMETER,” SLW Condensers;—the NATIONAL

“EQUICYCLE,” SLF Condensers, with their 270° mowement, to spread out crowded stations still more ;~—the

NATIONAL Transmitting condensers,—the NATIONAL Impedaformers for quality audio;,—and the

NATIONAL cquipment for B-Eliminators,—Power Transformers, Chokes and Tone Filters. Send for
= Bulletin 116-R. Be sure you get the genuine NATIONAL products.

NATIONAL COMPANY/) 1nc.

110 Brookline Street, Cambridge, Mass.

s

W. A. Ready, Pres.
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Tardwmell
Uondensers

PARTS FOR

INFRADYNE

$118.00 for All of
the Parts as Speci-
fied by E M. Sargent

Including the new Cardwell 317.C-L
Condenser, 3 General Radlo Mldget
Condensern. new 200,000 ohm and
50,000 ohm Frost resistances and

<

.

mSOCE

LI

I YT TSP R

L2

new Amperites.
plete, shipped in
$118.00, Deilvery
der is received.

Everything com-
stnndard packages,
sBame day your or-

Wo are supplying all
of the parts for Sar-
gent’s wonderful Infra-
dyne. Everything as
specified by him in this
issue of *“*RADIO" for
$118.10 — delivered to
you by mail on the
same day your order
reaches us. If you use
the parts specified you
can’t go wrong. Funs

2

-

The Type “C
hss & tuning
| charscrenstic
which ap
prosches
s stsighe fre
Quencyatmin.
imum and
straight wave-
o length at max-
imum. Priced
from $4.00 up

g

L.

Editors who want the
I best. Mr. John B. Brennan |

everywhere are gelling
almost unbelievable
results from the Infra-
dyne. Get yours start-
ed now—and prepare
for the winter long
distance reception.
Send check for 509,
—balance C€.0.D. and
got started. Ask your
radio friends about our
service,

g |
==
T RSt Ty —) ‘

Roberts or any parts

for any receiver at standard factory prices. We
can supply anything. Just tell us what you want.

New Cardwell Condensers for

- - - - $12.50

\ KITS for Browning-Drake,
)\
1

The ’ the Infradyne
Type “C"
Cardwell

Condenser is ' Infradyne - -
almost the uni-

General Radio Trimmers for

$1.25 Each

versal selecuon of |
Radio Engineers and

We Repair and Test Infradyne
Receivers.
Resuits Guaranteed,
Any Other Kind of Sets Bulit

used them in the New Radio ' to Order.
Broadcast ""Lab" circuir. Mr.
E. M. Sargent recommends the 317.C CABINETS - - . . $19.50

as the only condenser for the “Infra-
dyne’ - The "A. C. Varion,” which
you can build 10 work direct from the light-
ing fixtures, uses the 217-C. . . . For Short
Wave Reception, Cardwell Condensers have always
been accepred as the only practical instcrument.

“THE STANDARD OF COMPARISON"

Wirite for 36 page illustrated bookler
Allen B Cardwell Mg, Corperation |
81 Prospect Surect, Brooklyn, N. Y I

For the Infradyne

All Wires for Infradyne Bent
toShape - - - . . $6.00

MAIL ORDERS

FILLED PROMPTLY
Eight-hour Mail Order
Service

International Radio Sales Co.

5441 CALIFORNIA STREET
San Francisco, Calif.

A FRIENDLY TIP T

Yeour Infradyme deserves the bent.

Use only the highest grade of panels,
are maaufa

D& a punel especinlly for the Infrndyne. Genulne Bakelite

O THE BUILDER

baseboards, meters and binding post stripa.

OF INFRADYNE

We
In uned. The holes are drilled exaetly as specified

PANELS

These panels are of the exuct
sise as speeified for buflding
the Infradynme, They are 3/16"
thick. We have a large stock
ready for delivery.

$8.00

onal. We also mang-

BASEBOARDS

Only the beast baseboard will
satisfy. Due to Itn large wsize
it I8 reinforced with tongue
and groove end pileces. It will
not warp. Heautifully fnished
in clear Egyptinn lacquer.

$2.85

post strip for the 1
- wend your order direct to the factory.

nfradyne.

METERS
We recommend the Jewell 0-5
DC voltmeter for the Infra-
dyne. This meter is the ac-
cepted standard. We sell these
meters to dealers. Write for
prices to the trade.

$7.50

Get “Heilnts and

pleces to prevent
Kobhlmoows’” pro-

SPECIALTIES
Bakelite eotrips cut to exact
size and assembled with high
grade binding posts, apacers
and luogs. Bullt to specifica-
tions and made expressly for
the Intradyne,

$2.25

e

— CD /. /R oo

Use “Solderdipt” Lugs
for wirimg the Infra-
dyne. Get a package
from your denler.
Stamdard packages

sell for 25 eemta. They
save time and
treunble.

San Francisco, Calif,

MANUFAC’I‘URERS

219-221-223
M ANUFACT

Attractive Discounts

to Jobbers and
Dealers.

-
Immediate
Dellveries.

Natoma St.

URER §

12
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NFRA:DYNE

CAM,,E!ELD\
DUOFORMERS -

The Finest Radio Frequency
Transformer Obtainable for

THE INFRA-DYNE

Approved by E. M. Sargent

FIVE REASONS WHY THE INFRADYNE GIVES
BEST RESULTS WHEN CAMFIELD TYPE 22 DUO-
FORMERS ARE USED:

E. M. SARGENT

1 The new 1927 model Camfield Duoformers now on sale have been

specially designed to meet the requirements of the INFRADYNE 1200 FRANKLIN STREET
—RADIO’S GREATEST CIRCUIT. e N

They combine HIGH AMPLIFICATION with extremely GOOD Aug. 12, 1926.
SELECTIVITY. Camfield Radio Mfg. Co.

They use the highest quality of workmanship throughout. 829 Harrison St.,
Each coil is wound of green silk wire on a low-loss ribbed Oakland, Calif.
frame of highly polished black Bakelite. Gentlemen:

As per our talk with Mr. R.
They are accurately matched for three-gang con- W. Camfield, we last night
denser tuning. Every coil is wound on a molded tested out a set of your No.
Bakelite frame of exactly uniform dimensions. This | 22 Duoformer coils in the
makes possible a degree of accuracy that cannot be Infradyne and found that they
obtained with any other type of construction. gave excellent results. They

are as good in every respect
as-any coil that we have
tried in this receiver.
Very truly yours,
(Signed) E. M. SARGENT.

Each Camfield Duo-
former is carefully
inspected for work-
manship, and is
given a high fre-
quency test for uni- '

formity and amplification before packing at the factory.

CAMFIELD TYPE 22K DUOFORMER KIT, $10 00
Containing 3 Type 22 Duoformers..............., °

If your dealer cannot supply you with
Camfield Duoformers, send your
order direct to us.

CAMFIELD
RADIO MFG. CO.

57 East Wacker Drive Chicago, IIL

Pacific Coast Representatives: A. S. LINDSTROM CO.
Seattle Portland San Francisco Los Angeles  Salt Lake

Tell them that you saw it in RADIO
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The Infradyne Has Revolutionized Radio Reception

) PR FSST S REVISED ano CORRECTED
_ Axsor OCTOBER 1,1926

E- M.

Sargent’s

OFFICIAL

INFRADYNE
MANUAL

TWENTY-FIVE CENTS PER COPY

RIGHT DOWN TO THE MlNUTE_ The Coupon saves you the bother of

A greates lulvedyse thas ever—the uen sevised locate treuble, test chicmits, place parts and how w”hng a let*ter. Send it—with 25¢ in coin

and Usproved Sargeat-Haymeout lufredyme witk s get the utmes! ouwt of the Infradyme, Ales - - -
the very las! minute changen as masde by the in showr bPow 1o adapt the lufredyne 'lu‘ tuned I:ACIF'C Ramo Pus. CO..
veaten. M. Sasgent offers the Oficial lulvadymo  radie (roquency cireuils. Gives sow list of parts Piciric Buming,
Mansnal with its mest cosspleie and miswie de- sveoded. A besutiful beek, printed in erange and San Francise R
taidi for baulding amd cpevetivg ths  recesd blue. Werth s weight in gold. It is being pub-. = H -+, QL‘LO' “l.l—“?' o

ere is 25 cents in eoin. Send me, post-

amacking cuveit. The Oficial Mosual thow: the Isbed by the publishers of “RAD)O.” Pusific "
sow wiriag diagram:, scw baschbeard levwuts, Bullding, Ssa Frameiws. As usual, we have ar. paid, at once, the new Oflicial Infradyne

Tl iy B o e b T e e Ut ey S N O e ot Manual by E. M. Sargent.
lufredyme, step by sep. It lellt you bew te posipaid upen roceipt »f 8 guarter in cein, Name
JOBBERS AND DEALERS ARE INVITED TO WRITE Address 5
FOR TRADE PRICES, ETC. e
Northern California Jobber ited Radio Supplies Ca., 693 Mission Se. S. F, Cu"'

14
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The AmerTran
Power Transformer
Type PF52

The AmerChoke
Type 854

This is a sclentifically
designed impedance or
choke coil of gemeral
utility, designed prima-
rily for use In filter cir-
cuits. As an output im-
pedance for by-passing
direct current from the
loudspeanker it ia both
eflicient and economical.

e S

A Real Power Transformer

Perfected on the firm foundation of twenty-five
years’ successful experience in transformer build-
ing, AmerTran Radio Products enjoy a reputa-
tion second to none in their respective fields.
Their continued selection by leading engineers
and experimenters gives ample proof of their
high efficiency and dependable performance.

Of particular interest is the AmerTran Power Trans-
former Type P. F. 52—the transformer for real “honest-
to-goodness” power supply. This transformer is intended
for use on the standard 110 volt, 60 cycle, house-lighting
circuit, and can be depended on to give and maintain
satisfaction.

It has three separate windings—one for 525 volts and
two 8-volt windings for the filament of the Rectifier and
power tubes. The windings are enclosed in a strong
metal case, provided with mounting feet. There are three
primary taps for 110, 118 and 125 volts, connected to a
three-point snap switch, and a six-foot lamp cord and
plug attached to the primary is standard equipment. The
shipping weight is approximately 9 pounds.

AMERICAN TRANSFORMER COMPANY

178 Emmet Strect, Newark, N. J.
“Transformer builders for over twenty-five years.”

E. =N
B

The AmerTran
De Luxe
Aundio
Transformer

This new transformer
sels an entirely new §
standard of Audio Am-
plification. It makes pos-
sible a transformer cou-
pled amplifier that cx-

Pacifie Const Office: Rinlto Building. San Francisco

o
{

9 l

Other AmerTran
Products:
AmerTran Resistor Type
400. AmerTran Heater
Tiansformer Type H-28
(for A.C. Tubes).

\

g

i

Types AF-7 and AF-6

AmerTran Audio Transformers, types
AF-7 and AF.6, have been considered
for yenrs among the leaders in audio
amplification. These popuiar and efl-
cient models are made in two types—
AF-7 (ratio 3%:1)—AF-6 (ratio 5:1).

e -

cells all other forms of
amplifiers, Made in two
types for first and sec-
oid stages.

We shall be very glad to
send you, upon request,

a copy of our booklet,
1 “Improving the Audio

"t‘;" _ ; [&

V [ o
T ‘-‘l\

Amplifier,” together with
other interesting and
constructional data.

LT

4 ¥

AmerTran

Toll them that you saw it in RADIO
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You've 70 idea

what a difference
the Acme makes/

"I THOUGHT I was getting the best possible reproduction out of
my set. But I found I really had no ides how clearly it could
reproduce music, until I got your new Acme Loud Speaker. It cer-
tainly makes a surprising difference...”

The wonderful new Acme Loud Speaker successfully reproduces
voices and music in your own home as clearly as they were originally
created in the broadcasting studio. It reproduces the voice of the
singer in all its thrilling, tender beaury. It brings out the different
personalirty in each voice, so that you can tell one voice from another.
It recreates orchescral music so clearly that you can hear each instru-
ment playing. It reproduces low notes and tones as clearly as high
notes and tones. You hear the bass and treble, harmony and melody.

All this was notdone ina moment, Acme engineers worked five years
and made 256 experimental speakers, before they arrived ac the new
Acme Enclosed Free Edge Cone and Acme Reproducing Unit, which
together are respoasible for this great increase in radio enjoyment.

Hear this new Acme at your dealer's

TRY OUT this new Acme for yourself. See if all we have said abouc
it is not crue. Compare it with others in cthe dealer’s store. Drop in
at your dealer’s today and hear this remarkable new speaker. Made
by Acme Apparatus Co., Pioneer Radio and Transformer Engineers
and Manufacrurers, Cambridge, Mass., U.S. A.

Wonderful
e

new

Loud Speaker

Acme K-3 Enclosed Single
Free Edge Cone Speaker,
(shown above). Diameter of
cone, 11 ins. Green bronze
metal case. Price: $18.50

Acme K-1 Enclosed Double
Free Edge Cone Speaker.
Diameter of cone,14ins. Tan
metal case. Price: $28.00

Yy 7 7

Acme Enclosed Free Edge Cones
and Acme Reproducing Units,
(Designed for use exclusivel
with the free edge cone) elimi-
nate resonance and preserve the
tones, pure, round and clear. A
fixed edge cone, to produce the
same results, would have to be
three times the diameter, too
clumsy for your living-room.
High notes are reproduced to-
ward the center of the cone ; low
notes, toward the ed ge. The
laws of vibration make1t possi-
ble to produce low notes with a
small cone, provided the edge is
free and encfosed, and provided
the reproducing unit is espe-
cially d}c)-signed for use with a free
edge cone.

Write us for circular describ-
ing full line of Acme products.

ACME

Jor amplification

16
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‘Radiotorial Comment

HE increasing use of various devices for supplying

rectified alternating current for the operation of radio

sets introduces a new hazard which does not exist
where dry batteries are used for this purpose. This hazard
is not alone the chance of shock from the higher voltages
but also the danger of fire.

While the probability of such trouble is small, especially
in the case of factory-built devices, nevertheless care should
be taken to prevent its occurrence. Approval by the Under-
writers’ Laboratories is the only positive insurance against
this danger and therefore a summary of their requirements
for battery eliminators is an excellent guide for the home
construction or store purchase of the parts or complete equip-
ment.

These requirements are not yet standard but are followed
when investigating and testing the safety of such devices.
T'hey first provide that all current carrying parts except
primary leads and secondary terminals shall be inclosed in
a substantial enameled metal or wooden cabinet. If wood
is used all individual units conductively connected to the
light or power circuit shall be separately enclosed in metal.
This includes transformers, inductances, and condensers.
The cabinet should preferably be ventilated by means of
holes small enough to forbid the entrance of anything which
might come in contact with exposed circuits carrying more
than 200 volts. All live wires should be properly insulated
and no terminals or live parts should come in contact with
the inclosing case.

All attachment plugs and bases, lamp sockets, flexible cord,
and snap switches should be standard devices bearing the
Underwriters’ label. The supply cord should be soldered to
the primary terminals, protected by strain relief, and enter
the cabinet through an insulated bushing with smoothly
rounded edges. Transformers connected to the light cir-
cuit should be of substantial construction and thoroughly in-
sulated. Condensers should be able to withstand any heat
developed under the most severe conditions of normal use
and be protected against moisture. A standard fuse of not
more than 15 amperes capacity should be connected in some
relatively inaccessible part of the cabinet.

The laboratory requirements for approved factory-built
eliminators are still more rigid, but those here summarized
are the most vital to safety. They may be colloquially
summed up by saying that no “hay-wire” shall enter into the
construction. While “hay-wire” may be safely if not orna-
mentally used in a radio set, it is dangerous ip a .current
supply device of any kind.

Although non-compliance with these requirements does
not necessarily invalidate a fire insurance policy when the

fire is proved to have been started by something other than
an unapproved battery eliminator, these rules are no more
severe than normal prudence would demand. Like the Code
rulings for any radio installation they are intended for the
protection of the user. They are not arbitrary but merely
provide a sufficient factor of safety against fire. It is better
to be safe than sorry.

what the Navy has done for radio and what radio

has done for the Navy. As most of the emphasis is
ordinarily placed on the wonderful results that the Navy has
accomplished in the development of radio, more considera-
tion will here be given to the assistance that radio, and
especially the radio amateur, has rendered the Navy.

Navy officials were originally responsible for limiting the
power and the wavelengths that the amateur could use.
They considered him a nuisance, as indeed he was to them.
They forced him to use low power and short waves because
these were considered useless for long distance communi-
cation.

NAVY DAY affords the opportunity to emphasize

So while the Navy installations were going up to greater
and greater powers and longer and longer wavelengths, the
amateur installations were going down to less and less power
and shorter and shorter wavelengths. Finally the distance
that could be covered by the great Navy sets began to ap-
proach a limit beyond which effective communication could
not be maintained, whereas the amateurs were continually
reaching out further and further in their traffic work.

Consequently the prodigal son, personified in the ama-
teur, has been welcomed home. His experience in the far
countries is being turned to profit by the old man. The
husks upon which he fed are becoming the staple food of the
Navy radio household. The fatted calf is not even worth
killing but will possibly die from a lean old age.

Navy traffic, to an increasing degree, is being handled on
short waves, which are proving to be more reliable than the
long ones. Amateurs are being asked to check the range
and audibility of Navy signals. Amateur experiments are
being applied in Navy practice.

W ithout the amateur and his knowledge of code and trans-
mitting technique the radio personnel of the Navy would have
been seriously crippled during the Great War. Without
his formerly-ridiculed materiel the Navy would today be
hampered in its peace-time maneuvers. So on Navy Day,
when you think of the great value of this important arm of
our national defense, spare a good thought also for the
amateur radio transmitter who has unostentatiously made
possible much of the Navy’s vital inter-communication.

RADIO FOR NOVEMBER, 1926 17
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Development of Radio Apparatus by the Navy

An Account of the Evolution of Transmitting and Receiving
Equipment Used by the U. S. Fleet

HEN Navy Day comes we vis-
ualize the battleships, cruisers,
destroyers, and other vessels

that make up our National Defensc at
sea. We recall the prominent figures
of our Navy in times past and present.
But rarely do we think of the communi-
cation methods. Without means of long
distance communication, there would be
no scouting, no spotting of shots by air-
planes.  Vessels when maneuvering
would of necessity remain within visual
signalling as in times past.

With the advent of radio telegraphy
a great change took place. It was then
possible for the vessels to cover greater
areas and still be in contact with the
center of command. With the advance-
ment of the radio art the efficiency of
communications increased until now it is
possible to communicate on several dif-
ferent channels simultaneously in the
fleet.

The U. S. Navy was one of the first
to recognize the great possibilities of
radio communication.  About 1900
a board composed of Naval Officers went
to Europe to study the various types of

~

By A. L. Young

radio apparatus then in existence with a
view of procuring suitable apparatus for
our vessels and shore stations. A num-
ber of Slaby-Arco sets were purchased
and installed on battleships and on
shore. Since this apparatus was entirely
different from what we see today, the
following short description will probably
be of interest.

The transmitters were of the spark
variety, now the bane of the broadcast
listener. They were operated from di-
rect current, the alternating current be-
ing obtained by means of a circuit
breaker and induction coil. The circuit
breaker in this case was a mercury tur-
bine interrupter. A bowl of mercury in
which there was a turbine pump con-
nected to an electric motor was sus-
pended in a frame under the operator’s
table. The turbine running at high
speed would raise the mercury and dis-
charge it through a small nozzle slightly
above the surface. The jet of mercury
from the nozzle would strike a concen-
tric ring with portions cut out to form
segments. The circuit would be com-

pleted each time the jet struck a seg-

B s

20 KW Tose Towsriner NS5

. CLOSED CIRCUIT ASSEMBLY

18

¥ =

General View of 20 K.W. Tube Transmitting Equipment at NSS, Annapolis.
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ment, thus producing a pulsating cur-
rent. By virtue of the induction coil in
circuit with the interrupter the voltage
was increased to several thousand volts
necessary to charge the Leyden jar con-
denser. The discharge of the conden-
ser across the spark gap produced oscil-
lations in the antenna circuit in a man-
ner similar to later types of spark trans-
mitters,. The mercury turbine inter-
rupter caused considerable trouble be-
cause of frequent oxidation of the mer-
cury and was subsequently replaced with
motor generator sets which produced the
alternating current.

The receiver was a unique piece of ap-
paratus. The tuning coil was a single
layer type approximately 10 in. in diam-
eter and stood on end with a height of
about 15 in. There was no tuning con-
denser. The detector was called the co-
herer. This was a small glass tube con-
taining nickel filings between two highly
polished electrodes. In normal condition
the filings offered high resistance, but
when acted upon by an incoming wave
they would cohere and close a circuit of
an ink recorder which would produce a
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legible record of the message in Morse
code. A device called a decoherer would
continually tap the coherer and restore
the filings to normal.

Inventors soon developed better meth-
ods of detection and the electrolytic de-
tector was produced. This type of de-
tector cons.sted of a small platinum cup,
forming one side of the .circuit, filled
with a 20% solution of sulphuric acid
into which extended a fine platinum
wire. A potential of about 1%% volts

Rectiper tuve Unit of 30 K.W. Tub
Transmitier at San Diego.

was applied to the detector and regulated
by a potentiometer. When the battery
current flowed through the cell, oxygen
was liberated at the fine wire or anode
and the cell was said to be polarized.
The freed oxygen formed small bubbles
at the anode, thus forming a minute con-
denser between the anode and solution
of the cell. An incoming wave would
break down this condenser and allow
current to flow from the battery, the

Control Panel of 80 K.W. Luve Iransmitter
at San Diego.

action of which would be reflected in the
headphones. When the incoming signals
ceased the detector returned to its orig-
inal condition. It was said to be self-
restoring, thus differing from the filings
coherer. Receiving was done by ear and
was much faster because of the slow ac-
tion of the ink recorder in the coherer
receiver.

By this time the number of radio in-
stallations had increased considerably
and when the news of the electrolytic de-

tector, with its increased sensitiveness
over the coherer, had been circulated
among the radio operators, there was a
sudden demand for the improved type.
On account of lack of sufficient funds it
was impossible to supply the demand and
the inventive genius of the operators soon
became evident.

“Home made” electrolytic detectors
were manufactured from five candle
power lamps by the more enterprising
personnel. These lamps were used in
indicators which formed part of the in-
struments on the bridge and engine-
rooms and on account of their small size
were readily adapted to their new life.
The tip was broken and, with a piece of
stiff wire, the filament was removed and
one of the lead-in wires broken off close
to the stem. The base was then screwed
into a socket in an upright position and
partly filled with 20% solution of sul-
phuric acid. In this form another elec-
trolytic detector came into existence, the
remaining lead-in wire corresponding to
the platinum cup and the broken lead-in
wire to the fine wire or anode.

On account of the coarseness of the
lead-in wires of the lamps compared
with the fine wire of the detectors fur-
nished by the Bureau, the “home made”
detectors were not as sensitive as could
be desired, but they served their purpose
and traffic was speeded up because receiv-
ing was done by ear as with the regular
type.

Reception by ear gave more individu-
ality to the work and became more in-
teresting. An operator could distinguish
one sender from another by his “fist” or
style of transmitting as in wire tele-
graphy.

As the years progressed and the num-
ber of stations increased attention was
directed to greater selectivity in tuning
because of the increased interference.
From the single layer tuner of the Slaby-
Arco set there appeared the two and
three coil tuners and finally the induc-
tive tuner with the variable condenser.
These were great strides in the art and
traffic was benefitted accordingly.

The electrolytic detectors were fol-
lowed by the crystal detectors, which in-
cluded carborundum, silicon, perikon-
pyron, galena, etc. ‘These types were
more satisfactory than the electrolytic de-
tectors on account of guggedness and ab-
sence of acid.

Following the crystal detectors came
the vacuum tube and the consequent
rapid improvement in radio communica-
tion. It was found possible to amplify
the incoming signals thereby increasing
the range of reception. The design of
the early tubes varied considerably from
present day types. In one type the fila-
ment leads terminated in a candelabra
screw base and the grid and plate leads
brought out to the sides of the glass
bulb, one colored green for the grid the
other red for plate. Later types ap-
peared with the grid and plate termi-
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nating in prongs similar to present types
but with the base as one side of the fila-
ment and a prong for the other. These
were termed “3 prong” tubes as distin-
guished from “4 prong” tubes which
contained an additional prong to serve
as the other filament terminal.

The Navy is entitled to considerable
credit in the development of the vacuum
tube. Specifications covering the design
of tubes were prepared along the lines
of what should be expected from the
manufacturers as to life and electrical
characteristics.  Considerable research
work was necessary but the manufactur-
ers saw the light in the greater use for
better tubes until now we have very
satisfactory tubes, with long life and reas-
onable cost.

It may be said that the present types
of radio receivers in the Navy are the
last word in this type of apparatus con-
sistent with knowledge of the radio art

as

'i  dy Shay X

Control Panel of 20 K.W. Tube Transmitter
at NAA, the U. §. Navy Station at
Arlington, Va.

at the time of inception of their design.
These receivers were designed by Navy
radio engineers and are the result of
exhaustive research work. In fact, all
receivers produced for the Navy since
1917 have been of Navy design.

Receivers used by the Navy are much
more complicated than most of those
used by amateurs in that Naval radio
communication requires a much greater
band of frequencies or wavelengths to be
covered by a single receiver. This is
made necessary because of the great num-
ber of channels used by the Navy in com-
municating with the various classes of
vessels, each of which is assigned a cer-
tain channel. It is necessary to use a
number of channels in order to reduce
interference.

Transmitters did not show much im-
provement until the advent of the vac-
uum tube. Of course there was great
improvement in spark transmitters when
the quenched gap was produced. This
type of gap which succeeded the plain
gap between two zinc points produced a

(Continued on Page 44)
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What Radio Means Today

By Ellery W. Stone, President Federal Telegraph Company

ADIO, today, means communica-
R tion. While this definition is en-
tirely non-technical as regards
the theory of the transmission and re-
ception of radiant energy, it is eminent-
ly practical. Radio, tomorrow, with
the further development of the radio
compass, television and tele-mechanics,
may have a far greater utilitarian appli-
cation. But today it is used essentially
as the quickest means of world com-
munication yet devised.

Radio communication may be either
two-way or one-way. It was originally
developed as the two-way communica-
tion known as wireless telegraphy, but
today is either radio telegraphy or radio
telephony. One-way communication 1is
familiar as broadcasting.

Two-way communication may be
either through mobile or fixed transmis-
sion. In the former, we have radio com-
munication to and from ships at sea, air-
craft, trains or automobiles. In the lat-
ter, or point-to-point method, we have
communication between cities separated
by great distances over land or ocean.
This has been developed as an effective
competitor of wire and cable telegraphy
in reducing rates. MNlore than 50 per
cent of the overland telegraph trafhic be-
tween Portland, San Francisco and Los
Angeles is handled by the Federal Tele-
graph Co. (radio) and more than 20 per
cent of the total comunication across the
Atlantic is handled by the Radio Cor-
poration of America.

One-way communication, broadcast-
ing, should be considered both under its
engineering and merchandising aspects,
particularly as regards the manufacture
and sale of broadcast receivers.

‘T’he radio engineer, it is true, is a
specialist in the field of electrical engin-
eering, but the requirements in his branch
are relatively severe when taken in com-
parison with those of other electrical en-
gineers. The power engineer deals with
relatively large currents, but at a single
frequency. Give the radio engineer the
problem of designing a transmitter or re-
ceiver to function on but one single fre-
quency, high or low, and by contrast to
his present work, it would seem mere
child’s play. Itis true that the radio en-
gineer is required to handle only rela-
tively small currents, but he must be able
to handle them with equal efficiency over
the entire range of audible frequencies—
16 to somewhere between 10,000 and
20,000 cycles—and over a still wider
range of inaudible or radio frequencies
extending from the upper end of the
audible frequencies to—with the increas-
ing use of short waves—as high as 30,-

000,000 cycles.
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If a power engineer were given the
task of designing a transmission line or
a transformer for efficient operation over
such a range of frequencies, as against
the single frequency of 60 cycles, or the
Heaven-sent direct current, which consti-
tutes his customary field, I think he
would better appreciate the problems
with which we, in the radio field, must
contend.

What are the engineering specifica-
tions of the radio broadcast receiver? 1
should say that first, a receiver must be
selective.  That is to say, it must have
the ability to select any one of several
locally broadcast programs to the exclu-
sion of all others. Such selectivity as
that, while by no means particularly
great at present, was not attainable with
the single circuit receivers of a few years
ago. And while it is considered but mod-
erate selectivity today, it may constitute
very great selectivity in the future should
the present frequency separation of sta-
tion wavelengths be reduced.

The demands today is for a degree of
selectivity much greater than I have men-
tioned. A good receiver must be able not
only to select any one of local programs
but it must be able to tune out all local
stations, with their high received signal
strength, so as to receive distant stations
with much feebler signals and wave-
lengths perhaps but slightly different
from the wavelengths of local stations.
And since an increase in selectivity, or
sharpness of tuning. usually goes hand in
hand with a diminution of sensitivity, a
gain in selectivity must be accompanied
by some agency—usually the addition of
more radio frequency amplifier tubes—
for increasing the volume or signal
strength of the received program.

In addition to selectivity, a radio re-
ceiver should be able to amplify uniform-
ly, and at a high degree, over the entire
range of wavelengths from 200 to 550
meters. Let us see what is the effect of
this specification. Most radio receivers
do not, and cannot, amplify uniformly
over the entire wavelength range. To do
so requires the employment of certain ar-
tifices wherever inter-circuit coupling is
employed. Lacking such means, the av-
erage set is designed on the compromise
basis. As a rule, it amplifies best at the
mid-range, in which case stations on the
longer and shorter waves are not re-
ceived so efficiently. If it be designed to
amplify most efficiently at the longer
waves, then stations on short waves will
be very poorly received, and vice versa.

That a receiver should amplify radio
frequency currents “at a high degree” is
only another way of saying that it must
be sensitive or able to receive stations at
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great distances—an obvious desideratum.

The third specification which I would
lay down for the perfect radio receiver is
that it must amplify uniformly, and at a
high degree, over the entire range of
audio frequencies. This means equal re-
production of all tones, from the low
notes of the drums and heavy brasses to
the highest harmonics of the violin and
the human voice, And that it should
amplify these frequencies again “at a
high degree” means in this case that there
shall be adequate intensity or volume to
bring out properly the low notes of high
energy content, and to give—when de-
sired—a general volume of sound ap
proximating that of a small orchestra.

Much progress has been made in the
last two years toward realizing these
fundamental requirements. A little more
than a year ago, as you know, the audio
frequency reproduction of radio sets had
so far surpassed the phonographs of that
date that three large phonograph com-
panies, after taking severe losses in their
business, were forced to bring out new
methods of phonographic reproduction.
And it was the radio engineers who not
only set the standard which the phono-
graph had to meet but who were the men
who actually improved the modern
phonographs.

But progress is still to be made in the
engineering perfection of radio receivers.
The better class of receivers is getting
most of the low tones and the high notes
of music and speech now, and soon we
shall be able to uniformly amplify them
all.  And when we do, radio reproduc-
tion will be in every sense life-like.

Gratifying progress is also being made
in the a. c. operation of receivers—that
is to say, the ability to operate receivers
without batteries off the commercial
lighting circuits. This, while not so
cheery for the great battery companies,
is of interest to the power companies,
who have already felt the benefit of an
extended lighting load. 1 daresay that
radio has induced later hours than anv
other single agency introduced into our
national life. I should say that another
two years will see a fairly complete so-
lution of this problem; it is not solved
until the last trace of 60 cycle hum is
eliminated from your radio receiver or
electric phonograph.

Increased perfection of loop reception
for the complete elimination of exterior
antennas is also being made. This en-
hances portable reception and ease of
installation in crowded living centers
such as we have in our large cities.

I have been discussing very briefly the
technical side of the receiving set. There

(Contimued on Page 46)
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The Sargent-Rayment Infradyne

Involving Improved Filament and Volume Control, New Three-Gang Con-
denser and More Compact Arrangement of Parts

CTUAL experience in construct-
Aing the infradyne circuit, gar-
nered from questions asked by
thousands who have built the set in ac-
cordance with the directions first pub-
lished in August, 1926, RADIO, is the
basis for the revised circuit here pre-
sented. To distinguish it from the origi-
nal and to give due credit to Mr. L.
C. Rayment for his part in developing
the circuit during the two years of re-
search of which it is the product, the
new model is called the Sargent-Rayment
infradyne.

The infradyne is a distinctly new de-
velopment and is in no sense a super-
heterodyne. Both use an oscillator in
combination with the incoming wave,
as do also some other types of sets. But
otherwise it is fundamentally different
in operation and in characteristics.

The complete set is essentially a stand-
ard five-tube tuned radio frequency unit
to which is added an oscillator tube, a
mixer tube and a three-stage infradyne
amplifier unit. This last unit is tuned
to give maximum amplification at a con-
stant frequency of 3,490,000 cycles, or
86 meters. This frequency is equal to
the sum of the incoming signal’s fre-
quency and the oscillator frequency, this
summation being made in the mixer tube.
For instance if the incoming frequency is
1,000,000 cycles, roughly corresponding
to 300 meters, the oscillator is set tc gen-
erate 2,490,000 cycles so as to give a
sum of 3,490,000 cycles. Or if the in-
coming frequency is 750,000 cycles, cor-

f Fig. 2. Rear View.

By E. M. Sargent

P

Fig. 1. Front View of Sargent-Rayment Infradyne.

responding to 400 meters, the oscillator
is set to generate 2,740,000 cycles, so as
to give the required constant sum. The
sum frequency is detected and then am-
plified through two stages as in any
other standard circuit.

The advantages in the use of the sum
frequency include the fact that each sta-
tion can be heard at but one setting of
the wavelength condenser and of the os-
cillator condenser. Furthermore, recep-
tion is quieter because circuits tuned to
86 meters will not pick up interference
from long wave commercial transmitters
nor can microphonic tube noises and
other audio frequency currents generated
in the tuned r. f. stages or in the mixer
tube pass through the infradyne ampli-
fier unit.

The infradyne does not radiate energy

into the antenna and thus does not an-
noy your neighbor with squeals and
howls. Due to its design it is extremely
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selective, more so than any other type of
commercial receiver. With what vir-
tually amounts to six stages of tuned
radio frequency amplification it is very
sensitive, picking up the most distant sta-
tions. Although the infradyne amplifier
unit is so sharply tuned that its peak or
resonance point is less than one meter
wide, that represents a 20 kilocycle band
at the high frequency employed, so that
no distortion is introduced in the r. f.
amplification and with good audio trans-
formers perfect tone quality is attained.

The detailed method of constructing
the Sargent-Rayment infradyne is ob-
vious from the pictures and diagrams.
The changes shown in the pictures of the
front and rear views, in the schematic
and pictorial wiring diagrams, and in the
panel and baseboard layouts are sum-

marized in the following paragraphs:

1—The 6V199 .Amperite which controls
the oscillator tube is removed from
the baseboard. The filament control
for the oscillator tube Is now made by
the same rheostat which controls the
filaments on the infradyne amplifier
unit. In other words, all four ‘99"
tubes are controlled from the rheo-
stat directly below the voltmeter
This .assures better control of the os-
cillator tube voltage.

2—A Cardwell or Hammarlund three-gang

21


www.americanradiohistory.com

Yr 7 0000000 WFRADYNE AMPLIFIER
. AAIE s8g -4g s, cAvg
000/ FROST '886
- 30,000 Owwt RES. ~=-0005 ]
\ -2 MEG.
cou 1c Cr-3orA- con 1t Cr30rA4  Cour? \ .00025 Cr30rA 17.40010 20 U010 X112
\ \ \ \ \ \ / CA-30rA
7 \ ‘
§ 6 &
=
= =
4, 5= ‘ =
=
s £ £
= 8
o ¥ :t & g
10 0wk RHEOSTAT §§ J J ] ]
— ) ON BASEBOARD ¢
200,000 RES. %
« L R.H.ON PANEL $
NP e e - b ] W ANS \
S vvvvv u € i
§ ol 1 uF J 2
s - - I_
) ] ]
D) -
1
“Lis Jb e 1]
T 4-84C 4A +90v 145y —4fy -9y +35Y
L " ., a . "C- - c . a .

variable condenser is used in the radio
frequency circuit and “trimmer,” or
small vernier condensers are shunted
across the gangs for finer tuning.

3—The 500,000 ohm variable resistance is
removed from the panel of the original
model. In its place a 200,000 ohm vari-
able resistance is installed. This 200,
000 ohm variable resistance controls
the plate circuit of the tuned r. f.
amplifier.

4—The 10-ohm rheostat on the left-hand
end of the panel is removed from the
original model. A 112 Amperite is
used In place of this rheostat to con-
trol the r. f. tubes, Diagrams show
how to wire this in its proper place,

5—In place of the 10-ohm rheostat men-
tioned in the preceding paragraph, in-
stall a 50,000 ohm variable resistance.
This is shunted across the mixer tube.
See diagram,

6—Take out the followlng Amperites,
mounted on the baseboard of the
original model:
Amperite 1A, controlling the detector

Fig. 3. Schematic Wiring Diagram.

Amperite 1A, controlling first audio
tube.

Amperite 112, controlling the power
tube.

In place of these three separate Am-
perites, install one No. 1 Amperite, which
now controls all three of these tubes.
The diagram shows how to connect the
No. 1 Amperite in the circuit.

It will also be noted that the base-
board layout is somewhat different. The
mixer tube has been moved over next to
the infradyne amplifier so as to make the
shortest possible wiring between the
plate terminal of this tube and the plate
connector on the infradyne amplifier.
This being an 86 meter lead, it is essen-
tial that it be as short and direct as pos-
sible.  For this reason the new layout
is more efficient than the first one.

The variable plate resistance of (3)
gives a much smoother method of con-

duces the drain on the B battery by near-
ly eight milliamperes. Any good 200,-
000 ohm variable resistance may be used
here.

The volume control is a 50,000 ohm
variable resistance having an “off” posi-
tion. It is very important to have this
“off”” position and the builder should ex-
amine his 50,000 ohm resistance care-
fully to see that the contact in this posi-
tion is fully broken. If it is not, a de-
crease of 50 to 75% on weak signals
will be experienced. At the present time,
the writer knows of only one such vari-
able resistance, the Frost No. 886. This
method of cutting down volume on a
powerful local station has the advantage
of reducing it near the input end of the
receiver. When the volume control is
placed in the audio frequency amplifier it
is frequently too near the output end of
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Fig. s. Pictorial Wiring Diagram.
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the tone quallty A powerful local sta-
tion coming in through six stages of radio
frequency amplification is sometimes so
strong that the detector tube is flooded
with more energy than it can handle.
Distortion results and no amount of cut-
ting down after this point will save
the tone quality. By reduction at the
source obviously this trouble is elimi-
nated and where the variable resistance

Fig. 6. Baseboard Layout.

to 135 volt B. Of the two other wires
which are not wrapped inside the cable,
one is black and the other brown. These
may be used as C battery connections,
running the black to negative 3 volts and
the brown to negative 6 or negative 7%
volts. In order to complete the battery
circuit, the positive C, negative B and
negative 4 are then joined together ex-
ternally. The antenna and ground wires

with the three infradyne amplifier tubes
and all four are controlled by the 30
ohm rheostat in the center of the panel.
This filament circuit eliminates several
ballast resistors that were used in the
first circuit and is therefore cheaper and
easier to build.

The Cardwell and Hammarlund fac-
tories have designed a special three-gang
condenser. An accuracy of 1 mmf. over

has a full “off” position, the radio fre-
quency losses caused by its introduction
into the circuit are almost negligible.
The pictures show a binding post ter-
minal block for battery connections. If
desired, this can be replaced by a seven-
wire cable and plug. If the plug-in ar-
rangement is used the seven wires should
be run to the batteries as follows: Red
to positive 4, green to negative A, blue
to 45 volt B, yellow to 90 volt B, pink
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Fig. 7. Panel Layout.

are connected to a small binding post
block at the left-hand end of the set.
The filament circuit is quite different
and is more efficient and less expensive
to build than that originally given. The
two incoming wave radio frequency am-
plifier tubes are lighted through a half
ampere ballast resistor and the detector
and two audio tubes are controlled by a
one ampere ballast. The oscillator fila-
ment is connected directly in parallel

the entire scale is secured by this new
desngn. This makes the three midget
vernier condensers of value only in bal-
ancing up the external wiring to the
condenser. Two of the midgets are
mounted on the panel and the third one
can be supported on its bus-bar connec-
tions inside the set. The midget that is
inside the set may be left set at one-quar-
ter to one-half its maximum capacity.
(Continued on Page 63)

Fig. 3. Rear View.
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Those Rosin Joints

Despite the fact that leading radio
engineers and manufacturers have found
rosin to be the safest and most depend-
able soldering flux, it is frequently as-
sailed as being responsible for the failure
of a radio receiver to function properly.
Investigation invariably shows that such
rosin joints are due either to poor
technique, to using rosin and solder on
material to which it is not adapted, or
to a poor grade of rosin when used ex-
ternally as a flux.

Solder is intended to provide a tena-
cious, flexible binding material which re-
sists oxidation. For oxides are poor con-
ductors. The first secret in all good
soldering is to be sure that the joints are
electrically conductive and mechanically
secure before the solder is applied. This
one precaution will largely prevent the

Fig. 1. Correct Method of Applying Solder-

ing Iron to Hork,

bug-a-boo of rosin juints. No person can
hold a part absolutely motionless while
applying solder.  Yet the slightest mo-
tion while the solder is changing from a
plastic to a solid state may induce a frac-
ture which may becume mysteriously evi-
dent at some later date.

The next precaution is to use an jron
with enough capacity to heat the object
to be soldered so that the ubject itself
melts the solder. Otherwise there can
be no guarantee that the solder will ad-
here to the object. A long or slender
point on the iron will transmit enough
heat for only the smallest and most deli-
cate work.

Next the working faces of the jron
must be thoroughly coated with solder
so as to allow the fullest transmission
of heat to the object to be soldered. This
requires that the hot faces of the iron be
hled to remove all oxide until they are
clean and bright, when the rosin wired
solder can be directly applied until they
present a uniformly tinned appearance.
Should your iron later become over-
heated so that the coating of solder is
destroyed or oxidized, you will note that
the iron immediately loses its efhiciency
as a heat transmitter. It should then be
retinned,

Obviously the maximum surface of
the iron must be applied to the work
in order that its stored up heat be quickly
transmitted to the object. With the
working face flat on the work, as in Fig.
1, there is a far better chance to deliver
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more heat than where only the extreme
point of the iron has contact, as in Fig. 2.
Conduction and radiation of heat in Fig.
2 may be so rapid in the body of the
work that a temperature sufficient to
melt the solder cannot be attained and
the result is apt to be a rosin joint.

Solder is an alloy of tin and lead. Its
melting point is less than that of either
of its components. The best solder for
radio use is made from clean, new metal
and has back of it the endorsement of
a reliable manufacturer that it contains
no scrap metal or reclaimed solder that
may raise the melting point or render
the alloy brittle.

The prime duty of the flux is to dis-
sulve or remove the oxides from the sur-
face of the metal to be soldered. This
enables the solder to penetrate the mi-
nute pores which were formerly occupied
by these oxides, thus allowing the molten
solder to alloy with the clean metal sur-
face. For radio use the best flux is non-
corrosive and leaves a residue having no
tendency to collect dust or moisture.

These requirements are admirably met
by the best grades of fresh rosin, the
darker grades being the least desirable
of the twelve grades listed by the U. S.
Department of Agriculture.  Abietic
acid, the active solvent in rosin, is driven
off by heat and the carbon residual has
no Huxing power, as may be readily
proved by heating until the white smoke
ceases.

For this reason the correct method of
using rosin cored solder is to apply the
iron to the work so as to slightly pre-
heat it, then raise the iron a trifle from
the work and introduce the rosin cored
sulder between the working face of the
iron and the work itself. Then press the
iron against the work and hold it there
until you note the solder flowing
smouthly and freely about the contact.
Then lift the iron and allow the work
to cool and you will find that you have
executed a perfect joint.

Never attempt to carry your solder
and flux to your work on the heated iron
point, because it requires skill of a high
degree to accomplish a satisfactory oper-
ation in this manner. [f you melt solder
on the upper faces of the iron it forces
the flux and solder to run around the
iron faces before it can reach the sur-
face which we wish to solder. This al-
lows the abietic acid to volatilize before
it has any opportunity to accomplish its
purpose. ‘Then you are likely to secure
one of those dreaded rosin joints. Those
who are in doubt as to their skill in exe-
cuting a successful soldered joint can
adopt no better method than to solder
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coat the two surfaces which they intend
to join; then bring them in contact and
reheat, applying a small amount of the
rosin cored solder directly to the union to
complete the operation.

Considerable can be said concerning
the metals upon which you will secure
the best results when employing rosin-
cored solder. Tin plated surfaces are the
best, as tin does not oxidize very rapidly.
However, cheap electro tin plated solder-
ing contacts are often less desirable than
the base metal upon which they rest.
Any metal properly tin plated responds
readily to the fluxing power of rosin.
Raw copper surfaces, unless too heavily
oxidized or sulphated, form a good sur-
face for the use of rosin-cored solder.
German silver, bright iron or steel, and

Fig. 2. Wrong Method of Applying Solder-
ing Iron to Work.

zinc respond fairly well, while brass or
nickel-plated metals offer a greater re-
sistance. Aluminum and certain of its
alloys are practically beyond the fluxing
power of rosin. Insulated wires of the
enameled type must be cleaned free of
all enamel before any effort is made to
solder them. This is best done mechan-
ically, by scraping, or sand papering un-
til the metal shows bright in its entirety
where you wish the solder to low. Cot-
ton covered, rubber covered, or shel-
lacked wires must also be cleaned me-
chanically before attempting to solder,
and in case of some rubber covered wires
you will note that a sulphate has formed
and has practically destroyed the tinning
of the wires. It is then best to clean
down to the raw copper before doing
any soldering. All oxidized or dirty
metal surfaces should be cleaned thor-
oughly in order to prevent the over-bur-
dening of the de-oxidizing agent of your
flux,

By turning these points over in your
mind and following the instructions laid
down for the use of rosin-cored solder
you will eliminate rosin joints and you
will be surprised at the case with which
successful soldered joints can be executed
on your radio receiver. Neither need
you fear that at some later date your
receiver will be forced into the discard
by the action of a corrosive and conduc-
tive flux residual.
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Yarns from the Static Room

¢« YJACK JOHNSON,” Burmese oil-
er aboard the ship #est Tararra,

of your Uncle Sammy’s Shipping
Board, imbibed too much bad whiskey
in Havana. Consequently, when the
West Tararra left bound for New York,
and Johnson went on watch, he wasn’t
quite as fit for his duties as he ought to
have been.

In the dim past he had been christened
“Jack Johnson” because he was the meek-
est, most inoffensive man imaginable.
He was a Burmese, a little organism of
muscle and bone closely packed in a
brown skin; he weighed altogether less
than one hundred pounds. Insignifi-
cance was his specialty.

Yet he had pride. The least of us
have pride. Jack Johnson's was his
knowledge of marine engines. It was
many years since he had stolen aboard
a Japanese tramp at Rangoon and started
his career. With pride went a griev-
ance; that free America balanced his
competence against the color of his skin,
and refused him the license of an en-
gineer, and the engineer’s pay, prestige
and status. In Havana Jack Johnson
consoled himself with whiskey cheap and
raw.

Now the beautiful steam turbine
which drove this four thousand ton
freighter smoothly through the Atlantic
waters depended, for its proper opera-
tion, on a team-mate known as a ‘“‘vacu-
um.”  The vacuum lived inside a big
metal shell and required the constant
services of a small pump. The pump
was operated by a little auxiliary en-
gine. And this particular engine bore on

By /[aron::Naa’e//

its surface a small ordinary screw, which
had to be tight.

But the tightest thing aboard that ship
was our Burmese oiler. The third as-
sistant engineer, on watch, sneaked up to
the pantry for a forbidden snack. The
two wipers were aft in the fo'c’sle, swap-
ping tales of the girls they had known
in Havana. The fireman was attending
to his arduous duties under the draft
of the ventilator, half an eye on his
gauges and one and a half on a story
magazine. Jack Johnson was all alone in
the engine room, filled with a sense of
importance. He suddenly decided that
it was his duty to take apart that pump
and see if anything ailed it. And . . .
he got a screw-driver and loosened the
screw that had to be kept tight.

The little engine that drove the pump
went on strike.

The pump was thrown out of a job.

The vacuum resented being deprived
of its servant. It considered this a di-
rect assault on its social status, and laid
down and died of a broken heart.

The great engine that drove the ship
felt obliged to mourn. It sobbed, and
groaned, and wheezed, and finally
stopped. So did the ship.

Up on the bridge the third mate left
his chart and dividers with great sudden-
ness and devoted himself to the engine
room telephone. Below in the pantry,
the third assistant engineer overturned
a cup of coffee 2nd beat Nurmi’s record
to the engine room stairs. Fluttering in
the draft of the fire room ventilator, the
pages of the story magazine advertised
that the fireman had already found press-

“Jack Juhnson blew off steam.”
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ing business with the engine room’s at-
tendant.

Jack Johnson heard the engine stop;
he heard the telephone ring; he heard
the third assistant tear swearing down
the iron ladders; he heard the fireman’s
insistent demand for immediate informa-
tion. It dawned upon him that some-
thing had happened, and that he, the
Burmese oiler was alone in charge of the
engine room. Now was the time to show
his competence, to do something before
the shouting white man got down to
the engine room floor.

These things raced thfough Jack
Johnson’s mind with great quickness.
The handiest important thing to do
seemed to be to blow off the boilers.
Jack Johnson blew off steam every place
he could think of. A mighty roar came
down from above and quivered through
the idle ship. ‘The engineer, halfway
down the ladders, was met by a blinding
cloud of white vapor, out of which pres-
ently came charging a panic-stricken fire-
man. And behind the fireman Jack
Johnson, no longer exalted, thoroughly
frightened at the idea that something
had gone wrong and he was responsible,
shouted falsely that the ship was sinking.
The electric lights began to dim as the
steam that should have supplied the dyn-
amos roared away through the open
valves.

Three minutes later the crew were
assembled by the lifeboats; the engineers
stood in the darkened alley with flash-
lights waiting for the steam to clear out
of the engineroom hatch, and the captain
of the vessel, shivering in his underwear,
was in the wireless cabin dictating in-
formation to the operator by the light
of the emergency batteries.

Aboard the great Cunarder Tourainia
the wireless operators were preparing
their nightly message tape for its Wheat-
stone transmission to the shore station,
when they picked up the SOS from the
West Tararra. Their work was sus-
pended.

Under the shadow of the Woolworth
Building—you must imagine a shadow
cast by moonlight—the operators at the
Brooklyn Navy Yard were preparing
many sheaves of code instructions for the
fleet maneuvers, to be transmitted
through NAH. They heard the SOS
relayed by the big Cunarder. Their
work was suspended.

Scattered abroad upon the ample bos-
om of the North Atlantic were some
hundreds or thousands of vessels, near-
ly all of them carrying wireless operators,
nearly all the operators, in the early
evening, with some business or other to
transact with shoree. NAH cut in a
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high power, five hundred cycle synchron-
ous spark that created an arc of silence
from Newfoundland to the coast of Flor-
ida. Their work was suspended.

Behind NAH, in the skyscrapers, the
broadcasting stations heard the high
power spark. They made excuses over
the air, and shut down incontinently.
Their work, etc.

A professor of Columbia University,

booed the unfortunate fan, and his girl
put her chin in the air and went off with
the other fellow.

In an East Side tenement, nine year
old Izzy Cohen hooked up, before his
skeptical parents, the crystal set he had
bought with so many hard-saved pennies.
Half an hour later he went crying to bed,
and the precious set had been smashed
by his angry father.

“A professor was delivering a lecture.”

a most eminent scholar, was delivering
a lecture on the use of the split infinitive
in Chaucer, for the benefit of station

WROT. His work was suspended.

A group of grand opera stars were as-
sembled, at great expense, in the studio
of station WATT, to give the public
an evening of incomparable music. The
Lucia sextette was stopped halfway, and
their work was suspended.

A brace of so-called comedians were
broadcasting a string of vaudeville jokes
through station WHY, to the huge de-
light of millions. Their cleverness ended
abruptly; their work, etc., etc.

And in a suburb of Hoboken an en-
thusiastic young radio salesman was con-
ducting a demonstration in the home of
a prospect. He got started about two
minutes after the general call. The set
produced no music, and his prospect be-
came frigid and then sarcastic. The en-
thusiastic young salesman lost his poise
and made a pitiful exit.

In a Philadelphia apartment house an
enterprising fan had that day strung an
aerial across his neighbor’s; against the
latter’s objection. That night the neigh-
bor’s set could find no broadcast. In the
fight that ensued the police intervened
just in time to prevent one of the men
being thrown off the roof.

In a drug store in Alabama, the vil-
lage boys gathered to see Hank Gordon
win a bet with a rival that his set would
pick up New York. Hank’s girl was
with him to share his triumph. Fifteen
minutes brought no New York, the boys
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In the town hall of a Maryland vil-
lage, a thousand women had gathered
to hear a speech on the Volsted Act, de-
livered especially for their benefit by a
famous leader of drys, before a micro-
phone in Washington. They heard no
speech, and prohibition enforcement has
languished even unto this day.

In a thousand mid-Western farm-
houses the radios were set to hear a local
station re-broadcast programs from the
cities of the East. Two banjos and a
clarinet were the only emergency talent
available, and had to substitute as best
they could, for a thousand farmers’ fami-

s
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lies, for the thrill of intimate contact
with the bright lights.

Over in England an amateur was try-
ing out a new circuit which had been
recommended for receiving American
broadcasts. The circuit was classed as
“unreliable” in his report to a magazine.

In the afternoon sunshine of Califor-
nia a stray echo of the SOS occupied the
attention of the coast stations and inter-
fered with the traffic of ships as far off
as Japan.

But deep in the night that blanketed
the North Atlantic, the steam had
thinned away in the engine room of the
West Tararra. The engineers, armed
with flashlights, had nobly penetrated the
depths. They spent half an hour look-
ing for any reason to lower away the
lifeboats, but didn’t find it.

Some four hours later, when they were
about ready to turn over the engine, the
chief engineer noticed the screw that was
loose and tightened it without thinking
about it. The SOS had long ago been
rescinded. Wireless trafic and broad-
casting had been resumed. All was well
on the North Atlantic. Except in a little
room where a thoroughly sobered Bur-
mese oiler was applying fomentation to a
discolored eye, a testimonial of regard

from his chief engineer.
* % @

[X men sat in the “static room” of

a wireless company, awaiting assign-
ment, and while they waited they ex-
changed “static.” They were sea gypsies
of the twentieth century, ocean-going
wireles operators, the birds of passage of
a scientific age. One of them told the
story of Jack Johnson. They had stories
of every port in the world, tales of all
the seven seas. They wore silk socks
and white collars, and they had covered
more knots than ever a ragged old-time
pirate of the Spanish Main.

The second man told a tale of a Chi-
nese execution; twelve malefactors
marching in line, without guards, kneel-

(Continued on Page 56)
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“4 salesman was conducting a demowstration.”
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The Operation and Construction of Quartz Crystals

A Summarized Account of Their Theory Together with
Detailed Directions for Their Preparation

By Fennings B. Dow, Lieur. U. S. NV, M. S.

HAT the merits of the rigid con-

trol of the output frequency of

radio transmitters have not led to
the more general use of this device by
amateurs is possibly due to the dearth of
definite information such as it is the pur-
pose of this article to furnish. The gen-
eral theory of its operation has been
treated so often in these columns and
elsewhere as to require no further dis-
cussion.

shown in Fig. 2. When these are de- out of the rough one of Fig. 2 and put

termined a number of sections parallel
to that shown in the plane O4 B may be
cut from a single crystal.

The rough crystal is approximately
hexagonal or six-sided. The Od axis
is the central axis of the crystal paral-
lel to all the sides and is known as the
optical axis. The EA axis bisects the
angle between two adjacent sides and is
known as the electric axis. 4B is per-

Fig. 1. Various Steps in the Production of a Fimshed Crysial.

The several steps in cutting and grind-
ing a finished crystal from a rough one
are shown in Fig. 1. The rough crystal
may be of any size or shape, provided
that the three axes may be located as

Facets (a) are
_not often found
unless crystals

are well
preserved

pendicular to the two other axes. So that
the plane 4OB is any plane perpendicu-
lar to EA or electric axis, the three axes
being mutually perpendicular.

Now, let us take the finished crystal

; One end of
Tough crystal 1s usvdlly
not well formed

Fig. 2. Orientation of Axes in Quartz Crystal.
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it between two brass plates which will
hereafter be called the electrodes. Fig.
3 shows the resulting arrangement to-
gether with the previous designation of
axes. The O4 axis is shown perpen-
dicular to the plane of the paper. 1f ex-
periments are performed with this com-
bination and suitable measuring appar-
atus it is possible to prove experimentally
the following laws: 1. Compression
along the electric axis results in charg-
ing the electrodes with equal and op-
posite charges of electricity. Stretching
the crystal along the B4 axis produces
charges on the electrodes having signs
corresponding to those of compression
along the electric axis. Stretching the
crystal along the electric axis also pro-
duces equal and epposite charges on the

Electrodes

Fig. 3. Finished Crystal Between Electrodes.

electrodes but the signs of these charges
are opposite to those produced by com-
pression. Compressing the crystal along
the BA axis produces charges having the
same signs as those resulting from stretch-
ing the crystal along the electric axis.
The electrical effects of compression or
extension along the optical axis are neg-
ligible. It is quite well understood that
a crystal is not entirely neutral along the
optical axis. Absence of the neutral con-
dition is believed due to actual deforma-
tion along the E4 and B4 axes even
though the external force is applied along
the optical axis.

I1. 1f the electrodes are charged by
connecting a battery to them and the
charges have signs similar to those pro-
duced by compression along the electric
axis, the crystal will contract along the
electric axis and expand along the B4
axis and will remain neutral along the
optical axis. 1f the applied charges are
opposite to those mentioned above, a con-
verse effect results along the E and B
axes.

The value of a quartz crystal for the
control of a vacuum tube oscillator may
readily be inferred from a consideration
of these two laws and the fact that such
a body may be made to vibrate mechanic-
ally along any one dimension at a fre-
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quency uniquely determined by that di-
mension.

In the present case, interest is con-
fined to the longitudinal vibration along
the electric axis and the crystal can be
thought of as a rod having a length
which is small compared to its other di-
mensions. If a rod is struck on its end
with a hammer, its natural frequency
of vibration is that one which makes the
rod one half a wavelength long. This
is fortunate because the maximum elong-
ation and contraction are produced by
such a vibration, and since the piezo elec-
tric charge is a function of the strain in
the crystal, the maximum potential vari-
ation is produced at the electrodes.

If the finished crystal is placed in the
grid-filament circuit of a vacuum tube,
and mechanical vibrations are started,
piezo electric potentials sufficient to con-
trol the plate current may be set up in
the grid circuit. If sufficient energy is
fed back to the crystal from the plate
circuit at the proper time during each
half cycle, the mechanical vibrations will
not die out but will become sustained,
and the tube will continue to oscillate.
In practice, this feed-back of energy is
accomplished through the plate-grid ca-
pacity of the tube,

A rigid mathematical discussion of a
vibrating crystal in the grid circuit of a
tube has not been developed to date and
indeed, presents a very complex problem
owing to the fact that the crystal is not
uniformly elastic in all its dimensions,
Moreover, this difficulty is accentuated
by the fact that the dielectric “constant”
varies throughout the vibration in a man-
ner which is not well understood.

[
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Fig. 4. Electrical Circuit Equivalent to a

Thin Vibrating Crystal.

But on the basis of Curie's experi-
ments with piezo crystals it can be shown
that the electric charge developed on
each electrode is proportional to the area
of the face of the crystal multiplied by
its change in dimension along the electric
axis, due to the applied voltage. The
mathematical treatment developed by
Pierce in his Harvard lectures proves
that this relation is the same as is the
case of any other charged condenser.

The vibrating crystal is equivalent
electrically to the circuit shown in Fig. 4
in which , /, and ¢ are due to the vibra-
tion and C is the non-vibrating capacity
formed by the crystal and its electrodes.
r is the small equivalent resistance in-
troduced into the circuit by heat and
sound energy losses during the crystal vi-
bration. [is a very large inductance and
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c is a small capacity, probably not exceed-
ing a value equal to 0.002 C.
Constructing the Finished Crystals
T HERE are various sources of rough
quartz crystals suitable for our pur-
poses. The more important sources are
Brazil, Madagascar, United States and
Japan. As a rule, it is possible to obtain
the rough crystals through mineral sup-
ply houses or through other advertisers in
the technical journals. It s regretted
that more advertising in this line does
not appear in radio literature. In re-
cent months, many of the optical supply
houses have taken up the cutting of crys-
tals for experimental purposes, and at
least one company has been advertising
finished crystals of excellent quality.

For best results, rough crystals should
be selected with the following points in
mind :

(1) One end of the rough crystal
should have the typical configuration
shown in Fig. 2, or at least, should pos-
sess as much of this detail as possible.
The left hand picture of Fig. 1 shows
the well preserved end of a small
rough crystal. The facets a of Fig. 2
are usually not to be found owing to
the rough handling which the crystals
receive at the mines.

(2) As many as possible of the six
prismatic edges should be intact.

(3) The crystal should be as regu-
lar (faces and edges parallel) as pos-
sible.

(4) There should be as much free-
dom from interior flaws and-non-unij-
form structure as possible. If it is
difficult to examine the interior owing
to unpolished surfaces, the application
of a generous coating of any clear oil
will greatly assist in this examination.
Only the perfectly clear portion of any
rough crystal can be used.

After the rough crystal has been se-
lected, the optical axis should be located.
This axis may be considered for practi-
cal purposes to lie along the centers of
all right sections of the crystal. The
first cutting should consist in dividing
the rough crystal into sections one inch in
length along the optical axis. A speci-
men section of a large crystal is shown
as the second from the left in Fig. 1.

The cuts must be made perpendicular
to the optical axis. The rough crystal
may be mounted in a power driven hack
saw. A blade of mild unhardened steel,
without teeth, and about the dimensions
of a large hack saw blade should be used.
During the motion of this blade across
the crystal, an ample supply of carborun-
dum grain (number 60) should be fed
with water to the contact line between
the saw and crystal, care being taken to
insure that the grain is fed via both sides
of the blade to make the cut as straight
as possible. The carborundum grain may
be collected and used over and over again
during the cutting.

After the crystal has been cut up into
slabs, an examination for twinning
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should be made. This examination is
most important. During the growth of
a quartz crystal, changes in pressure and
temperature are manifested by changes in
the crystal structure. Changes in struc-
ture result in shifting the previously
designated axes in portions of the pri-
mary crystal with the result that those
portions are unfit for use. The ‘slabs
may be examined for twinning by send-
ing polarized light through them in the
direction of the optical axis and obsery-
ing the emergent light through a Nicol
prism,

Apparatus for this purpose is usually
available in any scientific laboratory
where crystal structure or light phen-
omenon is observed. Most university
laboratories have an instrument known
as a polariscope for this purpose. When
examining a slab of quartz in this way,
the twinned portion will show up as one
in which irregular or jagged regions of
colored light will be seen. Again oil
can be used to facilitate interior exam-
ination. In some cases, particularly close
to the edges of the slab, regions of col-
ored light may result from natural re-
flection phenomenon. If these particu-
lar regions of light are not jagged but
quite regular, the cause is probably not
due to twinning, The crystal should be
turned slowly about the optical axis dur-
ing the examination. The region in
which twinning has not taken place wild
either be colorless or will show only the
faintest shades of any color. The clear
or untwinned portions of each slab should
be marked out for use. In this connec-
tion, it might be well to mention that
the whole crystal may be so badly
twinned as to be unfit for piezo electric
purposes.

The next part of the operation consists
in choosing the direction of the electric
axis. ‘We have already fixed the optical
axis as the center line. Should it be pos-
sible to locate one of the two facets, use
a prismatic edge terminating at the facet,
and the optical axis, to determine the
plane of electric axes. In a perfect crys-
tal, these facets are opposite one another
whereas in a twinned crystal they are
either adjacent or are separated by only
one corner of the prism. Pass such a

(Continued on Page 60)

Fig. 5. Position of Electric Axis as Indicated
by Heavy Line and Proper Cutting of
Slices as 8hown by Ruled Linmes
Perpendicular Thereto,
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A Multi-Purpose Oscillator-Wavemeter

How it is Made and How Used to Match Condensers and
Coils and Make Resonance Tests

HE construction of single control
radio sets by the amateur builder
has been handicapped by lack of
home facilities for the delicate balancing
of condensers and of coils which is es-
sential to the most efficient operation of
the set. Each circuit must be adjusted
to exactly the same frequency. Three
similar coils must have exactly the same
inductance and three condensers must
have exactly the same capacity for any
degree of displacement.
These accurate adjustments which
make for the success of the factory-built
receiver can also be readily made in the

[
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Panel Vieww of Oscillator-Wavemeter.

home laboratory by means of the simple
oscillator-wavemeter here illustrated and
described. Furthermore it can be used
to calibrate any completed receiver or
transmitter, determine the fundamental
wavelength and capacity of an antenna,
or make many other tests which depend
upon a resonant circuit.

Such an oscillator can be easily assem-
bled from material ordinarily found
around a radio table by following the
construction indicated in the pictorial
wiring diagram. It will be seen to con-
sist essentially of an oscillating vacuum
tube with a milliammeter in the grid cir-
cuit to indicate resonance, together with
associated coils, condensers and control
equipment for various tests. The .0005
mfd. variable condenser in the upper
portion of the panel is used to vary the
wavelength or frequency of the oscillator
circuit as defined by one of several dif-
ferent plug-in coils. Any well-con-
structed low-loss condenser will suffice.

By W. H. Stirling

The lower condenser in the wave-
meter circuit should have a straight-
line wavelength characteristic with ver-
nier dial and should be of rugged con-
struction so that it will hold its calibra-
tion. The small midget condenser,
through which the oscillator couples to
the external circuit, may be any one of
the many types on the market, but should
be modified so that it may be short cir-
cuited at a point beyond the maximum
setting. This is because some circuits
will require greater coupling than the
maximum of this condenser will permit.

Three sets of oscillator and wave-

Inside View of Oscillator-Wavemeter.

meter coils are sufficient to cover a wave-
length range from 80 to 1100 meters.
The range from 80 to 213 meters is cov-
ered by 18 turns of No. 10 enamel
wound on a plug-in General Radio coup-
ler form or its equivalent, from 200 to.
575 meters by 56 turns of No. 22 D.S.C,,
and from 375 to 1100 meters by 102
turns of No. 20 D.S.C. double bank
wound. The oscillator coils should be
tapped at the center turn of the winding.

The coil permanently connected across
the two upper right hand binding posts
in the picture of the panel may be any
coil used for broadcast reception or may
consist of 70 turns of No. 24 D.S.C.
wire wound on a piece of tubing 2 in.
in diameter and 274 in. long. It should
preferably be mounted at right angles
to the plane of the oscillator coil.

The milliameter may be a Weston
model 301 or 506, which will register
full scale deflection of 114 milliamperes
with 20 to 30 volts on the plate. But
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the plate voltage should be selected so
as to give .5 to 1 milliampere deflection.
The voltmeter is intended merely to
guard against excessive filament voltage
if a 199 type of tube is used.

The wavemeter portion of this device
should be carefully calibrated and curves
made for the condenser and several coils
used.

Figs. 1, 2, and 3 show the connections
for various tests, the positive of the knife
switches being shown as from the front
of the panel.

Fig. 1 shows the method of calibrating
a condenser from a standard. The pro-
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Pictorial Wiring Diagram of Oscillator-
W avemeter.

cedure is as follows: With the oscillator
in operation and the upper switch to the
right, set the unknown condenser, say, at
10 degrees. Throw the external switch
so that the oscillator is connected to this
condenser and adjust oscillator dial care-
fully until resonance is indicated by a
“dip” (toward zero) of the ammeter
pointer. The small coupling condenser
should be set so that this dip is very
slight—about one division is sufficient.

L

Fig. 1. Connections for Condenser
Calibration.
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Leave the oscillator set at this point and
throw external switch to standard con-
denser, and adjust this condenser until
the ammeter again registers a dip. The
two condensers are now adjusted to ex-
actly the same value of capacitance. Note
this value against the degree setting of
the unknown condenser. Next adjust
the unknown condenser to 20 degrees,
throw external switch to connect this to
the oscillator and again adjust oscillator
for the dip. Then throw external switch
to the standard condenser, and adjust
for the dip. Read this value of capaci-
tance, and note against the 20 degree
setting of the unknown. Repeat this for
each 10 degrees on the unknown con-
denser dial, after which the figures thus
adduced may be plotted as a curve, or
marked directly upon the dial.

Fig. 2 shows the method of checking,
calibrating or adjusting a single control
receiver for wavelength. In this opera-
tion, only a single flexible lead, with a
snap clip at its outer end, is used. This
lead is first clipped on the grid connec-

QIR

Fig. 2. Connections for Calibrating Single
Control Receiver.

tion of the first stage. With the receiver
dial set at say 20 degrees, the oscillator
condenser is adjusted until resonance is
indicated by the milliammeter dip. Next
move clip lead to grid connection of next
stage, and this condenser adjusted to
cause dip, then move to third stage, and
adjust that condenser likewise. It is im-
portant in all single control receivers
that exact resonance be effected at short
wavelengths.  Adjustments are more
critical there. Next set oscillator so that
resonance manifests at about 50 degrees
on the receiver dial. Change clip from
one stage to the next as before, adjust-
ing the condensers if necessary at the cen-
ter point. Next repeat the procedure at
about 90 degrees.

It would now be well to go back to
first position and check settings to make
sure that the latest adjustments have not
affected the prior settings. Suppose that
at 20 degrees the adjustments are undis-
turbed. We then go to 50 degrees on
the first stage and carefully adjust oscil-
lator at this point. Moving to the sec-
ond stage with the clip, adjust receiver
dial until dip occurs. Let us suppose
this occurs at 52 degrees, and the third
stage at 51 degrees. This shows us that
we have too much capacity in the first
stage, and a trifle less, but still too much
in the second stage. The stator plates
in the first and second stages should then
be carefully adjusted at the center stud,
so they more nearly approach center of
the adjacent rotors. Or if this is not
practicable, move the third stage stators

30

slightly eway from center. When ex-
act resonance is obtained at the center
point, set receiver at about 90 degrees,
and take a set of readings on the three
condensers, and follow*the procedure as
at center setting. The adjustment here,
however, should be made at the stud
nearest maximum setting of condenser.

By careful operation the three circuits
may be brought into exact resonance
throughout the entire range, and a great
increase in efficiency will result. Bear
in mind the fact that the capacity of a
condenser for any setting is lowest when
the rotor plates are exactly midway be-
tween the stator plates, and if the stat-
ors are moved ever so slightly away from
center, the capacity of the condenser in-
creases.

The procedure just outlined will of
course only apply to a completed receiver.
The proper procedure if the receiver is
in process of construction would be to
first mount the condenser gang upon the
panel in the position in which they are
to remain permanently, after having care-
fully centered the plates as well as pos-
sible. Then follow the procedure simi-
lar to that shown in Fig. 1. Use two
flexible leads in this operation. Con-
nection is made to the rotor and stator
of No. 1 condenser, the dial set about
20 degrees, and the oscillator set for the
dip. Always connect the lead from the
top binding post to the stator plates.
Take a tentative set of readings on all
three condensers first to determine how
closely they “follow” at this oscillator
setting. Then adjust so that they all
start off together. Next go to 50 de-
grees, take a set of readings at this point,
and adjust if necessary. Next at 90 de-
grees. Then go back over, and make
certain that they follow all the way
through. Care and accuracy in making
these adjustments will result in a set of
condensers that will have exactly the
same value of capacitance for each de-
gree on the dial. That’s half the battle.

ﬁLo/og (

Fig. 3. Connections for Checking Coils.

]

In Fig. 3 is shown the method. of
checking two or more coils against a
standard, or against each other. This is
the first operation, where the bottom
switch has been used. The top switch
is now thrown to the left, connecting the
oscillator to the bottom condenser. Sup-
pose we have two similar coils and wish
to determine if they have exactly the
same inductance. One coil is connected
to the lower right hand binding posts,
and the other to the lower left hand
binding posts. Set the oscillator at say
15 degrees. Throw the lower switch
to the left, and adjust the lower con-
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denser for the dip. Then throw the
lower switch to the right, and see if it is
necessary to readjust the condenser. If
exactly the same setting of this condenser
results, we may well feel encouraged.
Next set the oscillator dial at 85 or 90
degrees, and let us assume here that the
left hand coil shows the dip at 90 de-
grees, and the right hand coil at 91.
This shows that the left hand coil has
a trifle more inductance than the right
hand coil. Let us try separating the end
turn on the left hand coil a smal]l frac-
tion of an inch, and take our reading
again. We should find that both indi-
cate resonance at 91 degrees. A light
touch of collodion on the turn we just
moved will now retain it in place, and
the third coil should be substituted for
this and the readings taken again. If
necessary adjust the end turn on this coil,
so that it balances.

To calibrate the receiver for wave-
length, connect the wavemeter coil to the
lower left hand binding posts, throw
lower switch to the left and upper switch
to the right. Using the single flexible
cord, connected to the top right hand
binding post, clip on the grid lead of any
one of the receiver condensers. Set re-
ceiver dial at 10 degrees and adjust oscil-
lator for dip. Then throw top switch
to the left and adjust wavemeter con-
denser for dip. Read wavelength at this
setting and note against receiver degrees.
Next throw upper switch to the right,
set receiver at 20 degrees and adjust os-
cillator for dip. Again throw upper
switch to the left, and adjust wavemeter
for dip. Note this wavelength against
the 20 degree receiver setting, and re-
peat this procedure for each ten degrees
on the receiver dial.

The fundamental wavelength of an
antenna may be taken by the following
procedure: Connect antenna and ground
lead together. Use single flexible lead
from upper right hand binding post, and
clip to the antenna. With upper switch
to the right, adjust oscillator for dip.
Then throw upper switch to the left and
adjust wavemeter for dip. This wave-
length will be the fundamental wave-
length of the antenna.

To determine the capacity of the an-
tenna; Connect the antenna to upper
right hand binding post, and the ground
to the binding post immediately below
it. 'With upper switch to the right ad-
just oscillator for dip. Disconnect an-
tenna and ground and connect the two
upper right hand binding posts to the
two lower binding posts, and adjust the
lower condenser for dip. The capacity
of this condenser at this setting is the
capacity of the antenna.

If it is desired to use the wavemeter
for the calibration of a transmitter, place
a thermo-galvanometer between the low-
er left hand binding post, and the wave-
meter coil, and proceed as with any stand-
ard wavemeter. Leave the upper switch
open.
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Shielding

Theoretical Considerations Governing Its Use and Practical Suggestions
for Its Efficient Accomplishment

O SHIELD or not to shield? It
is indeed a problem,—a problem
made all the greater by the dif-

ference in results obtained by shielding
different types and designs of sets. Per-
haps the best basis for decision is to first
obtain an insight into the various ef-
fects produced by the shielding of a set,
or of some parts of the set, and then to
apply a little common sense to the par-
ticular problem in hand, always keeping
in mind the bearing of these various fac-
tors on set performance and efficiency.

A set is usually shielded to make it
more selective, especially when it is to
be used close to a broadcasting station.
It is easily possible, however, that the
very shielding which is intended for this
service, will, because of improper design
or crowding, defeat its own purpose.
This is because shielding which is con-
tained within the magnetic field of a coil,
for instance, is subject to the setting up
of eddy currents within the metal com-
prising the shield, which in turn react
upon the currents in the coil and thereby
greatly increase its effective resistance.

Shielding is also used to prevent out-
side disturbances in vicinity from setting
up counter currents in the receiver coils.
These tend to reduce the general effi-
ciency of the set and to cause unpleasant
noises and interference in the phones or
loud speaker.

Still another purpose of shielding is
to cut out interference and interaction
between the component parts of a set by
preventing the crossing of various elec-
tromagnetic fields within the receiver. It
is in this employment that shielding can
make or break a receiver most easily,
and for this reason very careful design
and placement of instruments is neces-
sary. This is because complete shielding
requires fins or partitions between the
various parts of the set. These fins neces-
sarily pass close to the different working
parts, and great accuracy of design is re-
quired to prevent undue spraying of the
different magnetic fields into the shield
itself. Where this does occur the effec-
tive resistance of the set is greatly in-
creased ; and the selectivity, volume, and
general efficiency greatly lowered due to
the reactive eddy current effect produced
in the shield.

When properly executed, however,
shielding of this type will add to a given
set a high degree of rejectivity and al-
most entirely eliminate set noises and dis-
tortion due to the fact that practically all
mixing of magnetic fields is prevented.
For this reason the modern tendency in

By H. Melchior Bishop

high grade manufactured sets is to use
complete interstage and all-over shield-
ing. It is the purpose of this paper to
give the fundamental principles of suc-
cessful shielding, and to give suggestions
as to the proper practical application of
thes2 principles.

The first and most important consider-
ation is to prevent undue spraying of the
coil fields into the shield. This can be
most easily accomplished by using one of
the various restricted field (or so-called
fieldless) coils. As usual, however, the
easiest way is not the most expedient in
all cases, as the actual efficiency of the
restricted field coils is considerably lower
than that of the plain solenoid. As be-
fore mentioned, however, if a solenoid
be placed so that its electromagnetic
field sprays into the shield the efficiency
is lowered to a point below that of even
a toroidal coil.

The accompanying figures show, by
means of thin lines, the approximate
fields of the three types of inductance
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Fig. 1. Electromagnetic Field of Solenoid.

coils in common use in the receivers of
the present time.

Fig. 1 represents a solenoid, the com-
monest, the simplest,and at the same time
the most efficient of radio frequency in-
ductances. It will be noticed that its
field is extensive, but is less pronounced
in a direction at right angles to the axis
of the coil than it is parallel to this axis.
This figure answers not only for simple
solenoids, but for the various spider-web,
basket-weave, and pancake coils also, as
all of these are variations of the simple
solenoid.

Fig. 2 portrays the astatic pair, more
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Fig. 2. Electromagnetic Field of Astatic Pair.

commonly known as ‘“twin cylinder
coils,” or “binocular coils”’—so-called on
account of their double-barrelled appear-
ance. Here, it will be observed, there
is less spraying;—the coils, due to their
peculiar placement with respect to each
other, tending to absorb the field within
themselves to a great extent. The efhi-
ciency of this type of inductance is about
midway between that of the solenoid and
that of the toroid, as the length of wire
required to obtain a given inductance is
greater in the toroid and less in the sole-
noid than in the astatic pair, Distributed
capacity, the lowness of which is another
governing factor in coil efficiency, tends
to become somewhat higher in the re-
stricted field coils,—not -enough, how-
ever, to seriously impair their efliciency,
all other factors being equal,

Third and last on our list comes the
toroid, better known as ‘“balloon cir-
cloids,” or ‘“doughnut coils,”” One of
these coils, with lines representing its
very restricted electro-magnetic field, is

Fig. 3. Elarlromagu;;c Field of Toroidal
Coil.

depicted in Fig. 3. It will be seen from
this illustration that not even a toroidal
coil is wholly fieldless, although it is
manifestly much more restricted in its
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spraying tendencies than is any other
form of inductance.

It is the extremely restricted field,
with little or no tendency either to dissi-
pate or to pick up energy, that gives the
“doughnut coil” its only strong bid for
fame. For its efficiency, as measured by
effective radio frequency resistance, is at
best far lower than that of any other type
of coil. It is, nevertheless (when prop-
erly designed and used with a high grade,
low loss condenser) very sharp in its tun-
ing qualities, due principally to the fact
that its pick-up tendencies are almost
negligible.

This brings us to the seemingly para-
doxial statement that while it is far easier
to efficiently shield a set employing re-
stricted field inductances than one em-
ploying solenoids, it is not nearly so
necessary to do so, unless the set in ques-
tion is to be operated in the very shadow
of a broadecasting station. This is due to
the above mentioned fact that a restricted
field inductance has less tendency to pick
up signals and interferences than has a
solenoidal form of coil.

In designing a shield, it is necessary
to place the metal of the shicld so that it
is practically out of the active field of
the coil. This does not mean that the
coil and shicld must necessarily be so
placed that not a single line of force cuts
the shicld, for if judicious placing and
sizing were carried to this extreme the
resulting set would fill a small room,
so large would it be necessary to make
its shield. T'he thing to do is to so regu-
late the size, shape, and placement of
the coil and shield that the more massed
portions of the field are free of the shield.

[t is desirable for purposes of shield-
ing to keep the solenoid fairly small in
diameter, as by this means the field is
made long and narrow, instead of ball-
shaped, as is the case with a coil whose

Fig. 3. Field of Short Coil with
Large Diameter.

length is short in proportion to its diam-
eter, as illustrated in Fig. 4. It will
seem from this figure that the use of
short coils with large diameter tends to
make the set unwieldy as to length, be-
sides requiring an abnormal amount of
metal for the shield. A good propor-
tion for these inductances is to make the
length from one to one and one-half
times as great as the diameter. It is also
desirable to wind the coil with wire not
larger than No. 24 gauge, as by this
means sufficient inductance is easily ob-
tained in a small coil. But smaller wire
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should not be used, as it tends to make
the direct current resistance of the sole-
noid too high, and thereby greatly re-
duce its general over-all efficiency.

For the above mentioned reasons, the
various basket weave and spider web
coils are ill suited for use in shielded
sets; as being merely a specialized form
of solenoid, employing a peculiar form
of spaced winding, and having a length
which is usually very short as compared
to the diameter (which is usually rather
large), they naturally possess the un-
desirable round or ball-shaped electro-
magnetic field.

Metal Shielding+}

Fig. 5. Shielded Solenoid.

Fig. 5 shows a good example of a
solenoid individually shielded, as would
be done in a modern multistage radio
frequency amplifier. When employing
this ultra complete form of shielding,
each radio frequency stage is completely
enclosed by a metallic box which is elec-
trically a part of the main shield. The
only breaks in these individual shields
are the necessary holes for instrument
shafts, brackets, and wiring.

These holes, while they should be kept
as small as practicable, should not be
made so small that there is any danger
of short circuiting. As an extra safe-
guard against this contingency, it is a
good idea to use hollow rubber bushings
in these holes. If the regular hard rub-
ber bushings are not obtainable, satis-
factory substitutes may be made by forc-
ing short lengths of heavy walled rubber
tubing into the holes.

Wherever it is necessary to ground a
wire, or to connect it to the negative
filament circuit, the simplest method is
to connect it directly to the shield, mak-
ing this the common negative .{ lead. In
this connection it is well to point out
the advisability of using the shield for
the common negative B lead also, thus
connecting negative 4 to negative B;
instead of the more common method of
connecting the positive 4 lead to the
negative B terminal. This provides a
common negative or low voltage line
from which voltage measurements may
be made, facilitating the use of panel
meters,

This connection is also an effective
safeguard against tube burnouts which
might otherwise occur if the positive B
lead accidentally touches the negative B
and thus the positive 4 terminal or if
a tube with a shorted grid and plate is
placed in a socket of a set whose grid
returns are connected to the negative
filament terminal.
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Aluminum, while perhaps the best
material for shielding, is hard to solder.
Zinc is cheap and easily worked, as are
likewise brass and copper. No. 24 or 26
gauge is heavy enough unless some of the
instruments are to be supported by the
shield, which is bad practice.

A good shield can be made by heavily
coating cardboard with gold or alumi-
num bronze powder, such as is used in
painting radiators. The powder should
preferably be “cut” in banana oil and
not in glue, which is likely to soften if
exposed to dampness. The cardboard
can be shaped and held together by glue
or paper fasteners and given a coating at
least 1/64 in. thick on each side, a final
coating of banana oil being used as a
binder. Due to its low conductivity this
kind of a shield cannot be used as a
negative return lead so that all ground
connections to it should be joined by
bus bar. These connections are made
by means of brass machine screws and
copper washers drawn tight enough to
bite deeply into the metallic coating.

Shielding properly planned and exe-
cuted is a godsend. But shielding care-
lessly done is worse than no shielding at
all.  There is little necessity for shield-
ing the set employing toroidal coils; al-
though one using astatic pairs may be
benefitted by a suitable shield, if it is to
be used in a congested radio locality.
The very highest type of receiver effi-
ciency can only be obtained, however, by
using properly designed solenoidal coils,
and it is in connection with this type of
coil that shielding of the correct sort at-
tains its highest usefulness.

The edges of paper cones can usually
be cemented together by shellac, holding
them in place with paper clips or small
clamps of any convenient type.

Glass rods or tubes may be used under
storage batteries to insulate them, and
keep the bottoms of the batteries from
the floor.

Narrow ‘“gummed paper” is handy
when winding coils, either by hand or in
a lathe. If necessary to keep the coil
from unwinding, a paper strip can be
stuck on immediately, the work thus be-
ing preserved until it can be continued
and the paper then removed.

In finishing cabinets for radio sets
wonderful results can be had by using
lacquer finishes, such as are so popular
in automobile work. In many cases, this
work can be done at a nearby paint shop
handling automobile finishing for a rea-
sonable sum. Any color or shade can be
used for this type of finish, as well as
the “natural” or stained or colored wood
effects, and extremely durable and satis-
factory results obtained.

The strength of signals on a reflex
set using a fixed crystal detector—such
as a Harkness reflex—can often be dou-
bled by substituting an adjustable crystal
detector for the fixed one.
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Effect of “B” Battery Impedance on Amplification

An Analysis of one Cause of Distortion in Audio Frequency Amplifiers
with Practical Suggestions for its Correction

means of improving the quality of

sound reproduction by a radio re-
ceiver, the impedance of the plate poten-
tial supply has been investigated and
found guilty of causing distortion. This
is especially noticeable when the B sup-
ply is common to a number of different
tubes, as is the usual practice in radio
construction. Although ordinarily con-
sidered negligible, a high a.c. resistance in
the B battery or eliminator circuit will
herein be shown to be the cause of con-
siderable distortion that can be remedied
by reducing the impedance.

For instance, it is reported from the
De Forest laboratory that a resistance of
only 15 ohms in the B battery produces a
perceptible distortion in the output from
an ordinary two-stage audio frequency
amplifier. This is not an especially high
resistance for a battery. The writer has
found the a. c. resistance of a 120 volt B
battery composed of standard No. 6 dry
cells to be slightly over 1000 ohms at a
frequency of 1000 cycles per second. On
the basis of 80 cells, 114 volts per cell,
and a short circuit current of 30 am-
peres, the d. c. resistance would be 4
ohms. A run-down 45 volt battery reg-
istering 38 volts gave a short circuit cur-
rent of .1 ampere, equilavent to a d. c.
resistance of 450 ohms. At this rate an
old 80 cell battery would have a d. c.
resistance of at least 1100 ohms, as com-
pared to a resistance of 4 ohms for a
fresh battery. Thus it is scen that both
the a. c¢. and d. c. resistance increase
rapidly with use of a battery.

The d. c. resistance of a storage B
battery is almost negligible, although the
a. c. resistance may not necessarily be so.
The common impedance in the plate cir-
cuits of a B battery eliminator is quite
considerable and may give «ise to a great
deal of distortion and even oscillation.

As an example of this the writer was
recently consulted by a manufacturer of
B battery eliminators regarding a “cluck-
ing” noise in the loud speaker when cer-
tain types of sets were served by his
eliminator. This “clucking” was regular
and occurred about four times a second.
In receivers having two stages of resist-
ance coupled audio frequency amplifica-
tion there was never any “clucking,” but
in receivers having three stages of the
same kind of coupling it was invariably
present. The laboratory solution of this
problem was simple, but its commercial
solution offered greater difficulty, re-

quiring the use of large and expensive
condensers,

lN THE constant search for ways and

By 7. E. Anderson

Some light may be thrown on the ef-
fect of the common impedance on the
amplification by a mathematical investi-
gation of some of the usual circuits. First
take the case of a two-stage direct cou-
pled amplifier like that shown in Fig. 1.
This and the following circuits have been
divested of all unnecessary appendages,
that is, unnecessary to their analysis.
Some of the omitted impedances may be
considered as included in those given.

/‘t’k A R
/4 z, z y 7
| '
Zm.
-—Zm.

Fig. 1. Two-Stage Direct Coupled Amplifier.

In Fig. 1 let E be the input voltage on
the grid of the first tube, R the internal
a. c. resisance of either tube, u the am-
plification constant of either tube, and
Z the load impedance, or coupling tm-
pedance, and Z,, the common impedance
to both the plate circuits. Like charac-
teristics of both tubes have been as-
sumed for simplicity. Let i,, i,, and ip
be the three currents flowing in the re-
spective branches as indicated. One of
these currents is inherently of opposite
sign to the other two. To find the effect
of the common impedance on the amplifi-
cation we may obtain an expression for
the amplification of the circuit, defined
as the ratio of the effective voltage in
the plate circuit of the second tube to the
input voltage to the first tube.

The effective voltage in the plate cir-
cuit of the first tube is pE, and this is

Equations Applying to Fig. 1.

(1) FEzri1+Zmim

(2) —pE\=riy+Zyin

(3) im—ii i,

(4) E=2Zi,+42Zin

(5) 0=nZis-trigt (141 2
(6) ir=—E2 [ (1) 2]
(1) =tz (140 2)
(8) im=l—‘D£(,u.Z—r)

W24 (r+-Z) Za]
O = s 2 FuR) 2,

r=R+Z D=-—[r*+(2r4+uR)Z.]
., [367000+.7Z.,
10 T
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equal to all the voltage drops in the plate
circuit, that is, to (R-+Z)i,4Znim
This gives us equation (1). In the same
way we get equation (2) from the
plate circuit of the second tube, where E,
is the input voltage to that tube and is
defined by equation (4). The minus sign
is used in front of the p to take care of
the change of phase of the voltage in the
tube. In equation (1) this was unnec-
cessary because it is of no importance
with what phase we begin.

Equation 3 states the fact that the
algebraic sum of the two plate currents
is equal to the current in the common im-
pedance, that is, that both of th: plate cur-
rents flow through Z,. The value of E,
from (4) may be substituted in (2) and
this rearranged to take the form of (5).
From equations (1), (3) and (5) we
may obtain the values for the three cur-
rents, by solving the three simultaneous
equations.

The result is given in equations (6),
(7) and (8). The signs of these cur-
rents show that 7, is flowing in the oppo-
site direction from the other two. Hav-
ing obtained the currents the appropriate
values may be substituted in either (2)
or (4) for obtaining E,, and then we can
get the ratio M=ukE,/E, the amplifica-
tion. The value of A is given in (9),
which shows clearly how the amplifica-
tion is affected by the common imped-
ance Zp,.

Observe that in (9) there is no nega-
tive sign. Therefore the denominator
cannot become zero, and hence M can-
not become infinite, from which we may
conclude that an amplifier of the type in
Fig. 1 can never oscillate no matter
what the value of Z,, may be. But it
may cause a certain amount of distor-
tion. Suppose that in equation (9),
R=10,000 ohms, Z=—100,000 ohms, and
#=—=8, all more or less typical values in a
resistance coupled amplifier. Then (9)
takes the special form of (10). When
Z.,=—0, M=58.2; when Z. is infinite,
M=—44.8. Therefore the greatest possi-
ble variation in the amplification is only
23% of the maximum. Hence any value
of Z,, which may occur in practice is not
likely to cause any noticeable distortion.
If Z,,=—1000 ohms, the reduction in the
amplification is only about 15 %. If the
circuit is purely non-reactive there would
be no distortion because all the frequen-
cies in the audio signal would be affected
the same amount. There would merely
be a slight decrease in the amplification.
But a few circuits are really non-reactive.

(Continued on Page 68)
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Practical Suggestions for Amateur Construction

Constructional Details for Some Necessary Parts, Usually Purchased

HE 'PHONE rang.
I “Hello, Soakem Supply House?

Have you any good, reputable,
fifty-watt sockets on hand ?”

“Yes,